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INTRODUCTION

One of the major health problems in the United States today i1s
atherosclerosis, which often leads to coronary heart discase (CHD).
Although atherosclerosis affects elderly persons most ofien, there iIs an
Increasing incidence of its occurrence In younger populations (1). The
major emphasis In the study of CHD has been on men. However, CHD kills
more women, as well as men, at all ages than any other factor (2).

Recowméndations for dietary changes to combat atherosclerosis have
been made by the American Heart Association (AHA) (3), the Food and Nutri-
tion Board of the National Academy of Science (4), and the Council on Toods
and Nutrition éf the American ludical Assocdation (5). Specific suggestions
include: a) caloric intake should be balanced for maintenance of optimum
welght, b) dietary cholesterol should be reduced to less than 300 mg/day,
¢) caloriles from fat should not exceed 35%, and d) saturated fatty aclds
should supply no more than 107 of total calories and polyunsaturated fatty
acids (PUFA) should supply at least 107 Of total calories.

In spite of the recommendation for decreased dictary fat, food fat
available/person/day in the United States continucs to rise (6). However,
saturated fatty aclds are acc;uuting for a smaller share and linoleic acid
for a larger share of total fat available. The 1965-66 United States -
Department of Agriculture (USDA) Household Food Consumption Survey reported
the proportion of caleries from fat In the food eaten by Individuals to be

above the 35% level thought to be desirable (7).



The objectives of this study were to: a) determine amounts and food
sources of dietarvy fat, b) estimate distribution of calories awong fat,
proteiln, and carbohydrate, and ¢) deternine P/S ratio (polyunsaturated to

saturated fat) in the dilets of a group of young women.



REVIEW OF LITERATUREL
Dietary Study Methods

There 1s no generally accepted method of measuring the dietary intake
of free-living idndividuals, The literature on dietary survey methodolopgy 1s
vast (8). Mann et al. (9) stated, "a superficial examination of the techni~
cal problems experlenced In measuring diletary intake meets such a morass of
conflicting opinions that the first inclination is apt to be a decision for
abandonment.' Comparisons of dietary survey methods have been made, but
they were comparisons between methods whose accuracy and reliability are not
known (10).

Commonily used methods of dietary survey include: a) the dietary history
and its variations; b) the 24-~hour recall, and ¢) the dietary record. In
estimating food intake of individuals, results among methods vary with the
popdlation,gfoup_Studied and with specific foods and nutrients; there is no
consistent"p#tterﬁ of variation (11-13). Therefore, it is impossible to
predict w&th'any gcecuracy, results that would be obtained by one method by
projecting valﬁes obtained by another method. There is no proof that one
method is_ﬁoré reliable than any other (10). Young et al. (11) found that
the 24~h6ur racail and 7-day record could be used interchangeably to obtain
a group mean. . The method chosen should depend on the objectives of the

study. Only ane method should be used within a particular study (10).

The Dietary History
The dietary history atteumpts to determine average dietary lutake over a

considerable time perlod through the use of an extensive interview.
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Information 1s obtained in regard to the subject's health habits and other
factors that relate to nutrition, The interviewer attempts to learn the
subject's usual eating pattern and tries te integrate weekly and seasonal
variation., Information oltained by this method often 1s compared with
clinical and laboratory findiangs. Taking dietary histories is time-
consuming and it assumes that the subject has well-established food habits

(9, 14).

The 24-Hour Recall

This method consists of a brief interview in which the subject is asked
to recall all food intake over the past 24 hours, starting with the last
meal or other food intake. The 24~hour recall provides for savings in tine
of eollection, calculatlon, and analysis of data. Sinée it requires little
of the participant's time and cooperation, a more représentative sample may

be possible (11).

The Dietary Record

The dieta;ylrecord is a common survey tool that can be used in any area
where people are literate (15). The food may be weighed, measured, or esti-
mated and reported in household measurements. Estimating amounts of food
consumed has certain advantages: a) it 1s less demsanding than weighing or
measuring, b) a high degree of cooperation is possible, and c) no special
equipment is necessary (8).

The'recoré must be as complete as possible, Fallure to enter Informa-
tion or to describe the detalls of the measurements makes the record less
valuable (8). The subject's recording of food intake Introduces error

depending on his ability to estimate; his degree of interest, and the care



he takes. DIrror in estimating portion sizes is the largest source of error
(16). Young et al. (16) compared calculated nutritive value of "actual" or
measured food Intake with that of the subject's estimation of intalke on both
a group and an individual basis. On a group basis, when feood intake was
converted to calculated nutritive values, the subject's errors in estimation
of food portions seemed to contribute relatively little as a source of error.
In studying the nutrient intake of an individual, the subject's ability to
estimate food portions could become a large source of error.

In planning to use the dletary record as a survey method, one must
decide on the time period to be covered. Chalmers et al. (17) stated that
the time period should be long enough for adequacy, but not so long as to
lose the subject's interest and cooperation. When characterizing the
dietary intake of a group, one day is sufficient. To obtain greater preci-
slon, it is more efficient to use more subjects than to take more days.

The number of days neceded to characterize the dietary intake of an individ-
ual depends on the preclsion requilred and differs with every individual.

As to which days should be used, Chalmers et al. (17) fougd no differ-
ences among days for some groups and certain trends in daily intake for
other groups. For example, college students' food intake decreased on
weekends. Eppright et al. (18) found that weekend eating habits of school
children from 3.states in the North Central Region differed significantly
from weekday hablts. Chalmers et al. (17) concluded that there is no con-
slstent "day effect"; thus, it is fmmaterial which days are selected for a
dietary record as long as no distinct tendency for a specified population is

observed. The absence of a day effect might be expected, but should not be



assumed without dnvestigation. In determining food intake of individuals,
the presence or absence of a day effect depends on the individual.

The adequacy of a 7-day survey in assessing an Individual's average
dietary intake is questioned. Adelson (19) compared the results of dietary
records kept by a group of business and professional men in Minneapoldis-—
St..Paul for two comsecutive weeks, and concluded that one week proved
satlsfactory for obtaining a group plcture of dietary dntske. However,
when attempting to assess an Individual's average intake, workers found
considerable weekly variation in calorie and nutrient intake (20#22)-' The
degree oflvariation differed with dietary component and subject (21, 22).
Huenemann (20) concluded that no single dietary record is "typical" of food
intake of an individual over a period of time. Records should be repeated
several times durding the vear rather than for several consecutive weeks to
gilve a sufficlently accurate assessment of average intake by an individual

(20, 21).
Tables of Food Composition

Nutritive values of diets are obtained by chemical analyses of the
foods or calculated from tables of food composition. Murphy et al. (23)
discussed the availability, uses, and limitations of tables of food composi-
tion. Data in Handbook No. 8 (24) and Home and Garden Bulletin MNo. 72 (25)
are representative values based on a) review of information from previous
publications, b) examination of new information available from unpublished
material and from tﬁe literature, and c) derivation of values that are most

nearly representative of a food for year-round natlonwide use (23). Data



in tables can be considered representative of foods as marketed or consumed,
Nutrilent losses during processing arc accounted for (23}.

Data presented in .food tables are nét precise enough for uge in
metabolic studles. Food tables are useful in a number of ways, including
assessing the nutritive value of diets over a period of time, conducting
surveys of household food consumption, and assessing an individual's food
intake for a brief.pariod to serve as an Index to the nutritive value of his
diet for an extended time (23).

Some discrepsncies between values obtained by calculatilon from food
tables and those obtained by chemlical analyses are expected, because of
Iimitations of food tables (26). The more common or usual the foods in the
diet, and the more simply they are prepared, the more representative will
be the values calculated for them, Ingredients of mixed dishes made cou~
mercially or in restaurants are often sources of error (27). Stock and
Wheeler (28) found that items such as fried focds, soups, and sauces, which
have high and variable fat content, wade major contributions to differences
in calculated and analyzed values of fat intake. Fried foods presented a
particularly difficult problem because the fat content depended largely on
cooking procedure. The range of differences between calculated and analyzed
values was smaller for individuals who chose "simple" diets with few foods
and used few multi-ingredient and fried foods. Stock and Wheeler (28) con-
cluded that conéiderable variation in fat content, and hence, energy content
of many cooked foods, has to be accepted as inherent iIn dletary surveys.
They estimated that in a 7-day survey, calculated protein and energy intakes

will fall within * 20% of the analytical value in 90% of individuals,



Groover et al. (29) compared calculations of total calorles and
calories from fat in varilous diets, dndividuval diet samples, and Individual
food items with actual number of caloriles, as measured by the bomb calorim-
eter. The majority of calculated values were higher than the analyzed
values, the largest error belng made in calculating calories from fat. More
recently, Marshall et al. (30) analyzed meéls used in a metabollc study and
compared the results to proteln, carbohydrate, fat, and cholestercl values
calculated using Agriculture Handbeok No. 8 (24); analyzed and calculated

values were exceptionally close.
Dietary Fat and Health

Dietery Tat and Atherosclerosis

Epidemiclogical studies provide evidence that dietary fat, among cther
factors, plays a definite role in the etiology of CHD (31). When each of
the major risk factors is welghted accorﬁing to 1ts contribution to
atherosclerotic disease complication, serum cholesterol is one of the most
important (32). The influence of food patterns and eating habits on serum
cholesterol level and the prevalence of atherosclerosis has been demon-
strated by studles of many population groups. Keys (33) studied CHD in
middle-aged men living in 7 countriles, and concluded that 80% of the serum
cholesterol variability among those groups could be explained by the differ-
ent proportions of saturated fat in the diets, Serimshaw and Guzman (34),
upon examination of epidemiological data, found significant correlations
between athecrosclerosis and percentage of caloriles derived from fat,
atherosclerosis and serum cholestercl levels, and percentage of calories

derived from fat and serum cholesterol levels.



Information about coronary atheroaclcfosis In young women Is limited,
Engel et al. (35) found a family history of myocardlal infarction, hyper-
tenglon, or dlabetes present in 957 of the atherosclerotic young women they
studied. Eighty-six percent of the women had 3 of the following 5 risk
factors: family history of myocardial infarction, hypertension, or diabetes;
hypertension; hyperlipidemia; glucose intolerance; and cigarette smoking.
Oliver (36) studied 145 young women with ischemic heart discase and found
hypercholesterclemia to be the most common risk factor; i1i was present in

467 of the womeun.

Bilological Effects of Polyunsaturated Fatty Acids

Cholesterol-lowering effects. The influence of PUTA on cholesterol
metabolism has been explored widely. It is established that PUFA have a
lowering effect on serum cholesferol. However, there are conflicting
reports as to whether there is a reduction of cholestercl or merely a
redistribution of cholesterol between the plasma and the tilssues. Connor
et al. (37) accounted for serum cholesterol reduction in enhanced fecal
cterold excretion., However, in other studies (38, 39), the fall in serum
cholestercl could not be accounted for in fecal losses of cholesterol and

its metabolic products.

Effects of hydrogenaticon. Commercially, oils high in PUFA undergo
partlal hydrogenation to'stabilize against autexidation. The PUFA are con-
verted to the more stable mouncenolc and saturated fatty acids through addi-
tion of hydrogen at.the double bonds, Many of the double bonds are
isomerized.and the naturally occurring cis-fatty acids are converted to the

trans form. The trans-fatty acld content of hydrogenated products variles.
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?ummeggw (40) reported that stick margariné contains from 25-~35%, tub
margarine 15-25%, shortenings 20-30% and salad oils 0-15% trans-fatty aclds.
He estimated the total trans-fatty acld intake from visible fat in the
American diet to be approximately 8%,

Though hydrogenation and production of trams~fatty acids are consldered
desirable from a technological point of view, the nutritional implications
are being questioned. Blologically, trans-fatty acids are reported to func-
tion differently from cis isomers (41). The difference in spatial configura-

tion between cis and trans ilsomers reportedly causes trans unsaturated fatty

acids to be less effective in lowering bloecd lipids than cis isomers (42).
When humar subjects were fed a hydrogenated fat (as 40% of total calories)
which contained 35% trans-fatty acids, serum cholesterol levels were
increased (43). However, Mattson et al. (44) found no change in plasma
cholesterol or triglyceride levels over a 4-week period in men fed a diet
high in trans-fatty acids. Much more study is needed before conclusions can

be drawn ag to the effects of trans-fatty acids In the diet.

Potential adverse effects. There have been reports of potential adverse

effects of consuming a diet excessively high in PUFA. Those effects include
premature aging, tissue damage, increased vitamin E requirement, and
carcinogenesis (45, 46). Pea;ce and Dayton (47) noted an increased inci-~
dence of cancer and mortality in persons who were following diets containing
16% of calories as PUFA. However, no statistical association was found and
work by other researchers does not support those findings (48).

Michael et al. (49) found that heating oils with a high PUFA content
produced toxic and potentially carcinogenic substances. Feeding oils that

have undergone prolonged heating caused severe ill effects in laboratory
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animals (50, 51). Sugal et al. (52) demonstrated that laboratory-hecated oil
may act as a co-carcinogen. However, Nolen (53) observed that commercially-
used frying fat had minute awounts of toxic substances and produced no

appreclable 111 effects on laboratory animals.
Use of Food Fats and Oils dn the United States

Fat in the Food Supply

National food supply statistics (54} on the U.S. diet since the begin-
ning of this century show how changes in food consumption have resulted in
changes in level and sources of dietary fat, To estimate the fat content of
the U.S5., diet, approprilate food compositlion values are applied to quantities
of food available/person based on amounts of food that disappear into
civilian channels. Those smounts represent food used up in an economic
sense. Although not a measure of fat actually ingested, such estimates are
useful for showing trends In overall patterns of consumption (6).

© On examination of food supply statistics, several trends become evi-

dent. Food fat in the U.S, food supplg has increased approximately 1/4 over
the past 6-1/2 decades on a per person/day basis. This large increase
primarily is attributed to use of more vegetable fats. There have been
large decreases in consumption of butter and lard, but that has been offset
ﬁartly by increases in fat assoclated with greater consumptilon of meats;
‘thus, animal faﬁs continue to provide the largest share of the calories
provided by fat (6, 54).

From 1909-13 to 1972, the proportion of c#lories derived from fat in
the American diet rose from 32 to 42%Z, but caloriles from protein remained

the same, 12% (6, 54). Although the American diet contains more fat than it
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did 60 years ago, total saturated fatty aclds now account for a smaller
share of the total fat, 36% today as compared with 40% in 1909-13,
Saturated fatty acids account for 15% of total calorles in the diet, up
from 13 to 17%, and for linoleic acld, up from 3 to 6% (6, 54).

Projections for 1985 indicate that the present trends in the use of
food fat in the U.S. will continue (55). The use of table spreads (butter
and margarine) is projeccted to remain steady, with marpgarine continuing to
displace butter. Cooking fats are projected to increase about 2 pounds per
capita, with gains in shortening wmore tham offsetting the lard downtrend,
Cooking and salad oils will continue to lead the incresse in consumption of

food fat products with a potential of 5 pounds by 1985,

Fat in the Diets of Individuals

Average daily intake of fat by men, women, and children of various ages
was determined in the 1965-66 USDA nationwide survey of diets of individ-
uals by means of 24-hour reﬁall (7). The level of fat in the diets
paralleled the amount of food eaten, measured in calories. No consistent
differences in fat intake were noted for persons living in urban and rural
areas. With few exceptions, the level of fat increased with increased
income. Contributions of fat to total calories in the diets ranged frem
39% for infants to 45% for men 20-64 years of age, with women 20-34 years

0ld deriving 43% of calories from fat (6, 7).
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METHODS

The survey sample consigted of 60 young women randomly selected from
approximately 430 females with American cultural background who were resid-
ing 4n Jardine Terrace, the married student apartment couwplex at Kansas
State University. The instfument consiated of: a) background Information
and b) instructions and forms for completing a 7-~day dietary record. Coples
of the various forms are in the Appendix. The survey was conducted by one
interviewer between February 15 and April 15, 1976. The interviewer con-
tacted each woman personally and presented her a letter of introduction,

The purpose of the study and requirements of participants were explained
briefly and the woman's cooperatibn was requested, If she agreed.tc partic-
ipate, she was asked to sign an agreement and release form.

Background information obtained included: date of birth, citizenship,
height, weight, occupatlon, and number in household. When a woman was on a
speclal diet or did not have an American cultural background, an alternate
subject was selected,

Instructions and forms were given for keeping the 7-day dietary record.
The interviewer explained the procedure and pointed out frequently-made
errors. The subject was asked to contact the interviewer if she encountered
any problems in completing the record. The records usually were picked up
daily at which time incomplete or unclear information was clarified.

Dietary intakes of calorles, proteln, total fat, saturated fat, oleic
acid, and linclelc acid were calculated for cach subject from food composi-
tion data in Home and Garden Bulletin No. 72 (25). Because of sampling

variation, it wag not considered meaningful to use simple means for
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estlwates of population parameters. Therefore, ninety percent confidence
intervals were used to estimate daily nutrient intakes for the entire popu-
lation of women living in Jardine Terrace. Ninety percent confildence
intervals also were calculated to estimate the P/S ratio for the entire
population,

The factors of 4, 9, 4 for protein, fat and carbohydrate were used to
estimate the number of calories derived from those nutrients in the diets
of each subject. Then ninety percent confidence intervals were calculated
to estimate the percentage of calories derived from fat, proteln, and carbo-
hydrate for the entire population of young women.

The percentage of dietary fat derived from seven major food groups was
calculated for each subject and ninety percent confidence intervals were
used to estimate those percentages for the entire population. The major
food groups included: milk and milk products; meat, poultry, and fish; other
sroteln foods (eggs, legumes and nuts); vegetables and fruits; grain
products; fats and oils; and sugars and sweets. The "fats and oils" group
was divided further into butter, margarine, lard, vegetable fat, salad oil,

salad dressing, and imitation cream products,



RESULTS AND DISCUSSION
Sample Characteristics

Sixty young women completed 7-day dietary records. Their ages ranged
from 18 to 35 years with a mean of 22.3 years. Helght ranged from 60 to 74
inches (152 to 187 em) and welght from 95 to 190 pounds (43 to 86 kg) with
means of 65.2 inches (166 em) and 132.6 pounds (60 kg). Thus, average
weight for the group was within the range of suggested weights for height of
women (56). However, 28%Z of the sample women were overweight and 127 were
underweight compared to thelr suggested weight for height. Though none of
the women was on a special diet, many commented that they were "trying to
cut down" on food consumption,

As to household composition, 45 women were iiving with their husbands,
10 with their husbands and 1 child, 3 with a child only, and 2 women were
living alone. Twenty-eight of the group were students, 24 were working

outside the home and B were neither students nor employed outside the home.
Nutrient Intake

Estimated dally intakes of food energy, protein, fat, saturated fatty
acids, olelc and linoleic acids, and carbohydrate for the population are
prasented in table 1. Ninety percent confidence intervals were used to
allow for reasonable sawpling error. For example, it is estimated that the
true average food energy intake for the population sampled 1s between 1507
and 1761 kcal. Unless an unusual (1 in 10) sample was obtained, that

interval is correct. Caloric intake fell below the recommended dietary
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allowance (NRC-RDA) (4) for this age group whereas protein intake exceeded
the NRC-RDA. The caloric intake observed in thils study 1s in fairly close
agreement with that reported for 20- to 34-year-old women in the §3000~
$4999 income range in the 1965 USDA survey (7). The First Health and
Nutrition Examiration Survey (BANES) (57) indicated that 18- to 4d-year-old
wonen living above the poverty level had a mean caloric intake of 1,680,
which fell within the interval estimated in the present study. Protein
intake was slightly lower than that observed in the two studies cited above.
Fat intake was lower, but carbohydrate intake was in line with the 1965 USDA
data (7).l Values for total calories, fat, protein, and carbohydrate were
all lower than those reported by O'Leary and Lee (58) for single univérsity
women Iliving at home. However, whereazs thelr sample was chosen to exclude
students who prepared their own meals, all but 8 of the women in the present
study were students or working wives who were responsible for preparing

meals for themselves and their families.

TABLE 1

Estimated daily nutrient intakes for a population of young women

Nutrient Confidence intervall
Food energy (kcal) . 1507 - 1761
Protein (g) 59 - 66
Carbohydrate (g) ' 174 - 212
Fat (g) - 64 ~ 75
Saturated fatty acids (g) 21 - 25
Oleic acid (g) 23 - 27
Linoleic acid (g) . 10 - 13
1

L e e I e T b e *
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It‘is féCommended that calorics derived from fat not exceed 35% of
total célories (3-5), but 37 to 40% of the calories consumed by this popula-
tion were devived from fat (table 2). Iowever, calorie intake from fat for
the group was lower than the mean (43%) observed for young women in the
$3000-4299 income level in the USDA 1965 survey (7) and similar (38-40%) to
that reported by O0'Leary and Lee (58). Percentage of calories derived from
protein was the same as in the two studies cited above, Carbohvdrate con-
tributed more calories to these diets than observed in the USDA survey
(40%), but was similar (44-46%) to the contribution observed by O'Leary and

Lee (58).

TABLE 2

Estimated percentage of calories derived from fét, protein,
and carbohydrate for a population of young women

Source Confidence interval
Fat 37 - 40
Proteln 15 - 17
Carbohydrate 45 ~ 48

lNinety percent.

The percentage distribution of calories derived from fat, protein, and
carboﬁydrate for the 60 women 1n the sample is shown in table 3, There is
wide varigtion (20 to 60%) in the percent of calories derived from fat, but
40% of the women derived 35-40% of their calories from far. Protein sup-
plied 15-20% of total calories for 53% of the subjects. Carbohydrate

supplied 40-55% of total calories for 75% of the sample.
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It has been recommended that. the P/S ratic in the diet be 1.0 (3-5).
However, only 6.7% of the subjects had a P/S ratio above 0.80 (table 4).
The mean for the population is estimated, with 90% confidence, to lie

between 0.46 and 0.54.

TABLE 4

Percentage distribution of 60 young women by P/Sl ratio

P/5 0.00-0.20 0.21-0.40 0.41-0.60 0.61-0.80 0.81-1.00 1.01-1.20

A 33 30.0 33.3 26.7 5.0 1.7

lPolyunsaturated to saturated fatty acids.
Sources of Dietary Fat

The major food groups that supplied fat in the diet were meat, poultry,
and fish; grain products; fats and olls; and milk and milk products (table
5}). More fat came from milk and milk products, gréin products, sugars and
sweets, and fat and oils than was reported for 20~ to 34-~year-old women in
the 1965 USDA survey (7). The USDA survey veported 42.37% of dietary fat
derived from the meat, poultry, and fish group, whereas in the present
study it was estimated that only 22-26% of dietary fat was derived from
méat, fish, aund poultry.

Approximately 1/2 of the fat contributed by the fats and oils group
was derlved from.margarine and almost 1/3 from salad dressing (table 6).
Vegetable fat and salad oil combined contributed approximately 1/10 of the
fat from this group. The contributions of butter and lard were small, as

wae that of imitation cream products, The fats and olls group may
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TABLE 5

Percentage of dietary fat derived from various food groups
for a population of young women

Food group Confidence intervall
Milk and milk products 16 - 20

Meat, poultry, and fish 22 - 26

Other protein foods (eggs, legumes, and nuts) 5 -7
Vegetables and fruits 8 - 11

Grain products ; 18 - 22

Fats and oils 16 - 25

Sugar and sweets 1-2

lNinety percent:,

TABLE 6

Percentage of fats and eils derlved from various food sources
for a population of young women

Soaree Confidence intervall
But ter 4,5 - 8.7
Margarine 46,1 - 55.0

Lard 1.0 = 3.3
Vegetahle fat . 1.5 - 4.4

Salad oil 6.5 - 8.0

Salad dressing 28.1 - 31.0
Imitation cream producte 0.6 - 1.3

lNinety percent.



