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ABSTRACT. Food groups have been widely used in nutri-
tion education but relatively few studies have employed
food groups to interpret dietary intake. The 24-h dietary
recalls of 534 male and 476 female adolescents, aged 10—
19 yr, were analyzed using a food grouping scheme. Foods
were grouped with emphasis placed on fats and carbohy-
drates. Frequency of use and contribution of food groups
to the macronutrients were determined. When nutrient
intake was analyzed as a percentage of total calories, both
males and females were found to have similar profiles.
More than 60% of each macronutrient was contributed by
combinations of three major food groups. The meat/fish/
poultry, milk/cheese/yogurt, and bread/cereal products
food groups contributed 81.2% of the protein; milk/cheese/
yogurt, bread/cereal products and sweets accounted for
63.0% of the carbohydrate intake; and 74.3% of the dietary
fat consumption was attributable to the meat/fish/poultry,
milk/cheese/yogurt, and fats food groups. There were no
notable differences in the food groups used by males and
females. However, differences between the sexes emerged
when nutrient intakes as a percentage of calories were
stratified and food group usage was investigated. Food
groups associated with macronutrients that are believed to
affect health status have been identified. (Pediatr Res 20:
309-315, 1986)

Abbreviation
LRC, Lipid Research Clinics

Food consumption patterns of individuals have been described
in terms of groupings of foods, whereby individual food items
have been categorized with respect to similar nutrient character-
istics. The most recent and extensive data of this kind are from
24-h recalls and 2-day food records used in the Nationwide Food
Consumption Survey of 1977-78 (1-3). These reports provide
information on the percentage of individuals using various types
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of foods, the percentage contribution of food groups to selected
nutrient intakes, and quantities of foods consumed by Ameri-
cans, including six distinct groups in the pediatric age range.
Cronin ez al. (4) have categorized food consumption data into
65 food groups and described intake patterns by race, age, sex,
region of the country, urbanization, household income, and
season. Using the frequency consumption of foods in 19 major
food groups, dietary patterns have also been described for chil-
dren, adolescents, and adults who participated in the National
Health and Nutrition Examination Survey (5).

Some investigators have examined the contribution of food
groups to nutrient intake and have made comparisons to the
Recommended Dietary Allowances (6-8). Others have used a
food groups approach to describe food consumption patterns for
more limited population samples, such as the elderly (9, 10).

There is evidence to indicate that the overall dietary intake of
populations in the United States as interpreted by food group
usage is not static over time (8, 11). Because foods can be grouped
according to the relative density of certain nutrients, food group-
ing schemes have been utilized to monitor this changing intake
of energy, protein, vitamins, and minerals (5, 12, 13).

Evidence that dietary factors are associated with blood lipid
levels and heart disease in both free-living and clinical popula-
tions (14-19) has resulted in an interest in the role played by
dietary fats and carbohydrates and the food sources of these
nutrients. For both primary and secondary prevention programs
and in teaching therapeutic diets for diagnosed hyperlipidemias,
food groups are also a useful tool in dietary counseling.

In the 1970’s, the LRC Program collected single 24-h dietary
recalls as part of a prevalence study to examine the determinants
of hyperlipidemias in selected North American populations.
Collection of dietary data in the LRC Program was designed to
provide precise information on the intake of total fat and its
components along with other essential nutrients. Descriptive data
on mean intakes of the macronutrients have been published
elsewhere (20).

The following report describes food group usage among white
males and females, aged 10 to 19 yr, who participated in the
LRC Prevalence Study. These data are for adolescents who were
not on therapeutic dietary regimens, and provide insight into the
kinds of modifications that might be made in typical adolescent
diets to conform with current dietary recommendations. Empha-
sis is placed on reporting the percentage of persons mentioning
each food group, the percentage contribution of major food
groups to nutrient intake, and the percentage of food group users
by nutrient tertiles. More information on the development of
the food grouping system and descriptive statistics of usage
patterns for the LRC populations are presented in another man-
uscript (21).
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METHODS

The LRC Prevalence Study was a cross-sectional study con-
sisting of two sequential examinations (visit 1 and visit 2) con-
ducted according to a standardized protocol in several well-
defined target populations in North America. These populations
were chosen on the basis of their ethnic, sociodemographic, and
cultural diversity to provide data for both sexes over a broad
range of age, educational, occupational, and geographical char-
acteristics. However, the samples were not intended to be repre-
sentative of the North American population. Data were collected
between 1972 and 1976, the time period which this report covers
(see References 22 and 23 for details of the LRC Program
methodology).

Visit | included a brief interview to collect information on
sociodemographic variables and on the use of five types of lipid-
lowering medications. In addition, plasma cholesterol and tri-
glyceride levels were measured for fasting participants. A 15%
random sample of visit 1 participants and all persons who were
taking lipid-lowering drugs or were hyperlipidemic were invited
to return for a more extensive examination (visit 2). This exam-
ination included a 24-h dietary recall along with questions con-
cerning family history of heart disease, a detailed drug history,
and several clinical measurements, including quantification of
plasma lipids and lipoproteins (22).

Study sample. This report is based only on the 15% random
sample of free-living visit 2 participants, which included 739
males and 687 females aged 10 to 19 yr. However, after excluding
dietary recalls from the Toronto clinic in Canada, nonwhite
races, females pregnant at visit 2, and unreliable recalls, the food
groups analyses included recalls of 534 male and 476 female
participants from five United States clinics (Table 1). Unreliable
dietary recalls were defined as those in which the participant was
unable to recall one or more meals or where reported intakes
were unrealistic or unreasonable.

Dietary data collection. The data collection methodology, the
National Heart, Lung, and Blood Institute Nutrition Data Sys-
tem, has been described elsewhere (24). Briefly, it is a comput-
erized system based on the standardized collection and processing
of 24-h dietary recall data.

Dietary data were collected in the field by dietitians, trained
and certified in the use of standardized techniques for eliciting
and recording dietary intake information. Although dietitians
collected information about all foods that were consumed, par-
ticular emphasis was placed on information regarding food and
food preparation methods that would affect fat or cholesterol
intake. During the period of data collection, certified dietitians
also participated in a centrally coordinated continuing education
program designed to maintain their skills.

Coding of the dietary recalls and maintenance of the data base,
the National Heart, Lung, and Blood Institute Table of Food
Composition, were the responsibility of a central facility, the
Nutrition Coding Center. Editing of the coded recalls, calculation
of nutrient intake and data analyses were the responsibility of
the LRC Central Patient Registry and Coordinating Center.

The National Heart, Lung, and Blood Institute Table of Food

Table 1. Population distribution of white males and females
aged 10-19 yr, by clinic

Clinic Males Females
Baylor (TX)* 81 72
Cincinnati (OH) 270 249
Johns Hopkins (MD) 56 58
La Jolla (CA) 37 31
Minneapolis (MN) 90 66
Total 534 476

* Baylor participants aged 15-19 yr.
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Composition is a computerized nutrient data bank, derived
primarily from U.S. Department of Agriculture data, but also
includes food composition information obtained from the sci-
entific literature and commercial food manufacturers. In devel-
oping the data base, especially in regard to the fatty acid data,
the National Heart, Lung, and Blood Institute worked very
closely with the U.S. Department of Agriculture and consulted
with experts in the commercial food industry. This report is
based on version 5 of the Table of Food Composition.

Maintenance of the data base entailed continual updating to
reflect changes in the composition of commercial products. The
identification of fat used in commercial food preparation and
food products was particularly difficult because the fat source
varies, dependent on market availability and cost. Identifying
whether a nutritive sweetener in commercial products was sugar
(sucrose) or a corn sweetener such as hydrolyzed corn starch or
corn syrup (fructose and glucose) was also difficult.

Components of carbohydrate in the Table of Food Composi-
tion include sucrose, starch, and other carbohydrates. Sucrose
values reported in this study included the voluntary addition of
sugar at the table and in recipes, as well as in some commercial
products where sugar was known to be the only sweetener. Starch
values were derived from various references that included ana-
lyzed values for amylose and glycogen. Lactose, unrefined sugars,
mixed sweeteners including sucrose, and soluble fibers were
categorized as other carbohydrates. Accordingly, the sucrose data
reported here tend to underestimate the intake level in the LRC
study population.

Food group system. Assigning individual food items, and
especially combination foods (e.g. pizza), to specific food groups
was a complicated decision-making task. In the LRC Program,
with a focus on heart disease, an emphasis was placed on group-
ing food items by fat composition and if feasible by carbohydrate
content.

A brief description of the food grouping system developed for
this study follows. Foods were categorized according to compo-
sition of the nutrients of primary concern. For example, meats,
flavored milk products, dairy desserts and creams, and sweets
and candies were grouped according to type and percent of fat
contributed. Vegetable fats were subdivided by polyunsaturated
to saturated fat ratio. The vegetable group was subdivided into
dark green, high starch items, legumes, and other vegetables to
distinguish variability in carbohydrate content. Grains and grain
products were divided into whole grain and refined grain prod-
ucts, with refined cereals being further classified as plain or pre-
sweetened.

Fourteen major and 75 minor food groups were distinguished
(Table 2), and every food item recorded on the 24-h dietary
recall was assigned to an appropriate food group. Although the
food groups are broadly categorized as major and minor, there
are actually up to five levels at which some of the food groups
can be subdivided. Each lower level of classification is subsumed
into preceding groups. For example, as shown in Table 2, pota-
toes and other high starch foods are further subdivided into plain
and recipe items and are a subclassification of starchy vegetables
which fall under the vegetable grouping. More complete details
on the rationale and structure of the LRC food grouping scheme
have been presented by Brewer et al. (21).

Data analysis. The descriptive analysis included the percentage
of the population reporting food group usage and the mode as a
measure of the frequency of use of that food group, which allows
one to determine the customary use of the food group by the
population. The reader is cautioned that a “mention” does not
account for serving size, instead, it is a yes-no tabulation whereby
a food group was either used or not used in a single 24-h period.
This tabulation refers to the percentage of use by males or females
and was calculated separately for the major and minor subgroups.
Therefore, the sum of percentages in the minor groups may
exceed the percentage indicated for the major group under which
they are subsumed (Table 2). In addition, the contribution of
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Table 2. Major and minor food grouping scheme, percentage of persons mentioning each food group, and frequency of use

Males Females Males Females
% Mode % Mode % Mode % Mode
I. Meat, fish, poultry 96 2 94 1 a. Refined yeast bread 85 | 78 1
A. Meat 63 1 60 1 b. Refined quick bread 14 1 14 1
1. Meat < 10% fat 15 1 18 1 2. Refined cereals and grain 42 1 32 1
2. Meat 10-20% fat 24 1 18 1 products
3. Meat > 20% fat 37 1 31 1 a. Plain 32 1 26 I
B. Processed meats 41 1 35 1 b. Presweetened 13 1 8 1
C. Fish and shellfish 8 1 5 1 3. Grain mixtures 20 1 18 1
D. Poultry 15 1 16 1 VII. Desserts 63 1 63 1
E. Meat, fish, and poultry recipes 24 1 23 1 A. Baked desserts 56 1 56 1
IL. Eggs 24 1 20 1 1. Cookies 31 1 30 1
A. Eggs, plain 18 1 12 1 2. Cakes 22 1 21 1
B. Egg recipes 7 1 8 | 3. Pies 11 2 10 2
III. Milk, cheese, yogurt 91 3 88 2 4. Other baked desserts 10 l 9 1
A. Flavored milk products < 4% 88 2 81 1 B. Other desserts 20 l 20 1
fat VIII. Snacks 58 l 59 1
1. Flavored milk products < 12 1 13 1 A. Grain base 45 1 47 1
2% fat B. Condiments 24 1 22 1
2. Flavored milk products 2- 84 1 73 1 IX. Soups, sauces, and gravies 39 | 30 1
4% fat A. Soups 12 1 13 1
B. Cheese 27 1 31 1 B. Sauces and gravies 28 1 18 1
1. Cheese and cheese recipes 27 1 29 1 X. Nuts and seeds 21 1 20 1
2. Cottage cheese 1 1 3 1 XI. Sweets 91 1 88 2
IV. Dairy Desserts and Creams 36 1 35 1 A. Sugars, sweet spreads, candy 72 1 71 1
A. Dairy desserts, cream 4-12% 26 1 27 1 1. Sweets and candy, fat-free 53 l 49 1
fat 2. Sweets and candy, < 10% 26 1 26 1
B. Dairy desserts, cream > 12% 7 1 ) 1 fat
fat 3. Sweets and candy, > 10% 23 1 27 1
C. Imitation dairy product 6 1 6 1 fat
V. Vegetables and fruits 88 2 90 2 B. Sweet beverages 60 1 59 1
A. Fruits 53 1 61 1 1. Sweet beverages with caf- 40 { 39 1
1. Unsweetened fruits 4] 1 47 1 feine
2. Sweetened fruits 22 1 25 1 2. Sweet beverages without 31 1 30 L
B. Vegetables 78 1 77 I caffeine
1. Dark green 4 1 3 1 XII. Alcoholic beverages 5 1 4 1
2. Starchy vegetables 56 1 55 1 A. Wine 1 1 0 1
a. Dried beans and peas 10 1 9 1 B. Beer 4 1 3 1
b. Potatoes and other high 51 | 50 1 C. Distilled liquor 1 1 1 1
starch XIIIL. Fats 96 3 96 3
i. Plain 25 1 27 1 A. Animal fats 71 1 64 1
ii. Recipes 33 1 30 1 B. Vegetable fats 83 2 84 1
3. Other vegetables 53 1 54 1 1. Vegetable fat, polyunsatu- 26 1 26 1
a. Other vegetables, raw 36 1 37 1 rated/saturated (P/S) < 0.5
b. Other vegetables, 26 1 25 1 2. Vegetable fat, P/S 0.5-1.9 66 1 67 1
cooked 3, Vegetable fat, P/S> 1.9 29 1 30 1
V1. Bread and cereal products 97 2 95 2 C. Salad dressings 29 1 30 1
A. Whole grain products 11 1 13 1 XIV. Miscellaneous items 21 1 26 1
1. Whole grain breads and 5 1 6 1 A. Unsweetened beverages 4 1 6 i
rolls B. Coffee and tea 18 1 21 1
2. Whole grain cereals, flour, 6 1 7 1 1. Coffee regular 4 I 5 1
granola 2. Coffee decafteinated 0 1 0 1
B. Refined grain products 96 2 91 2 3. Tea 14 1 16 1
1. Refined grain breads and 90 1 83 1 C. Low calorie salad dressings 0 0 1 1
rolls

each of the delineated food groups to total nutrient intake was
tabulated (Table 3).

The distribution of the intake of each nutrient calculated as a
percent of total energy was divided into tertiles. Nutrient intakes
were not reported on a gram weight basis because measurements
were reported in household units and factors for conversion of
household units to grams were not available for many recipe
items. Analyzing the data for each nutrient as a percentage of
total energy compensated for the inability to make the grams per
serving conversion. Subsequent comparisons were made using

information on participants assigned to the lower or upper tertile
for the nutrients of interest.

To test for statistically significant differences between the
percentage of food group users in the lower and upper tertile
groups, Z tests for differences between proportions were calcu-
lated (see Appendix). For each of eight nutrients, 89 statistical
tests were performed, corresponding to 89 major and minor food
groups. To attain a nominal significance level of p < 0.05 for
each food group, based on the Bonferonni adjustment for mul-
tiple comparisons, a p value of 0.0006 is required.
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Table 3. Percentage contribution of major food groups to nutrient intake by sex

Total Total Other Saturated Monounsaturated Polyunsaturated
Major food groups Calories Protein carbohydrate fat Starch Sucrose carbohydrates fat fat fat Cholesterol
Males (n = 534)

I. Meat, fish, poultry 17.6 389 1.4 28.6 1.7 0.2 1.8 27.1 33.8 17.2 35.7

II. Eggs 1.3 2.8 0.2 2.1 03 0.0 0.3 1.6 2.1 1.9 24.6
111. Milk, cheese, yogurt 16.3 268 12.1 17.5 0.1 4.6 33.0 26.6 12.8 4.6 17.7
IV. Dairy desserts, creams 3.4 2.2 3.2 4.1 0.0 4.7 5.9 6.4 2.8 1.1 4.0
VA. Fruits 33 0.9 6.9 02 0.2 3.7 17.4 0.0 0.0 0.0 0.0
VB. Vegetables 4.1 4.1 6.7 1.0 128 03 3.6 0.6 0.7 2.1 0.5
VI. Bread, cereal 176 15.5 29.0 5.5 64.7 3.6 5.5 5.1 4.8 8.1 4.8
VII. Dessert 7.2 3.6 11.8 3.3 10.7 19.1 7.6 32 33 2.9 7.5
VIII. Snacks 37 1.5 3.8 44 78 0.0 1.7 29 36 11.8 0.1
IX. Soup, sauce, gravy 1.0 1.2 1.1 0.7 08 02 2.2 0.7 0.6 1.2 0.4
X. Nuts, seeds 1.4 1.4 0.4 2.5 0.5 0.0 0.4 1.2 2.9 5.3 0.0
XI. Sweets 10.9 0.9 21.9 19 03 604 18.6 2.3 1.7 1.4 0.3
XIL. Fats 11.2 0.2 0.2 282 00 0.2 0.3 22.1 30.9 424 4.6
XIII. Miscellaneous items 0.4 0.0 0.8 0.0 0.0 3.0 0.2 0.0 0.0 0.0 0.0

Females (n = 476)

1. Meat, fish, poultry 153 37.1 1.1 249 1.1 0.2 1.6 24.1 29.1 14.9 37.0

II. Eggs 1.2 2.4 0.5 1.7 09 0.1 0.3 1.3 1.6 1.5 19.9
1II. Milk, cheese, yogurt 145 26.0 10.1 159 0.1 3.1 27.2 25.2 11.8 3.8 17.5
1V. Dairy desserts, creams 3.4 2.4 3.0 43 00 45 5.5 7.0 3.0 1.0 4.6
VA. Fruits 4.8 1.2 9.6 03 03 6.0 22.9 0.0 0.0 0.0 0.0
VB. Vegetables 4.7 4.8 7.5 1.3 144 0.1 44 0.8 1.0 2.4 0.6
V1. Bread, cereal 170 15.6 26.6 59 60.8 3.8 5.3 5.7 5.0 7.5 6.7
VIIL. Dessert 7.3 3.9 11.9 3.1 1.1 187 7.6 33 3.0 2.4 8.4
VIII. Snacks 4.3 1.9 4.4 5.1 94 00 1.9 34 4.5 1.6 0.1
IX. Soup, sauce, gravy 1.0 1.3 1.1 0.8 1.1 0.1 1.8 0.7 0.6 1.5 0.3
X. Nuts, seeds 1.6 1.7 0.4 3.1 06 0.0 0.4 1.6 3.6 5.6 0.0
XI. Sweets 12.2 1.4 22.8 33 03 615 19.3 4.2 3.1 2.1 0.6
XI1I. Fats 11.8 0.2 0.2 302 00 02 0.4 22.5 33.8 454 4.2
XII. Miscellaneous items 0.3 0.0 0.6 0.0 0.0 1.8 0.3 0.0 0.0 0.0 0.0

RESULTS fish/poultry (38.9%), milk/cheese/yogurt (26.8%), and bread/

The percentages of users of the major food groups and the
minor subgroup components are shown in table 2. At least 88%
of all persons reported using the major food groups of meat/
fish/poultry, milk/cheese/yogurt, vegetables/fruits, bread/cereal
products, sweets, and fats. Because the minor groups describe in
more detail the use of foods within the major groups, they also
provide more detailed information in regard to food choices of
the population. For example, although 91% of the males and
88% of the females mentioned using the major group, milk/
cheese/yogurt, only 1% of the males and 3% of the females
mentioned use of the minor group, cottage cheese. It is also
evident that usage of the minor groups within a major group are
not mutually exclusive because, in this classification scheme, an
individual can indicate usage of several foods within a major
group.

The modal number of mentions, representing the most fre-
quent number of times a food group was reported on the 24-h
recalls, was calculated for all persons who mentioned using a
food group. Compared with females, recalls for males indicated
a higher use of meat/fish/poultry (males = 2, females = 1), milk/
cheese/yogurt (M = 3, F = 2), milk flavored products less than
4% fat (M = 2, F = 1), and vegetable fats (M = 2, F = 1) while
those for females indicated more frequent usage of sweets (M =
I, F = 2). Recalls for both males and females indicated two
mentions of the major food groups, vegetables/fruits, breads/
cereals, and fats, and for the minor groups refined grain products
and pies. Males had zero mentions for low calorie salad dressings,
and one mention for all other food groups (Table 2).

With the exception of calories, more than 60% of the intake
of each nutrient was attributable to the consumption of foods in
three or fewer major food groups (Table 3). For example, meat/

cereal (15.5%) accounted for 81.2% of the protein intake for
males. Milk/cheese/yogurt (12.1%), bread/cereal (29.0%), and
sweets (21.9%) accounted for 63.0% of the total carbohydrate
intake, and meat/fish/poultry (28.6%), milk/cheese/yogurt
(17.5%), and fats (28.2%) accounted for 74.3% of the total fat
intake. Most of the starch was contributed by the bread/cereal
group (64.7%) and most of the sucrose came from sweets
(60.4%), a food group that includes candies and sweet beverages.
Although the bread/cereal group includes presweetened breakfast
cereals, it should be noted that the sucrose contribution of most
breakfast cereals is not included here. Therefore, the 3.6% sucrose
contribution of the bread/cereal group is an underestimate. The
fats food group, which includes vegetable fats and salad dressings,
contributed most of the polyunsaturated fat (42.4%) whereas
snack foods contributed 11.8% of the polyunsaturated fat, which
is attributable to the use of polyunsaturated oils in the prepara-
tion of these items. About 76% of the saturated fat came from
meat/fish/poultry (27.1%), milk/cheese/yogurt (26.6%), and fats
(22.1%). The trends are very similar for females. Beyond provid-
ing a description of the contribution of food groups to nutrient
intakes, the above data also provide an indication that the food
group system has good construct validity.

Mean nutrient intakes reported as a percent of total energy
were also very similar for both males and females (Table 4).
When dietary recalls were categorized into low and high intake
groups, as determined by nutrient specific tertile cutpoints, the
percentage of persons mentioning food group usage differed
significantly between several groups. For example, recalls for
males in the high saturated fat intake group indicated greater
usage of flavored milk products 2-4% fat. A number of other
significant sex-specific differences in food group usage have been
listed in Tables 5 and 6 for males and females, respectively. For
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Table 4. Mean nutrient intake reported as a percentage of total
calories from 24-h dietary recalls of 10-19-yr old LRC
participants, by sex
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Table 6. Significant differences between the percentages of food
group users by lower and upper tertiles for the percentage of
calories from nutrients, females (n = 476)*

Mean (SD)
Males (n = 534)  Females (n = 476)
Total carbohydrate 46.1 (8.4) 472 (9.1)
Starch 18.4 (6.2) 18.0 (6.7)
Sucrose 11.6 (7.4) 12.8 (7.8)
Other carbohydrate 15.7 (7.8) 15.9 (8.1)
Total fat 38.7(7.4) 38.1(7.9)
Saturated fat 15.6 (3.8) 14.9 (3.9)
Monounsaturated fat 14.9 (3.5) 14.6 (3.7)
Polyunsaturated fat 5.7 (2.6) 6.1 (3.0)
Protein 14.6 (3.7) 14.4 (4.3)
Alcohol 0.7 (3.8) 042.4)

Table 5. Significant differences between the percentages of food
group users by lower and upper tertiles for the percentage of
calories from nutrients, males (n = 534)*

Percent of
users
nutrient
tertiles
Nutrients Lower Upper Food groups
Total fat 59 28 VIB2. Refined cereals and grain
products
Saturated fat 73 89 1lIA2. Flavored milk products 2—
4% fat
Polyunsaturated 43 69 VIII.  Snacks
fat
28 58 VIIIA. Grain base snacks
Total carbohy- 27 57 VIB2. Refined cereals and grain
drate products
82 9% XI. Sweets
59 82 XIA. Sugars, sweet spreads, candy
Starch 90 99 VIB. Refined grain products
81 94 VIBI. Refined grain breads and
rolls
71 93 VIBIA. Refined yeast bread
25 57 VIB2. Refined cereals and grain
products
Sucrose 94 80 1IIIA.  Flavored milk products <
4% fat
79 99 XL Sweets
29 87 XIB. Sweet beverages
14 61 XIBI1. Sweet beverages with caf-

feine

* Eighty-nine statistical tests were performed for each nutrient, corre-
sponding 1o 89 food groups. Only the results of tests with a significance
fevel of p < 0.0006 are reported. A Bonferroni adjustment for multiple
comparison was made.

example, recalls for females in the high saturated fat group
showed a significantly greater percentage reporting the use of
animal fats, whereas recalls for males in the low fat group showed
a greater percentage using refined cereals and grain products. A
significantly greater percentage of recalls for males in the high
polyunsaturated fat group indicated the use of snacks and grain
base snacks.

Percent of
users
nutrient
tertiles
Nutrients Lower Upper Food groups
Total fat 91 99 XIII. Fats
Saturated fat 51 76  XIIIA. Animal fats
Total carbohydrate 78 96 XL Sweets
60 81 XIA.  Sugars, sweet spreads,
candy
Starch 87 99 VL Bread and cereal products
78 98 VIB. Refined grain products
66 86 VIBIA. Refined yeast bread
Sucrose 72 99 XL Sweets
25 85 XIB.  Sweet beverages
13 62 XIBl. Sweet beverages with caf-

feine

* Eighty-nine statistical tests were performed for each nutrient, corre-
sponding to 89 food groups. Only the results of tests with a significance
level of p < 0.0006 are reported. A Bonferroni adjustment for multiple
comparison was made.

DISCUSSION

The 24-h dietary recall tool is widely used in population-based
nutritional surveys because it is both economical and logistically
simple to use. Among its documented limitations are the inability
to measure daily intraindividual variation in nutrient intake (25),
a limited sensitivity due to both under- and overreporting (26—
28), and, for some subjects, the limitation of memory including
the inability to identify foods or correctly estimate the amounts
of foods consumed (29). However, when used with a sufficiently
large sample size of 50 subjects or more, the 24-h recall yields
intake estimates that approximate those of the more complicated
7-day record (30) or weighed sample technique (27, 28). Fur-
thermore, given an adequate sample size, others have reported
that using the 24-h recall, group mean values do not vary
significantly from day to day (31, 32). Therefore, the 24-h recall
may be used to describe the intake characteristics of sufficiently
large population samples.

The results of this descriptive analysis, using data obtained
with the 24-h recall method, provide insight about the diets of
adolescents who had high or low intakes of selected macronu-
trients, and provide a description of the food group sources of
these nutrients. The nutrients studied were those believed to have
an impact on blood cholesterol levels and were examined as a
percentage of total caloric intake. In terms of the percentage
contribution of major food groups to nutrients, it appears that
for both males and females, the meat/fish/poultry, and the milk/
cheese/yogurt food groups were the two largest contributors of
protein and saturated fat (Table 3). The greatest contributor of
polyunsaturated fat was the fats group, which included vegetable
oils added in the preparation of foods and fats such as margarine
added at the table. Meat/fish/poultry, eggs, and milk/cheese/
yogurt, in that order, were the leading contributors of dietary
cholesterol. Most calories were contributed by bread/cereal,
meat/fish/poultry, and milk/cheese/yogurt.

The American diet currently contains about 37% of total
calories as fat, of which about 13-14% are derived from saturated
fat. Males and females in this study consumed on the average
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15.6 and 14.9%, respectively, of their total energy as saturated
fat. The current recommendation for saturated fat consumption
1s approximately 10% of the total caloric intake (33, 34). In this
study, persons in the low saturated fat group, where saturated fat
provided 3.5-14.5 and 3.9-13.2% of calories for males and
females, respectively, came close to meeting this recommenda-
tion. The males in the low saturated fat group consumed less
milk/cheese/yogurt, less flavored milk products 2-4% fat, more
sweets and more sweet beverages than their counterparts in the
high saturated fat group. The females in the low saturated fat
group used less milk/cheese/yogurt, less flavored milk products
less than 4% fat, less baked desserts, less animal fats, and more
sweets than those in the high saturated fat group.

Although the U.S. Department of Agriculture and the Depart-
ment of Health and Human Services have recommended a
reduction in the current intake of total fat, saturated fat, and
cholesterol by the U.S. population, they have been reluctant to
quantify the amounts of these nutrients or to make recommen-
dations for polyunsaturated fat intake in their Dietary Guidelines
for Americans (35). However, the Senate Select Committee on
Nutrition and Human Needs (34) and the NIH Consensus De-
velopment Panel on Lowering Blood Cholesterol to Prevent
Heart Disease (36) both recommended, for all Americans greater
than 2 yr of age, a decreased intake of total fat and saturated fat,
with replacement by a general increase in the intake of polyun-
saturates not to exceed 10% of total calories. The Nutrition
Committee of the American Heart Association concurred, with
the caveat that “the consequences of prolonged ingestion of large
quantities of these fats are not known” (33).

While the mean intake of polyunsaturates in this sample (males
5.7%, females 6.1%) was reflective of the general trend in the
U.S. diet of 5-6% of total calories, subjects in the high polyun-
saturate group had intakes ranging for males from 6.5-15.9 and
for females from 6.8 to 20.4% of the reported 24-h caloric intake.
The males in the high polyunsaturate group consumed less milk/
cheese/yogurt, and flavored milk products less than 4% fat, and
more vegetable fats and salad dressings than males in the corre-
sponding low polyunsaturate group.

In terms of total dietary fat, the recommendation for the
American public is to reduce consumption from a mean of about
37% of calories to a maximum of 30%. To hold protein and
energy intake constant, this recommendation would require a
concomitant increase in carbohydrates from 45 to 55% of total
calories, preferably as complex, long-chain carbohydrates such
as those found in vegetables, beans, cereals, and some fruits (37).
In the LRC Program, recalls of adolescents in the lower tertile
for the percentage of calories from total fat and the upper tertile
for the percentage of calories from total carbohydrate reported
using more carbohydrates, although these were mostly in the
form of refined sugars, sweets, and cereals (Tables 5 and 6). It
appears from these data that to change this trend, modifications
should be made in a number of areas, including a greater usage
of dried beans and peas and whole grain breads and cereals,
which were not widely used by this sample (Table 2). Further-
more, 28 to 30% of the total fat intake was contributed by the
fats food group. This largely includes fats added in preparation
and at the table and suggests another potential avenue for vol-
untary modification.

Over the years the U.S. Department of Agriculture has put
forth guidelines for the recommended number of daily servings
of four major food groups. For teenagers, two servings from
meat/fish/poultry, four servings from fruits/vegetables, four serv-
ings from breads/cereals, and four servings from milk/cheese
food groups are suggested. In the LRC Prevalence Study, an
analysis of the most frequently reported mentions of these food
groups indicated that in a single 24-h period, males fell below
the guidelines for the fruits/vegetables, breads/cereals, and milk/
cheese food groups. Similarly, values indicated that the females
in this sample reported fewer than the recommended number of
servings from all four of the basic four food groups (Table 2). In
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this context it must be recalled once again that the number of
mentions in the present study are reported irrespective of serving
size. Therefore, in cases where the number of mentions is equiv-
alent to the recommended number of servings, it cannot be safely
inferred that the recommendation has been met. However, if the
number of mentions is less than the recommended number of
servings, this strongly suggests that the recommendations may
not have been met.

For a number of reasons, attempts have not been made to
compare data from the present study with similar data reported
by other investigators. The first of two major limitations is that
food grouping classifications vary from study to study in the
rationale used for assigning food items to food groups. Second,
few studies are comparable insofar as others have not focused as
meticulously on the contribution of food groups to dietary fat
and carbohydrate components in the adolescent age range. A
report by Dwyer (38), for example, although commendable in
describing the food group contribution to nutrients, does not
conveniently lend itself to comparison with data in the present
report.

CONCLUSION

Several expert committees have recommended modifications
in the intake of specific nutrients. The translation of these
nutrients into food items or food group sources used by people
who meet these recommendations in various groups are seldom
enumerated. Thus, an effort was made to determine if persons
who had high intakes of selected nutrients were using identifiable
food groups more or less frequently than persons with low
nutrient intakes.

The methodology used in this study focused on categorizing
nutrient intake as a percentage of total energy consumption,
stratifying each of eight nutrients into tertiles, and examining
food group usage for persons who had relatively high or low
intakes of each nutrient as a percentage of total calories. This
particular approach proved useful for the macronutrients, which
contribute energy to the diet, and may be appropriate in other
studies investigating vitamin and mineral intakes. Although these
nutrients do not contribute energy, it is possible to conduct a
proportional analysis examining, for example, the amount of a
particular vitamin or mineral per 1000 kcal.

Food grouping can be a useful adjunct for nutrition educators
and other health professionals attempting to relay scientific in-
formation about nutrients to the lay public in various disease
prevention and health promotion endeavors, and as discussed
herein, for analyzing compliance with dietary recommendations
and describing food group usage associated with various levels
of nutrient consumption. Food group analysis also provides an
empirical basis for designing realistic intervention strategies. In
this connection, future research should be aimed at further
exploring the utility of more actively incorporating food grouping
assessment techniques in nutritional status monitoring and sur-
veillance systems.

In the present study, the results of the analyses performed
indicate that the system has reasonable construct validity, in that
the intakes of the macronutrients are being accounted for by the
expected major food groups. However, an inherent limitation of
this particular system is a failure to incorporate the assessment
of serving sizes. Refining methods to overcome the limitation of
calculating serving size is yet another potential direction for
research that may facilitate practical applications of food group-
ing schemes.

A food grouping scheme that focuses on food sources of
particular nutrients has potential as a tool for the rapid, inexpen-
sive assessment of dietary intakes of selected nutrients. In addi-
tion, the LRC food grouping system can be simplified for use in
patient education by focusing, for example, on sources of high
or low fat and carbohydrate content, and offering guidance for
appropriate exchanges and substitutions of food items.
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APPENDIX
Z test for differences between proportions (39)

7 = (p2 — p1)
vpa(l/n; + 1/m,)
. tm
where: p, = n1/N =
P 1/ 1 p Nl + N2
p2=m/N;
G=1-p
n = number of users of a food group
n; = number of users of a food group in the lower tertile

n, = number of users of a food group in the upper tertile

N = number of persons in lower or upper tertile, by
nutrient

N, = number of persons in lower tertile

N, = number of persons in upper tertile
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