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The purpose of this study was to examine the dietary habits and

the nutritional knowledge of university athletes and non-athletes

who were consuming self-selected diets. A three-day dietary record

and a 30-question nutritional knowledge test were given to 40 univer-

sity athletes and 20 university non-athletes. The athletes studied

were gymnasts and middle-distance runners. The gymnasts (10 female,

10 male) were participating on an intercollegiate gymnastics team;

the middle-distance runners (10 female, 10 male) were running a

minimum of 8000 meters daily or every other day. The non-athletes

(10 female, 10 male) were enrolled in one of the following regularly

scheduled physical education classes: backpacking, beginning

swimming, and intermediate swimming.

Dietary records were kept for three days of the same week: Sunday,

Tuesday, and Thursday. The nutritional knowledge test was composed of

20 true-false and 9 multiple choice questions concerning basic

nutritional concepts and one question about the Four Food Groups.
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Dietary records were analyzed for 11 nutrients: calories,

protein, calcium, iron, vitamin A, thiamin, riboflavin, niacin,

ascorbic acid, carbohydrate, and fat (saturated and polyunsaturated).

Each subject's daily percentage of the Recommended Daily Allowance

(RDA) was computed according to the National Research Council's RDA

for 1974. Exceptions were for carbohydrate and fat (for which there

is no RDA) and for thiamin (for which each subject's RDA was based on

daily caloric intake according to the formula: 0.5 milligrams

thiamin per 1000 Calories with a minimum recommended level of 1.0

milligrams per day).

The daily percentages of the RDA for calories, protein, calcium,

iron, vitamin A, thiamin, riboflavin, niacin, and ascorbic acid were

averaged for the three-day period for each nutrient. ANOVA was the

statistic used to identify significant differences between sexes and

among the three groups (gymnasts, runners, and non-athletes) for each

of the nutrients. The percentage of subjects who obtained adequate

diets (all three-day RDA percentages were above 66 percent) was

compared to the percentage of subjects who did not obtain adequate

diets. A chi square test statistic was used for this comparison. The

percentage of calories contributed by protein, fat, and carbohydrate

was calculated and comparisons were made between sexes and between

athletes and non-athletes for each of these three nutrients using the

chi square statistic. The scores of the nutritional knowledge test

were expressed as percentages of correct answers and comparisons were

made between groups using the ANOVA test statistic. The 0.05 level of

confidence was used in accepting or rejecting all hypotheses.



Results showed a significant difference between the sexes for

the obtained percentages of the RDA for iron and for ascorbic acid.

A comparison of runners and gymnasts revealed a significant dif-

ference for the obtained percentages of the RDA for thiamin and for

ascorbic acid. The average percentage of the RDA obtained for the

other nutrients showed no significant differences between sexes or

among the three activity groups. No significant differences were

found between percentages of males and females, athletes and non-

athletes, gymnasts and runners, gymnasts and non-athletes, or runners

and non-athletes who had obtained an adequate diet. Analysis by

chi-square revealed no significant differences between sexes or

between athletes and non-athletes for the percent of total calories

contributed by protein, fat, and carbohydrate. The nutritional

knowledge test scores (R = 66.7 percent) were not significantly

different among the three activity groups. Only 11.7 percent of the

subjects could correctly identify the name and recommended number of

servings from each of the Four Food Groups.
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NUTRITIONAL KNOWLEDGE AND THREE-DAY DIETARY SURVEY
OF SIXTY UNIVERSITY ATHLETES AND NON-ATHLETES

I. INTRODUCTION

The human body is a complex and adaptable organism. In order

to optimize its performance all body systems must receive the proper

care. Variables which affect the performance of the body include

exercise, rest, and nutritional habits. Since athletes are contin-

ually attempting to perform at their optimal level, they should pay

close attention to these variables. The purpose of this study is to

examine one of these variables, the nutritional habits of university

athletes and non-athletes.

All of the nutrients (proteins, carbohydrates, fats, vitamins,

minerals, and water) must be present in the diet of every person to

ensure proper health. The athlete is no exception. There is no

special food or supplement that can take the place of a well-

balanced diet.

Nutritional misconceptions are prevalent in the athletic world

(7, 8, 10, 19). Athletes sometimes use special foods or supplements

with hopes of improving their performance. Following the example of

a superstar is another common practice: "If the world record holders

eat honey before they compete, then athletes in general should also

eat honey."

The amount of nutrients needed may vary according to age, sex,

and caloric intake. An example of this variability would be that



athletes typically consume more calories than the average non-

athletic person and therefore they may need higher amounts of

thiamin, riboflavin, and niacin, three B vitamins whose recommended

allowance is based on caloric intake (29). It is possible that some

athletes may consume extra calories needed for their training from

well-balanced sources which also supply the extra B vitamins (for

example, whole grain bread) while others may consume the extra

calories in the form of candy, sweets, and soda pop which do not

supply the extra B vitamins they need. Therefore, some athletes may

have a slight deficiency of one or more B vitamins (27).

The U.S. Department of Agriculture has written a report comparing

the food consumption patterns of Americans of 1977 with those of 1950

(44). The consumption of vegetables (regardless of being fresh or

Processed) has increased 13 percent in this period and the consumption

of fruit has increased 17 percent (citrus up 62 percent; non-citrus

down 12 percent). Frozen orange juice consumption has increased 529

percent in this period. Although Parrish (33) reports a decline in

fruit and vegetable use during the 1960's, this downward trend has

been reversed during the 1970's according to the U.S. Department of

Agriculture report (44).

Food habits such as meal skipping and avoidance of certain foods

are formed early in life, according to the results of previous

researchers (23, 28, 37, 47). Various factors affect the formation

of these habits, including: the type of food served to the family,

how the food is prepared, and the atmosphere at the dining table.
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These learned habits may be helpful or detrimental to the nutritional

status of young adults.

The nutritional education programs in the schools have not been

extremely successful. Only 69 percent of the students who were

interviewed in a previous study (24) could name the Basic Four Food

Groups, and only 9 percent could list the number of servings needed

from each group by an adult.

Statement of Problem

Eighteen studies have been completed involving a dietary

analysis of college students (6, 11, 14, 15, 16, 23, 24, 28, 31,

34, 35, 37, 41, 42, 47, 48, 49, 50). The major methods used in these

studies were: questionnaire involving food habits, 24-hour recall,

three-day diet history, seven-day diet history, inventory of kitchen

supplies, and analysis of food served in college cafeterias. In some

of the studies (11, 14, 23, 24, 35, 47, 50) the students were allowed

to eat a self-selected diet; in others (6, 16, 34, 41) the students

had a very limited choice of foods or no choice at all. Some studies

(15, 28, 31, 37, 42, 48, 49) did not directly measure the intake of

each student but instead estimated it by other parameters (such as

kitchen inventory or questionnaire results).

A search of the literature of the last 25 years (1953-1978)

revealed only one scientific study concerning the dietary analysis of

athletes' self-selected diets. This study by Steele (38) examined the

eating habits of 80 Australian Olympic athletes representing 15

different sports. Not all of the athletes were college students



(age range was 14-40 years). No studies have been found which deal

directly with an analysis of the college athletes' self-selected

eating patterns.

There have been a number of studies undertaken to ascertain

nutritional knowledge of college students in general (7, 8, 24, 30,

46). However, only two studies (7, 8) have been completed concerning

the nutritional knowledge of physical education majors (who aren't

necessarily athletes). The same 138 P.E. majors served as subjects

for both of these studies. No studies have been found which deal

directly with an analysis of the college athletes' nutritional

knowledge.

The purpose of this study is to examine: (1) a three-day self-

selected diet of university athletes--in particular gymnasts and

middle-distance runners, (2) a three-day self-selected diet of univer-

sity non-athletes, and (3) the nutritional knowledge of both of these

groups with respect to basic nutrition concepts and common misconcep-

tions.

Significance of Study

An examination of the literature has not revealed any scientific

study dealing with the assessment of the nutritional status or nutri-

tional knowledge of college athletes. It is especially important to

study the college athlete population because: (1) college students in

general may tend to have poor eating habits, especially those who plan

and cook their own meals (35, 41, 47, 48, 50), (2) athletes as a group



may cling to nutritional misconceptions in hopes of improving their

performance (2, 10), and (3) athletes are often trying to lose or

gain weight and may do so in nutritionally detrimental ways (36).

This study will serve as an aid to nutrition educators

(including coaches, athletic trainers, and sports physicians) who wish

to identify the areas of nutritional knowledge and nutritional

practices that are weak or unsatisfactory for the general college

population and for the college athlete.

Methodology

Volunteers were accepted from Oregon State University and the

University of Oregon to record their food intake for three days and to

complete a 30-question nutritional knowledge test. There were 20

gymnasts (10 female, 10 male), 20 middle-distance runners (10 female,

10 male), and 20 non-athletes (students who were enrolled in regular

physical education (P.E.) classes and not competing on any inter-

collegiate team, 10 female and 10 male).

The three days under study were Sunday, Tuesday, and Thursday of

the same week. An activity level checklist was filled out for each

day in order to estimate each subject's daily energy requirement. A

personal information sheet was also completed by each student. (See

Appendix A for a complete listing of the information requested on the

personal information sheet.)

In the analysis, the number of grams of protein, fat, and carbo-

hydrate consumed was tabulated. The percentage of total calories
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supplied by each of these three nutrients was calculated for each day

and a three-day average was obtained. A chi-square test was used to

statistically test the differences between males and females, athletes

and non-athletes, and gymnasts and runners. A 0.05 level of signifi-

cance was used.

The total amount of calories, protein (grams), calcium (milligrams),

iron (milligrams), vitamin A (i.u.), thiamin (milligrams), riboflavin

(milligrams), niacin (milligrams) and ascorbic acid (milligrams) was

tabulated for each day. The 1974 Recommended Daily Allowance (RDA)

table was used to compute the daily percentage of the RDA obtained for

each of these nutrients. A three-day average was obtained. A two-

factor analysis of variance for equal groups was the statistic used to

find significant (0.05 level) differences between athletes and non-

athletes and between gymnasts and runners for each of these nutrients.

The number of students who obtained a three-day average of at

least 66 percent of the RDA in all nine nutrients was tabulated.

Nutritional literature commonly states that 66 percent of the RDA is

the lower level of dietary adequacy (6, 13, 43, 47). A chi-square

test was used to statistically treat the differences between males and

females, athletes and non-athletes, and gymnasts and runners. A 0.05

level of significance was used.



Hypotheses

For the purpose of this study, the following hypotheses were

tested:

1. The average diet of college athletes contains ideal proportions

of carbohydrate (50-55 percent of the daily caloric intake),

fat (30-35 percent), and protein (10-20 percent).

2. The average diet of college athletes contains a lower percentage

of fat than that of college non-athletes.

3. Middle-distance runners consume diets that yield an average of at

least 66 percent of the RDA for calories, protein, calcium, iron,

vitamin A, thiamin, riboflavin, niacin, and ascorbic acid more

often than gymnasts do.

4. The athletes consumed diets that yield an average of at least

66 percent of the RDA for calories, protein, calcium, iron,

vitamin A, thiamin, riboflavin, niacin and ascorbic acid more often

than non-athletes do.

On the basis of the review of literature, two additional hypothe-

ses were tested:

5. Males obtain higher percentages of their RDA for iron than do

females.

6. Athletes and non-athletes score about the same on nutritional

knowledge tests which measure basic nutritional knowledge and

common misconceptions.



Delimitations

A total of 60 students, 30 female and 30 male, from Oregon State

University and the University of Oregon served as subjects. Three

classifications of students were made: gymnasts, middle-distance

runners, and non-athletes. In order to be classified as a gymnast a

student had to be a participating member of the university's inter-

collegiate gymnastics team. The middle-distance runners all regularly

ran a minimum of 8000 meters per day. The non-athletes were

participants in Oregon State University's regular physical education

classes and were not participating on any intercollegiate team. The

representative P.E. classes were backpacking, beginning swimming, and

intermediate swimming.

There were no limitations concerning the time, the place, or

the amount of food the students consumed. This was an analysis of

self-selected diets. However, some of the students had a limited

choice in their self-selected diets because of their place of resi-

dence (dormitory, fraternity, or sorority).

Limitations

The major limitation of this study was the small number of

volunteers obtained to complete the three-day diet history, short

questionnaire, and nutritional knowledge test. The incomplete record-

ing of the type and amount of food consumed is another limitation.

Although accuracy was stressed in the written and verbal instructions,

some diet histories were returned with vague descriptions of either



foods consumed or amounts eaten.

Another problem with food records is the fact that some partici-

pants may have changed their usual eating habits in order to improve

their scores in the RDA analysis. Instructions were given to "eat as

you normally do" to help overcome this limitation.

The booklet used for analysis of the diets, U.S. Department of

Agriculture Nutritive Value of Foods, Bulletin No. 72, 1968, was

available on tape at the Oregon State University Computer Center.

Thus, only one source was used for dietary analysis. Some items of

food that were eaten by the students were not listed in the booklet

so approximations had to be made. Foods vary greatly in their nutrient

values according to where the food was grown, seasonal variations,

how the food was prepared, and how the food was stored.

Therefore, it is not possible to precisely measure the nutrient

intake of each student. One can only approximate when using the

three-day diet record as a means of nutritional analysis. A study by

Young et al. (48) shows that approximately two-thirds of the subjects

from six northeast states estimated their food intake in such a

manner that the calculated nutritive value was within 20 percent of

that of the measured intake.
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II. REVIEW OF LITERATURE

Sources of Error in Dietary Surveys

One cannot accurately assess the nutritional status of subjects

simply by examining their dietary intake (9, 47). However, methods

of analysis of food intake such as the dietary record may be useful

in contributing to the evaluation of nutritional status (47). In

order to measure the dietary intake of a large group of subjects the

dietary record has been commonly used (6, 11, 15, 16, 24, 35, 38, 47,

48, 49, 50). The 24-hour recall and the three-day dietary record

have been the most commonly used for evaluation of large groups. The

five-day, seven-day, and nine-day dietary records have also been used.

Fidanza (12) has identified some common sources of error in

dietary surveys. There may be errors in measurement, record-keeping,

or evaluation of the amount of food that is consumed. This is probably

one of the biggest sources of error. There may be an exaggeration or

distortion of memory in the methods utilizing a recall (for example,

the 24-hour recall). Conducting the dietary survey for a limited

period of time is another factor contributing to the source of error.

Fidanza indicates that the longer the period of time under study, the

smaller will be the standard error of the mean, especially concerning

the micronutrients (vitamins and minerals). The standard error of the

mean is reduced when records are taken from a number of weeks (or

days) selected independently at random rather than from a single time

period of the same total duration (5, 12). Fidanza also points out

the fact that surveys can't show how much of the available nutrient in
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the food consumed is actually utilized by the body. Also, cooking

the food in various ways will cause different amounts of vitamin losses

which can only be estimated by food consumption tables. There is

often a lack of agreement between food values as reported in the tables

and the composition of foods actually eaten. These differences are

due to variations in genetic strain, climate, processing, and

storage (12, 18).

Analysis of Diet by 24-Hour Recall, Three-day,
Five-day, Seven-day, and Nine-day

Dietary Records

A number of studies have been completed concerning the dietary

intake of college women and men who completed dietary records for

three, five, seven, or nine days or for a 24-hour recall (6, 11, 14,

16, 24, 35, 38, 47, 48, 49, 50). The study by Steele (38) did not

specifically examine college students; however, the athletes examined

ranged in age from 14 to 40 and many were of college age.

A doctoral thesis by Wise (47) examined 185 college students'

food habits by questionnaire and by three-day dietary survey. One

hundred and sixteen of the subjects were obtained from random sampling

and 69 were volunteers from foods and nutrition courses at Purdue

University. The nutrients for which most students obtained at least

two-thirds of the RDA were: calories (93.5 percent of the subjects),

protein (98.4 percent), calcium (90.8 percent), phosphorus (98.9 per-

cent), thiamin (88.1 percent), riboflavin (93.0 percent), niacin

(91.9 percent), and ascorbic acid (93.0 percent). The nutrients for

which fewest subjects obtained at least two-thirds of the. RDA were:
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vitamin A (54.6 percent) and iron (51.9 percent). Only 1.6 percent

of the males were below two-thirds of the RDA for men for iron.

Overall, only 31.4 percent of the subjects had intakes of at least

two-thirds of the RDA for all nutrients studied (38 males and 20

females). It was also noted that about one-third of the subjects

consumed more calories than recommended by the RDA table.

A three-part questionnaire was given to non-vegetarians and

vegetarians at San Diego State University by Lindamood (24). Part I

consisted of a nutritional knowledge test, a personal information

section and a dietary habits section. Ninety-five students (including

males and females) completed this section, 40 percent of whom were

vegetarians. Part II, the food intake record, was a comprehensive list

of foods which the student examined and recorded the number of times

per week each item was usually eaten. The group of 85 students com-

pleting this section was composed of 41 percent vegetarians. Part III

was a three-day dietary record completed by 71 students (34 percent

vegetarians). The dietary patterns showed that the non-vegetarians

had more diets with inadequate quantities of vegetables and fruits

than did the vegetarians. The vegetarians, however, had more diets

lacking in the meat/protein group. Vegetarians also reported a

slightly smaller consumption of food from the milk group and the bread-

cereal group than did the non-vegetarians, but this was not significant.

Lindamood fails to point out in her study that one can have an

adequate diet without any food from the fruit and vegetable group and

likewise for the meat group. Therefore, studies which judge a diet as

adequate or inadequate according to whether or not certain types of
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foods are eaten may not be as accurate in determining dietary

adequacy as studies involving a three-day or seven-day dietary record

can be.

The nutrient intake of 76 college students was studied by

Chilson (6). All meals served were lacto-ovo-vegetarian in accord

with the Seventh Day Adventist Church regulations. The two systems

of board charges examined were a la carte (41 students) and contract

(35 students). In the a la carte system the students were charged

only for the food they took. They also had to pay a minimum monthly

fee. In the contract system, students paid a specified amount for

board. The students recorded everything they ate or drank for three

consecutive days. The results showed that except for men's niacin

intake, both sexes under the contract system had higher nutrient in-

takes than did students under the a la carte system. However, the

intake for calories, protein, calcium, vitamin A, thiamin, riboflavin,

niacin, and ascorbic acid was judged satisfactory (above 66 percent of

RDA) for both groups. The exception was iron for women. Women in

both a la carte and contract groups were well below the RDA for iron

(44 percent of RDA and 63 percent of RDA, respectively).

In another three-day study, Emiola (11) examined the calcium

intake of 45 females and 45 males (aged 20 to 25) at Oregon State

University. In his attempt to discover the effects of physical activi-

ty and nutrition on bone density, he instructed the subjects to keep

a three-day dietary record for three consecutive days of two separate

weeks. He found that the males consumed significantly more calcium

than the females (P < 0.001). On the average they consumed 17.4 per-



14

cent more calcium than the RDA for calcium. The females consumed

33.4 percent less than the RDA. Only 33.7 percent of the males con-

sumed less than 800 mg calcium per day (the RDA for calcium), but

84.4 percent of the females consumed less than 800 mg calcium per

day. He also found that there was no significant difference in the

calcium intake at three different activity levels (highly active,

moderately active, and minimally active).

A five-day diet record was used by Scoular et al. (35) who

studied the protein metabolism of 171 college women (17-27 years) who

consumed self-selected diets. Only 66 percent of the women were in

positive nitrogen balance according to an analysis of the fecal and

urine samples. The average daily protein intake was 52 gm per day

for the women and it ranged from 19 to 113 gm.1 A total of 58.6

percent of the women consumed less than 55 gm protein daily, 37.9

percent consumed 35 to 75 gm daily, and 3.5 percent ate 75 gm or more

daily.

A seven-day dietary record and a questionnaire concerning dietary

habits was given to 66 male Australian athletes (aged 18-40) and 14

female athletes (aged 14-28) who were training for the 1968 Olympics

(38). The sports represented by the women were: swimming and diving,

5; track and field, 8; and gymnastics and fencing, 1. Representative

sports for men were: swimming and diving, 1; track and field, 10;

cycling, 5; pentathlon, 3; boxing, wrestling, and weight lifting, 7;

rowing and canoeing, 7; hockey and basketball, 19; gymnastics and

1The 1953 RDA for 16-20 year old women was 75 grams; for 20 years
and older, 55 grams.
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fencing, 3; equestrian and shooting, 3; and yachting, 8. The male

athletes were placed in one of three categories depending on whether

their training was light, medium or heavy. The dietary records were

analyzed for their caloric content and for their protein, fat, carbo-

hydrate, calcium, iron, vitamin A, thiamin, riboflavin, niacin, and

ascorbic acid content. Vitamin A was calculated as Vitamin A

activity and niacin was calculated as niacin equivalents. Thiamin,

riboflavin, and niacin requirements were calculated for each athlete

according to the number of calories consumed each day. Protein

consumption was calculated as grams per kilogram body weight. The

percent of total calories contributed by fat, carbohydrate, and pro-

tein was also calculated. Food supplements such as wheat germ and

Ovaltine were included in the analysis. Vitamin tablets and tonics

were not included. Results showed that the average daily protein

intake ranged from 78 to 301 grams for males and from 58 to 176 grams

for females. The mean daily protein intake was 1.8 grams per kilo-

gram body weight for men and 1.9 grams per kilogram for women. The

average daily intake of calories was extremely variable, with most of

the women consuming 2000 to 3000 Calories daily and most of the men

consuming 3000 to 4000 Calories daily. The men in the heavy training

group had a somewhat higher protein intake (1.9 grams per kilogram)

than the medium (1.7 grams per kilogram) and light (1.7 grams per

kilogram) training groups. The mean intake of all minerals and

vitamins studied was in excess of the suggested or individually
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calculated recommended allowances.
2

The intake of some nutrients

such as calcium and ascorbic acid was many times the allowances due

to consumption of large amounts of milk and fruit juices. However,

two girls had low calcium consumption; one of these girls was also low

in iron and vitamin A. Five men had suboptimal amounts of thiamin

(on the basis of the suggested allowance of 0.4 mg per 1000 Calories

ingested).

A seven-day food record was given to 81 Cornell University fresh-

men women by Young and LaFortune (48). Also, a written checklist with

185 food items was given to the women who checked the items as: (1)

Will not eat because I dislike it or it disagrees with me; (2) Will

not choose, but will eat when served; (3) Will eat occasionally;

(4) Will eat frequently; (5) Other--please explain/comments. The

women were also given an oral interview during which the factors

causing the food rejections were discussed.

Analysis of the seven-day food record revealed the following

results:

CAL PRO CA IRON VIA ASC THI RIB NIA

% below 100% 65.4 30.9 71.6 86.4 9.9 6.2 67.9 25.9 22.2

of RDA

% below 70% 8.7 5.0 28.4 25.9 0 1.3 14.9 4.9 1.3

of RDA

A study by Greenwood and Lonsinger (14) involving a seven-day

dietary record was completed by 203 college women who also recorded

their energy output. The mean caloric intake of these women who

2Suggested allowances were taken from the Australian National
Health and Medical Research Council--1965.
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consumed self-selected diets was 2015.9 Calories. The mean activity

of 132 of these women was 39.15 Calories per kilogram per hour; the

mean weight, 58.4 kilograms; the mean height, 164.07 centimeters.

The mean deviation from the expected caloric intake was -268.8 Calo-

ries. The women who ate at home or who did light housekeeping in

exchange for board consumed less calories than those who ate else-

where.

College men's eating habits were examined by Young et al. (49)

who utilized a seven-day dietary record for analysis. The 290 men,

most of whom were 16 to 20 years of age, had average dietary intakes

which met 70 percent or more of the allowances for all of the nutrients

studied: calories, protein, calcium, iron, vitamin A, thiamin, ribo-

flavin, niacin, and ascorbic acid.

A study by Guild et al. (16) included a nutritional analysis of

meals that were selected by students at a university cafeteria during

nine non-consecutive days (five in the fall and four in the spring).

A total of 397 men and 207 women participated in the study. Although

the food choices were limited, they could drink as much milk as desired.

All leftover food and extra portions of milk were recorded by each

student and the form was returned on the tray. Snacks outside of the

cafeteria were not included in the analysis. The men consumed about

1.5 times as many calories as the women did and therefore obtained

higher amounts of all nutrients. The average intakes of nutrients for

daily meals met or exceeded the RDA for both men and women with the

exception of iron for women. The iron intake for women averaged only
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10 mg per day.3

The interpretation of the data in this particular study is

difficult because it does not single out any one student's daily

eating habits. The daily averages are actually the averages of many

different students' breakfasts, lunches, and dinners. Also, since

outside snacks were not included in the study, a complete nutritional

analysis could not be obtained.

Several studies utilizing a 24-hour recall method were reported

in the literature. A study by Young and Storvick (50) involved 246

men and 349 women who were freshmen at Oregon State University.

Eighty percent of the students ate in boarding houses (dormitories,

fraternities, sororities, or cooperatives), 18 percent in private

homes, 1 percent in two or more places, and less than 1 percent in

restaurants. The students reported from memory what they ate the

previous day and also listed how many servings per week they usually

consumed of certain foods. The following scoring system was used:

Food Servings per week Score

Milk 21 20

Fruit 14 15

Eggs 3 15

Meat 5 10

Potatoes 7 10

Cooked vegetables 14 10

Bread 14 10

Raw vegetables 7 5

Fish 1 5

Total possible = 100

Scores were calculated with the following rating system: 90-100 =

3The RDA of iron for young women is 18 mg per day. This is 8 mg

higher than the men's RDA because of women's monthly loss of blood by
menstruation.
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Good; 71-90 = Fair; and less than 70 = Poor. In the total analysis

28 percent of the men and 12 percent of the women scored Good. Sixty

percent of the men and 66 percent of the women scored Fair. Twenty-

nine percent of the men and 21 percent of the women scored Poor. A

larger percentage of the students who scored Good ate at boarding

houses rather than at homes or other places.

As mentioned earlier, it is possible to achieve dietary adequacy

by a variety of food patterns. The failure to meet a specific food

pattern is not necessarily an indication of inadequacy.

The food preferences, habits and intakes of 40 teenage women at

the Kansas State University dormitory were studied by Wakefield and

Miller (41). A food selection scorecard and a 24-hour recall were used

to determine adequacy of food intake. The women were classified as

overweight, average weight, or underweight according to standard tables

of weight and height. The results showed that the average weight group

did not consume at least 75 percent of the foods recommended in the

Basic Four Food Groups. All groups limited their intake of foods from

the breads and cereal group. The overweight group limited their intake

of milk, breads and cereals. However, limited intake of certain food

groups is not necessarily equated with improper nutritional habits.

Personal Eating Habits

Surveys and questionnaires which are given to subjects often

contain sections dealing with personal food habits. Such information

enables the researcher to more fully understand the subject's
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nutritional record. For example, subjects who have an extremely low

intake of calories may be dieting to lose weight. Athletes may con-

sume excessively large amounts of protein in hope of building larger

muscles. In one survey taken at the Olympic Village cafeteria.in

Montreal (1968) it was discovered that each athlete consumed a daily

average of approximately 5500 Calories. Meat (2.4 pounds per day)

provided most of these calories (9). Surveys from Italy reveal

that the average Italian athlete eats about three grams of protein

per kilogram body weight daily4 (25).

Meals are frequently omitted by some students. The most commonly

missed meal is breakfast. Nygren (31) determined the number of college

women who missed meals during a one-week period at the University of

Washington residence halls. On the average, 42 percent missed break-

fast, 11 percent missed lunch, and 19 percent missed dinner. However,

meals might have been eaten at places other than the cafeteria because

this information was not ascertained. Wakefield and Miller's study

(41) of freshmen women at Kansas State University revealed that 70

percent of the overweight group reportedly never ate breakfast while

only 35 percent of the average weight group and 9 percent of the under-

weight never ate breakfast. In a study by Young et al. (49) of college

freshmen completing a 24-hour recall, results indicated that 76 percent

of the subjects ate breakfast daily, 15 percent ate it one to six times

per week, and nine percent never ate breakfast. Wise (47) found that

4The National Research Council recommends 0.8 grams of protein
per kilogram body weight daily for men and women.
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skipping breakfast had the greatest effect on the following nutrients:

vitamin A, iron, thiamin, calcium, niacin, and ascorbic acid. Those

who skipped breakfast also had a higher cholesterol intake than those

who usually ate breakfast. Jackson and Schuck (22) found that college

women who usually skipped breakfast had diets that were low in milk,

whole grain or enriched cereals, and citrus and other fruits. Haseba

and Brown (17) discovered that college students usually eat breakfast

more frequently when it is easily available. The major problem seemed

to be negligence rather than ignorance of the nutritional value of

breakfast.

Stasch et al. (37) studied 171 males and 223 females who were

first-year students at New Mexico State University. Their completed

questionnaires revealed a significant relationship (P < 0.01) between

mothers' preparing breakfast at home and the students' liking to eat

breakfast. There was also a significant relationship (P < 0.01)

between students' liking to eat breakfast and their eating a regular

lunch versus snacking when hungry.

A food habits questionnaire was completed by 170 women at Texas

Technical College (23). Sixty percent of the women lived in dormitor-

ies and 40 percent lived elsewhere. At least 75 percent of the stu-

dents would be assured of an adequate diet if foods chosen were

properly prepared and served. Snacking between meals was influenced

by the foods available. Eighty percent of the sample snacked to

satisfy hunger, 39 percent to substitute for a missed meal, and 39

percent from habit.
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Milk is one of the few foods that contains a high amount of

calcium. The major reason that milk and dairy products are included

in the Four Food Groups is to enable people to easily reach their

minimum daily requirement for calcium. In the seven-day analysis of

the diet of 81 Cornell University women, it was discovered that 28

percent of the students used less than the available quantity of milk

at the cafeteria. Thus, 28 percent of the women were below 70 per-

cent of the RDA for calcium (48). Nygren's study (31) revealed that

30 percent of the women students at the University of Washington's

residence hall did not drink milk. Only ten percent of the total

sample in Wakefield and Miller's study (41) never drank milk. How-

ever, 25 percent of the women who were overweight avoided milk.

The study by Stasch et al. (37) revealed that almost one-third

of all students (35 percent of the men and 26 percent of the women)

reportedly drank milk with every meal. An additional one-third of

the sample consumed milk at least once daily. Nine percent of the

males and three percent of the females never drank milk. Additional

studies at the same university (28) showed by questionnaire results

that nearly two-thirds of the 183 men and three-quarters of the 215

women sampled consumed less milk than the recommended two servings

daily. When college eating habits were compared with home eating

habits it was noted that there was less use of milk and more use of

soft drinks while at college. Australian Olympic athletes consumed

large quantities of milk and fruit juices, thus consuming many times

the recommended daily allowances for calcium and ascorbic acid (38).
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Many young women have the mistaken idea that they should elimi-

nate all breads, cereals, and starchy foods while they are attempting

to lose weight. They seldom realize that by eliminating these foods

they are eliminating valuable sources of the B vitamins, especially

thiamin. In Young and LaFortune's study (48) only nine percent of the

young women were judged to be overweight according to standard tables.

However, 31 percent of the women claimed that they were dieting to

lose weight. Results showed that 67.9 percent of the women in the

study were below 100 percent of the RDA for thiamin and 14.9 percent

were below 70 percent of the RDA. These low values are the result of

the low consumption of breads and cereals by at least 14 percent of

the total group.

The overweight group of women in Wakefield and Miller's study (41)

limited their intake of milk, breads, and cereals. The women who were

judged to be underweight and average weight also limited their intake

of breads and cereals.

Many people use vitamins, minerals, or other dietary supplements

without a doctor's prescription or recommendation (44). For the most

part, these people hope that vitamin and mineral supplementation will

compensate for bad nutritional habits. Athletes often consume extra

vitamins and minerals and other supplements with hope of improving

their performance. An interview with three physicians who accompanied

their athletes to the 1976 Olympics at Montreal and who are well known

for their interest in the nutrition of athletes was conducted by

Mann (26). Dr. Lloyd Drake of New Zealand, Dr. Victor Rogozkin of
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the USSR, and Dr. Jana Parizkova of the CSSR all believe in

supplementing the highly trained athlete's diet even though it is

already well-balanced according to nutritional standards. Vitamin C

was the most highly recommended dietary supplement. In other inter-

national studies, Brown (3) found that the athletes from the People's

Republic of China did not rely on vitamin supplements at all. Bender

(2) examined the nutritional supplements taken by some Olympic swim-

mers at the 1976 Olympics. The supplements included: papaya enzyme,

calcium and magnesium tablets, liver with folic acid, vitamin B12,

wheat germ oil, rose hips, vitamin E, pantothenic acid, potassium

gluconate, and ginseng root.

A total of 62 Australian Olympic athletes out of 80 who completed

dietary questionnaires reported that they received no dietary advice

concerning supplementation (38). Of these 62 athletes, 25 reported

that they took vitamin and/or mineral supplements in addition to

their well-balanced diets.

College students from New Mexico State University reported their

vitamin use by means of a questionnaire (37). In 1966, 52 percent of

all students used vitamins occasionally and 20 percent,of the females

and 10 percent of the males always or frequently took vitamin supple-

ments. In 1973 an increase in vitamin usage was noted: 34 percent

of the females and 16 percent of the males always or frequently took

vitamin supplements (28). The 185 college students in Wise's study

(47) reported the following vitamin use: 34.1 percent took vitamins,

9.7 percent took vitamins and minerals, 1.6 percent took minerals, and

54.6 percent did not take any type of supplementation.
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Protein-Fat-Carbohydrate Ratios

The percentage of calories obtained from carbohydrate and fat

has changed significantly since the 1900's; the percentage obtained

from protein have remained stable. In the year 1900 fat contributed

32 percent of the calories to the average American diet. Today this

value is calculated to be 43 percent. Carbohydrate use has decreased

from about 55 percent to about 45 percent of the total caloric intake.

Protein consumption has remained unchanged at about 12 percent of

the total caloric intake (44).

The U.S. Dietary Goals were drawn up by the Senate Select

Committee on Nutrition and Human Needs in spring of 1977 (32).

Some of the recommendations included: (1) an increase in the carbo-

hydrate consumption to account for 55 to 60 percent of the total

caloric intake; (2) a reduction in total fat consumption to approxi-

mately 30 percent of total caloric intake, and (3) a reduction in

saturated fat consumption to approximately 10 percent of caloric

intake, with polyunsaturated and monosaturated fats contributing

about 10 percent each.

An examination of Australian Olympic athletes' seven-day dietary

records revealed that the mean protein intake accounted for 14.4 per-

cent of the men's total calories and 15.6 percent of the women's

total calories (38). The contribution of fat was quite high: males

consumed 43.4 percent of their calories in the form of fat and females

had 44.6 percent of their calories from fat. The contribution of the

carbohydrates was 41.7 percent for males and 39.7 percent for females.
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The heavy training group had more of their calories coming from

carbohydrates than the medium and light training groups did (43.6

percent versus 40.5 percent and 39.7 percent, respectively). Analysis

of the diet records of 290 college men from Young et al.'s study (50)

revealed the following percentages concerning the protein-fat-

carbohydrate ratios: 15 percent of calories from protein, 40 percent

from fat, and 45 percent from carbohydrate. Guild's study (16) in-

volving 397 men and 207 women who ate at a residence hall reports the

following results: 16 percent of the calories from protein, 41 per-

cent from fat, and 43 percent from carbohydrate. It was also noted

that saturated fats comprised 40 percent of the total fats. The poly-

unsaturated-to-saturated fatty acids ratios were 0.35 for women and

0.27 for men. (This study did not include an analysis of the

students' snacks.)

Nutritive Content of College Dormitory Meals

One cannot expect students to obtain proper nutrition if the

dormitory or boarding house they reside at does not serve meals that

are nutritionally sound. The nutritive content of college meals from

50 American colleges was analyzed by Walker and Page (42). A sample

consisted of menus from two breakfasts, two lunches, and two dinners

that were offered to the students. Seven consecutive days' meals

were analyzed for their protein, vitamin A, vitamin D, thiamin, ribo-

flavin, folacin, vitamin B6 and vitamin B12 content. If the students

would eat all that was served to them, the RDA for 19- to 22-year-old

men and women would be met for protein, vitamin A, riboflavin, and
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niacin (on a per-person per-day basis). However, about one-third of

the daily meals were below the recommended allowances for vitamin D,

three-fifths were low in thiamin, and three-quarters were low in

folacin and vitamin B6. Some colleges offered daily meals that were

short on calories.

Selected nutrients in a South Dakota University cafeteria were

studied for five one-month periods by Guild et al. (15). Allowances

were made for kitchen waste, cooking losses, and food not eaten by

students. It was found that students should have been able to meet

the RDA's for all the major vitamins and minerals, protein, and calo-

ries if they made appropriate choices in the cafeteria. The only

exception was for iron which was marginal (16.6 to 19.7 mg per day,

average of 18.0 mg per day).

Nygren (31) examined the nutrient content of food at the Univer

sity of Washington women's residence hall. For one week (20 meals

total) a sample tray was taken from each meal and analyzed for its

protein, thiamin, riboflavin, and ascorbic acid content. Results

showed that over 100 percent of the RDA was met for each of these

nutrients.

Two separate 14-day periods were studied by Scoular and Foster

(34) concerning the food intake of 106 college women at a boarding

house. The average daily food intake was calculated by taking stock

of the kitchen's inventory. Allowances were made for kitchen waste

and food not eaten. In both periods the allowances were exceeded for

calories, protein, calcium, iron, vitamin A, thiamin, riboflavin, and
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Nutritional Knowledge
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A study was completed by Cho and Fryer (7) concerning the

nutritional knowledge of collegiate physical education (P.E.) majors.

A questionnaire and nutritional knowledge test was given to 138

junior, senior, and graduate P.E. majors (82 males and 56 females).

The same questionnaire and test was given to a control group of 81

students who were in the last week of a course in basic nutrition

(B.N.) for non-nutrition majors. All B.N. students were female. The

nutritional knowledge test consisted of 50 true-false statements

concerning general knowledge of nutrition, food composition, and mis-

conceptions about food. The students indicated their degree of

certainty for each answer by rating it on a scale of one to five. A

nutritional knowledge score was calculated for each student. Possible

minimum and maximum weighted scores were 400 and +400. Scores were

also tabulated for the number of correct answers disregarding the

degree of certainty of response.

Results indicated that the mean P.E. nutritional knowledge score

(93.3) was significantly lower (P < 0.01) than that of the B.N. group

(156.6). The test statistic used was a two-way analysis of variance

for unequal classes. Only 5.8 percent of the P.E. students scored

above 200 whereas 24.7 percent of the B.N. students scored above 200.

More than half of the P.E. majors who had taken a college nutrition

5
Allowances were based on the 1943 RDA values.
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course received scores that were equal to or higher than the mean

B.N. score. When the degree of certainty was disregarded, the P.E.

majors averaged 40 percent and the B.N. students 74 percent correct

answers. The mean nutritional knowledge score of female P.E. majors

(116.5) was significantly higher (P < 0.01) than the mean score of

male P.E. majors (85.0). Graduate students in P.E. had a mean score

of 124.0 which was significantly higher (P < 0.05) than the means for

junior (84.2) and senior (91.1) P.E. students. There were no signifi

cant differences between the mean nutritional knowledge scores of those

who did not participate in sports and the scores of those who partici-

pated in one or more high school or collegiate sports.

A general nutritional knowledge test was part of the questionnaire

that Lindamood (24) gave to 95 students at San Diego State University.

Results showed that 41 percent of each group (vegetarians and non-

vegetarians) answered the questions correctly.

The nutritional knowledge test that Wise (47) used in her doctoral

thesis was a series of multiple choice and true-false statements. The

scores ranged from 35.6 percent to 88.9 percent; the mean was 73.6

percent. There was no significant difference between the scores of

the 116 random students and those of the 69 volunteers from foods and

nutrition courses. Also, no correlation was found between the nutri-

tion knowledge test scores and high or low nutrient intake.

Nordquest and Medved (30) conducted a nutrition counseling session

for college women taking oral contraceptive agents (OCA). Thirty

volunteers, aged 18 to 25, took a short questionnaire-test with
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questions from the following areas of emphasis: (1) dietary balance,

(2) the six major nutrient classes and the RDA, (3) the Four Food

Groups, and (4) the nutritional implications of OCA therapy. Few

students were able to identify the six nutrient classes. Most of them

were familiar with dietary balance. Surprisingly few students under-

stood the term RDA. Most of the women were unfamiliar with the reason

for weight gain at the outset of OCA therapy, though they correctly

identified the average number of pounds gained. Many misconceptions

were noted concerning increased nutrient needs during OCA therapy.

The sources and functions of some major vitamins was a generally weak

area of nutritional knowledge. The women were generally unable to list

the minimum number of servings recommended from each of the Four Food

Groups for an adult. They did, however, demonstrate some familiarity

with the names of the four groups.

The students in Lindamood's study (24) were somewhat familiar

with the Four Food Groups. Sixty-nine percent of the students could

name the four groups, but only nine percent knew the correct number

of servings needed from each group. Twenty-seven percent gave from

one to three correct answers and 64 percent were totally incorrect or

left it blank. Wise (47) summarized the students' knowledge of the

Four Food Groups as follows: milk (93.5 percent correct number of

servings; meat (86.5 percent); vegetable and fruit (32.4 percent);

bread and cereal (15.7 percent); butter and margarine (34.1 percent

thought that this was one of the basic four). Knowledge of the Four

Food Groups was lacking in Wakefield and Miller's study (41) of 40
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college women. Only two women were able to name all four groups and

the required number of servings needed from each group.

Sources of Nutritional Information

In the study by Cho and Fryer (7) involving 138 collegiate P.E.

majors and 81 basic nutrition (B.N.) students, the subjects were

requested to identify their three most important sources of nutrition-

al information from the following categories: college courses, high

school courses, parents, coaches, physicians and nurses, nutritionists

or dietitians, news media, magazines or popular books, and 4-H. The

source of nutritional knowledge for most P.E. women was ranked in

the following order: college courses, high school courses, and parents.

P.E. men ranked their sources as follows: college courses, high

school courses, and coaches. The B.N. students mostly ranked college

courses as their primary source with high school courses and parents

ranking second and third. Those students who ranked college courses

as their primary source of nutritional information had a signiftcantly

higher mean score (P < 0.05) than those who ranked college courses as

their third source or who didn't list "college" at all.

The source of nutritional information was also examined in Wise's

doctoral thesis (47). In descending order, nutritional information

was obtained in college, high school, none, and in elementary school.

Slightly greater than one-quarter of the students had no classes that

covered nutrition topics. Most frequently listed classes that did

cover this information were home economics classes (first) and health

classes (second).
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Wilson and Lamb (46) gave a short questionnaire-test concerning

common nutritional misconceptions to 119 professional women. Results

showed that the women who had taken some classes in home economics

and nutrition scored higher on the test. College graduates were the

largest group who tended to accept food fallacies. The higher the

educational level of the participants' fathers, the greater was the

number of correct responses.

Summary

Dietary surveys are useful tools for studies involving the

nutritional assessment of large groups of subjects. However, there

are many sources of error which the researcher must try to minimize

as much as possible when utilizing the dietary survey.

Dietary surveys may be conducted for various time periods (for

example, three days and seven days). Usually a long time period is

preferable if it can be arranged.

The caloric intake of students was generally adequate in all

studies examined. (Adequate means that the subject obtained at least

66 percent of the RDA for the given nutrient.) Usually those students

who were low on calories were teenage women who were dieting to lose

weight. Australian athletes have a high caloric intake which is

extremely variable among the different sports.

Protein consumption was adequate in most studies. However, one

study found that only 66 percent of the women studied were in positive

nitrogen balance (35). Vegetarians had a somewhat lower consumption

of high protein foods than non-vegetarians (24).
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Calcium intake was judged to be adequate in most studies. Many

of the females in the study by Emiola (11) and by Young and LaFortune

(48) had calcium intakes below 66 percent of the RDA for this nutrient.

Australian athletes had a very high calcium intake (38).

Iron intake was adequate for males but not for females. Since

the RDA for males is 10 mq per day and for females it is 18 mg per

day, it is more difficult for the females to obtain at least 66 percent

of their RDA for iron. All of the studies involving an analysis of

iron intake reflected this difficulty. The Australian athletes had

an adequate iron intake, though.

The intake of vitamin A was considered adequate in all studies

examining this nutrient except for the three-day study by Wise (47).

Only 54.6 percent of the students obtained vitamin A values that were

at least 66 percent of the RDA for this nutrient.

Thiamin intake was mostly adequate except for studies involving

dieting teenage women. Young and LaFortune (48) found that 15 per-

cent of the women in the study consumed less than 70 percent of the

RDA for thiamin. Wakefield and Miller's subjects all had a low

consumption of foods from the bread and cereal group which could

possibly result in low thiamin intake (41). Riboflavin and niacin

intake were judged to be adequate in all of the studies examined.

Ascorbic acid consumption was adequate in all of the studies.

The Australian athletes had a very high consumption of this nutrient,

mostly from consumption of large amounts of fruit juices (38).

Skipping meals is a common habit among college students. The most

frequently missed meal is breakfast. Overweight women tend to skip
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breakfast more often than underweight or average weight women (41).

Milk drinking habits were variable. The percentage of students

who never drank milk ranged from three percent to thirty percent (6,

31, 37, 41). The percentage of students consuming less than the

recommended servings of milk (less than two glasses of milk per day)

ranged from 28 percent to 75 percent (28, 48). Australian athletes

consumed large amounts of milk (38).

Low calorie diets are often used by teenage women who don't

necessarily need to lose weight. Many times breads and cereals are

nearly eliminated from the diet, causing a very low thiamin intake

(48).

Vitamin use is common among top-class world athletes (2, 26, 38).

An increase in college student vitamin use was noted during a seven-

year period (28). Approximately fifty percent of the college students

in three separate studies frequently took vitamin supplements (28, 37,

47).

The protein-fat-carbohydrate ratios for two groups of college

students reveal similar caloric percentages: (1) 15 percent of

calories from protein; 40 percent from fat; 45 percent from carbohy-

drate; and (2) 16 percent of calories from protein; 41 percent from

fat; 43 percent from carbohydrate (16, 49). Australian athletes had

a high percentage of calories from fat: 15 percent of calories from

protein; 44 percent from fat; 41 percent from carbohydrate (38).

The nutritive content of college dormitory meals was generally

judged to be adequate for the major nutrients: calories, protein,

calcium, iron, vitamin A, thiamin, riboflavin, niacin, and ascorbic



35

acid (15, 31, 34, 42). However, some colleges offered meals that

were below the RDA for vitamin D, folacin, and vitamin B6 (42).

Student scores for nutritional knowledge tests were extremely

variable. One study (7) found that P.E. majors scored significantly

lower than students in a basic nutrition class (40 percent correct

answers versus 74 percent). Another study (47) found no significant

difference between scores obtained by random students and scores

obtained by students from nutrition courses. Vegetarians and non -.

vegetarians scored the same on nutritional knowledge tests (24).

Knowledge of the recommended number of servings needed from each

of the Four Food Groups was generally lacking. However, most students

were at least able to list the names of the four groups (24, 30, 41,

47).

Female P.E. majors and female students from a basic nutrition

class ranked their primary sources of nutritional information as

follows: college courses, high school courses, and parents. Male

P.E. majors ranked their primary sources as follows: college courses,

high school courses, and coaches (7). Home economics and health

classes were the most frequently listed sources of nutritional

information (47).

Evidence has been presented that there is a scarcity of information

concerning the nutritional habits, practices, and knowledge of college

athletes. A search of the literature has revealed 19 studies which

either directly (by diet record) or indirectly (by questionnaire)

measure the nutritional practices of college students in general. It

was the purpose of this study to focus on the college athlete in
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particular and to make comparisons between the nutritional practices

and knowledge of college athletes and college non-athletes.

The nutrition survey used in this study was composed of three

parts: (1) a personal questionnaire; (2) a three-day dietary record

(for Sunday, Tuesday, and Thursday of the same week); and (3) a

30-question nutritional knowledge test. A complete explanation of

the survey technique follows in Chapter III.
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III. METHODOLOGY

This investigation was conducted at Oregon State University,

Corvallis, Oregon during the 1978-79 school year. The purpose of

the study was to examine the dietary habits and nutritional knowledge

of university athletes and non-athletes who consumed self-selected

diets.

Subjects

A total of 60 subjects volunteered to participate in the present

study, 40 athletes and 20 non-athletes. The two sports investigated

were gymnastics and middle-distance running. These two sports were

chosen so that a comparison could be made between athletes participa-

ting in a non-aerobic sport (gymnastics) and an aerobic sport (middle-

distance running). Ten female gymnasts from Oregon State University's

intercollegiate team and ten male gymnasts from the University of

Oregon's intercollegiate team participated in the study. All middle-

distance runners regularly ran at least 8000 meters daily or every

other day. A total of seven women from the women's intercollegiate

track team at Oregon State University and three other female students

participated as middle-distance runners. Six men from the men's

intercollegiate track team and four other men were participants.

The non-athletes were students enrolled in regular physical

education (P.E.) classes at Oregon State University. None of the

students in the non-athlete group were at the time participating in

intercollegiate athletics nor were middle-distance runners. A total
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of ten men participated as non-athletes, four from the backpacking

class and six from the beginning swimming class. The ten women non-

athletes were volunteers from the backpacking class (two women) and

the intermediate swimming class (eight women).

Table I summarizes the age characteristics of the subjects.

TABLE I. AGE CHARACTERISTICS (YEARS)

Mean S.D. Range Mode.

Total (N=60) 20.30 2.13 18-28 19

Males (N=30) 20.87 2.43 18-28 20

Females (N=30) 19.73 1.64 18-25 19

Athletes (N=40) 20.22 2.04 18-26 19 -20

Non-athletes (N=20) 20.45 2.35 18-28 19

Table II summarizes the place where meals were usually eaten by the

subjects (as indicated by the subjects' respOnse to the personal

information section).

TABLE II. PLACE WHERE MEALS ARE USUALLY EATEN
(NUMBER OF STUDENTS)

Home Dormitory
Fraternity/
Sorority

Total (N=60) 37 14 9

Males (N=30) 20 5 5

Females (N=30) 17 9 4

Athletes (N=40) 25 10 5

Non-athletes (N=20) 12 4 4



39

Testing Procedures

The nutrition survey was given to each subject. It consisted of

a personal information questionnaire, three-day diet record, activity

level checklist, and a nutritional knowledge test. Questions from the

nutritional knowledge test were adapted from test questions given to

students in a beginning college nutrition course. Scores were based

on 29 questions, 20 true-false and nine multiple choice. The last

question concerning Four Food Groups knowledge was scored separately.

See Appendix A for a sample copy of the nutrition survey. Complete

instructions were included with each survey. Verbal instructions also

were given which emphasized the need for accuracy in recording the

diet record. Samples of foods (fruits, vegetables, grains) and

serving equipment (glasses) were also shown to familiarize the subjects

with average-sized servings of some foods and beverages. The subjects

were instructed to keep a dietary record and an activity level check-

list for three days of the same week beginning with Sunday, Tuesday,

or Thursday. Records were to be kept only on these three days. The

activity level checklist was included so that the energy expenditure

of each subject could be compared to their actual caloric intake.

The information requested on the personal information question-

naire was kept confidential. It was not possible to verify the results

of this section including the weight, height, and body build questions

which were answered according to subjective evaluation. These last

three questions (weight, height, and body build) were included so that

an identification of overweight, underweight, and average weight
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individuals could be made. The table of average weights for heights

of adults from the American College Health Association was used to

classify the subjects (1). A deviation of five pounds above and below

the given weight for height and body build was given to account for

individual variations for those women under 65 inches (men 69 inches)

in height. Women over 65 inches (men 69 inches) were allowed a devia-

tion of ten pounds.

Dietary Record Analysis

Analysis of the three-day diet record was completed by using the

booklet Nutritive Value of Foods, Bulletin No. 72, by the U.S. Depart-

ment of Agriculture (1968) (39). The food values for the 615 different

items listed in this booklet were available on tape at the Oregon State

University Computer Center. Eleven food values were examined:

calories, protein, calcium, iron, vitamin A, thiamin, riboflavin,

niacin, ascorbic acid, carbohydrate, and fat (both saturated and poly-

unsaturated).

Each subject's daily percentage of the Recommended Daily Allowance

(RDA) was computed according to the National Research Council's RDA

for 1974 (29). See Table III for the 1974 RDA's. Exceptions were for

carbohydrate and fat (for which there is no RDA) and for thiamin. The

RDA's for thiamin were based on caloric intake and were computed accord-

ing to the formula: 0.5 milligrams thiamin per 1000 Calories with a

minimum recommended level of 1.0 milligrams per day (29). See Table IV

for the specific RDA's for thiamin for different calorie ranges.



TABLE III. RECOMMENDED DAILY ALLOWANCES (1974)

Age Energy Protein Vitamin A Ascorbic Acid Niacin Riboflavin Thiamin Calcium Iron

(years) (kcal) (g) (IU) (mg) (mg) (mg) (mg) (mg) (mg)

MALES
15-18 3000 54 5000 45 20 1.8 1.5 1200 18

19-22 3000 54 5000 45 20 1.8 1.5 800 10

23-50 2700 56 5000 45 18 1.6 1.4 800 10

FEMALES
15-18 2100 48 4000 45 14 1.4 1.1 1200 18

19-22 2100 46 4000 45 14 1:4 1.1 800 18

23-50 2000 46 4000 45 12 1.1 1.0 800 18
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TABLE IV. RDA'S FOR THIAMIN

Calories RDA for Thiamin (mg)

0 - 2000
2001 - 2500
2501 - 3000
3001 - 3500
3501 - 4000
4001 - 4500
4501 - 5000
5001 - 5500
5501 - 6000
6001 - 6500

1.0
1.125
1.375
1.625
1.875
2.125
2.375
2.625
2.875
3.125

Statistical Analysis

The daily percentages of the RDA for calories, protein, calcium,

iron, vitamin A, thiamin, riboflavin, niacin, and ascorbic acid were

averaged over the three-day period for each nutrient. A two-factor

analysis of variance for equal groups was the statistic used to find

significant differences between males and females and among the three

groups (gymnasts, runners, and non-athletes) for each of the nine

nutrients. See Figure 1 for the design matrix.
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males

females

n = 10 n = 10 n = 10

n = 10 n = 10 n = 10

gymnasts runners non - athletes

athletes

Figure 1. Design matrix

The null hypotheses tested for each of the nine nutrients were:

1. There is no significant difference in the average percentages of

the RDA obtained for (e.g., protein) of males and females.

H : pi = p2

2. There is no significant difference in the average percentages of

the RDA obtained for (e.g., protein) of gymnasts, runners, and

non-athletes.
= =

1 "2 "3

A statistic calculated from the ANOVA table, "Contrasts," was

designed to test the significant differences in the percentages found

between athletes and non-athletes (Contrast I) and gymnasts and

runners (Contrast II). The null hypotheses tested were:

3. There is no significant difference in the average percentages of

the RDA obtained for (e.g., protein) of athletes and non-athletes.

Ho ul = p2
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4. There is no significant difference in the average percentages of

the RDA obtained for (e.g., protein) of gymnasts and runners.

Ho : = p2

The 0.05 level of confidence was used in retaining or rejecting

each hypothesis.

Those subjects who obtained "adequate" diets (adequate meaning

that none of their three-day RDA percentages were below 66 percent)

were compared to those who did not have adequate diets (subjects with

diets having one or more nutrients below 66 percent). The test

statistic was chi square with continuity correction for 2 X 2 contin-

gency table. Comparisons were made between males and females, athletes

and non-athletes, gymnasts and runners, gymnasts and non-athletes, and

runners and non-athletes. The null hypotheses tested were:

1. There is no significant difference in the number of males and

females obtaining an adequate diet.

H Ho
P1 P2

2. There is no significant difference in the number of athletes and

non-athletes obtaining an adequate diet.

H u = u
0 -1 -2

3. There is no significant difference in the number of gymnasts and

runners obtaining an adequate diet.

H :

o P1 P2



4. There is no significant difference in the number of gymnasts

and non-athletes obtaining an adequate diet.

H : p
0 1 2

5. There is no significant difference in the number of runners

and non-athletes obtaining an adequate diet.

H p
=112

45

The 0.05 level of confidence was used in retaining or rejecting

each hypothesis.

The scores of the 30-question nutritional knowledge test were

expressed as percentages of correct answers. Comparisons were made

between female gymnasts, male gymnasts, female runners, male runners,

female non-athletes, and male non-athletes. A two-way analysis of

variance was the statistic used to test the differences. The hypothe-

sis tested was:

1. There is no significant difference in the percentages obtained

from the nutritional knowledge test of female gymnasts, male gym-

nasts, female runners, male runners, female non-athletes, and

male non-athletes.

Ho : P1 = P2 = 113 = P4 = P5 = y6

The 0.05 level of confidence was used in retaining or rejecting

this hypothesis.
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IV. ANALYSIS AND DISCUSSION OF DATA

In order to test the differences between sexes and groups

(gymnasts, middle-distance runners, and non-athletes) concerning

their: (1) obtained percentages of the Recommended Daily Allowance

(RDA), (2) attainment of dietary adequacy6, (3) scores obtained on a

nutritional knowledge test, and (4) percentage of calories contribu-

ted by protein, fat, and carbohydrate, the null hypotheses were

formulated. The two-factor analysis of variance (ANOVA) statistic

was used to test the hypotheses for nutritional knowledge test scores

and obtained percentages of the RDA. A chi square statistic with

continuity correction for 2 X 2 contingency table was used to test

the hypotheses for attainment of dietary adequacy and percentages,of

calories contributed by protein, fat, and carbohydrate. The analyses

of this investigation were conducted in the Oregon State University

Computer Center on a Control Data Corporation 3300 Computer.

Procedures for Analysis

The daily percentages of the RDA for calories protein, calcium,

iron, vitamin A, thiamin, riboflavin, niacin, and ascorbic acid were

averaged over the three-day period for each nutrient. The ANOVA

statistic was used to find significant differences in obtained percent -.

ages of the RDA between females and males and between the three groups

6
Dietary adequacy is defined as having none of the three-day RDA

percentages below a level of 66 percent. Dietary inadequacy is
defined as having one or more nutrients below the 66 percent level.
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(gymnasts, runners, and non-athletes) for each of the nine nutrients.

Figure 1 shows the design matrix. The ANOVA table for this statisti-

cal test is found in Table V. A statistic calculated from the ANOVA

table, "Contrasts", was designed to test the significant differences

in the obtained percentages of the RDA found between athletes and

non-athletes (Contrast I) and between gymnasts and runners

(Contrast II).

TABLE V. THE ANOVA TABLE

Source DF SS MS

Sex 1 SS Sex MS Sex
Sport 2 SS Sport MS Sport
Sex*Sport 2 SS S*S MS S*S
Error 54 SS E MS E

Total 59

The scores of the 30-question nutritional knowledge test were

expressed as percentages of correct answers. A two-way analysis of

variance was used to test the differences in percentages among the six

groups (female gymnasts, male gymnasts, female runners, male runners,

female non-athletes, and male non-athletes).

The number of students who attained dietary adequacy was

compared to the number of subjects who did not have adequate diets.

The chi square statistic allowed comparisons to be made between the

number of adequate and inadequate diets of females and males, athletes

and non-athletes, gymnasts and runners, gymnasts and non-athletes, and

runners and non-athletes.
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The average percentage of total calories contributed by protein,

fat, and carbohydrate was calculated for each student. Comparisons

were made between females and males and between athletes and non-

athletes for obtained percentages of total calories utilizing the

chi square statistic.

Level of Significance

Since this study is of a descriptive nature, the penalties for

rejecting a true null hypothesis (Type I error) or accepting a false

null hypothesis (Type II error) are minimal (45). For this reason

the 0.05 level of significance was selected to test the results of

the statistical analyses instead of the more stringent 0.01 level of

significance.

Results

Treatment of the data by the ANOVA statistic revealed significant

differences between the women's and the men's obtained percentage of

the RDA for iron and for ascorbic acid with the men obtaining a higher

percentage in both cases. The significant differences among the

three activity groups for thiamin and ascorbic acid percentages were

identified by use of the Contrast statistic. The runners had a

significantly higher percentage of both thiamin and ascorbic acid

than the gymnasts did. The average percentages of all of the other

nutrients (protein, calcium, vitamin A, riboflavin, and niacin) were

not significantly different between sexes, between athletes and non-

athletes, or between activity groups. Tables VI, VII, and VIII



TABLE VI. RANGES AND MEAN PERCENTAGES OF THE RECOMMENDED DAILY ALLOWANCE (RDA)
OBTAINED BY EACH GROUP

% of RDA
obtained

for:

calories
protein
calcium
iron
vitamin A
thiamin
riboflavin
niacin
ascorbic acid

Female gymnasts ( G) Female runners ( R)

(n = 10) (n = 10)

Female non-athletes
(n = 10) (9 N-A)

Range Range x Range

65.0 40.0 - 83.4 111.5 90.5 172.5 91.4 68.5 - 139.4

163.6 111.5 - 244.4 182.5 129.1 - 244.1 151.3 106.2 - 218.1

106.9 77.8 - 147.5 151.8 94.2 - 220.7 110.5 66.9 224.9

66.7 32.8 - 132.3 75.3 47.7 - 132.2 62.8 40.0 - 88.8

136.0 60.7 - 288.4 107.0 43.2 - 160.7 96.8 29.6 -212.7
85.5 54.0 -122.6 142.4 94.2 - 442.4 104.6 86.0 126.1

116.0 79.5 - 153.6 151.6 98.9 - 266.6 117.3 78.6 227.7

92.7 48.6 - 200.8 106.2 52.0 192.1 102.9 66.1 - 155.5

271.5 72.9 - 729.6 271.5 112.1 383.0 210.2 42.9 - 643.5

Male gymnasts (orG)
(n = 10)

Male runners (dam R)

(n = 10)

Male non-athletes
(n = 10) (le N-A)

Range x Range 7 Range

calories 88.1 64.5 - 126.0 91.0 76.1 - 131.7 93.2 61.1 - 141.3

protein 151.9 91.4 - 197.2 183.6 128.4 - 270.0 180.7 122.6 - 282.3

calcium 131.7 43.8 - 237.4 142.8 96.8 - 213.0 156.5 82.6 - 340.4

iron 126.0 80.9 210.0 161.9 118.4 - 242.2 157.3 94.8 230.9

vitamin A 79.1 33.5 - 133.4 113.6 64.2 179.5 111.0 47.8 177.6

thiamin 92.0 70.5 - 116.2 129.5 84.8 - 179.9 108.4 88.1 - 134.2

riboflavin 106.6 63.3 - 160.9 119.9 73.4 - 163.4 122.9 72.9 - 225.0

niacin 91.5 53.1 - 139.1 108.5 87.0 - 172.8 96.3 58.4 - 148.7

ascorbic acid 289.1 37.5 - 526.6 514.6 174.8 - 952.2 292.2 150.0 - 542.4
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explain the results of the ANOVA F-statistic test and the Contrast

F-statistic test.

TABLE VII. RESULTS OF THE F-STATISTIC COMPARING
MEAN PERCENTAGES OF THE RDA OBTAINED

Nutrient

F Value

Between groups
Between sexes (G, R, N-A)

calories
protein
calcium
iron

vitamin A
thiamin
riboflavin
niacin
ascorbic acid

interaction
0.3176*
2.1279*

85.8019***
0.7745*
0.0052*
1.2559*
0.0411*
6.3545**

0.95

(between sexes) 4.0195Fl,

F2, 54
(between groups) 3.1682

no information
1.8135*
1.3065*
2.2468*
0.0747*
5.0479***
1.8483*
0.9680*
3.6458**

F Table
0.99

7.1288

5.0212

* = no significant difference
** = significant difference at the 0.05 level of confidence
*** = significant difference at the 0.01 level of confidence
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TABLE VIII. RESULTS OF THE CONTRAST F-STATISTIC COMPARING
MEAN PERCENTAGES OF RDA OBTAINED

Nutrient

Mean percentages of RDA obtained

Contrast I Contrast II

R F-value . A N-A F-value

thiamin 88.75 135.97 9.8906*** 112.36 106.47 0.2052*

ascorbic acid 280.29 393.04 4.1285** 336.6 6 251.19 3.1636*

F Table
0.95 0.99

01954F1,54
7.1288

= no significant difference
= significant difference at 0.05 level of confidence
= significant difference at 0.01 level of confidence

There was no significant difference between group percentages for

the nutritional knowledge test (Table IX).

TABLE IX. MEAN SCORES OF THE NUTRITIONAL KNOWLEDGE TEST

% of
correct
answers

N-G d'G R delft A NA cl4 A N-A

65.9 60.7' 65.9 73.5 65.9 69.3 65.9 67.5 66.5 67.6

= 2.143; no significant difference between the
six activity groups

F
5,54

= 2.375 at 0.05 level of confidence
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No significant differences were observed between percentages of

students who did or did not obtain an adequate diet (Tables X and XI).

TABLE X. PERCENTAGE OF STUDENTS OBTAINING
AN "ADEQUATE" DIET

% of
students
with all 9
nutrients
avg. 66%

of the RDA

d/ Ath- Non-

a4G -?.12 N-A . d" fetes ath.

20 40 50 80 40 50 37 ,57 46 47

TABLE XI. RESULTS OF CHI SQUARE ANALYSIS COMPARING PERCENTAGES OF
STUDENTS WHO DID OR DID NOT OBTAIN ADEQUATE DIETS

Males Athletes Gymnasts Gymnasts Runners

and and and and and

Females Non-ath. Runners Non-ath. Non-ath.

x2 value 1.670* 0.008* 3.609* 0.427* 0.909*

X.2 Table

0.95 0.99

x2 3.840 6.630

* = no significant difference

The percentage of total calories contributed by protein, fat, and

carbohydrate was not significantly different between females and males

or between athletes and non-athletes (Tables XII and XIII)..
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TABLE XII. PERCENTAGE OF TOTAL CALORIES CONTRIBUTED
BY PROTEIN, FAT, AND CARBOHYDRATE

% of calories
Si- 0'1

Non-

contributed by: k d"G eft N-A N-A Ath. ath.

protein 22.4 13.7 14.3 15.6 14.6 14.4 17.1 14.6 16.4 14.5

fat 33.4 42.0 35.8 35.2 37.8 41.7 35.7 39.6 36.6 39.8

carbohydrate 44.2 44.3 49.9 49.2 47.6 43.9 47.2 45.8 47.0 45.7

TABLE XIII. RESULTS OF CHI SQUARE ANALYSIS COMPARING
PERCENTAGES OF TOTAL CALORIES CONTRIBUTED
BY PROTEIN, FAT, AND CARBOHYDRATE

Chi square values
Females and males Athletes and non-ath.

protein 0.084* 0.310*
fat 0.179* 0.102*
carbohydrate 0.003* 0.002*

x2 Table
0.95

x2 3.840

* = no significant difference

0.99

6.630

Discussion

Three -day. Dietary Records

Calories. Table VI identifies the ranges and mean percentages of

the RDA obtained by each group. The only group to obtain values of

66 percent of the RDA for calories is the female gymnast group.

Sixty percent of these women reported that they were trying to lose

weight. The low calorie intake of this group reflected these efforts
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at weight loss. Sixty percent of the female gymnasts (the six women

who were dieting) had calorie intakes of less than 66 percent of the

RDA. The female gymnasts consumed 33.4 percent fewer calories than

they actually expended; thus, they should have been successful at

their attempted weight loss (if the same pattern of exercise and food

intake was continued). A close look at Table XIV indicates that all

groups, with the exception of the male non-athletes, were consuming

fewer calories than they were expending. It is possible that many of

the students overestimated their time spent at a certain energy level

and/or recorded their time at a higher energy level than they were

actually working at. This overestimation of energy expenditure would

in turn result in the negative energy balances identified in this

study.

TABLE XIV. PERCENTAGE OF PERSONAL CALORIC REQUIREMENT
THAT WAS ACTUALLY CONSUMED (THREE-DAY AVERAGE)

an
. Non-

G d4G .g R e R N-A N-A ' Ath.. Ath.

% of caloric -33.4 -26.0 -10.1 -14.0 -25.4 +14.8 -23.0 -8.4 -20.9 -5.3

requirement
actually consumed

aNegative values indicate that subjects consumed fewer
calories than actually expended; positive values
indicate that subjects consumed more calories than
actually expended.

Negative energy balances were also reported by Greenwood and

Lonsinger (14) in their seven-day study. of 203 college women. The

mean deviation from the expected caloric intake of their students was
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-268.8 Calories (or -11.8 percent of the expected caloric intake).

This value can be compared to the -23.0 percent that the females in

this study obtained. The total group in this study consumed an

average of -15.7 percent of the expected caloric intake. Therefore,

more students in this study were either dieting or overestimating their

energy expenditure in greater numbers than were the women in the

Greenwood and Lonsinger study.

Young and LaFortune (48) reveal that 65.4 percent of the women in

their study consumed diets that were below 100 percent of the RDA for

calories. Similarly, 67.0 percent of the women in this study were

below 100 percent of the RDA. However, the 1953 RDA for calories was

2400 Calories for 16-20 year old women. The 1974 RDA for calories was

2100 Calories for women aged 15-22 and 2000 Calories for women aged

23-50. Therefore, the women in Young and LaFortune's study would have

obtained higher percentages of the RDA for calories if they were

judged by the 1974 standards.

Wise (47) reports that 93.5 percent of her subjects obtained at

least 66 percent of the RDA for calories. Only 86.5 percent of the

students in this study obtained at least 66 percent of the RDA. How-

ever, an examination of only the non-athletes in this study reveals

similar percentages (95.0 percent of the RDA for calories) to Wise's

figures. Only 25 percent of the non-athletes were attempting weight

loss while 37.5 percent of the athletes were trying to lose.

The diets of the Australian Olympic athletes in Steele's study

(38) were higher in calories than were those of the athletes in this

study (Australian women, 2000-3000 Calories daily; Australian men,
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3000-4000 Calories). The mean daily calorie intake of the female

athletes in this study was 1587 Calories and for the male athletes it

was 2638 Calories. Steele noted extreme variations in the total

calorie intake of his subjects. Similar variability occurs in this

study due to the fact that some students were selecting very low-

calorie diets while others were consuming high-calorie diets regardless

of their energy expenditure levels. The extremes of the female

athletes' calorie intake range from a low of 40.0 percent of the RDA

for calories to 172.5 percent.

The mean percentage of the RDA for calories is higher for the

female runners than it is for the female gymnasts or the female non-

athletes.
7

(See Table VI.) This higher mean percentage of calories

is accompanied by a higher mean percentage of all of the other

nutrients with the exception of vitamin A (the female gymnasts o

tained the highest mean percentage for this nutrient). Thus, it

appears that the female runners were choosing well-balanced sources of

food which contained many nutrients (as opposed to high-calorie, low-

nutrient foods such as soda pop) to satisfy the extra calorie needs

of their rigorous training. The male runners likewise obtained a

higher mean percentage of all of the nutrients with the exception of

calories, calcium, and riboflavin (for which the male non-athletes

obtained slightly higher percentages).

7No statistical significance tests could be completed for this
particular nutrient (calories) because of an interaction in the
data results.
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The male non-athletes as a group consumed slightly more calories

than the runners but they were generally not exercising enough to

remain in neutral energy balance. On the average they were consuming

14.8 percent more calories than they were expending. Examination of

this group's personal dietary habits shows that two men were attempting

weight loss (five pounds each) while three men were trying to gain

weight (seven, ten, and twenty-five pounds). The high-calorie diets

of the three men who were trying to gain weight tended to shift the

mean energy balance of the group to a positive direction.

Protein. The mean percentage of the RDA obtained for protein was

not significantly different between sexes or among groups. The recom-

mended allowances for protein (Table III) are lower for women than

they are for men (due to their generally smaller body size). Even

though the men were consuming more total protein than the women (men,

93.6 grams per day; women, 76.3 grams per day), the obtained percent-

ages of the RDA were not significantly different. A comparison of the

two sexes according to the grams of protein consumed per kilogram body

weight reveals little difference between the two (men, 1.40 grams

protein per kilogram body weight; women, 1.45 grams per kilogram).

However, the difference between athletes (1.48 grams per kilogram)

and non-athletes (1.32 grams per kilogram) reveals that the athletes

were consuming more protein per kilogram body weight than were the non-

athletes. No group in this study approached the high levels obtained

by the professional Italian athletes (three grams per kilogram body

weight per day) (25). The athletes in this study obtained values that



58

were lower than those of the Australian athletes (1.8 grams per kilo-

gram for Australian male athletes, 1.9 grams per kilogram for

Australian female athletes). Steele (38) reported that the Australian

athletes generally consume large quantities of milk and cheese, thus

accounting for higher-than-average intakes of protein, calcium, and

fat.

Scoular et al. (35) report a lower average daily protein intake

(52.0 grams per day) for the women in their study versus the women in

this study (76.3 grams). Even the mean intake of our female non-

athletes (69.6 grams) is higher than the intake of the women in

Scoular's study.

Fifty-nine students (98.3 percent of the total group) consumed

diets averaging at least 100 percent of the RDA for protein. In Wise's

study (47) 98.4 percent of the students averaged at least two-thirds of

the RDA for protein. Only 69.1 percent of the students in Young and

LaFortune's study (48) obtained diets with at least 100 percent of the

RDA for protein, but the 1953 standard was much higher than the 1974

standard (75 grams versus 48 or 46 grams). If those students were

judged according to the 1974 standard, a minimum of 95 percent of the

students would have averaged at least 100 percent of the RDA for

protein.

Since nearly all of the students in the present study appear to

be adequately nourished with respect to protein, nutrition educators

and coaches should encourage their students to focus on other aspects

of their diets where there may be inadequacies (for example, iron for

women).
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Carbohydrate. The average carbohydrate intake was extremely

variable, especially for the women in the study. The average amount

of carbohydrate consumed by the female runners was nearly twice the

amount that was consumed by the female gymnasts. The male runners

likewise consumed more carbohydrate than the male gymnasts did. Not

only were the runners consuming higher-calorie diets than the gymnasts,

they were also consuming diets with a higher percentage of their

calories contributed by carbohydrate. The heavy training group of

athletes in Steele's study (38) similarly had more of their calories

coming from carbohydrate than did the medium and light training groups.

Hultman (21) showed that there is a significant correlation between

high levels of muscle glycogen (due to a consumption of a high carbo-

hydrate diet) and endurance during a bicycle ergometer exercise period.

Hultman's nine subjects worked at a load corresponding to 75 percent of

their maximum oxygen uptake to complete exhaustion. Three days of

high carbohydrate diet preceding the work session increased the

muscle glycogen content and the endurance of the subjects signifi-

cantly more than did a three-day mixed diet or a three-day fat and

protein diet. Perhaps the runners in our study were consciously or

unconsciously choosing a diet somewhat higher in carbohydrates in

order to maximize their muscle glycogen stores.

Fat. The average fat intake ranged from 52.3 grams per day for

the female gymnasts to 130.2 grams per day for the male non-athletes.

The six female gymnasts who were dieting were avoiding high-fat sources

of food such as whole milk and fried foods and were instead choosing

foods such as skim milk and salads. The ratio of polyunsaturated
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fatty acids to saturated fatty acids (P:S ratio) was lowest for the

female runners (0.32) and highest for the male gymnasts (0.46). This

means that the female runners were consuming a larger percentage of

their calories in the form of saturated fatty acids than the male

runners were. This difference may be explained by their somewhat

higher consumption of fatty meats and cheese (versus milk). A

comparison with the students in Guild's study (16) shows similarities

for the women but not for the men (this study: women, 0.34; men,

0.38; Guild's study: women, 0.35; men, 0.27). Thus, the men in

Guild's study appeared to have a higher intake of saturated fats than

did the men in this study. According to the U.S. Dietary Goals

adopted by the U.S. Senate Select Committee on Nutrition and Human

Needs (32), the recommended consumption of total saturated fatty acids

should equal approximately ten percent of the total calories consumed.

The intake of total polyunsaturated fats should also equal ten percent

with monosaturated fats contributing another ten percent of the total

caloric intake (32). Therefore, the recommended P:S ratio would be

1.00. Only two students in this study obtained a P:S ratio close to

1.00 (one male gymnast, 0.99; one male non-athlete, 1.08). By relying

more on polyunsaturated vegetable oils and margarines and less on butter

and other saturated animal fats, one can easily attain a P:S ratio of

1.00.

Proportions of Carbohydrate, Fat, and Protein. The ideal

proportions of carbohydrate (50-55 percent of the daily caloric intake),

fat (30 -35 percent), and protein (10-20 percent) as recommended by
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Buskirk (4) was obtained by only six students, all of them athletes.

In addition, two other athletes (one female and one male runner who

were both vegetarians and attempting weight loss) chose diets that

were lower in fat and higher in carbohydrate than the ideal values

mentioned above. The linoleic acid intake of these two athletes was

extremely low--only one percent and four percent of their total

caloric intake.8 Recent studies by Vergroesen (40) have indicated

that a moderate-fat diet rich in linoleic acid (35-40 percent of

calories as fat with at least one-third of the fat as linoleic acid)

may be more beneficial than a low-fat, high-carbohydrate diet (less

than 25 percent of calories as fat) for persons who are attempting

weight loss. Diets in which linoleic acid consumption was between 12

and 22 percent of total calories could provide the following effects:

(1) decreased blood cholesterol and serum triglyceride levels,

(2) decreased thrombotic tendency of platelets, (3) preventative and

curative effects in sodium-induced hypertension, (4) improvement of

the physiological functions of the heart, and (5) normalization of the

biochemical abnormalities in obesity and maturity onset diabetes (40).

Since the majority of the athletes in this study did not obtain the

ideal proportions of carbohydrate, fat, and protein, the first hypothe-

sis listed in the Introduction was rejected.

No significant differences were found between sexes or between

athletes and non-athletes concerning the percentage of total calories

8Linoleic acid is an essential polyunsaturated fatty acid which
must be supplied by our diet daily.
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contributed by protein, fat, or carbohydrate. Therefore the second

hypothesis of this study was rejected. Table XII shows that all

groups had a lower percentage of calories from fat and a higher

percentage of calories from protein than the national average which is:

protein, 12 percent of calories; fat, 43 percent; and carbohydrate,

45 percent (44). The total group in this study averaged 15.8 percent

of calories from protein, 37.6 percent from fat and 46.5 percent from

carbohydrate. These figures are similar to the values reported by

Young et al. (50) and Guild (16), but are lower in fat and higher in

carbohydrate than the values reported by the Australian Olympic

athletes (38). It is encouraging to note that the total group's average

percentage of calories from fat is lower than the national average and

closely approaching the suggested ideal of 30-35 percent of calories

from fat.

Calcium. The calcium intake of the subjects was more than adequate.

All groups averaged over 100 percent of the RDA for calcium. There was

no significant difference in calcium consumption patterns between sexes

or among groups. In contrast, Emiola (11) found a significant

difference (P < 0.001) in the calcium intake of males and females at

Oregon State University. On the average, the males in his study con-

sumed 17.4 percent more calcium than the RDA while the females

consumed 33.4 percent less than the RDA. In this study the males

consumed 43.7 percent more than the RDA and females consumed 23.1 per-

cent more than the RDA. Wise (47) reports that 90.8 percent of her

subjects obtained at least two-thirds of the RDA for calcium; the
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comparable figure in this study is 96.5 percent. Young and LaFortune

(48) reported a large percentage (28.4 percent) of subjects contain-

ing values less than 70 percent of the RDA for calcium. However, the

1953 RDA for calcium was 1300 mg for women aged 16-20. The 1974 RDA

is 1200 mg for 18-year-old women and 800 mg for those over age 18.

Therefore, a large percentage of the women in Young and LaFortune's

study would have obtained higher percentages if judged by the 1974

standard. The Australian athletes (38) had a much higher calcium

intake than the students in this study due to consumption of large

quantities of milk and daily products.

Iron. The RDA for iron is much higher for women than for men

(18 mg vs. 10 mg). This is the reason that in most studies, including

the present one, a large percentage of the women have iron intakes

below 66 percent of the RDA. Sixty percent of the women in this study

averaged less than 12 milligrams of iron (66 percent of RDA) daily,

only 13 percent averaged 18 milligrams or more. Ninety percent of the

men obtained at least 100 percent of their RDA for iron. Therefore, a

highly significant difference (F = 85.8019) between sexes was noted for

the obtained mean percentage of the RDA for iron (see Table VII). The

fifth hypothesis of this study is therefore accepted. The iron intake

of the women in the Guild study (16) averaged only 10 mg per day,

which is 56 percent of the women's RDA for iron. The mean intake of

the women in this study was 12.3 mg of iron per day or 68.3 percent of

the RDA. Wise (47) reports that only 46.5 percent of the females in

her study were below two-thirds of the RDA for iron, a lower percentage
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than in the present study. The study by Young and LaFortune (48)

shows that only 28.4 percent of those women were below 70 percent of

the 1953 RDA for iron (which was only 15 mg iron). Using the 1974

values as the standard, a total of 49.4 percent of the women would

have been below two-thirds of the RDA. Chilson (6) reports that the

mean iron intake of the women in her study was 44 percent of the RDA

for those eating under an a la carte board system and 63 percent of

the RDA for those eating under a contract system. The Australian

female athletes in Steele's study (38) were obtaining adequate amounts

of iron; however, they were eating a higher calorie diet than the

average student in this study.

Women need to focus their awareness on good sources of iron to

be included in their diet. It is unfortunate that many of the excellent

sources of iron (such as liver and other organ meats) are not well-

liked by many people in this country. However, other good sources of

iron which should be used often are: lean meats, beans, nuts, eggs,

dried fruits, whole grains, and all green, leafy vegetables. The use

of iron cooking utensils also helps to add iron to the diet.

Vitamin A. One-third of the males in this study and twenty

percent of the females were below two-thirds of the RDA for vitamin A.

One-half of the male gymnasts had low intakes of vitamin A, whereas

only 10 percent of the female gymnasts had such low average intakes.

The female gymnasts were generally eating more salads and vegetables

than any other group and were therefore obtaining higher amounts of

Vitamin A (an average of 136 percent of the RDA). However, there was
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no significant difference noted between sexes or among groups of

gymnasts, runners, and non-athletes concerning their vitamin A

percentages. The total group average for vitamin A intake was 107.2

percent of the RDA. Seventy-three percent of the students obtained

vitamin A values that were greater than two-thirds of the RDA for

vitamin A. A much lower percentage of students (54.6 percent) in

Wise's study (47) obtained adequate quantities of this vitamin. None

of the students in Young and LaFortune's study (47) obtained percent-

ages below 70 percent of the RDA. In all of the other studies

examined the students generally obtained values that were at least 66

percent of the RDA for vitamin A (5, 15, 35, 44).

Thiamin. The thiamin intake of the students was adequate; 58 stu-

dents (96.7 percent) obtained percentages that were at least 66 percent

of the RDA. Recall that the recommended thiamin intake was calculated

according to each student's caloric intake (Table IV). Thus, it was

discovered that even the students who were eating higher calorie diets

were obtaining adequate amounts of thiamin along with the extra

calories they were consuming. The total group averaged 110.4 percent

of the RDA for thiamin. There is a significant difference (P < 0.01)

between the percentages obtained by gymnasts and runners for thiamin

intake (Table VIII). This difference can be explained by the runners'

higher caloric intake and higher percentage of calories contributed by

carbohydrate. No significant differences for thiamin intake were

found between the percentages of the RDA obtained by athletes and non-

athletes. Wise (47) found that 88.1 percent of her subjects obtained
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diets averaging at least 66 percent of the RDA for thiamin. The

other studies examined reported that the students generally obtained

adequate amounts of thiamin (5, 15, 43, 44). Steele (38) reported

that five men (out of 66 total) had suboptimal amounts of thiamin in

their average diet (on the basis of 0.4 mg per 1000 Calories). He

noted that none of these men did well in their events at the Olympics,

whereas, those men who had high intakes of thiamin performed very well.

Riboflavin. The students' intake of riboflavin was adequate;

59 students (98.3 percent) obtained percentages that were greater

than two-thirds of the RDA. The total group averaged 112.4 percent of

the RDA for riboflavin. A comparison with other studies shows similar

results. Wise (47) found that 93 percent of the subjects in her study

obtained at least two-thirds of the RDA for riboflavin. Other

researchers (6, 16, 38, 49) reported that there was generally no in-

adequacy of riboflavin.

Niacin. The total group mean for niacin was 99.7 percent of the

RDA. Only ten percent of the students obtained percentages that were

less than two-thirds of the RDA. However, these six students all

consumed adequate quantities of protein. Since tryptophan (an amino

acid) is a precursor of niacin, a diet which contains 60 grams of

mixed protein (animal and plant protein) will provide about 600 mg of

tryptophan or 10 niacin-equivalents from tryptophan alone (20). Thus,

these six students probably obtained adequate amounts of niacin in

their average diets. The niacin intake of students in other studies

was comparable to that reported here (6, 16, 38, 48, 49). Wise (47)
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reports that 91.9 percent of the students in her study obtained

values that were above 66 percent of the RDA.

Ascorbic Acid. The ascorbic acid intake of the students was

very high; the mean average intake of the entire group was 308.2 per-

cent of the RDA. The male runners had the highest average of 514.6

percent of the RDA. The consumption of fruit juices (especially

orange juice) was high for all groups, but especially high for the

group of male runners. There was a significant difference (P< 0.05)

between the percentages of the RDA obtained by females and males

(Table VII) with the females averaging 251.1 percent and the males

averaging 365.3 percent. The RDA for ascorbic acid is 45 mg for both

sexes, regardless of the calorie intake. Since the men were consuming

more calories, they were also consuming higher amounts of ascorbic

acid. There was no significant difference between athletes and non-

athletes concerning their average intake of ascorbic acid. The

figures in this study agree with those reported by Steele (38) in that

subjects in both studies obtained mean average intakes of ascorbic

acid that were several times the suggested allowance. Citrus fruit

juice appears to be a popular thirst quencher. The percentage of

students obtaining at least two-thirds of the RDA for ascorbic acid was

identical for this study and for Wise's (47) study (93 percent). Other

researchers reported that the values obtained for ascorbic acid were

generally above 66 percent of the RDA (6, 16, 49). All of the students

in the study by Young and LaFortune (48) probably would have been above

100 percent of the RDA if they had been judged by the 1974 standard
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(45 mg) instead of the 1953 standard (80 mg).

The average university student appears to have no problem in the

attainment of the RDA for ascorbic acid. One factor that may account

for the extremely high percentages obtained by some students is that

the residence halls allowed the students free access to the orange

juice machines during the time at which the survey was taken.

Dietary Adequacy. There is no difference between the percentage

of athletes and non-athletes who were obtaining adequate diets (Table

X). Nor is there a significant difference between the percentages of

runners and non-athletes who were obtaining adequate diets. Therefore,

the third hypothesis of this study was rejected. The group with the

highest number of students obtaining an adequate diet was the male

runners; the group with the lowest number of students was the female

gymnasts. The female gymnasts group, which had the fewest number of

students obtaining an adequate diet, had the highest number of students

who were attempting to lose weight (six out of ten students). Perhaps

these women would benefit from receiving some sound nutritional advice

on proper ways of dieting. The reason that fewer women than men

obtained an adequate diet was that few women were able to obtain an

average of 12 milligrams of iron per day. In general, more runners

than gymnasts obtained average adequate diets but the difference

between the two groups was not quite significant at the 0.05 level of

confidence (Tables X and XI).
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The percentage of athletes who were underweight (47.5 percent)

was greater than the percentage of non-athletes who were underweight

(30 percent) as judged by standard tables of the American College

Health Association (1). Only five percent of the athletes were

classified as overweight but 20 percent of the non-athletes were

classified as such. Even though more athletes were judged to be

underweight, the athletes as a group were dieting in greater numbers

than the non-athletes. Thus, it appears that the athletes were more

weight conscious than the non-athletes were, especially the women

gymnasts. Gymnastics and middle-distance running are two sports

where a low level of body fat is more advantageous to the competitor

than is a high level.

The Young and LaFortune study (48) of 81 female freshmen students

revealed that only 28 percent of the dieters in that study were judged

to be overweight. Only 20 percent of the dieters in this study were

classified as overweight while 60 percent were judged to be of average

weight and 20 percent were judged to be underweight. An identical

percentage of the total group (33 percent) were attempting weight loss

in both of these studies. Forty-eight percent of the women who were

dieting in the Young and LaFortune study were omitting potatoes and

bread and thus were omitting valuable sources of thiamin. However,

they may have been eating enriched cereals, organ meats, pork, or

legumes, all of which contain generous amounts of thiamin.
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Examination of the thiamin consumption of dieters in this study

reveals that only two out of twenty dieters had inadequate thiamin

intakes (58.4 percent of RDA and 54.0 percent). Thus, the majority

of the dieters in this study were obtaining at least adequate

quantities of thiamin. Eleven percent of the dieters in Young and

LaFortune's study omitted milk and ice cream in their diet with

resultant low calcium intake. Only one male gymnast who was dieting

in this study had a low calcium intake (43.8 percent of RDA). Wake-

field and Miller (41) reported that many of the 40 dormitory women

interviewed in their study limited their intakes of breads and

cereals. The overweight women in that study not only limited their

bread and cereal intake, but also their milk consumption.

Milk Drinking Habits

Milk drinkers are usually able to meet the RDA for calcium easily

if they consume at least two cups of milk daily. Other dairy products

such as cheese and ice cream may also be utilized to meet the RDA but

they are generally more caloric per unit of calcium (which may be

important to a dieter). Two of the four students in this study who

were not milk drinkers consumed adequate quanties of cheese and ice

cream to enable them to meet at least 66 percent of the RDA for calcium.

The other two, both male gymnasts, did not consume enough cheese or

ice cream to enable them to meet the two-thirds level of the RDA.

Thirty percent of the students in Nygren's study (31) and ten percent

of the students in Wakefield and Miller's study (41) did not drink

milk. Twenty-five percent of the overweight women in Wakefield and
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Miller's study avoided milk. Only nine percent of the males and three

percent of the females in the study by Stasch et al. (37) avoided

milk. The high percentages reported by Nygren are partially the

result of the sampling technique used in that study--random trays

were taken from the cafeteria line and analyzed for their food

composition. The percentage of milk drinkers reported in the other

above-mentioned studies (37, 41) are similar to the percentages noted

in this study (6.7 percent of the total group were non-milk drinkers).

Use of Dietary Supplements

The use of vitamin and mineral supplements is reported in Table XV.

TABLE XV. REGULAR USE OF VITAMINS AND MINERALS

% of students
using: G 48IG R

dn

N-A N-A

vitamins

vitamins &
minerals

10 10 0 20 20 30

0 0 50 0 10 10

One-half of the female runners took vitamin and mineral supplements

while only 20 percent of the male runners took vitamin supplements.

Only one female gymnast and one male gymnast took vitamin supplements.

The students who took the supplements were not usually those who had

inadequate intakes of vitamins and minerals in their diet. Also,

some students who had inadequate intake of one vitamin or mineral

were taking a supplement of another vitamin or mineral that was

already adequate in their diet. The group of athletes as a whole had
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22.5 percent of the students taking some type of supplementation

while 35.0 percent of the non-athletes took supplements. Only 26.7

percent of the total group took some type of supplement. Forty per-

cent of the group of Australian Olympic athletes (38) were consuming

supplements while 45 percent of the students in Wise's study (47)

consumed supplements. The values reported by New Mexico State

University (28, 37) were somewhat lower than these values with 15 per-

cent always or frequently consuming supplements in one study and 25

percent consuming supplements in another study. In both of the New

Mexico studies more women than men consumed supplements, as is the

case in this study (nine women and seven men).

Meals Missed

The most commonly missed meal was breakfast. Eighteen percent

of the total group reported that they usually skipped breakfast. The

female gymnasts skipped breakfast more than any other group did.

Wise (47) found that skipping breakfast had the greatest effect on

the following nutrients: vitamin A, iron, thiamin, calcium, niacin,

and ascorbic acid. Those who skipped breakfast in this study did not

have unusually low intakes of these nutrients. However, two of the

females who were dieting and not eating breakfast did have an inadequate

consumption of thiamin and iron. A total of five out of the twenty

dieters in this study usually did not eat breakfast. None of the

overweight students in this study usually skipped breakfast but one

did not eat lunch and one usually missed dinner. In contrast, 70 per-

cent of the group of overweight women in Wakefield and Miller's
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study (41) usually skipped breakfast. Nine percent of the students

in Young et al.'s study (49) never ate breakfast.

Consumption of Balanced Breakfast

Only 37 percent of the total group reported that they usually ate

a balanced breakfast. Haseba and Brown (17) discovered that the

usual reason for skipping breakfast (or snacking instead of eating a

balanced breakfast) was negligence rather than ignorance of the

nutritional value of breakfast. Fourteen of the twenty dieters in

this study reportedly did not usually eat a balanced breakfast; five

of these students skipped breakfast altogether. Perhaps if breakfast

were made more easily available to these students, they would improve

in their breakfast habits (17).

Nutritional Interest

Traditionally in this society the woman has had the main responsi-

bility for planning and preparing nutritious and well-balanced meals.

The percentage of students who claimed a special interest in nutrition

is higher for women (56.6 percent) than for men (43.3 percent), thus

reflecting this tradition. However, the fact that 43.3 percent of the

male students in general and 70 percent of the male non-athletes

reported a special interest in nutrition suggests a growing male

interest in the field of nutrition. A special interest in nutrition is

not always correlated with proper nutritional habits, though. Thirteen

of the thirty students who claimed a special interest reported that

they did not usually eat a balanced breakfast.
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Vegetarianism

Several levels of vegetarianism were reported. One male non-

athlete considered himself a partial vegetarian because he ate fowl

but no red meat. Another male, a runner, reportedly ate no red meat

and few eggs but did eat fish and fowl. One female runner was

totally ovo-lacto-vegetarian, while another ate fish only occasionally.

Each of the four vegetarian students in this study all obtained

adequate amounts of the nutrients examined with the exception of iron

for one female runner who was dieting. However, two runners had

extremely low intakes of linoleic acid, four percent and one percent

of total calorie intake.

Typical Food Intake and Energy Expenditure

The majority of the subjects reported that the survey was typical

of their usual food intake and energy expenditure. Four of the ten

male gymnasts reported that their food intake was not typical of a

usual week in gymnastics training because the survey was completed

during the week preceding the national competition. However, they

mentioned that their food intake was typical for that particular time

in the training season. For example, one student explained that he

always ate "junk" food right before competition (junk food meant

many candy bars to this student).
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Nutritional Knowledge

Nutritional Knowledge Test

There were no significant differences (P < 0.05) among the six

groups of students with respect to their scores on the nutritional

knowledge test. Therefore, the sixth hypothesis of this study is

accepted. The male runners obtained slightly higher scores than any

of the other groups (Table IX) even though seven of the ten runners

reported that they had not taken any class in which nutrition was an

important topic. On the other hand, the group of male gymnasts, who

had the lowest scores on the test, had the highest percentage of

students with some background in nutrition from previous classes.

Seven of the ten gymnasts had taken a college course in health. The

male runners looked to parents, books, magazines, and college profes-

sors most often for sources of nutritional knowledge. The male

gymnasts mainly looked to parents and college professors but not to

books and magazines for their nutritional information. Therefore,

books and magazines may be a valuable source of nutritional information

for some students.

The female and male athletes scored about the same on the test

(females, 65.9 percent and males, 67.1 percent). Cho and Fryer (7)

found that the female P.E. students scored significantly higher

(P < 0.01) than the male P.E. students in a nutritional knowledge test.

They found no significant difference between scores obtained by those

who participated in high school or collegiate sports (athletes) and

those who did not participate (non-athletes). Similarly, this study
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found no significant difference between the scores obtained by

athletes and non-athletes. The mean score of the nutritional

knowledge test given by Wise (47) was 73.6 percent. The total group

mean in this study was 66.7 percent.

Four Food Groups

Knowledge of the correct number of servings recommended from the

Four Food Groups was generally lacking in this study (Table XVI).

TABLE XVI. KNOWLEDGE OF THE FOUR FOOD GROUPS

Percentage of students identifying the name and
number of recommended servings from the Four
Food Groups

Total

group 0 0 A N-A

all 4 correct 11.7 13.3 10.0 5.0 25.0

1 - 3 correct 46.7 40.0 53.3 47.5 45.0

all incorrect 41.6 46.7 36.7 47.5 30.0

Only 11.7 percent of the students could correctly identify the name

and number of servings recommended from each of the four groups. More

non-athletes were able to correctly identify this information about

the Four Food Groups than were athletes (25 percent vs. 5 percent,

respectively). Lindamood (24) reported that only nine percent of the

students in her study could correctly name all groups and recommended

servings while 27 percent gave from one to three correct answers,

and 64 percent were totally incorrect. In the present study 46.7 per-

cent of the students gave from one to three correct answers, and 41.6
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percent were totally.incorrect. Only one student thought that butter

and margarine was one of the food groups, whereas 34.1 percent of the

students in Wise's study (47) thought that butter and margarine were

a part of the Four Food Groups. Only five percent of the students in

Wakefield and Miller's study (41) were able to correctly list the name

and number of servings recommended from each of the groups.

Source of Nutritional Information

A total of 23.3 percent of the students in this study had taken

high school health classes and 15 percent had taken college health

classes. Health classes were the most popular type of class for

disseminating nutritional knowledge. Forty percent of the students

reported that they had taken no class in which nutrition was an

important topic. This is a very large percentage considering the fact

that health class is required in high school. Perhaps some of these

students had at some time taken a health or home economics class

which in their opinion did not treat nutrition as an important topic.

About one-quarter of the students in Wise's study (47) had no classes

that covered nutritional topics.

The majority of students in this study (56.7 percent) ranked

parents as the first or second most important source of nutritional

information (Table XVII). High school teachers ranked second with

36.6 percent of the students ranking high school teacher as first or

second. Books and college professors ranked third and fourth in

importance. The P.E. men in that study ranked their source of



TABLE XVII. SOURCE OF NUTRITIONAL INFORMATION

Percentage of students

Total group
Most 2nd most

important important
source source

Females
Most

important
source

Parents

Jr. high teacher

Jr. high coach

High school teacher

High school coach

College professor

College coach

Books

Magazines

Radio

TV

Posters

Other

35.0 21.7

1.7 3.3

0 1.7

18.3 18.3

0 10.0

10.0 5.0

1.7 11.7

16.6 11.7

5.0 8.3

0 0

0 3.3

1.7 1.7

10.0 3.3

26.7

3.3

0

23.3

0

6.7

0

26.7

3.3

0

0

0

10.0

Males
Most

important
source

43.3

0

0

13.3

0

13.3

3.3

6.7

6.7

0

0

3.3

10.0

Athletes
Most

important
source

Non-ath.
Most

important
source

37.5

0

0

12.5

0

7.5

2.5

20.0

5.0

0

0

2.5

12.5

30.0

5.0

0

30.0

0

15.0

0

10.0

5.0

0

0

0

5.0
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knowledge as follows: college courses, high school courses, and

coaches. The coach did not rank very high in the present study- -

only one student ranked the college coach as the most important

source and seven ranked the college coach as their second most

important source. Perhaps the coaches decided to shift the responsi-

bility of nutritional education onto the athletic trainers or health

instructors. College professors were ranked higher than were college

coaches. Nine students ranked college professors as the most impor-

tant source of knowledge and three ranked the professor as second

most important source. Those students who ranked "Other" as their

most important source gave the following people as their source:

friends, nutrition students, athletic trainers, and chiropractic

physician.

The final chapter which follows consists of a summary of the

study, conclusions, and recommendations for further study including

some overall implications for nutrition educators, coaches, and

athletes.
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V. SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

Summary

Exercise, rest and nutritional habits are some of the primary

variables affecting a person's health and physical performance.

Thus, athletes and their coaches must pay close attention to these

variables in order to optimize their competitive performances.

Existing published research has analyzed the dietary habits of

university students in general, but no studies have looked at the

dietary data of university athletes. While the nutritional knowl-

edge and habits of university students have been studied, the research

literature is void in this regard to athletes. The purpose of this

study then was to examine, analyze and compare the nutritional

knowledge and dietary habits of athletes and non-athletes.

A three-day dietary record and a 30-question nutritional

knowledge test were given to 40 university athletes and 20 university

non-athletes who were consuming self-selected diets. The two groups

of athletes examined were gymnasts (10 male, 10 female) and middle-

distance runners (10 female, 10 male). The gymnasts of a group were

participating on an intercollegiate team, while the runners were

running a minimum of 8000 meters daily or every other day. The non-

athletes (10 female, 10 male) were enrolled in one of the following

regular physical education classes: backpacking, beginning swimming,

or intermediate swimming. They did not participate in any inter-

collegiate sport.
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The analysis of the dietary intake was computed by using the.

booklet Nutritive Value of Foods (39) which was available on tape at

the Oregon State University Computer Center. The food values for

eleven nutrients were examined: calories, protein, calcium, iron,

vitamin A, thiamin, riboflavin, niacin, ascorbic acid, carbohydrate,

and fat (both saturated and polyunsaturated). Each subject's daily

percentage of the Recommended Daily Allowance (RDA) was computed for

each of these nutrients according to the National Research Council's

RDA for 1974 (29). Exceptions were for carbohydrate and fat (for

which there is no RDA) and for thiamin. The RDA's for thiamin were

based on caloric intake and were computed according to the formula:

0.5 milligrams thiamin per 1000 Calories with a minimum recommended

level of 1.0 milligrams per day (29).

A two-factor analysis of variance for equal groups was the

statistic used to find significant differences (at the 0.05 level of

confidence) between three-day average percentages of the RDA obtained

by males and by females and among the three groups (gymnasts, runners,

and non-athletes). Chi square was the statistic used to find signifi-

cant differences (at the 0.05 level of confidence) between the

percentages of students (males and females, athletes and non-athletes,

gymnasts and runners, gymnasts and non-athletes, and runners and non-

athletes) who did obtain an adequate diet and those who did not.

Adequate in this case was defined as having none of their three-day

RDA percentages below 66 percent. The percentage of total calories

contributed by protein, fat, and carbohydrate was tabulated and the
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chi square test statistic was used to identify any significant

differences (at the 0.05 level of confidence) between sexes and

between athletes and non-athletes. A two-way analysis of variance

was computed to test the differences in the percentages obtained

from the nutritional knowledge test of female gymnasts, male gymnasts,

female runners, male runners, female non-athletes, and male non-

athletes.

Conclusions

The following conclusions have been drawn up based upon the

results of the statistical analyses:

1. The average diet of university athletes contains approximately

the same percentage of protein, fat, and carbohydrate as

that of university non-athletes.

2. There is no significant difference between the percentage

of males and females, athletes and non-athletes, gymnasts and

runners, gymnasts and non-athletes, or runners and non-

athletes who obtain average adequate diets.

3. Males obtain significantly higher percentages of their RDA

for iron than do females. Since the RDA for females is 1.8

times that of the males' RDA for iron, it is easier for

males to obtain 100 percent of their RDA for iron.

4. Males obtain significantly higher percentages of the RDA for

ascorbic acid than do females.

5. Middle-distance runners obtain significantly higher percent-

ages of the RDA for ascorbic acid than do gymnasts.
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6. Middle-distance runners obtain significantly higher

percentages of their RDA for thiamin than do gymnasts.

7. The average diet of university athletes does not contain an

ideal proportion of carbohydrate (50-55 percent of the daily

caloric intake), fat (30-35 percent), and protein (10-20

percent). Generally, a lower carbohydrate, higher fat

diet is consumed by university athletes and non-athletes.

Recommendations

Due to the limited scope of this study, the following

recommendations for further study have been suggested:

1. Future studies of this type should utilize a larger sample

size. This recommendation is based upon the large vari-

ability of individual eating habits found in this study.

A larger test population may reduce this variability.

2. A large-scale examination of the diet of other groups of

athletes would be of scientific interest in determining the

optimal diet for a specific sport event. Of special interest

would be the diets of marathon runners (long-term aerobic

exercise) and both Olympic style weight lifters and power

weightlifters (short-term explosive anaerobic exercise).

3. Due to the apparent similarities in the diets of athletes and

non-athletes in this study, a closer examination of the

definition of non-athlete is necessary. In future studies

non-athletes should be defined on the basis of daily activity

level (caloric expenditure) and not on the basis of being a
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varsity athlete.

4. A study is needed to determine the most efficient way(s) to

involve parents and coaches in the nutritional education of

either their children or athletes.

5. A study is needed to determine the direct influence

athletic journals may have on upgrading the dietary habits

of athletes.

6. A study is needed to determine the iron requirement for all

levels of women athletes. There is a physiological need to

know if there exists a difference in the iron requirements

of, for example, sprinters as compared to marathon runners,

for iron plays a critical role in oxygen transport.

7. A study or series of studies is needed to determine if the

RDA for certain critical nutrients is an adequate guide for

optimum athletic performance in sports requiring a high level

of either aerobic or anaerobic conditioning.
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NUTRITIONAL SURVEY

Thank you for volunteering to be a part of a nutritional survey
that is being conducted concerning the diet of athletes and non-
athletes. You are requested to record everything that you eat or
drink (excluding water) on the forms provided. The three days of

the week under study are Sunday, Tuesday, and Thursday. For each

of these three days begin with the first beverage or food of the day
and end with the last meal or snack. If no food is eaten for a

certain meal or snack write "none." If you take any type of vitamin

or vitamin/mineral supplementation with any of your meals, record

exactly what type (brand name) and the amount. (For example; Rexall

vitamin C, 100 mg -- 2 tablets.)

Whenever possible use a measuring cup or scale to accurately
measure the amounts of liquids and solids consumed. When it is not

possible to accurately measure, please estimate as precisely as you
can. For example, instead of recording "2 pieces pizza" you might

record "2 pieces of a 10-inch pizza made with cheese, salami, and
mushrooms and a whole wheat crust."

Be sure and include a list of ingredients for homemade dishes or
specialties as well as for salads. Be precise in listing the type of

food eaten. For example, record "2 ounces cheddar cheese" instead of
"2 ounces cheese." Also record the method of preparation. For ex-

ample, you might eat: one-half cup of turnip greens boiled 10 minutes
or three-quarters cup sliced zucchini steamed 5 minutes, or 2 large
eggs fried in 1 Tablespoon oleomargarine.

You may find it helpful to carry a small notebook with you during
the day to note the foods that you eat during the day and then record
them on the survey form at night.

For each day fill out the "activity level checklist" so that it
will total 24 hours. Estimate how many hours are spent at each of the
different energy levels during the entire day. If you have any comments

concerning your food intake or activity level for a certain day,
record them in the section marked "comments."

The most important part of this survey is that you do not change
your typical eating patterns to make the survey look "good." Simply

continue to eat the same foods that you have eaten in the past.
Thank you very much for your cooperation and your help in furthering
the knowledge in the area of athletic nutrition.

SOCIAL SECURITY NUMBER

SPORT



90

PERSONAL INFORMATION

The following information will be kept confidential so please be
honest in your responses.

1. Age 2. Weight 3. Height

4. Body Build (circle one): SMALL FRAME MEDIUM FRAME LARGE FRAME

5. Are you trying to lose weight? If so, how many pounds?

6. Are you trying to gain weight? If so how many pounds?

7. Where do you usually eat your meals: Dormitory Sorority or

fraternity Coop or boarding house Apartment or house

restaurant

8. Do you usually take any type of supplements, vitamins, or minerals?

If so, what kind? (BE SPECIFIC.) How many and how often

(use back of this sheet if necessary)

9. Do you have any particular dietary restrictions (religious or

doctor-ordered)? If so, please describe

10. Are you allergic to any foods? If so, what in particular?

11. Are you a vegetarian? If so, do you ever eat fowl?

fish? eggs? dairy products?

12. Do you usually eat a "balanced" breakfast?

13. Do you usually skip breakfast? lunch? dinner?

14. Do you have a special interest in nutrition?

15. Were these three days typical of your usual food intake?

If not, why not

16. Were these three days typical of your usual energy output?

If not, why not
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17. Have you ever had any class in nutrition (or a class in which

nutrition was a very important topic)? Junior high High

school College or university If so, please describe

18. Where or from whom have you received most of your information

regarding nutrition? (If you check more than one category, rank

them 1, 2, 3 etc. with 1 being the most important source):

Parents Junior high teachers Junior high coach

High school teacher High school coach College or

university professor College or university coach

Books Magazines Radio T.V.

Posters Other (please explain)
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SUNDAY

BREAKFAST

Food Amount How prepared

SNACK

LUNCH

Food Amount How prepared

SNACK

DINNER

Food Amount How prepared

SNACK

USE BACK OF SHEET IF NECESSARY



ACTIVITY LEVEL CHECKLIST - Sunday

Estimate how many hours you devote to each category for the entire
day. Use decimals if necessary (6 minutes = 0.10 hours). Note the
example given at the side of a typical daily energy output of a
somewhat active college coed.

O. SLEEP

1. AWAKE, LYING STILL

2. SITTING - at ease, writing, eating, studying

3. STANDING

4. PERSONAL NECESSITIES - dressing, washing,
shaving

5. EXERCISE, VERY LIGHT- driving an auto,
dishwashing and other kitchen activity,
ironing, sewing, most laboratory classes,
walking with light load (2-3 books) at
2 mph (most common rate)
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NUMBER
OF HOURS EXAMPLE

8.1

0.1

6. EXERCISE, LIGHT - office work, sitting,
laundry, painting, light housework, golf,
casual ping pong, recreational volleyball,
walking with heavy load (6 or more heavy books

7. EXERCISE, MODERATE - bicycling at moderate
speed (5 mph), gardening, carpentry, casual
tennis, casual dancing, baseball, gymnastic
exercises (trunk bending), walking 3-3.5 mph

8. EXERCISE, MORE ACTIVE - gymnastic exercises
with total body movement, walking rapidly,
jogging, downhill skiing, skating, active
dancing, active ping pong, horseback
riding (trot)

9. EXERCISE, MORE SEVERE - Horseback riding
(gallop), sawing wood, garden digging,
walking uphill, running at moderate speed,
swimming at slow speed, tennis (fast game)
casual basketball

8.7

0.6

3.8

1.0

0.3

0.2

0.2



10. EXERCISE, VERY SEVERE - boxing, football, wrestling,
rowing (moderate speed), swimming at moderate
to fast speed, running at high speed

COMMENTS:
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0.5

TOTAL 24 hours 24.0

hours
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NUTRITIONAL KNOWLEDGE TEST

This is a test designed to see what you know about some basic
nutrition concepts. Please do not look up the answers to these
questions or ask anyone else to answer them for you. I am interested
in finding out what YOU know about nutrition.

TRUE-FALSE
For every correct statement mark "T" and for every false statement
mark "F".

1. Eggs are an excellent source of high quality protein.

2. High protein supplements do not improve the physical
efficiency of an athlete who eats a well-balanced diet.

3. Legumes can be utilized to satisfy some of the daily
protein needs.

4. Alcoholic beverages can serve as a source of calories.

5. Vitamin C is synthesized by the body on exposure to the sun.

6. Thiamin is a B vitamin necessary for conversion of food
nutrients to energy.

7. Deep green and yellow vegetables are good sources of
vitamin A.

8. Citrus fruits are the only food source high in vitamin C.

9. One-half cup of cottage cheese contains approximately the
same amount of calcium as one cup of fluid whole milk.

10. Adults need to include calcium sources in their diet, after
bone growth has been completed.

11. Cholesterol is manufactured by the body.

12. All vegetable oils are high in linoleic acid, an essential
polyunsaturated oil.

13. All persons, throughout life, have need for about the same
nutrients but in varying amounts.

14. It is almost impossible to secure adequate nutrition with a
vegetarian diet even though milk and eggs are included.

15. Carbohydrates are more easily and rapidly digested than
either proteins or fats.
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16. A "fortified" food contains all the essential vitamins
and minerals necessary for a balanced diet.

17. Foods should be eaten raw as much as possible because
normal cooking and processing of foods destroy most of the
nutrients in the food.

18. As long as you consume a diet very high in protein (30-50%
of your daily caloric intake) you can usually eat all the
food you want to without gaining weight.

19. Vitamin retention is influenced by food preparation and
storage.

20. Milk, roast beef, and shrimp are all good sources of the
B vitamin riboflavin.



MULTIPLE CHOICE
Choose the one correct answer and place the letter in front of the
corresponding number.

1. Which of the following age groups needs the largest amount
of protein-rich foods for growth based on grams of protein
per kilogram body weight?
A. Infants less than 1 year
B. Pre-school children
C. Adolescents
D. Adults
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2. Which three of these nutrients in foods can supply energy for
the body?
A. Vitamins, minerals, and water
B. Carbohydrates, fats and vitamins
C. Fats, carbohydrates, and proteins
D. Proteins, fats, and vitamins

3. Which of the following is one of the best sources of iron?
A. 2 apples
B. 2 ounces fish
C. 3 ounces ground beef
D. 1 quart milk

4. The most common cause for overweight is:
A. Hypothyroidism
B. Insufficient glandular secretions
C. Skipping breakfast
D. Overeating and inactivity

5. Because they can be stored by the body, which of the
following vitamins might be toxic if ingested in large
quantities over a period of time?
A. Vitamin A, vitamin C, thiamin
B. Vitamin C, niacin, riboflavin
C. Vitamin A, vitamin D, thiamin
D. Vitamin A, vitamin 0

6. If you eat a diet that has an excess of proteins as well as
an excess of calories, the amino acids will be:
A. Stored as adipose tissue
B. Stored as muscle protein
C. Stored as blood protein
D. Excreted
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7. Which one of the following foods contains the most calories?
A. 2 strips bacon
B. 3 ounces lean roast beef
C. 1 slice whole wheat bread
D. 1 medium baked potato

8. Which one of the following is apt to provide the most
adequate diet nutritionally?
A. A high fiber diet
B. A high protein, low carbohydrate diet
C. A diet containing a wide variety of foods
D. A low fat diet

9. Which one of the following foods is considered to be a
"perfect" food since it contains all the essential nutrients
in amounts that will maintain adult health:
A. Milk
B. Lean meat
C. Granola
D. None of the above

10. List the Basic Four Food Groups and the number of servings that
an adult should eat from each listed food group each day.

FOOD GROUPS NUMBER OF SERVINGS




