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A Compendium of Nutritional Status Studies 
and Dietary Evaluation Studies Conducted 
in the United States, 1957-1967

JUNE L. KELSAY
Human Nutrition Research Division, Agricultural Research Service, 
U. S. Department of Agriculture, Beltsville, Maryland

“Nutritional status U.S.A.” (1) pub
lished in 1959 summarized the results of 
regional nutrition studies carried out in the 
United States from 1947 through 1958 and 
reported in 178 publications. The studies 
were sponsored by State Agricultural Ex
periment Stations, the United States De
partment of Agriculture (USDA), and sev
eral state departments of public health. 
Children from the ages of 5 through 12, 
adolescents from 13 to 20, and adults from 
20 to past 80 years were examined. About 
4000 in each of these three age groups 
were studied in 39 of the 48 states. Usually
7-day records of food eaten were obtained, 
also physical examinations and biochem
ical analyses of blood and urine samples. 
Sometimes dental examinations and X-rays 
of bones and teeth were made.

The nutritional status of the people of 
the USA on the whole was reported in that 
bulletin to be good by standards for Recom
mended Dietary Allowances of nutrients 
set up by the National Research Council in 
1958 (2). Good average intakes of any 
population groups, however, will conceal 
poor nutrient intakes by some individuals. 
The nutrients most often found to be lower 
than the recommended amounts in the 
diets of children and adults in all regions 
were vitamin A, ascorbic acid, calcium, 
and iron. The first three nutrients were the 
same ones reported to be low in the 1955 
USDA Household Food Consumption Sur
vey (3). Both reports indicated that there 
was a lower intake of protein foods, mhk, 
fruits, and vegetables by Southern families 
as compared with the other three regions. 
Rural low income families had diets con
taining the lowest nutritive value.

The blood analyses, in general, corre
lated well with the information from the 
dietary observations reported in the 1959 
bulletin (1). Although clinical signs of

nutritional deficiencies occurred more fre
quently in the groups with low blood levels 
of vitamin A and ascorbic acid than in 
those with satisfactory blood levels, these 
signs did not always correlate with records 
of dietary intake. The hemoglobin content 
of the blood of nearly ah the people ex
amined was fair to excellent, and the con
centrations of vitamin A and ascorbic acid 
in the blood serum were generahy fair to 
good. More adolescent girls were over
weight than underweight, and more ado
lescent boys were underweight than over
weight, in nearly every group studied. 
The Spanish-American and Arizona Indian 
children had lower average heights and 
weights than other Western children ex
cept that the Indian girls tended to be 
overweight. A high percentage of older 
people were overweight.

Recently, it has been pointed out in 
newspapers and other popular communica
tion media that there is a considerable 
amount of malnutrition in the United 
States, particularly in certain areas of the 
population. In 1968 a report entitled “Hun
ger, U.S.A.” was published by the Citizens’ 
Board of Inquiry into Hunger and Mal
nutrition in the United States (4). The 
largely subjective report concluded that an 
emergency situation exists in many parts 
of the United States in terms of hunger 
and malnutrition.

A report of the preliminary findings of 
the nationwide survey of food consumption 
of 7500 households made by the USDA in 
the spring of 1965 (5) was also released 
in 1968. Homemakers were asked to recall 
food consumed by the family for the 7 
days preceding the interview. Amounts of 
food used in the households were sufficient, 
on the average, to provide the Recom-
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mended Dietary Allowances set by the 
Food and Nutrition Board of the National 
Academy of Sciences — National Research 
Council for calories and seven nutrients
(2). Only one-half the households had 
diets that were classified as “good”: that 
is, diets that provided the recommended 
allowances for calories and seven nutri
ents. About one-fifth the households had 
diets that were considered “poor,” in that 
they supplied less than two-thirds of the 
recommended allowances for one or more 
nutrients. In comparison, in the 1955 
Household Food Consumption Survey (3), 
60% of the households had “good” diets; 
15% had “poor” diets. In both surveys, the 
nutrients most often in short supply were 
calcium, vitamin A, and ascorbic acid. In 
the 1965 survey the proportions of house
holds with diets containing less than the 
recommended allowances for one or more 
nutrients were comparable in the North
east, North Central, South, and West. The 
number of urban and rural households 
having diets containing below the recom
mended allowances for one or more nu
trients was approximately the same. At 
each successively higher level of income, 
a greater percentage of households had 
good diets, but high income alone was no 
assurance of a good diet.

Because of the great concern aroused by 
some of the recent reports and the need to 
update our knowledge, the present survey 
of the literature covering nutritional status 
and dietary evaluation studies carried out 
between 1957 and 1967 was undertaken. 
The objectives were to determine where 
studies have been conducted recently, to 
what extent there is evidence as to the 
prevalence of malnutrition in this country, 
and where the major gaps in our informa
tion are. Studies reported in the 1959 bul
letin (1) are omitted.

During the past decade alone, approx
imately 50 published nutritional status 
studies involving approximately 30,000 
people in the United States, the Virgin 
Islands, and Puerto Rico included some 
sort of clinical or biochemical evaluation. 
The numbers studied in the different age 
groups were: 4625 infants and preschool 
children; 2958 children; 8114 adolescents; 
5948 pregnant women; 1476 adults; 1587 
older people; 5301 individuals in families;

35 families; and children in eight Indian 
boarding schools.

Approximately 60 published studies in
volving over 30,000 people have included 
some type of dietary study. The numbers 
studied in the different age groups were: 
8756 infants and preschool children; 2871 
children; 4568 adolescents; 1240 pregnant 
women; 3685 adults; 1379 older people; 
5721 families; and children in eight In
dian boarding schools.

These studies are reviewed and the find
ings summarized in the following sections 
and in figures 1 through 3 and tables 1 
through 5.

Sum m ary o f studies involving  
biochem ical or clinical 
evaluations, 1 95 7 -19 67

H eight and w eight
Height and weight in relation to age 

and sex have long been used as criteria of 
the state of nutrition. Height and weight 
standards frequently used for children are 
the Harvard growth charts (6, 9) and the 
Iowa growth charts (7). These charts can 
be found in Nelson’s T extbook  o f  Pedi
atrics (8) and they reflect the growth of 
Caucasian children of predominantly mid
dle-class origin. The Harvard growth 
charts contain height-weight data col
lected by Reed and Stuart (6, 9) from 134 
children from birth to 18 years of age be
ginning in 1930. The Iowa growth chart 
data were collected by Stuart and Meredith
(7) between 1930 and 1945 and are based 
on 3771 measurements of Iowa children 
from 5 through 18 years of age. The 
Baldwin-Wood tables (10) were published 
in 1923 and were compiled from records 
of 74,000 boys and 55,000 girls from 5 to 
19 years of age from 12 schools in the 
Northwestern and North Central States. 
Wetzel (11) used height-weight-age data 
to construct a grid to represent the phys
ical status of growing children. Falkner 
standards (12) represent a collection of 
data on children from birth to 18 years of 
age compiled from many different sources.

The Seltzer and Mayer tables (13), for 
obesity standards in Caucasian Americans 
from 5 to 50 years of age, give minimum 
triceps skin-fold thickness by which to 
measure obesity. Behnke (14) has out
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lined a quantitative classification of body 
build for males and females, age 14 to 93 
years, which is based on 11 circumferences 
and 8 diameters.

Tables from the Medico-Actuarial Mor
tality Investigation published in 1912 (15) 
contain data from 221,819 men and
136.000 women taken around 1900. Dav
enport’s charts (16) are actually the ta
bles from that investigation. In 1942, the 
Metropolitan Life Insurance Company (17) 
published a proposed range of “ideal” 
weights for women, age 25 and over, ac
cording to body build. The Society of Actu
aries tables (18) were prepared from the 
Build and Blood Pressure Study in 1959. 
Average heights and weights were com
puted from a sample of 290,000 men and
70.000 women. The Metropolitan Life In
surance Company tables of 1959 (19) 
were derived primarily from the data of 
that study. The tables of Halpern et al.
(20) are those prepared by the Metropol
itan Life Insurance Company. Weights in 
table 80 of the USD A report (21) on adult 
heights and weights are those of the Amer
ican College Health Association. Master 
et al. (22) present height-weight tables 
from the age groups 65 to 94 years. Data 
were obtained on 2925 men and 2694 
women.

Puerto Rican standards (23) are based 
on height and weight measurements of 
1800 private school children in San Juan. 
Canadian height and weight standards 
used for comparison in the Interdepart
mental Committee on Nutrition for Na
tional Defense (ICNND) study of Alaska 
are based on data from 22,000 Canadians 
from 2 to over 65 years of age (24).

Height and weight data of subjects stud
ied in the past decade are arranged by age 
group in table 1.

Infants and children. Height and weight 
measurements were made on over 2000 
children from Caucasian, Negro, and other 
ethnic groups from low income families in 
South Carolina (2), Maryland (26), Ala
bama,1 Vermont (28), Florida (30), Mis
sissippi (31), Massachusetts (32), New 
York (33), and Puerto Rico (34-39); on 
Arapahoe and Shoshone Indians on the 
Wind River Reservation in Wyoming ( 29); 
on children of Eskimos and Athabascan 
Indians of Alaska (40); on children of the

Blackfeet (41) and Fort Belknap (42) In
dian Reservations in Montana; and on 
children of professional and semiprofes
sional parentage in Southwestern Ohio (43).

Normal heights and weights were re
ported for the children in Alabama,2 Ver
mont (28), New York (33), and Ohio 
(43). Body weights of 18 out of 36 in
fants studied in South Carolina (25) were 
below the 25th Harvard percentile (6, 9). 
Children in Maryland (26), Florida (30), 
and in six communities in Puerto Rico 
(34-39) had average body weights and 
heights below the standards published by 
Stuart (8). Twenty-five to 59% of the 
children, 9 to 13 years of age in the Rox- 
bury section of Boston, Massachusetts
(32), were in the 25th percentile and un
der for both height and weight (6). Heights 
of 19% of the children from two counties 
in Mississippi (31) were below and 13% 
were above the range between the 5th and 
95th percentile for their age when com
pared with Falkner’s physical growth stan
dards (12); weights of 4% were below 
the 5th percentile and 18% were above 
the 95th percentile. In two studies it was 
reported that the Negro children were 
taller than the Caucasian children (26).3

The Arapahoe Indian children were sim
ilar in height and weight to Caucasians, 
but the Shoshone children were shorter 
and lighter (29). Northern Eskimo and 
Athabascan Indian children (40) were sim
ilar in heights and weights to Canadians 
(24), but Southern Eskimos were shorter. 
Heights and weights of Blackfeet (41) and 
Fort Belknap (42) Indian children were 
comparable to those of Caucasian children 
according to the Iowa growth charts (8) 
until age 4; after that they were above the 
averages on the Iowa charts.

A dolescents. Dreizen et al. (44) re
ported that although undernutrition re
tarded skeletal growth and maturation, 
postponed menarche, and extended the 
length of the growth period, there was no 
significant distinction in adult stature be
tween a group of 30 undernourished girls 
and a group of 30 well-nourished girls

1 Cloud, H. H. 1967 Heights, weights, triceps sk in 
fold measurements, hematocrits, and dietary intake of 
4-year-old children in  day care centers and at home in  
B irm ingham , Jefferson County, Alabama. Thesis, De
partment of Nutrition, Graduate School of the U n i
versity of Alabama, University, Ala.

2 See footnote 1.
3 See footnote 1.



126 JU N E  L . K E LSAY

studied in Alabama from early childhood 
to early adulthood. Plough et al. (35) and 
Fernandez et al. (36-39) indicated that 
though heights of Puerto Rican children 
were below those of American standards
(8), there was a tendency to “catch up” 
during adolescence.

Girls, 12 to 14 years of age, in Indian 
boarding schools in the Dakotas (45) were 
of stockier build than non-Indian girls of 
like age. In a study of children in three 
junior high schools in Syracuse and Onon
daga County, New York, a greater propor
tion of the children in one predominantly 
Negro school were classified as moderately 
short (46). Hodges and Krehl (47) re
ported heights and weights for Iowa teen
agers which were substantially higher than 
those in the University of Iowa height and 
weight tables prepared in the 1940’s (7).

Obesity, as determined by the triceps 
skin-fold method (13), was observed in 
15 to 20% of the adolescents studied in 
Massachusetts (48, 49) and Vermont (52). 
Approximately 15% of those studied in 
California (53) were judged obese when 
the “body envelope” method was applied
(14). Of 1500 adolescents in Pennsylvania 
(49) 6% of the males and 8% of the fe
males were moderately overweight; 5% of 
the males and 10% of the females were 
markedly overweight. Most of the subjects

Masas had satisfactory body weights in 
general. Adult Southern Eskimos were 
shorter and lighter than the Canadian pop
ulation (40). Adult Northern Eskimos 
were shorter and heavier than Canadians. 
Adult Athabascan Indians were close to 
Canadians in height, but weighed less. 
Gross overweight was most prevalent in 
Northern Eskimo women, in women in 
Athabascan Indian villages, and in young 
Southern Eskimo women. Heights of adults 
on the Blackfeet and Fort Belknap Indian 
Reservations (41,42) in Montana were 
similar to U.S. standards (18).

A total of 1344 adults over 50 years of 
age was studied in New York (56), Ohio 
(57), Virginia (58), Massachusetts (59), 
California (60), and Nebraska (61). Among 
the segments of the older population stud
ied, overweight was noted in from 20 to 
68% and underweight in from only 10 to 
20% . In only one study, in Nebraska (61), 
was the percentage of underweight (47% ) 
higher than the percentage of overweight 
( 6% ).

Protein nutrition

The guide for interpreting dietary, clin
ical, and biochemical data published by 
the Interdepartmental Committee on Nu
trition for National Defense (62) suggests 
the following standards for blood proteins:

Deficient Low Acceptable High

Total plasma protein, g/100 ml <  6.0 6.0 -6 .4  6.5 -6.9 7.0
Serum albumin, g / 100 ml <  2.80 2.80-3.51 3.52-4.24 4.25

in these studies were Caucasians from the 
middle or upper-middle income class.

Adults. The same percentage (16%) 
of young adult female students in a school 
for dental hygienists in Boston were over
weight as were underweight (54). College 
women of Asian ancestry were leaner than 
Caucasian women.4 The mean heights of 
male and female Oklahoma and Florida 
Seminole Indians were significantly less 
than those of their white counterparts; 
mean weights, when corrected for height, 
were significantly greater than those of the 
Caucasian subjects (55). Adults in the 
Puerto Rican communities of Manzanilla
(35), Mavilla (36), Naranjo (37), Duey 
Alto (38), and Masas (39) had mean body 
weights below the average for the United 
States, although adults in Duey Alto and

A normal serum globulin of 2.3 to 3.5, 
albumin of 3.9 to 4.5 (electrophoretic anal
ysis), and total protein of 6.5 to 7.5 g/100 
ml for infants are listed in Nelson’s T ex t
book o f Pediatrics (8). Serum albumin was 
1.80 g/100 ml in those with severe protein 
deficiency (kwashiorkor), 3.15 g/100 ml in 
those with marginal protein deficiency, and 
3.84 g/100 ml in repleted kwashiorkor pa
tients as classified by Schendel et al. (63).

The method of estimating protein nu
trition by the ratio of urea nitrogen to 
creatinine in urine has been used success
fully for nutrition surveys of pregnant 
women in Central America (64). The av

4 Clark, J. K., and S. M a r  gen 1967 Body fat, diet, 
and physical activity of Oriental college women. F if 
tieth A n n u a l M eeting of the Am erican  Dietetic Asso
ciation, Chicago (abstract).
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erage ratios of urea nitrogen to creatinine 
for pregnant women in Chimaltenango 
and Guatemala were 5.91 and 6.59, re
spectively.

Serum amino acid ratios of 2.0 or more 
have been associated with signs and symp
toms of protein-calorie malnutrition. The 
amino acid ratio in the serum is deter
mined by a paper chromatographic tech-

A nem ia

The most common methods used for as
sessing the presence of nutritional anemia 
in a population are by the determination 
of hemoglobin level and red blood cell 
volume.

The ICNND (62) has issued the follow
ing guide for use of these two parameters 
in nutritional status evaluation:

Deficient Low Acceptable High

Hemoglobin, g/100 ml
Men <  12.0 12.0-13.9 14.0-14.9 ^  15.0
Women <  10.0 10.0-10.9 11.0-14.4 14.5
Children, 3 to 12 yr <  10.0 10.0-10.9 11.0-12.4 ^  12.5

Hematocrit (PCV), %
Men <  36 36 -41 42 -44 5 i4 5
Women <  30 30 -37 38 -42 ^ 4 3
Children, 3 to 12 yr <  30 30.0-33.9 34.0-36.9 ^  37.0

nique which identifies the essential amino 
acids leucine, isoleucine, valine, and me
thionine in the denominator, and the 
nonessential amino acids glycine, serine, 
glutamine, and taurine in the numerator 
(65). It has been observed that under con
ditions of protein deficiency, the essential 
serum amino acids are reduced in concen
tration; the nonessential ones remain al
most unaffected.

In the few studies which have involved 
any biochemical analysis of protein nutri
tional status, there was an indication that 
protein malnutrition is not extensive in 
the United States, but does exist in some 
of the population with lower income levels. 
The results of such studies are tabulated 
according to age in table 2.

A high percentage of protein malnutri
tion in infants was reported in one study 
in South Carolina (25). One case of 
kwashiorkor was reported in Florida (30) 
and four cases in Louisiana (66). Only a 
small percentage of adolescents studied 
had biochemical indications of low protein 
nutrition (33, 47). That protein nutrition 
may be of concern during pregnancy was 
pointed out by Taylor and Swartwout (67). 
In Puerto Ricans (35-39) serum levels of 
protein were usually adequate except in 
infants and children. Low serum albumin 
levels were noted in subjects in Manzanilla 
(35) and Masas (39). Serum protein 
levels were high in Alaskans (40) and 
were normal in the Blackfeet (41) and 
Fort Belknap (42) Indians.

Variation in hemoglobin levels with age 
is most marked under 3 years of age. 
Graphs showing variation of hemoglobin 
levels throughout life are presented on 
page 240 of the ICNND manual (62). 
Hemoglobin concentrations in pregnant 
women normally show variations which 
change with the different phases of preg
nancy. These levels are given on page 236 
of the ICNND manual (62).

Other hematologic data frequently ob
tained in a nutritional status survey in
clude red blood cell count, mean corpuscu
lar erythrocyte volume, mean corpuscular 
hemoglobin concentration, and mean cor
puscular hemoglobin content.

Values for these parameters in men and 
women as compiled by Altman and Ditt- 
mer (69) from various references are 
given in the following table:

Men W om en

Erythrocyte count, 
m illion/m m 3 blood 4 .6 - 6.2 4 .2 - 5.4

Hematocrit (PCV), % 47 42
Mean corpuscular volume,

87 87
Hemoglobin, g/100 ml 14.0-18.0 11.5-16.0
Mean corpuscular 

hemoglobin 
concentration, 
g hemoglobin/100 ml 
erythrocytes 33.5 33.5

Mean corpuscular 
hemoglobin, pg 29 29
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Ranges of values for the above param
eters which were taken from various stud
ies and tabulated for age from birth to 14 
years are also included in the above ref
erence (69).

Plasma iron concentration, total iron
binding capacity, estimation of hemosid
erin in bone marrow, and absorption of 
labeled iron have been used in evaluating 
iron status, but some of these methods are 
not practical for use in a survey-type study.

Beutler et al. (70) have reported normal 
plasma iron levels ranging from 70 to 
175 ug/100 ml and total unsaturated iron
binding capacity of 100 to 300 ag/100 ml. 
In iron deficiency, values of less than 50 ag 
iron/100 ml and over 450 ug/100 ml iron
binding capacity are found.

Rath and Finch (71) found estimation 
of hemosiderin in bone marrow to be a 
good index of body reserves of iron, where
as hemoglobin is not.

Bothwell et al. (72) reported that the 
average absorption by normal subjects of 
a tagged test meal containing 16 mg iron 
was 5.3%, and variation was from 0.5 to 
16.6%.

In the past decade, iron nutritional sta
tus has been studied by the determination 
of hemoglobin concentration, or hemato
crit, or both, in about 4500 infants and 
preschool children, 1500 children, 2500 
adolescents, 1000 adults, 400 older people, 
over 5000 pregnant women, and 3000 in
dividuals in families. Details of studies of 
iron nutritional status are given in table 3.

Anemia in infants and preschool chil
dren is usually defined as the condition 
existing when the concentration of hemo
globin is less than lOg/lOOml blood. In 
studies of infants admitted to hospitals in 
Chicago (75), St. Louis (76), and Co
lumbus, Ohio (77) the incidence of ane
mia was 44, 30, and 25%, respectively. 
Infants studied from Child Welfare Sta
tions in Chicago (81), children from 2 
months to 5.5 years of age in Child Health 
Centers in Washington, D. C. (79), chil
dren from 6 months to 3 years of age in 
Child Health Conference sites in Allegheny 
County, Pennsylvania,5 and preschool chil
dren in Child Health Stations in New York 
City (80) had an incidence of anemia of 
76, 29, 16 and 19%, respectively, when

status was assessed according to the above 
method.

In the Indian village of Acomita, New 
Mexico (78), 50% of the children studied 
under 2 years of age, 15% of those 4 years 
of age, and 10% of those 5 years of age 
showed hypochromic indices. A mean cor
puscular hemoglobin concentration below 
32% was defined as hypochromic. Twenty 
percent of the Negro children and 5% of 
the Caucasian children 4 years of age, in 
an early school admissions project in Balti
more, Maryland, had hematocrits of 33% 
or below, requiring diagnostic steps for the 
child (26). Four-year-old children in day 
care centers in Birmingham, Alabama were 
compared with children staying at home; 
23% of both groups had hematocrits lower 
than 33.9% .6

The incidence of anemia varied with the 
ages of the children studied, being highest 
in those under 2 years of age. The inci
dence was higher in Negro children than 
in Caucasian children in three studies (26, 
77),7 8 but there was little difference in the 
rate of occurrence in Caucasians, Puerto 
Ricans, and Negroes in one New York City 
study (80). Anemia was noted in the chil
dren of Negro migrant workers (30). Ane
mia did not appear to be much of a prob
lem in children over 3 years of age and in 
adolescents (29, 32, 33, 45, 47, 49, 50, 82), 
except in Negro females (46).

Iron stores were scant or absent in two- 
thirds of 114 college women studied in 
Texas (83) as evaluated by amount of 
marrow stainable iron, and were border
line or fair in 8 of 12 university women in 
Washington (84), as determined by in
creased absorption of administered iron. 
Hemoglobin levels of subjects in both stud
ies were normal. Only one borderline case 
of anemia was indicated by hemoglobin 
levels of 40 college women of Asian ances
try.® Hemoglobin concentrations were com
parable in Caucasian men and women in 
Oklahoma and in Seminole Indian men 
and women in Oklahoma and Florida (55).

Approximately 20% of the pregnant 
women studied had less than 10 g hemo

5 Danneker, D. 1966 Study of hem oglobin levels 
of children attending Ch ild  Health Conferences, 
A llegheny Health Department, Pittsburgh, Penna., u n 
published report.

6 See footnote 1.
7 See footnote 5.
8 See footnote 4.
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globin/lOOml (85, 86). Serum folate val
ues were also low in anemia of pregnancy 
(85, 87).

Moderate anemia of the hypochromic 
type was common in women and children 
in five areas of Puerto Rico (35-39). In 
Alaskans (40), mean hemoglobin levels 
and hematocrits were within the normal 
range. The average hemoglobin and hem
atocrit levels in all age groups for both 
sexes in the Blackfeet (41) and Fort 
Belknap (42) Indians were adequate.

Hematocrits were low for 43% of one 
group of elderly people (56) and for 5% 
of the men and 13% of the women in an
other group of elderly people (88) studied 
in New York.

Vitam in nutritional status
Clinical methods of identifying vitamin 

deficiencies are discussed in the ICNND 
Manual (62). The gingivitis of scurvy can 
be recognized by swollen, red, and bleed
ing gums, although other components of 
gingivitis cannot be direcdy related to a 
single specific deficiency state. Marginal 
gingivitis may or may not be related to 
ascorbic acid nutrition. Xerophthalmia and 
keratomalacia of the eye are evidences of 
severe avitaminosis A and occur most com
monly in infants and young children. The 
presence of Bitot’s spots is not a specific 
sign of avitaminosis A, but the spots some
times do occur in quite young children in 
association with a deficiency of the vita
min. Follicular hyperkeratosis may be re
lated to a deficiency of vitamin A also. 
Neurologic signs and bilateral edema of 
the lower extremities with or without de
tectable edema elsewhere may be due to 
a deficiency of thiamine. A deficiency of 
thiamine also leads to loss of vibratory 
sense and of ankle and knee jerk and to 
motor weakness. Bilateral circumcorneal 
infection and nasolabial seborrhea may re
flect a deficiency of riboflavin. Cheilosis 
or angular lesions, or both, and a red, pain
ful tongue with denudation of the epithe
lium, with or without fissures, may result 
from a lack of riboflavin. Nasal seborrhea, 
a red and painful tongue with denudation 
of the epithelium, and with pellagrous der
matitis indicate a niacin deficiency. Hy
perpigmentation of hands and face may 
reflect niacin lack.

Biochemical and clinical evidences of 
vitamin deficiencies in the United States 
are relatively rare. The incidence of scurvy 
and rickets in the U. S., in the period 1956 
to 1960, was reported to be 1 in 3300 and 
1 in 2791, respectively, in infants and chil
dren admitted to hospitals with approved 
residency programs in pediatrics (89). 
Browning and Northcutt (30) reported 
some evidence of scurvy and rickets among 
children of Negro migrant families in 
Florida, but included no definitive infor
mation.

It is very difficult to identify clinical 
symptoms and to relate them with any 
certainty to a vitamin deficiency. It is de
sirable to attempt to correlate clinical 
signs of deficiency with biochemical and 
dietary data. In a study of 642 New 
York City school children (90), about 5% 
showed clinical signs which may have 
been caused by vitamin deficiencies. The 
serum vitamin levels of these children, 
however, did not differ from those of chil
dren without symptoms of deficiency.

Clinical signs of hypovitaminosis were 
reported for 38% of 120 hospital patients 
in New Jersey (68); however, there was 
no correlation between the presence or de
gree of hypovitaminemia and clinical signs 
of vitamin deficiency. Of 332 children 
studied in Boston (32), it was reported 
that 62% had acute gingivitis, 52% had 
dry, scaling skin, 25% had follicular kera
tosis, 25% had tongue involvement, 13% 
had eye signs and 15% had bow legs. No 
attempt was made to correlate these find
ings with vitamin levels in blood and urine. 
Ten percent of the Navajo students at In
termountain Indian School, Brigham City, 
Utah reportedly had gingivitis (93). White 
cell-platelet ascorbic acid values were sig
nificantly lower for students with gingi
vitis than for the control group. Seventy- 
two percent of the children in Dona Elena, 
Puerto Rico were reported to have gingi
vitis, 63% had angular lesions or scars of 
the lips, and 13% had nasal seborrhea. 
These signs were even more prevalent in 
the adults. No biochemical assays, how
ever, were made in an attempt to deter
mine if these findings were the results of 
dietary deficiencies. In Mavilla (36) and 
Masas (39), Puerto Rico, there was con
siderable presence of follicular hyperkera



130 JU N E  L . K E LSAY

tosis and skin xerosis among subjects. 
Thirty-nine percent of the subjects in Ma- 
villa (36) had low serum vitamin A and 
16% had low serum carotene levels, but 
there was not a high incidence of low vita
min A and carotene levels in plasma of 
subjects in Masas (39). No clinical signs 
of malnutrition were noted in Alaskans 
(40), except for Bitot’s spots observed in 
the primitive village of Newktok. Inhab
itants of Montana Blackfeet (41) and Fort 
Belknap (42) Indian Reservations showed 
no clinical evidences of nutritional defi
ciency.

The ICNND has constructed a sug
gested guide to interpretation of blood and 
urinary vitamin content (62). The sug
gested guide for adults is given below:

and different levels of intake from results 
obtained in studies by Stearns (62, 91).

Brin’s method for transketolase activity 
in erythrocytes (92) is thought by some to 
give a better measure of thiamine nutri
tional status than does urinary thiamine. 
In this test, transketolase activity is de
termined by measuring the pentose used 
and the hexose formed when hemolyzed 
erythrocytes are incubated with ribose 5- 
phosphate. In addition, the effect of thia
mine pyrophosphate (TPP) can be ob
tained by adding TPP to the hemolysate 
and determining the increase in both hex
ose and pentose. A TPP effect of 25% or 
greater is considered an indication of clin
ical thiamine deficiency; 15 to 25% prob
ably indicates a biochemical deficiency.

Deficient Low Acceptable High

Plasma ascorbic acid, 
m g/100 ml <  0.10 0.10- 0.19 0.20- 0.39 Si 0.40

Plasma vitamin A, 
/¿g/100 ml <  10 10-19 2 0 ^ 9 Si 50

Plasma carotene, 
¡ig/100 ml * 20-39 40-99 Si 100

Red cell riboflavin, 
/tg/100 ml red 
blood cells <  10.0 10.0 -14.9 15.0 -19.9 ^  20.0

Urinary thiamine, 
f ig / g  creatinine <  27 27-65 66-129 Si 130

Urinary riboflavin, 
/j.g /g  creatinine <  27 27-79 80-269 S± 270

Urinary N’ -methyl- 
nicotin amide, 
m g/g  creatinine <  0.5 0.5 -  1.59 1.6 -  4.29 Si 4.3

*  Persons consum ing adequate intakes of preformed vitam in  A  m ay have little or no carotene in  
the serum  or plasma, but most populations derive the m ajor fraction of their v itam in  A  activity from  
vegetables.

Pearson (91) has proposed the follow- Results of nutritional status studies in- 
ing guide for interpretation of urinary thi- volving vitamin status evaluation are listed 
amine data: in table 4.

Deficient Low Acceptable High
Thiamine in creatinine, fig/g 

Adult males <  38 38-115 116-195 195
Adult females <  33 33- 96 97-165 S i 165

The urinary interpretative guides for 
thiamine and riboflavin excretion in adults 
cannot be applied to children, because 
children excrete lower levels of creatinine. 
A series of predicted excretions has been 
calculated for children at different ages

A scorbic acid. Low serum ascorbic acid 
concentrations indicate that the intake of 
this vitamin has been poor. In scurvy, the 
serum ascorbic acid level is usually 0.1 
mg/100 ml or less (62). There has been 
no clear evidence of malnutrition due to
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lack of ascorbic acid in subjects with se
rum levels of ascorbic acid above 0.2 mg/ 
100 ml.

Mean ascorbic acid levels in serum were 
in the acceptable or high ranges in Alas
kans (40); Montana Indians (41,42); 
teenagers in Burlington, Vermont (82), 
Syracuse, New York (46), and Iowa (47); 
college women in Berkeley, California9; 
older people in Syracuse, New York (56, 
88, 94); and in inhabitants of four com
munities in Puerto Rico (35,36,38,39). 
A high mean, however, often masks a low 
level in some segments of the population. 
Thirteen percent of Alaskans (40) in 
northern villages and 30% in southern 
villages had low or deficient levels of ascor
bic acid in serum. Of the Montana In
dians (41, 42), only two individuals had 
levels in the low or deficient range. About 
1% of the teenagers studied in Vermont 
(82) and 3% in Iowa (47) had levels of 
ascorbic acid in the low or deficient range. 
Approximately 8% of the older people 
studied in Syracuse (56,88) had low or 
deficient levels. Except in a few cases, sub
jects in four communities in Puerto Rico 
(35, 36, 38, 39) had adequate or high 
levels of ascorbic acid. In one Puerto 
Rican community (37) plasma ascorbic 
acid levels were unusually low in all age 
groups; percentages of low levels ranged 
from 58 for 10- to 14-year-olds to 84 for
2- to 5-year-olds.

Ten to 15% of 120 hospital patients in 
New Jersey had below 0.5 mg ascorbic 
acid/lOOml serum (68); however, 0.4 
mg/lOOml is classified in the high range 
by the ICNND guidelines (62). Ascorbic 
acid content of the serum was in the low 
to deficient range in 8 of 36 Negro infants 
studied in South Carolina (25). Fourteen 
percent of the Negro migrant workers at 
King Ferry, New York10 had below ade
quate levels of ascorbic acid in the serum.

Vitam in A  and carotene. Serum levels 
of vitamin A do not necessarily indicate 
recent intake, but reflect intake over sev
eral months’ time (95). The serum con
centration of carotene usually reflects re
cent dietary intake (62).

Low serum vitamin A and carotene 
levels were observed in 10% or less of the 
subjects surveyed in three Puerto Rican 
communities (35, 38, 39), of children in

Burlington, Vermont (82), college women 
in Berkeley, California,11 older subjects in 
Syracuse, New York (56,88), and Negro 
migrant workers in King Ferry, New York.12

Group means for serum vitamin A and 
carotene of Boston children (32) were in 
the lower part of the acceptable range. 
Thirty-nine percent of the subjects in Ma- 
villa, Puerto Rico (36) had low serum 
vitamin A levels, but only 16% had low 
carotene levels. Plasma vitamin A levels 
were low in all age groups in Naranjo, 
Puerto Rico (37), ranging from 16% of 
the adults to 50% of the preschool chil
dren. Carotene levels were low in 17% of 
the infants and in 16 to 32% of those over 
14 years of age.

About 20% of the subjects studied in 
Alaska (40) had vitamin A and carotene 
levels in the low range. In Blackfeet In
dians (41) vitamin A serum levels were 
low or deficient in 35% and carotene in 
6%. In Fort Belknap Indians (42) only 
13% had levels in the acceptable range 
and none in the high; serum carotene 
levels were acceptable or high. Fifty per
cent of the teenagers studied in Iowa (47) 
had less than acceptable levels of carotene 
in the serum, but only about 1% had less 
than acceptable levels of vitamin A. Ten 
to 15% of the 120 hospital patients in 
New Jersey (68) had low serum vitamin A 
levels.

Thiam ine. Thiamine excretion appears 
to be linearly related to intake except at 
very low levels (62). Excretions of from 
5 to 20 ng/day have been associated with 
thiamine intakes of around 0.2mg/1000 
kcal. In beriberi, excretions of from zero 
to about 15 ug/day have been noted (95).

Urinary thiamine levels were below ac
ceptable levels by ICNND guidelines (62) 
in less than 10% of the inhabitants of four 
Puerto Rican communities (36-39), Alaska 
(40), Blackfeet and Fort Belknap Indian 
Reservations in Montana (41, 42), and of 
teenagers in Iowa (47). Twenty percent 
of the subjects in Manzanilla, Puerto Rico 
(35) had low or deficient levels of urinary 
thiamine. The percentage of low urinary

9 See footn ote  4.
T h iele , V. F., M . B rin  and  M. V. D ibb le 1968 

N utrition al status eva luation  o f  N egro  m igran t workers 
in K ing Ferry, N ew  York. Federation  P roc., 27: 679 
(a b s tra ct).

11 See footn ote  4.
12 See footn ote  10.
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thiamine levels was 41 (56), 18 (88), and 
50 (94) in three studies with older people, 
and 36 in Negro migrant workers.13

Seven percent of the boys and 12% of 
the girls studied in Burlington, Vermont 
(82), 25% of the boys and 50% of the 
girls studied in three New York schools 
(46), and 20% of the school children in 
a depressed urban district of Boston (32) 
had below acceptable levels of thiamine in 
the urine when compared with Pearson’s 
guide (91). Twenty-five percent of 120 
hospital patients in New Jersey (68) had 
what were considered low levels of blood 
thiamine.

The thiamine pyrophosphate effect on 
transketolase activity was measured in 
some of the above studies. Ten percent of 
the boys and 25% of the girls studied in 
Vermont (82), less than 10% of the chil
dren in the three New York schools (46), 
11 and 7% of older people in two New 
York studies (56,88), and 4 out of 10 
old men (94) exhibited transketolase re
sponses to thiamine pyrophosphate indica
tive of low or deficient thiamine levels as 
measured by the hexose determination.

Riboflavin. Excretions of riboflavin in 
the range of 50 ug/day have been asso
ciated with clinical symptoms of deficiency 
(62). With intakes of about 1.1 mg daily 
or less, excretion is 10% of the intake. 
With intakes higher than 1.1 mg, excre
tion rises rapidly.

None of the values for riboflavin excre
tion by Alaskans (40) were in the low or 
deficient range by ICNND guidelines (62). 
Approximately 15 to 50% of the inhab
itants of five Puerto Rican communities 
(35-39) had low or deficient levels of ribo
flavin in the urine. Low or deficient levels 
of riboflavin excretion were reported for 
26% of all females and 7% of all males 
studied on the Blackfeet Reservation (41) 
and for 16% of all females and 17% of 
all males on the Fort Belknap (42) Indian 
Reservation in Montana. Less than 17% 
of the older people studied in Syracuse, 
New York (56,88,94) had urinary ribo
flavin levels in the low or deficient range. 
Thirty-three percent of the Negro migrant 
workers studied in King Ferry, New York 14 
excreted less than acceptable levels of ribo
flavin.

When values for riboflavin excreted by 
teenagers in Iowa (47), and boys and girls 
in Vermont (82) and Boston (32) were 
compared with Pearson’s guide for chil
dren (91), it was observed that less than 
10% had low or deficient levels. Twenty- 
seven percent of the girls and 16% of the 
boys from three schools in New York (46) 
had low or deficient levels when compared 
with Pearson’s guide.

Ten to 15% of the 120 hospital patients 
in New Jersey had what were considered 
low riboflavin levels in blood (68). Mean 
red blood cell riboflavin levels of Indians 
in Montana (41,42) were in the accept
able range; however, 30 and 18% of the 
Blackfeet and Fort Belknap Indians, re
spectively, had less than acceptable levels.

N icotin ic acid (niacin ). There are a 
number of end products of niacin metab
olism excreted in the urine, and the fact 
that tryptophan may be converted to niacin 
complicates the interpretation of results. 
The niacin metabolite most commonly 
measured at present is N’-methylnicotin- 
amide. Since this is a metabolite rather 
than the vitamin itself, the relationship of 
its excretion to dietary intake is complex. 
Excretions of 0.5 mg N'-methylnicotin- 
amide/g creatinine were found in subjects 
with daily intakes of about 5 mg niacin 
and 200 mg tryptophan when subjects be
gan to show clinical evidence of pellagra 
(62).

Levels of N’-methylnicotin amide ex
creted by the Boston children (32) were 
all acceptable or high. The percentages of 
subjects having below acceptable levels in 
Puerto Rican communities were: 5% for 
Manzanilla (35), 15% for Mavilla (36), 
34 to 71% for Naranjo (37), 15% for 
Duey Alto (38), and 15 to 20% for Masas 
(39). Levels of excretion were accept
able or high for Blackfeet (41) and Fort 
Belknap Indians (42) and high for Alas
kans (40). Twenty-five percent of 120 hos
pital patients in New Jersey (68) had low 
circulating levels of niacin in the blood. 
Urinary levels were low in 5 of 10 elderly 
men, but were not in the deficiency range 
(94).

O ther vitam ins. There are no reliable 
tests at present, which are suitable for

13 See footnote  10.
14 See footnote 10.
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large scale surveys, for diagnosing defi
ciencies of other vitamins, although panto
thenic acid (68,90), folic acid (46,68, 
90), biotin (68, 90), vitamin B12 (68, 90), 
vitamin B6 (47, 68,90), and vitamin E 
(68, 90) analyses were made in some of 
the studies.

Summary of dietary evaluation studies, 1957-1967
The Recommended Dietary Allowances 

published by the Food and Nutrition Board 
of the National Academy of Sciences-— 
National Research Council are generally 
used as guidelines for nutrient intakes of 
healthy persons in the United States. 
These guidelines are revised periodically 
as more information on requirements be
comes available. The revisions used as 
guidelines in the studies cited here are the 
1953, 1958, 1963, and 1968 versions (2). 
Because of these periodic revisions, a diet 
considered inadequate by one standard 
may appear adequate by another, depend
ing on the revision used. Therefore, it is 
important to know whether the dietary in
take is being compared with the latest re
vision or with an earlier one.

Studies with infants and preschool chil
dren indicate that low nutrient intakes are 
most likely to be of iron 15 * 17 (96-99), ascor
bic acid 16,17 (98,99), vitamin A 18 19 20 (104), 
calcium,19,20 and niacin 21 (104). Preadoles
cents tended to have diets low in calcium 
(28, 43, 100, 102), ascorbic acid (28, 100, 
102, 103), and vitamin A (28, 102, 103). 
Adolescents had low intakes of calcium 
(43, 44, 53, 102, 104-107), iron (44, 47, 
53, 104, 106), ascorbic acid (44, 47, 53, 
102, 104—106, 108), and vitamin A (44, 
53, 102, 104, 105). College-age people had 
low intakes of calcium 22 (54), iron 23 (54, 
109), and ascorbic acid (109). Athletes in 
a Texas university had more than the rec
ommended allowances of calories and nine 
nutrients (110). Adult Pima Indians (114) 
had low intakes of calcium, vitamin A, and 
riboflavin; only 16% of the protein was 
from animal sources.

In a study of New York City school chil
dren, 73% of the diets were judged to be 
poor (33). Of 164 crippled children under 
11 years old in rural North Carolina, 75% 
had inadequate diets (101); more Cauca
sian children had adequate diets than did 
Negroes. Thirty-three percent of a group

of children in Boston had two or more un
satisfactory lunches in 4 days, 27% had 
two or more unsatisfactory breakfasts, and 
14% had two or more unsatisfactory eve
ning meals (103); a higher percentage of 
Negroes had unsatisfactory meals than did 
Caucasians.

Families as a whole had lowest levels of 
intake for ascorbic acid24 (40-42, 111, 
112,116,117,121,122), vitamin A (34, 
35, 37-42, 111, 112, 116, 122) and cal
cium 25 (34, 35, 37-39, 41, 42, 111-113, 
116—118, 121, 122). Some had low levels 
of intake of riboflavin (34, 37-39, 111, 
116), iron 26 (37, 41, 113, 116), calories 
(35, 37-42, 116), protein (34, 41, 42, 116), 
and thiamine (40, 116, 121, 122). Thirty- 
one percent of Caucasian families and 
64% of Negro families in four cities of 
Mississippi (119) had less than 90% of 
the amounts of dairy products recom
mended by the USD A (120). The average 
diet of approximately 60% of the families 
studied in Mississippi in 1967 (31) sup
plied less than two-thirds of the National 
Research Council’s Recommended Dietary 
Allowances for one or more nutrients.

There was a history of deficient diets in 
39% of 120 hospital patients in New 
Jersey (68). During pregnancy (124-127) 
intakes of calories, niacin, ascorbic acid, 
calcium, iron, vitamin A, and protein were 
often low.

Among the older population, low intakes 
of protein, riboflavin, niacin, calcium, iron, 
ascorbic acid, thiamine, and vitamin A 
were not unusual (56, 57, 59-61, 94, 128, 
129, 131, 132).

In the dietary evaluation studies, on the 
whole, ascorbic acid, vitamin A, calcium, 
and iron were the nutrients most com
monly found in the diets in amounts be
low the Recommended Dietary Allowances
(2). There is some indication that there

is Skidm ore, K. 1965 Study o f  H ead Start pre- 
sch oo l ch ild ren ’ s fo o d  habits, B altim ore, M d., un p u b 
lished  report.

16 See footn ote  1.
17 See footn ote  15.
18 See footnote  15.
19 See footn ote  1.
20 See footnote  15.
21 See footn ote  15.
22 See footn ote  4.
28 See footn ote  4.
24 Gushee, N. I., and M. E. T hornbury  1967 Dietary 

in take o f  fa m ily  m em bers in  tw o socioecon om ic  levels 
o f  liv ing . F iftieth  A nnu al M eeting o f  the A m erican  
D ietetic A ssociation , C h icago (a b s tra ct).

25 See footnote  24.
26 See footnote  24.
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was a low intake of some of the B vita
mins. In the few studies carried out, Gov
ernment food donations and food stamps 
(115, 116) appeared to improve the diets 
of participants. Participation in school 
lunch programs (100) was an important 
factor for the improvement of diets of 
school children. Children in day care cen
ters and in Head Start programs 27,28 ob
tained better meals because of these pro
grams. Calcium, ascorbic acid, and iron, 
the lacking nutrients, were added by the 
school meals. Table 5 summarizes dietary 
evaluation studies.

LIMITATIONS OF INTERPRETATION

It is difficult to construct a picture of 
nutritional status in the United States with 
the information available. The number of 
studies has been limited and those which 
have been done cover only a small segment 
of the population. Data for some popu
lations and age groups are completely 
lacking. In recent years, studies on lower 
income groups have been prevalent, how
ever, and this is the area where nutrition 
is likely to be a pressing problem.

It is usually not possible to compare the 
results of one study with those of another. 
Results are not always given in definitive 
terms, and even when they are, definitions 
of levels of sufficiency are not always the 
same. For example, one group of workers 
may use 10.0 g hemoglobin/100 ml blood 
as the lower level of adequacy in children, 
whereas another group may use 10.5 g/ 
100 ml as the lowest desirable level. The 
definition of a “poor” diet as applied by 
the Household Food Consumption Survey 
group may not be used in the same sense 
by other groups. Some studies report per
centages of subjects consuming less than 
90 and 75% of the Recommended Dietary 
Allowances rather than less than two- 
thirds.

Many research workers use the stan
dards set up by the ICNND (62) to eval
uate nutrients and metabolic products of 
nutrients in blood and urine. Some labora
tories set up their own standards based on 
studies of normal subjects in that labora
tory. Others use the mean values obtained 
in the population studied as a level of com
parison.

Krehl and Hodges (133) have pointed 
out the problems in interpretation of nu
trition survey data. A statistically valid 
sample is not always selected, and there 
is often lack of adequate stratification of 
the population under survey. The difficulty 
with interpreting information on the fam
ily food supply is that it gives no definite 
information as to the intake of the indi
vidual within the family group.

Even individual records of dietary intake 
are subject to the inaccuracies of estimat
ing amounts. Only average values for nu
trient content of foods are given in the 
tables, and actual amounts of nutrients in 
foods are subject to great variation due to 
season, geographical location, and method 
of analysis. A record of a 1-week food in
take will probably not be representative of 
the intake for the whole year.

Dietary data, however, do provide use
ful guides for interpreting nutrient in
take within reasonable limits. The Recom
mended Dietary Allowances were set up 
to be used as goals for planning food sup
plies and as guides for the interpretation 
of food consumption records of groups of 
people. An individual’s nutrient intake 
may be less than the recommended allow
ances and yet may be adequate to meet 
his needs. For another individual the same 
level of intake might not be sufficient. 
Scrimshaw (134) states that even popula
tion groups with average intakes well be
low the recommended allowances may 
contain few individuals who are actually 
deficient in a certain nutrient.

A dietary survey may reflect intake of 
a nutrient for only 1 day or 1 week of the 
year, whereas the biochemical evaluation 
frequently gives information based on a 
longer period of time. Clinical signs of a 
nutritional deficiency do not usually de
velop until the deficiency has been pro
longed and are difficult to identify. Clin
ical symptoms cannot always be correlated 
with biochemical or dietary evaluation.

SUMMARY AND CONCLUSIONS
Regardless of the difficulties of evalu

ation, certain inferences with relation to
27 See footn ote  1.
28 See footnote  15.
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the nutritional status of the population do 
emerge from the results of studies cited in 
this paper. There are indications that nu
tritional deficiencies do occur in certain 
age groups and in certain areas of the 
country. A large number of the studies 
cited here were done on low income 
groups; therefore, implications do not ap
ply to the total population of an area.

Figures 1 and 2 indicate areas of the 
United States in which studies using bio
chemical or clinical analyses have been 
conducted. In many studies, hemoglobin 
or hematocrit levels, or both, were the only 
parameters measured. Figure 1 gives the 
location of studies which involved deter
minations of these levels. There was a high 
percentage of anemia in preschool chil
dren and pregnant women studied, regard
less of geographical location. There was a 
higher percentage of anemia in Negro 
children than in Caucasians, even when 
all subjects were from the lower socio
economic level. In figure 2, studies involv
ing vitamin nutrition status are indicated. 
If more than 10% of the subjects were

deficient, or more than 20% had low blood 
or urinary levels of a nutrient, as judged 
by ICNND standards or by standards set 
up in the laboratory conducting the study, 
it was considered an indication that di
etary intake was low in the group studied. 
The only thorough studies have been done 
on Blackfeet and Fort Belknap Indians in 
Montana, inhabitants of villages in Puerto 
Rico and Alaska, adolescents in Iowa and 
Syracuse, New York, preadolescents in 
New York City and Boston, older people 
in Syracuse, Negro migrant workers in 
King Ferry, New York, and hospital pa
tients in Jersey City, New Jersey. The Mon
tana Indians had low blood or urine levels 
of one or two vitamins. There were high 
percentages of Puerto Ricans with low in
takes of one or two vitamins. Adolescents 
appeared to be fairly well nourished. Some 
Alaskan subjects had low serum vitamin A 
and ascorbic acid levels. Older people in 
Syracuse, hospital patients in Jersey City, 
and Negro migrant workers in King Ferry 
had low blood or urinary levels of two 
vitamins.

Fig. 1 Incidence of anemia in subjects studied.
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Fig. 3 Dietary evaluation of subjects studied.
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Figure 3 shows locations of dietary stud
ies reviewed in this paper. Results of the 
1965 Household Food Consumption Survey 
indicated that 50% of the families in the 
United States had diets supplying all the 
recommended allowances of calories and 
seven nutrients, and 20% of the families 
had diets providing less than two-thirds of 
the recommended allowances for one or 
more nutrients. Because it would seem un
desirable for any population group to have 
a higher percentage receiving less of the 
recommended allowances than those re
ported in the nationwide Household Food 
Consumption Survey, the following arbi
trary guidelines have been employed to 
designate indications of low nutrient in
take which may be critical. In figure 3 the 
subjects in the dietary evaluation studies 
reviewed here are designated as having 
diets low in a nutrient if 1) more than 
50 % of the subjects had less than the rec
ommended allowances, 2) more than 30% 
had less than three-fourths, 3) more than 
20% had less than two-thirds, 4) more 
than 10% had less than one-half, or 5) 
the average nutrient intake was below the 
recommended allowance. On this basis, 
studies in which subjects had low intakes 
of none, one or two, or three or more nu
trients are located on the map. In the 
majority of the studies there was a low 
intake of three or more nutrients.

The quality of nutrition observed in both 
nutritional status and dietary evaluation 
studies was generally related to economic 
status and level of education. The foods 
most needed to improve diets were milk, 
citrus fruits, and green and yellow vege-
t  c i b l e s
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