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PREFACE 
During the past decade the results of dietary surveys and nutritional appraisal among 

the population have been reported at irregular intervals in widely scattered journals; 
hence their full weight in the aggregate has scarcely been considered. For convenient 
reference but more for provision of proper perspective, it was thought useful to bring 
together all the available results. · 

In addition, this review contains a considerable amount of previously unpublished ma
terial. Because of lack of uniformity in selection of standards and in presentation, the 
results of most diet studies as originally recorded could not be compared. For this review 
several authors at much effort recalculated and reclassified their data on a uniform, 

. authoritative and comparable basis. Here the results appear in this form for the first 
time. To these authors the Committee on Diagnosis and Pathology of Nutritional 
Deficiencies expresses its deepest appreciation. · 
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THE PRE;VALENCE OF INADEQUATE DIETS AS 
SHOWN BY SURVEYS 

Every nutritional survey in the past decade has revealed that the consump
tion of diets below the recommended standards is widespread in the United 
States. In I933 in New York City, 48 percent of the low-income families 
canvassed had an average daily caloric intake below that estimated to be the 
minimum requirement; '· 2 26 percent had diets yielding an energy value by 
approximately •20 percent or more under that level. In the same year a survey 
of low-income families in Baltimore, Cleveland, Detroit, Pittsburgh, and Syra
cuse showed that 27 percent of them had an average daily caloric intake lower 
than the minimum standard; '· 8 I8 percent had diets with a caloric value 
approximately 20 percent or more below that level. Two-thirds of all the 
families surveyed consumed diets at or below the minimum standard level for 
several protective foods. It is to be noted that the minimum level, whether 

" for energy or protective foods, allowed no margin of safety. Consequently, 
the proportion of families with unsatisfactory diets was certainly much higher 
than has been represented. 

Among families of employed wage-earners and clerical workers in 43 indus
trial centers in eight major geographical regions, it was found during I935 
and I936 that the maximum proportion of white families with good diets in 
any region was only 2I percent.• In the region with the poorest showing, no 
more than I I percent of the families had good diets. Between these two, the 
percentages in other regions were intermediate. Only I I percent of the colored 
families had good diets. 

In the Committee's interpretation of the rating of diets and the standards 
upon which it is based (Table I), anything less than good was considered as 
not satisfactory;* consequently, the percentage of families with unsatisfactory 
diets was extremely high. Indeed, by the original rating the proportion of 
families having diets rated as ·poor t ranged from 40 percent of the white 
families in one region, as the least; to 64 percent of the colored families in 
another region, as the greatest. 

' * According to the system of grading (Table 1) specified in the original paper,' fair 
diets more than met minimum requirements, but were inferior to good diets. Here fair 
is used in a relative sense. In their interpretation of such a relative scale, persons are apt 
to attribute a value to a diet which it does not possess on an absolute basis. To many 
persons fair may appear to have a certain amount of goodness and to be regarded as satis· 
factory. Rather it expresses here a degree of inferiority. Especially when a diet falls below 
a critical level, its relative value of fair is less important than that on an absolute basis 
it is unsatisfactory. It is doubtful that minimum requirements for any extended period 
would confer protection against deficiency states. Consequently, meeting basic require
ments which are inadequate for any prolonged period is no recommendation of goodness. 
A diet that falls short, even so slightly, and permits development of deficiency states, may 
be relatively fair but absolutely it is unsafe. According to the standards of the study, the 
Committee regards fair diets as unsatisfactory. 

t Since these diets failed to meet minimum requirements, a level that will not protect 
for any protracted period, the Committee would regard them as very poor diets. 

I 
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About half of the families failed to receive recommended levels of vitamin 
B1 ; slightly more than half did not obtain the ad vis~ amounts. of :'itamin C 
and calcium· while two-thirds fell short of adequate mtake of Vttamm A. 

Investigatlons • conducted in 66 counties in five broad geographic regions 
during 1936-37 showed that only 35 percent of white farm operators' families 
in the North and West and 27 percent in the South had diets meeting recom
mended allowances (Table z). Thirty-four percent of the families in thP 
North and West and 30 percent in the Southeast had diets rated as fair. 
About zo percent of the families in the North and West and 26 percent in the 
Southeast were receiving diets poor in one or more nutrients. Since diets 
rated as fair contained less than so percent above the estimated minimum 
requirements, they should in the Committee's opinion be regarded as poor.* 
Diets rated originally as poor were below the minimum level; therefore, they 
are actually very poor. If these two inferior grades of diets be designated as 
unsatisfactory, it is evident that a substantial proportion of the families were 
subsisting on a frankly unsatisfactory plane. In the North and West, more 
than one-third of the diets graded as poor were extremely low in calcium and 
vitamin A; and one-fifth were below standard in ascorbic acid. In the South-· 
east, one-half of the poorest diets were extremely low in vitamins A and C 
and one-fourth were low in calcium. 

About one-half of the Negro farm families had diets rated as poor, which 
in the opinion of the Committee, however, were extremely poor. An additional 
28 percent had diets graded as fair, which practically were poor. Nearly 
one-fifth of the poorest diets failed to contain even minimum levels of protein 
and vitamin B1 ; about one-third were short in vitamin A and riboflavin ; and 
almost one-half in calcium and vitamin C. Contrary to what might be ex
pected, it is clear that even among farm families, engaged in production of 
food and presumably having ready access to it, the proportion that were 
improperly fed was extraordinarily high. 

During the. same years ( 1936-37) a survey of 140 villages and 20 small 
cities in five regions stretching across the nation showed that the diets of 
relatively few families met the specifications of recommended allowances.• 
That is a staggering statement. Fifty-two percent of the families in the North 
and West and 40 percent in the Southeast had diets rated as fair. Twenty-five 
percent of the families in the North and West and 30 percent in the South
east had diets rated as poor. Among the Negro families in the Southeast, 
24 percent had diets rated as fair and 63 percent had diets rated as poor.• 
According to a more practical appraisal, the two classes of diets rated as fair 

• Here diets were originally rated (Table I) according to four grades: excellent, good, 
fair, and poor, based as previously upon two standards. Diets superior to the recommended 
standard and previously designated good were called excellent. As before, diets inferior 
to the minimum standard were labeled poor. Diets superior to minimum standard by less 
than so percent were called fair ; by more than so but less than 100 percent, good. Thus, 
the class previously designated as fair was now divided into two classes, good and fair. 
For reasons already specified, the Committee would regard any diet originally rated less 
than good as unsatisfactory ; and any originally rated good as not above question, since it 
is on the borderline. In absolute terms, the Committee would regard the fair diet as poor 
ond the poor diet as very poor. 
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and poor were really poor and very poor, respectively. When the percentages 
of these two categories are combined; it is obvious that an appalling proportion 
of families were receiving what might with considerable understatement be 
called unsatisfactory diets. 

In the poorest diets of village families, calcium, iron, and vitamins A and C 
were almost never present in more than meager quantities. Many diets in the 
Southeast were probably also low in niacin, but unfortunately the level of this 
nutrient was not estimated. 

TABLE 1 

RECENT STANDARDS AND SYSTEMS WHICH HAVE BEEN USED IN EVALUATING DIETS 

Daily allowances for a moderately active 70·kiloQ'1'8JD man 

Food and 
Stlobelin~ Stiebelinl', Nutrition Food and 

and Phipar • ct ol.l Board, Drug 
1939' 1~1 •• National Administr~ 

Research tion 1 

Nutrient A B c D' Council' Minimum 
Protein, Gm. ••••••••• 0 •• 67 4S 7S so 70 
Calcium, Gm. ••••• 0 ••••• 0 o.68 0-4S 0.68 04S o.8 
Phosphorus, Gm. ········ 1-32 o.88 I.3::1 o.88 
Iron, Mg. •••••••• 0 •••• 0. IS IO IS IO I2 
Vitamin A, I.U •.•......•• 6,ooo 3,000 6,000 3,000 s.ooo :t 4.000 
Thiamin, Mg. •••••••• 0 0 0 I.S § o.7s§ 2.0 I.O I.8 I.O 
RiboHavin, Mg. .. ........ I.8 0.9 I.8 0.9 ::1.7 :2.0 
Ascorbic Acid, Mg ........ 7S 37 6o 30 7S 30 

• Diets were graded as follows: 
Good-If the uncooked food furnished each nutrient in at leatt the quantity e_pecified urtder Column A. 

Such a diet was characterized as "providing a wide margin of safety over and above average minimum 
requirements." 

Fair-" Diets better in• every respect than the specifieations for poor diets, but poorer in one 6r more 
nutrients than the specifications for good diets." Sucb a diet was regarded u providinr averase mini· 
mum requirements witb a limited margin of safety. · · 

Poor-If the raw food provided less of any one nutrient than the quantity listed under Column B. 
Such a diet was said to be in need of improvement with respect to one or more nutrienta. 

t Diets were graded as follows: 
Excellent-Diet {lrGvides each nutrient in at least the quantity specified under Column C. 
Good-Diet p_rov1des at least a so percent margin beYond the specifications listed for each nutrient 

under Column D, but less than roo percent margin in the case of the vitamins. 
Fair-Diet meets or exceeds the quantity specified for each nutrient under Column D, but by leu 

than a so percent margin with re!lpect to one or more nutrients. 
Poor-D1et failed to meet specificati~ns under Column D with respect to one or more nutrienta. 

~ ~equ!rcments may be teas than these amounts if provided u vitamin A, &Teater if cbiedy u the 
pro-vitamin carotene. · 

f Values expressed in oriainal as international units have here been converted to equivalent millisrama. 

In ·these studies •· • the specificatio!IS for an optimum diet used as a standard 
were formulated prior to the recommended schedule of the Food and Nutri
tion Board of the National Research Council and were not identical with it. 
(Table I). From re-evaluation 10 of the collected data against the Council's 
allowances it has since been found that fewer than one-fifth of the families in 
this country had food supplies in 1936 that met the Council's recommendations 
with respect to the seven nutrients studied. About one-fourth of the farm 
families were in this category, but ouly about one-seventh of the non-farm 
families. At least 6o percent of the village and city families fell short of the 
Council's allowances with respect to calcium, thiamin, ascorbic acid, and/or 
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riboflavin, and 30 percent with respect to vitamin A. Even on farms, one
fourth fell short of the recommended dietary goals in calcium andjor vitamin 
A, and one-half or more with respect to thiamin, riboflavin, andjor ascorbic 
acid. Because neither food wastes nor nutritive loss in preparation was taken 
into account, it was acknowledged that all the figures on dietary adequacy as 
well as those showing the proportion of families meeting the Council's recom-
mendations tend to be optimistic. , 

Amorig 538 farm and 299 village families of Vermont visited in I936, inade
quacy in consumption of fruits and vegetables was found to be· common; while 
low intake of protein occurred in families with children."· 

Of Ioo submetropolitan urban families in Central and Western Pennsyl
vania surveyed in I935-37, it was found" that the following percentages had 
diets containing the several requisite nutrients in amounts less than those 
recommended by the National Research Council: riboflavin, 59; calcium, sB; 
calories, 49; thiamin, 37; vitamin A, 33; protein, 29; iron, 2I ; and ascorbic 
acid, 7· 

Inquiry into the diets of pupils in Wilkes Barre, Pennsylvania, in I937 
showed 18 that the following percentages of 748 white children, I to I2 years 
old, were receiving amounts of essentials below the Council's suggested levels: 
riboflavin, 99; calories, 93; calcium, 92; protein, 8I; iron, 8I; thiamin, 74; 
ascorbic acid, 7I; and vitamin A, 67. Of 39 white adolescents, I3 to 20 years 
old, the percentages were: calories, IOO; protein, Ioo; calcium, IOO; thiamin, 
IOO; riboflavin, IOO; iron, 97; ascorbic acid, 95; and vitamin A, 85. · Corre-

• spending percentages for I 4 colored children, I to I2 years old, were: calories, 
IOO; calcium, IOO; riboflavin, IOO; protein, 92; iron, 92; thiamin, 85; ascorbic 
acid, 85; and vitamin A, 54· 

DIET SURVEYS CoNDUCTED IN YEARs I938-4o 

In a survey in I938 of families on relief in Washington, D. C., it was found 
that the average daily intake of 87 percent of the white families was less than 
2,8oo calories per consumption unit, a standard little if any in excess of actual 
needs.•• The diets of both white and colored families were extremely low in 
calcium and only slightly better in iron. Diets as low as these in energy value 

· certainly were deficient in most nutrients. 
Diet records of eleplentary school children in a Maine village-76 in 

autumn, I938 and 63 in spring, I939-showed that only one child in seven 
attained the minimum standard of one good vitamin C food daily." In the 
autumn only I7 of the 76 children ate any citrus fruit, the best source of vita
min C, during the week of the record. In the spring, half of the children had 
some citrus fruit; but only I4 of the 63 had it oftener than once or twice in 
the week. 

To obtain adequate amounts of various essential nutrients, certain types of 
foods must be eaten in sufficient quantities. Although most of the essential 
nutrients are distributed in nature in many different foods, some are present 
in appreciable amounts in only a few types of foods, others only in one type 
of food. Thus, some essentials to . be obtained in sufficient quantities must 
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come from two or three types of food, none of which eaten alone in usual 
quantities supplies the necessary amount. Other essentials are obtained prin
cipally from one type of food. Conversely, a type of food may be the almost 
exclusive source of a necessary nutrient, or the indispensable source of much 
of an essential nutrient, or the exclusive source of one and the supplementary 
source of another nutrient. The several types of food necessary to provide all 
nutrients form the foundation of the dietary structure. They are essential 
types of foods because each is the main or indispensable source of one or 
more requisites. 

Unless citrus fruits or tomatoes are included in the diet, it is almost impos
sible to meet the Council's recommended amounts of vitamin C. Enriched or 
whole-grain bread or a whole-grain cereal is needed to ensure an adequate 
supply of vitamin B,. A green or yellow vegetable furnishes a substantial 
proportion of vitamin A; it also contains some vitamin B,. An adequate 
quantity of milk provides most of the calcium; it supplies a substantial' pro
portion of riboflavin; it also furnishes a considerable amount of vitamin A 
supplementing that from vegetables; and it yields some vitamin B,. If milk 
were the sole source of vitamin A in a diet, it would have to be consumed in 
excessively large quantities to supply the necessary amount of that nutrient. 
Meat is the main source of niacin; it also provides a considerable supplement 
of riboflavin; and supplies some vitamin B,. If it were the sole source of 
riboflavin in a diet lacking milk, meat would have to be eaten in exceptionally 
large amounts. A regular and adequate supply of the principal vitamins and 
minerals is most readily obtained by consumption of these foods in sufficient 
amount each day. Otherwise, the diet must be specially planned to furnish all 
the necessary nutrients. 

In its report on Recommended Dietary Allowances 1 the National Research 
Council presented two sample dietary patterns to show the varied ways in 
which allowances may be met (Table 2). List I contains the commonly avail
able types of food. Other combinations of food expertly planned, as in List II, 
will also cover the allowances. 

Of 3,432 women college students in six ·institutions in the North Central 
States •• canvassed during I936 to I940, the following percentages had diet
aries containing less than seven servings a week of the respective essential 
types of foods : whole grain products, 66; citrus fruits, 57; green and yellow 
vegetables, 40; milk, 29; and meat, I4-

Among I9 rural families in Lancaster County, Pennsylvania, in I938-I940, 
it was found 11 that the following percentages of 42 white children, I to I2 
years old, were eating less than the amounts of the several respective con
stituents advised by the Board: riboflavin, 8I ; calcium, 64; calories, 36; 
thiamin, 36; vitamin A, 33; ascorbic acid, 24; protein, 2I; and iron, I7. For 
20 white adolescents, I 3 to 20 years old, the corresponding percentages were : 
riboflavin, 90; calcium, 70; vitamin A, 45; thiamin, 45; calories, 30; ascorbic 
aCid, 30.; protein, 20 ; and iron, 20. For 38 white adults the percentages were: 
riboflavin, 97; calories, 87; thiamin, 84; vitamin A, 37; calcium, 24; iron, IO; 
protein, 8 ; and ascorbic acid, 5· 
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In a survey during 1939-40 of over 2,<ioo high school pupils of low-income 
families in New York City, 74 percent of the pupil_s had a daily caloric intake 
below their individually calculated energy needs; 21 percent had less than 
two-thirds of their computed caloric requirements; 11 44 percent, 64, and 72 
percent had less than the Council's recommended daily allowances of protein, 
iron, and calcium, respectively; 5, 17 (29 percent of the girls), and 28 percent 
had less than two-thirds of the approved amounts of these respective nutrients. 

TABLE2 

SAMPLE DIETARY PATI'EilNS, PREPARED BY FooD AND N1mll'lloN BoARD, NATIONAL 
RESEARCH CouNCIL,' 10 SHow WAYS IN WHICH ALLowANCES MAY BE MET 

LIST I 

Milk •••••.. , . , ..•.•.• , , ••••.• , , .•• 1 pint 
Egg , ............. , ... , .......... , .1 daily, if possible. (On days not used, beans, pea-

nuts, cheese, or more milk or meat to be used 
instead) 

Meat, fish or fowl ................... 1 or more servings 
Potato ............ : ............... 1 or more 
Vegetables ......................... 2 or more servings. One green or yellow 
Fruits ............................. 2 or more. One citrus fruit Or tomato or other 

good source of vitamin C 
Cereals and bread ................... Whole-grain or enriehed 
Other foods as needed to complete the meals. 

This list is based on the needs of the average adult. 

LIST II ._. 

Turnip greens ..................... 1 cup 
Sweet potatoes ..................... 3 
Peanuts ........................... 20 nuts or 2 tablespoons of peanut butter 
Beans or cowpeas ................... 1~ oz. 
Tomatoes .......................... 1 cup 
Corn meal ......................... 3 oz. 
Enriehed flour ..................... 3 to 4 oz. 
Milk (fresh, evaporated or dried) •••• 3-S qt. 
Lean pork ......................... Small serving 3 to 4 times a week 
Molasses, fat, etc., to complete the meals. 

The percentages of pupils having less than the standard daily amounts of the 
several vitamins were: 65 for vitamin A, 53 for vitamin B1 , 70 for riboflavin, 
and 58 for vitan1in C. The percentages with a daily intake of less than two
thirds of the recommended amounts of these essentials were: 38 for vitamin 
A, 14 for vitamin B1, 25 for riboflavin, and 29 for vitamin C. It should be 
noted that a daily intake of essential nutrients less than two-thirds of the 
advocated allowances probably does not meet even minimum requirements 
which are not regarded as safe levels. 

In contrast,11 among 293 private school pupils the following percentages had 
less than the recommended levels of the several essentials: calories, 68; 
calcium, 61 ; iron, 36; riboflavin, 36; vitamin A, 35; protein, 26; ascorbic 
acid, 20; and thiamin, 18, respectively. It will be noted that for every essential 
the percentage of pupils receiving a substandard amount was less, in most 
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instances much less, in this group from high-income families than in the pre
ceding group from low-income families. But even among the group from high
income families, the percentage of pupils with diets that failed to meet accepted 
standards of adequacy was appreciable. 

A survey of dietary records of 1,o82 Farm Security Administration families 
in Louisiana •• during I939 and I940 showed less than I percent which could 
be classified as- good, while 52 percent were fair and 47 percent were poor. 
Of 573 white families, I percent had diets classed as good; 69 percent as 
fair; 30 percent as poor. Among 509 colored families, none had good diets; 
32 percent, fair; and 68 percent, poor. By using a modification of the pattern 
established by the N a tiona) Research Council, a score card was developed for 
evaluating the adequacy of the diets. A diet was rated good, fair, or poor, 
depending •on the nlllt)ber of times each of the types of essential foods was· 
served during the week. A poor diet was distinctly deficient in one or more 
of the food factors necessary for optimum health. It was stated that diets 
classed as fair might be defined as borderline diets. An active individual eating 
such a diet would· not receive enough of the various essential substances to 
meet adequately his requirement. It is notable that citrus fruits and tomatoes 
were served least frequently. 

Among 225 private patients in the upper-income levels, 21 surveyed in 
Philadelphia in I940, the following percentages had diets containing less than 
the Board's recommended allowances for respective nutrients: riboflavin, 77; 
thiamin, 76 ; calories, 7 4; calcium, 46; iron, 40; protein, 37 ; vitamin A, 26 ; 
ascorbic acid, I3. Seven percent of the patients consumed less than the 
Board's prescribed amounts of all eight factors. The following percentages of 
the patients had less than so percent of the Council's recommended levels of 
the various constituents: riboflavin, 26; thiamin, I3•; calcium, 13; calories, 5; 
vitamin A, 5 ; ascorbiC acid, 4· In the surveyed group were nine physicians 
whose diets were as bad as those of the other patients. 

EviDENCE FROM DIETARY SuRVEYS DuRING PAsT THREE YEARS 

From January, I939 to August, I94I the dietary habits of 7,363 children 
and adolescents from 3,922 families in Chicago were surveyed. 22 They repre
sented different national and racial groups and a wide distribution of economic 
and social conditions in the city. Seventy-six percent were white; I9 percent, 
Negro ; 5 percent, Mexican. 

The diet patterns of 72 percent of the children failed to meet a standard 
lower than that recommended by the National Research Council. Ninety-three 
percent of the Mexican children, 89 percent of the Negro, and 67 percent of 
the white were eating diets inferior to even the low standard. 

Dietary inadequacies were least often noted in the protein foods and most 
often in fruits and vegetables. Regardless of which of several criteria was 
adopted for determining adequacy, a large proportion of the diets fell below 
the standard in the latter foods. The percentages of children with diets that 
included less than the low requirements of the different food groups were : for 
meat, fish, and eggs, I 5 ; for milk, 37; for fruits and vegetables, including 
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potatoes, 65. Compared with the National Research Council's recommenda
tions, the diets of 73 percent of the white children were below the allowanc~ 
for fruits and vegetables, and in the poorest areas g8 percent were below this 
standard (Table 3). · 

Analysis of records on uo rural adults in Chatham County, North Caro
lina, surveyed in 194o-41, revealed a high prevalence of unsatisfactory 
diets. ••· •• Almost all persons received less than the recommended daily 
amounts of the several nutrients : thiamin, 99 ; riboflavin, 97 ; vitamin C and . · 
calcium, 84; protein, 83; iron, 82; and vitamin A, 70 percent, respectively. 
Many ate less than half the recommended dietary allowances of the various 
essentials, as shown by the following percentages; vitamin C, 72; riboflavin, 
71 ; calcium, 34; vitamin A, 27; protein, 10; and iron, 8. A considerable pro
portion of the persons obtained less than one-quarter of the standard daily 
amounts of the nutrients: vitamin C, 45 ; riboflavin, 23 ; thiamin, 17; vitamin 
A, 9; calcium, 4; and protein, 1 percent of the subjects, respectively. 

TABLE 3 

PERCENTAGE OF WHITE CatLDREN FROM RELIEF FAMILJES AND NoN-RELIEF FAMn.IES IN 
DIFFERENT TYPES OF CoMMUNITY AREAs IN CHICAGO, Wao CoNSUMED AMoUNTS 
OF PROTECTIVE Fooos BELOw TH& NATIONAL RESEARCH CouNCIL's REcoMMENDED 
ALLOWANCES 

Non-relief 

Fair· ::X Poor Fair good Good 
Relief area .... area area area 
(Jb) (In) (465) (38t) (277) <s6sl 

Fruits, vegetables ............... 99-7 98-4 78.1 68.o s6.o 39·5 
Milk ••••••••••••• 0 •• 0 •••••••• 0 0 40.1 JS.2 19.8 13.6 12.3 8.o 
Meat, fish, poultry, eggs .......... 42·0 14-8 12.5 u.s IO.I 9-5 

From a study of families, both white and colored, in a rural community in 
middle Tennessee in I94I, diet records were obtained on I,I6I persons.2 ... 27 

Of 206 white infants and children from ages I to I2 years, the following per
centages were receiving less than the recommended daily amounts of the 
several nutrients: thian1in, 79; calcium, 77; iron, 70; calories, 69; ascorbic 
acid, 67; protein, 6I ; riboflavin, 55; and vitamin A, 45· For II 5 colored 
infants and children in the same age group, the percentages receiving daily 
amounts of the essentials under the approved level were : calcium, 99 ; calories, 
95 ; thiamin, 93 ; riboflavin, 9I ; protein, 87; iron, 83; ascorbic acid, 70; and 
vitamin A, 51. The percentages of white infants and children eating less than 
half the advised daily allowances of the various essentials were: calcium, 39; 
ascorbic acid, 28; thiamin, 23; riboflavin, 2I; vitamin A, I8; calories, I2; 
protein, I 2 ; and iron, 9· Much greater were the percentages of colored infants 
and children receiving less than half the recommended daily levels, as shown 
by the following figures: calcium, 70; riboflavin, 52; thiamin, 47; calories, 45; 
protein, 35 ; ascorbic acid, 34; vitamin A, 34, and iron, 24-

0f 113 white adolescents from ages 13 to 20, the following percentages were 
not receiving the suggested daily amounts of the various nutrients: thiamin, 
93; calories, 89; calcium, 87; riboflavin, 85; iron, 84; protein, 78; ascorbic 
acid, 68 ; and vitamin A, 6o. The following proportions of 76 colored adoles-
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cents in the same age group were failing to obtain the advocated daily levels 
of the several constituents: calories, 100; riboflavin, 97; thiamin, 96; protein, 
94; calcium, 93; iron, 8g; ascorbic acid, 73 ; and vitamin A, 59 percent, re
spectively. Receiving less than half the recommended daily allowances of the 
various· essentials were the following percentages of white adolescents: cal
cium, 43; riboflavin, 41 ; thiamin, 29; ascorbic acid, 29; vitamin A, 19; iron, 
16; protein, 13; and calories, II. The percentages of colored adolescents 
eating less than half the standard daily allowances of the respective nutrients 
were: riboflavin, 62; thiamin, 55; calcium, 45 ; ascorbic acid, 42; calories, 42; 
vitamin A, 37; protein, 33; and iron, 32. 

Of 457 white adults 21 or more years old, the following percentages were 
not eating the recommended daily amounts of the respective constituents: 
thiamin, 94; riboflavin, 91 ; calories, 82 ; calcium, 61 ; iron, 59; ascorbic acid, 
52; protein, 51; and vitamin A, 45· For 194 colored adults, the percentages 
receiving less than the advised daily levels of the nutrients were: riboflavin, 
99; thiamin, g8; calories, 95; calcium, 77; protein, 74; iron, 6g; ascorbic 

TABLE 4 

PERCENTAGES OF CHILDREN OF NEWPORT, MAINE, AND OF FRESHMAN GIRLS OF UNIVERSITY 
OF MAINE EATING LEss THAN RECOMMENDED AMOUNTS or EssENTIAL Fooos 

Whole 
"Leafy. Citrus Other rrain Meat, 

green, and fruita fruits cereal fish, 
yellow . and and and and 

Subjec::tl vegetables tomatoes vegetables Milk bread poultry 
Newport children •••••••.• 93 8o 71 71 62 35 
College freshman girls ••••• 4-1 19 22 39 69 0 

acid, 62; and vitamin A, 48. Not a few of the white adults were eating less 
than half the approved daily amounts of the various nutrients, as shown by the 
following percentages of the persons: riboflavin, 50; thiamin, 31; calcium, 23; 
ascorbic acid, 21; vitamin A, 15; calories, 12; protein, 7; and iron, 7· Even 
greater percentages of colored adults were receiving less than half the recom
mended daily levels:. riboflavin, 77; thiamin, 65; calories, 40; calcium, 40; 
ascorbic acid, 35; 'vitamin A, 32; protein, 18; and iron, 17. 

Among children of Newport, Maine, in 1940 and 59 University of Maine 
freshman girls in 1941, the percentages eating the respective essential kinds 
of foods in amounts below the standards for a good diet 21• •• are shown in 
Table 4- . 

A dietary survey of I,I6g school children in Worcester County, Maryland,•• 
in the winter of 1941 revealed that the following percentages were not re
ceiving satisfactory amounts of the various typeS of food: vegetables other 
than potato, 81 ; fruit, 8o; cereal or whole grain, 59; two or more cups of 
milk a day, 59· In contrast, only 3 percent of the children did not obtain 
sufficient meat. 

Only 8 percent of the children had a diet adequate in all five factors studied. 
Twenty-three percenl were totally deficient in one factor; 35 percent in two; 
27 percent in three; and 8 percent in four. 

In a study of 78o families of Home Demonstration Oub members in twenty
seven parishes of Louisiana 11 in March, 1942, 41 percent had diets scored 
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good; 51 percent, fair; 8 percent, poor. The diets were evaluated by com
paring the frequency with which the several typ~ of protective foods. were 
served with the schedule formulated by the National Research Counctl. In 
such scoring, it was stated, a poor diet was distinctly deficient in one or more 
of the food factors necessary for optimum health; while a fair diet did not 
provide enough of the various food facto~s to meet adequately the require
ments. The percentages of families eating less than the recommended amounts 
of each of the various types of essential foods are shown in Table 5· ' 

The eating habits of 6,7o8 grade and high school students--5,255 white, 
I ,453 colored-in Louisiana 12 in 1942 were evaluated as in the preceding 
study by the dietary pattern recommended by the National Research Council. 

TABLE 5 

PERCENTAGES OP FAMILIES OF HoME DEMONSTRATION CLua MEMBERS AND GRADE ScHooL 
AND HIGH ScHOOL STUDENTS IN LouisiANA. EATING LESs THAN · 

REcoMMENDED AMOUNTS OF EssENTIAL Foons 
Home 

demonstration 
dubmembera' 

' Type~ of ea~entlal fooda 
Whole grain cereals .••••...••.••••... 
Potatoes ••.••.....•.•••...•.•••.•.•. 
Butter •••••••••••••••••••••••••••••• 
Citrus fruits and tomatoes •.••...••••.. 
Other fruits •••••••••.••••.•••••.•••• 
Other vegetables .................... . 
Green or yellow vegetables ••••••.•.••• 

families 
(J!) 

86 
54 
53 
so 
45 
41 
34 
29 
28 

Milk ••.••••..••••..•.••••..••.•••... 
Eggs ••••••••••••••••••••••••••••••• 
Meat • • • • . • • • • • • • . • . • . . • . . • . • • . • . . • . • 20 

Grade school and b~h 
seboolatudenta (32) 

White Colored 

.92 95 
84 92 
66 95 
75 9I 
68 83 
76 86 
51 79 
s6 9I 
77 84 
t6 31 

Only II percent of the white and 3 percent of the Negro children received a 
diet adequate in all essential food factors. The diets were fair (borderline) 
among 6o percent of the white and 35 percent of the Negro students; poor, 
definitely deficient, in one or more essential nutrients among 29 percent of 
the white and 62 percent of the Negro children. Diets scored.as fair or poor 
were not regarded as satisfactory. In Table 5 are shown the percentages of 
students eating less than the recommended amounts of each of the various 
types of essential foods. 

From a survey of 315 colored families in the Harlem district of New York 
City •• in 1942 were reported the following percentages on ratings for food 
habits: excellent, 8; good, 19; fair, 34; and poor, 39· The four ratings were 
based on the extent to which their food met in kind, amount, and frequency 
the Council's recommendations. Here again the conventional designations 
given to the four ratings express relative gradations: hence, the rating of fair, 
and possibly good, should not be construed as satisfactory. Accordingly, at 
least 73 percent of the families had unsatisfactory diets. 

In 1941-42, the diets of I,o8o workers in the Lockheed Aircraft Corpora
tion at Burbank, California, were analyzed for their content of both protective 
foods and essential nutrients." Unless expertly planned for special purposes 
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the diet should regularly contain certain types of foods in adequate amounts; 
otherwise it is almost certain not to provide recommended amounts of the 
various essentials. These criteria were applied to the data from the dietary 
survey of the Lockheed Aircraft workers. Only 36 percent of the men had 
seven or more servings of citrus fruits or tomatoes during a week. It is sur
prising that 23 percent had no citrus fruit during a week. About 20 percent 
had four or more slices a day of whole wheat, rye, or dark bread. Only 7 per
cent ate a whole grain cereal every day; slightly over so percent used no 
whole grain breakfast cereal in a week. Only II percent of the men ate regu
larly vegetables containing vitamin A. Twenty-four percent had them less 
than three times a week. Sixty-three percent reported an average daily con
sumption of milk less than the accepted standard; 37 percent had an average 
of less than one-half the recommended amount; I I percent did not drink milk. 
Eighty percent of the men ate nieat with recommended frequency; an addi
tional IS percent had nearly the recommended frequency. 

The frequency of diets equal to or slightly below the recommended amounts 
for these types of food and therefore receiving a satisfactory rating for them 
was as follows: vegetables, 2I; citrus fruits or tomatoes, 36; milk, SI; and 
lean meat, 95 percent, respectively. Unsatisfactory ratings for amounts of 
specific foods were given to the following percentages of the diets: vegetables, 
56; citrus fruits or tomatoes, 49; milk, 33; and meat, 1. 

It is evident that a large proportion of the diets were low in their content 
of citrus fruits or tomatoes, vegetables, and milk; hence, they would be un
satisfactory in their content of vitamin A, ascorbic acid, riboflavin and calcium. 
Indeed, among the foods eaten in less than recommended amounts vegetables 
and citrus fruits were outstanding. Only 2 percent of the men had diets which 
approximated the recommended dietary pattern. While II percent of the men 
reported marginal diets, 87 percent had diets which were unsatisfactory for 
one or more food types. 

One-fourth to one-third of the men probably had insufficient calories in the 
two-day period for which the quantitative diet was reported. 

For the various nutrients, there was a great difference in the percentage of 
diets which met the recommended allowances, as shown from study of two-day 
diets. The allowance for various essentials was met by the following per
centages of diets: protein, 85 ; iron, 78; niacin, 70; vitamin A, 58; thiamin, 
54; calcium, 52; ascorbic acid, 33; and riboflavin, 29. Conversely, diets were 
deficient by more than one-third of the allowance in the following descending 
order of frequency for specific nutrients: ascorbic acid, 46; riboflavin, 43; 
calcium, 25; vitamin A, IS; thiamin, I4; niacin, 7; and iron, 4 percent. 

It was reported that "only 8 percent of the men had obtained a diet which 
furnished all nutrients in amounts equal· to or greater than the allowances; 
and not quite IO percent had diets which furnished 8o to 99 percent of the 
recommended allowances. Thus, I7 percent of the men had moderately good 
or excellent diets. The other 83 percent of the men needed some improvement 
in their diets. Thirty percent of all diets had less than the two-thirds of the 
allowance for only one nutrient." When the diet was low in only one nutrient, 
the specific nutrient involved was ascorbic acid in nearly two-thirds and ribo
flavin in slightly over one-fifth of such diets. In diets below standard in 



12 Inadequate Diets and Nutritional Deficiencies 

several nutrients, ascorbic acid was low in nearly two-thirds; riboflavin in 
84 percent. 

The percentages of 562 white children, I to I2 years old, in Phila~elphia 
with diets containing less than the advocated levels of the several constttuents 
were found •• in I941-42 to be: niacin, 97; calories, 90; calcium, 7I; thiamin, 
6o; protein, 58; iron, 53; riboflavin, 53; ascorbic acid, 52; and vitamin A, 42. 
Similarly, the percentages of 38 white adolescents, I3-20 years old, were: 
calcium, IOO; calories, 93 ; niacin, 86; protein, 7I ; iron, 71 ; vitamin A, 7I ; 
ascorbic acid, 71; thiamin, 64; and riboflavin, 64, respectively. 

Upon inquiry into the diets of 56 white persons, IS years or older, in Wayne. 
County, North Carolina, in the summer of I942," it was found that most of 
the individuals had less than the approved daily quanta of the several essential 
substances: namely, riboflavin, IOO; ascorbic acid, 93; thiamin, 9I; calcium, 
86, iron, 66; vitamin A, 62; and protein, 55 percent of the persons, respec-

TABLE 6 

PERCENTAGES OP PERsoNs IN THE UNITED STATES, DISTRriiUTED AccoRDING TO 
GEOGRAPHICAL SECTIONS, Wao WERE FoUND Nor TO EAT PROTECTIVE FooDs 

NewEotaad 
an 

Middle East w .. t Far 
TyJ)CI of uaentlal food• Atlantic Central Central South West 

Citrus fruits, tomatoes or greens ...... 46 41 43 SJ 41 
Dairy products ······················ 43 Jl Jl Jl 28 
Leafy and yellow vegetables .•..•.....• 28 26 25 21 24 
Other vegetables or fruits ••.•••.•..••• 8 8 5 12 7 
Meat, fish, and poultry ...••••.••.••••• 9 12 12 14 14 
Whole gnin or enriched products .•..• 3 4 2 3 3 

tively. Receiving less than half the advocated daily amounts of the various 
nutrients were the following percentages of persons: riboflavin, 79; ascorbic 
acid, 77; thiamin, 43; vitamin A, 27; calcium, 25; iron, 5; and protein, 2. 

Of 39 colored persons, the following percentages took less than the advised 
daily moieties of the several nutrients: riboflavin, 97; ascorbic acid, 92; 
thiamin, 90; calcium, 82; iron, 79; vitamin A, 72; and protein, 59· Very 
large percentages of them ate less than half the recommended daily allowances . 
of the various essentials: riboflavin, 82; ascorbic acid, 69; thiamin, 46; vita
min A, 44; calcium, 38; iron, I8; and protein, IO. 

A nation-wide canvass in February, 1943, in which one-day diet records 
were obtained from selective samplings of the population in each of the forty
eight states, showed that the following percentages of persons had none of the 
respective protective foods : •• citrus fruits, tomatoes, or salad gTeens, 45 ; 
dairy products, 34; leafy and yellow vegetables, 25; other vegetables or fruit, 
8; meat, fish or poultry, I2; whole grain or enriched products, 3· Distributed 
according to geogrnphical sections, the percentages of persons who did not eat 
the protective foods are shown in Table 6. 

In Tables 7 to I I are summarized the results from recent surveys, showing 
the percentages of persons failing to receive the recommended dietary allow
ances and the extent to which their diets are deficient in the several essentials. 

It should be stated that some experts hold that since the recommended 
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dietary allowances presumably represent "optimum" nutrition with i1 margin 
of safety, perhaps many persons who do not have the margin of safety are in 
no way deficient. In brief they object to labeling diets as deficient which fail 
to meet recommended allowances. This viewpoint raises two questions: At 
what levels of their constituent nutrients are diets <leficient? What are the 
meaning and validity of the distinction between minimum and optimum levels ? 

Several opinions may be cited in support and interpretation of optimum 
levels as criteria. According to one: "Food plays an important part in deter
mining the internal environment, and differences in this environment, many 
of which may be too small to be measured by present methods, definitely affect 
the plane on which physical and mental functioning go on. As far as the 
immediate or long-term well-being of a person can be improved through 
dietary betterment, that person falls short of being truly well fed." 17 

TABLE 7 

PERCENTAGES oF PERSONS WHosE DIETs CoNTAINED LEss THAN SEVEN SERVINGs A WEEK 
OF THE R.ESPEcriVE EssENTIAL TYPES OP Foons 

North 
Central 
States, 
Women 
College 
students 
1936-40 

Types of essential foods (16) 
Citrus fruits or tomatoes.. .. .. .. .. 57 
Dairy products .. .. .. .. .. .. .. .. .. 29 
Leafy and yellow vegetables.. .. .. • 40 
Other vegetables ................ . 
Meat ............................ 14 
Whole grain products.............. 66 

Newport, 
Ma~ne, 

children 
•••• (.S) 

So 

71 
93 
71 
35 
62 

Maine 
University 
Freshmen 

(airll) 
1941 

<••> 
19 
39 
44 
22 

0 
6g 

Burbank, 
California, 

aircraft 
worker• 
19-41•42 
h•l 
49 
33 
56 

I 

Another states: 88 "There is no reason to doubt, and good reason to believe, 
that the very wide margin .of beneficial increase over absolute minimal need 
is as valid for human beings as for the experimental animals." Still another 
writes : ~· "If more were known about the actual vitamin requirements there 
would be no difference between minimum and optimal requirements, because 
the optimal presumably is the value which will permit no known pathology 
to develop and which will maintain the stores of the body at a maximum. 
Anything less than that could be considered insufficient." 

Publications of the past two· years confirm the view that the recommended 
allowances of the National Research Council provide ample margins above 
the actual needs of nomtal people for energy, protein, and iron. But for the 
other nutrients, the levels are none too high or not high enough, according to 
the intimations in the latest review of the subject.•• 

Nevertheless, Tables 8 to I I present the proportions of families whose diets 
fail to meet not only the full recommended levels for constituent nutrients but 
also 75, so, and 25 percent of these levels. From this scale anyone can take 
his choice of levels as a standard. The percentages of diets failing to meet the 
lower levels are slightly less than those falling short of the full allowances, 
but they are still very considerable. 



TABLES 

PERCENTAGES ov PERsoNs Wrm INTAKI! ov TBB RBsl'ECTIV& DmT.Uv EssENTIALS AT LEss THAN REco><lo!ENDJID LEVELS 

al:l 
:a~ ' . 

Euentlal ., .. • E 
uutrieot. 

Calories • • • • • . • • . • • • · 93 
Protein • • • • • • • • • • • • 81 
Calcium •••••••••••• 92 
Iron •• , ;, •• • • •• • • .. 81 
Vitamin A • .. .. • .. • 67 
Thiamin ........... 14 
Riboflavin .. .. .. .. .. 99 
Niacin ............. . 
Ascorbic acid .. .. .. 71 

109 100 
100 ga 
100 100 
91 ga 
85 54 

100 85 
100 100 

95 85 

•Laocuter eo .• 
Pa." 

24 ~0 5 

NewYorlr. 
N. Y.U.ll 

• 
1 

14 
.44 
72 
64 
65. 
53 
10 

58 20 

10 
99 
91 

M • 
·~ 

51 
61 
59 
45 
94 
91 

Wilaoo Co., TenD...-

95• 89. 
74 78 
71 8? 
6g 84 
48 6o 
g8 93 
99 85 

f 
i 
] 
'8M <I; 
'OM .. 
100 
94 
93 
89 
59 
96 
91 

a 
o!!M 
.s~ 
B • 
:a~ ,.., 
..a= 
~ii 
6g 
61 
11 
70 
45 
19 
55 

95 
8? 
99 
83 
51 
93 
91 

90 93 
58 7' 
71 100 
53 71 
42 71 
6o 64 
53 64 
91 86 
52 71 

w.,... Co., 
N.C.If 

55 59 
86 82 
66 19 
62 72 
91 90 

100 91 

93 ga 



TABLE 9 

PERCENTAGES OF PERSONS Wrm INTAEE OF THE RESPECTIVE DIETARY EssENTIALS {I.T L&ss THAN 75 PERCENT OP REcoMMENDED LEvELS 

Essential 
nutrienta 

Calories .•...•••.... 
Protein •.•••.•••••• 
Calcium •••....•••.. 
Iron .............. . 
Vitamin A •••.•.••• 
Thiamin •..••.•••.. 
Riboflavin ••.••••. ;. 
Niacin ............ . 

Wilkes Barre, 
Pa.:aa 

Ascorbic acid • • • • . . 51 79 8s 

Lancaster Co., 
Pa,1T 

t 
• :ll • 

7 5 21 
0 0 0 

33 25 13 
0 0 0 

IO IS 13 
14 0 so 
55 75 76 

7 10 0 

NewYor~ 
~-"Y;-~ 

:& 1 
il. 1 

33 
II 

38 
29 
47 
22 

36 

36 

29 
7 

32 
12 
22 

4 
IO 

7 

Wilson Co.1 Tenn.._. 

so 77 s6 89 
24 45 42 74 
43 61 65 75 
30" 44 55 6g 
32 42 42 47 
78 91 76 89 
75 93 63 86 

-9 
~-.e; 
s. ·-· ... 
•-ll ..,= 
~-5 
36 
39 
sa 
44 
30 
51 
39 

38 so s6 ss 54 

77 
66 
90 
6o 
43 
8o 
77 

53 

Pbiladel
pbia,Pa.• 

43 
6 

39 
10 
19 
23 
25 
66 
33 

so 
21. 

71 
so 
so 
36 
so 
71 
so 

w.,...eo., 
N.C.16 

, .. 
14 21 
6r 6g 
29 46 
43 59 
77 82 
95 92 

86 8o 

.. ... 
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i: PEIICENTAGES oF PERSoNs Wim INTAKE or TBB Rllsl'I!CTIVB DIETAIY EssENTIALS AT LEss THAN so PERCENT oF RBoo><MBNDBO Lava.s 
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00 :J ~ 

.. z ~ ~ ' l It 1 ... - .. ... ~T 
~ J; D ::1 ~:"' ~ ·~ t::l 
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~~~It 
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DEFICIENCY STATES: THEIR CAUSES, FORMS, 
AND DETECT~ON 

All these surveys, without exception, revealed similar results : marked 
prevalence of dietary inadequacies as judged by recommended standards. The 
evidence is consistent. From all the reports it is evident that very many 
persons are not receiving the recommended amounts of dietary essentials. 
Accordingly, the evidence that such a large proportion of the population is 
eating unsatisfactory diets points to possible widespread prevalence of deli• 
ciency states. Indeed, inasmuch as diet surveys have limitations and other 
factors besides diet enter into the production of deficiency diseases, it is 
possible, if not probable, that deficiency states are more prevalent than indi
cated by results of dietary surveys. 

Even when the diet seems to contain sufficient amounts of essentials, its 
adequacy is often apparent rather than real. Its adequacy is usually estimated 
from calculated values. It is well known that heat markedly destroys vita
min C, and it has recently been demonstrated that light causes destruction 
of riboflavin in food. Accordingly, analysis of prepared food shows much 
Jess than the estimated amounts of these essentials. Usually in estimates of 
diets allowance is ma~e for loss of vitamin C by heat, but the deduction is 
often too small. No allowance is made for the destruction of riboflavin by 
light. Hence, diets adequate by calculation may really be deficient. 

Furthermore, surveys at any one time will show only dietary deficiencies 
at that period. It is probable that many persons having a gopd diet during the 
survey previously had a poor diet. Few persons have had a good diet through
out life. Unless a perfect diet has been eaten regularly, deficiency states will 
not have been prevented and nutrition will not be perfect. Slight deficiencies 
are apt to be ignored as if they were without effect. Nor must the diet have 
been unsatisfact<ny over the entire past to lead to this undesirable state; it 
may have been poor for a short time or at intermittent periods. Persons who 
proudly assert that their diet is exemplary seem to overlook their past record 
until prompting reminds them that their diet has been satisfactory only for 
the last few years, that it was unsatisfactory for a longer or shorter period in 
the past. They are apt to live in a false sense of security in the belief that 
the change to a satisfactory diet immediately and automatically expunged the 
consequences of their past unfavorable record. Kruse has pointed out that 
time and degree of deficiency are important in the evolution of deficiency 
states." Deficiencies occurring periodically or persisting over years produce 
cumulative effects. Slight deficiencies lead to cumulative effects just as truly 
as marked deficiencies. Partially, indeed slightly, deficient diets eaten regu
larly and periodically over many years have their consequences. Such con
ditions are very common. For these reasons, deficiency states are more preva
lent and severe than indicated by dietary survey. 
· Even when diet actually contains the recommended amounts of essentials 
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for basal needs and the body is functionally sound, deficiency states may still 
occur. The standards of dietary essentials are average and make no allowance 
for individual differences and all increased needs. In a review of this topic 
Jolliffe •• has pointed out that certain conditions known as conditioning factors 
raise the requirements for essentials above the basal level. First, sex and age 
are indices of increased need : the former because of pregnancy and lactation ; 
the latter because of growth. Secondly, physical exertion raises requirements 
for essentials. When persons with acute pellagra are kept in bed, even though 
they be given a pellagra-producing diet, their pellagra temporarily disappears. 
Thirdly, exposure to light has been reported as increasing the need for certain 
essentials, particularly riboflavin, nicotinic acid, and vitamin A. Fourthly, 
exposure to toxic substances increases bodily needs for essentials. Alone, any 
one or all of these several factors do not produce deficiency states but they 
may exert a determining or occasioning influence. 

In setting dietary allowances, the influence of age, sex, pregnancy, lactation, 
and physical activity is recognized. It is evident that dietary requirements 
are not constant, fixed, absolute values but are relative to the conditioning 
factors that increase bodily needs. Often these factors act in combination. 
Hence, deficiency states may occur on a seemingly adequate diet. Thus, 
assuming a satisfactory internal mechanism, a deficiency disease may arise 
from an insufficient intake relative to age, activity, and exposure to light, as 
well as to other forms of trauma. Of course, if a deficiency state is' already 
present, lowered storage and impaired tissue condition also raise the require
ments. 

Still other conditioning factors raise bodily requirements for essentia)s 
creating a deficiency. For the most part they are diseases, including infec
tions, and therapeutic agents. Differentiation of these conditioning fac
tors from the preceding group is largely artificial. For one thing, they are 
not regarded as natural events in the sense that disease is not to be accepted 
as a necessary or normal occurrence. Besides, they are apt to raise the tissue 
requirements for essentials beyond what food can supply; indeed, in the case 
of infections, temporarily beyond what the body can utilize. Then too, they 
are more difficult to control. But they are just as truly conditioning factors 
as growth, physical exertion, or light. Often all these factors are called the 
causes of a deficiency state. Accordingly, there are said to be multiple causes 
of a deficiency disease. More properly, it should be said that there are multiple 
conditioning factors. They influence the bodily requirements of an essential. 

Accordingly, the term deficiency disease should connote a deficiency in 
the bodily tissue rather than in the diet. Deficiency in the body may arise 
under many conditions which produce failure in external supply; interference 
with bodily transport or utilization; destruction or excessive utilization in 
body; or excessive excretion. It is evident that a bodily deficiency brought 
about in any of these ways represents a proportionate need. A common cause 
of bodily deficiency is the inadequacy of the diet to meet even basal needs. 
But, as Jolliffe •• emphasizes, conditioniog factors likewise exert considerable 
influence. Like inadequate diet, these conditioning factors may have been 
operating at many times over the stretch of past years. Few persons have 
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esca~ed them. Consequently, a high prevalence of defi~ency states is to ~e 
expected, much higher than indicated by the results of dietary surveys. ~II m 
all, it is clear that many factors contribute to the prevalence of deficiency 
states. And they determine not only the prevalence but also the acuteness and 
severity of the deficiency states. 

All this evidence points with considerable weight to the widespread preva
lence of deficiency states. Yet physicians have insisted that, although they 
have been looking for deficiency diseases, they rarely or never see them. For 
some time this has seemed to be an outright discrepancy, but a new concept 
has now resolved and clarified it. By the notions of deficiency diseases which 
have prevailed, the physicians have been entirely correct in their asserti,ons. 
But these notions do not cover actual existing conditions. In speaking of 
deficiency diseases, physicians have been thinking of the severe acute form. 
Nearly all animal experimentation has aimed at production of this form. 
Almost all medical literature bears only on the severe acute form. Until 
recently none other was recognized. But actually there is relatively little of 
the severe acute form in this country. 

Recently, however, . Kruse has demonstrated that there is widespread 
prevalence of deficiency diseases, not in the traditionally severe acute state 
but in other forms. n He has found that they are very prevalent in a chronic 
form. Following is a summary of his views based upon gross and biomicro
scopic examination. In biological behavior the chronic differs from the acute; · 
whereas the acute is rapid, the chronic is slow in development and in response 
to treatment. Furthermore, both the acute and chronic processes may be of 
any intensity from mild to marked. Chronic processes of marked intensity 
are seen quite frequently in the population. In brief, deficiency diseases have 
been shown to be widespread in previously unrecognized forms : mild acute, 
mild chronic, and severe chronic. The acute and chronic processes may be 
present together. Indeed, not infrequently an acute is superimposed on a 
chronic condition. Each may be in a different stage and of a different intensity. 
It should be emphasized that this refers to each kind of deficiency disease. 
Characteristic tissue changes reflecting form, degree, and stage have been 
demonstrated in each of four deficiency states. So common, so prevalent, so 
frequently seen are some of these changes, especially their slighter degrees, 
that they have been regarded as usual or normal. But their specific location, 
distinctive and characteristic nature, their reversibility, all attest to their 
pathological identity as deficiency states. 

Time is a factor in the evolution of both the acute and chronic forms· but 
it is particularly important in the development of th~ chronic process. In ~· s 
life, time is measured by age. Accordingly, the prevalence and severity of the 
chronic processes increase with age. Most of the chronic changeS have hitherto 
been regarde<!- mi~takenly as. characteristics of .sen.escence. In reality, however, 
they are defiaen':les. de":elopi~g slowly ove~ a ~fetime. These chronic processes 
may be seen begmnmg m childhood, even m mfancy. The lower the economic 
level, the more frequently, the more severe, and the earlier in life they occur. 

A person's nutritional status today depends on the events of all past days. 
Upon reflection it is clear that few people have had a satisfactory intake or 
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escaped adverse conditioning factors every day of their lives. These lapses 
are reflected in tissue changes and, until recently, attempts were seldom made 
to correct them entirely.. Indeed, many persons continue on an inadequate 
diet for years. Hence, the tissues show the cumulative changes of long, slowly 
developing chronic as well as rapidly progressing acute processes. All points 
considered, Kruse concludes, it is to be expected that the prevalence of defi-
ciency states is high. . 

Newly developed methods are available to detect these states.•• Gross and 
microscopic examination of specific tissues for chara,cteristic changes, a method 
both sensitive and comprehensive, reveals all forms, intensities', and stages, 
·including early or slight lesions. Just as the pathologist, having exhaustively 
examined postmortem tissue within the scope of his unaided vision, extended 
his range of perception and observation to slighter changei by applying the 
microscope, so the physician may observe the lesser changes in living tissue 
through the biomicroscope. Analyses of blood or urine to determine the 
concentration of a nutritional essential or the bo<ly' s saturation with it yield 
another kind of information. Blood values, reflecting the character of recent 
diet, ·indicate the condition of intake, transport or bodily stores of essentials. 
Much macroscopic, microscopic, and biochemical evidence obtained from sur
veys is now available. 



THE PREVALENCE OF DEFICIENCY STATES 

Recent estimates of the prevalence of malnutrition have varied so g~eatly 
that the Food and Nutrition Board of the National Research Council ap
pointed a subcommittee to evaluate existing evidence on this question. I~s 
report,•• published in March, 1942, concluded that "some types of maln~~n
tion are strikingly obvious to everyone, some are apparent only to the phystctan 
who looks for them and some are vague and elusive even to the careful 
observer using the most accurate specialized techniques. If the first group 
alone is counted the prevalence will be recorded as low, almost negligible. If 
the second group is counted it will be recorded as high. If the third group ·is 
included, then the rate will be sufficiently high to occasion genuine concern." 

At that time the evidence on the prevalence of malnutrition was treated 
under three headings: I) lood consumption records or dietary surveys; 2) 
official death rates and hospital admission figures; and 3) medical assessments 
of the nutritional status in samples of the population. It was pointed out that 
these three methods should not be expected to yield identical information. 
Even when each is as fully developed and as accurately interpreted as possible, 
the results can only show trends reasonably parallel. 

In this review the data will be treated somewhat differently in order to bring 
the existing evidence on prevalence more into line with the modem concept 
of malnutrition. Enough time has not yet elapsed to have any considerable 
volume of data sufficient to classify each specific deficiency into its acute, sub
acute and chronic forms, each with a subdivision of mild, moderate, or severe, 
or to indicate whether an acute or subacute has been superimposed on 
one of the chronic forms. Yet it is probable that in time a chapter on the 
prevalence of malnutrition will by necessity treat each specific deficiency by 
recording the prevalence into at least four major subtypes; i.e., mild acute, 
mild chronic, severe acute, and severe chronic. It is now possible only to 
record the evidence under the following headings : I) recorded prevalence 
of severe acute forms ; 2) recorded prevalence from chemical examination ; 
and 3) recorded prevalence of signs, less severe or more chronic ·than the 
severe acute form. · 

The first group represents the severe acute plus the severe acute super
imposed on chronic; while the last group represents mild acute and sub
acute, mild to severe chronic, and mild acute and subacute superimposed on 
the chronic. The second classification represents recent dietary habits which 
are reflected in blood and urine chemistry without necessarily indicating the 
presence or absence of tissue changes. 

REcoRDED PltEVALENCE OF SEVERE ACUTE FoRMS 

Evi~en~e from 0 fficial Mortality Rates. In tracing the average pellagra 
mortaltty m a group of Southern States over past years, it has been noted •• 
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that up to 1928 it climbed progressively, reaching its peak by 1930. During 
the next two years it showed a fairly rapid decrease, followed by a gradual 
decline. After the discovery that niacin (nicotinic acid) is therapeutically 
efficacious for pellagra, the expected further reduction in the mortality rate of 
the disease had not materialized by 1941. In part this unfulfillment was 
attributed to the fact that much of the pellagra was chronic and recurrent. 

Evidence based on official mortality rates (Table 12) at best can furnish 
only information on the prevalence of fatal cases of severe acute malnutrition, 
and of these only those recognized but in whom therapeutic failures resulted. 

, These rates as published, however, do not furnish a reliable index even of 
deatlis from malnutrition. This is due in part to non-recognition of these and 
of other nutritional factors causing death, in part to mislabeling and in part 
to the statistical practice of giving precedence to certain diseases as causes of 
death over others. It would be interesting to know how much malnutrition is 

TABLE 12 

DEATHS PROM VARIOUS CAUSES IN THE UNITED STATES REGISTRATION .AREA, 1933-40 

Cause of death 1§140 151351 15138 1931 15136 15135 1934 1§133 
Pellagra ••....•.••...•.. 2,123 2,419 3,:205 3,258 3.740 3,543 3,002 3.955 
Beriberi ................. 63 40 42 21 II 7 5 I 
Scurvy •••••••••••••••••• 26 29 30 27 33 30 36 28 
Rickets ................. 161 143 244 235 270 261 292 339 

concealed in the 370,6oo deaths recorded in 1938 under the heading "diseases 
of the circulatory system" or in the 75,431 deaths entered under its subclassi
fication "diseases of the heart, unspecified," or among the 2,56g listed as due 
to "alcoholism," or to know how much is masked by the nomenclature of 
"senility," "cirrhosis of the liver," and "psychoses." 

Another important factor in evaluating this type of evidence is that the 
morbidity rates for malnutrition are high in proportion to the mortal~ty. For 
example, Goldberger and his associates estimated on the basis of a survey in 

. 1917 that there were at least 33 cases of pellagra for each death reported. 
Sebrell has recently pointed out that this figure is too low, for at that time 
only pellagra with cutaneous manifestations was recognized. A further factor 
tending to decrease the ratio of mortality to morbidity in recent years is the 
improvement in methods of care. Independently, both Sydenstricker and 
Sebrell arrived at an estimate of xoo,ooo cases of active pellagra in the United 
States in 1938. 

It is therefore the Committee's opinion that the mortality rates published 
by the bureaus of vital statistics do not indicate the true death rate from 
classic deficiency diseases. Even the apparent rising incidence in death 
attributed to beriberi, fr!Jm I in 1933 to 63 in 1940, suggests this: for it is 
unlikely that there has been a manyfol~ increase in fatal thiamin deficiency 
during this period, and the statistical increase must be ascribed to increasing 
recognition and better diagnosis. It is thus probable that deaths actually due 
to malnutrition are many times greater than the mortality statistics indicate. 

Evidence frotn Hospital Admission Rates. Pointing out that in a setting of 
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months or years of an inadequate diet, deficiency disease may ?e pre~pitated 
by even· minor illness, Goldsmith determined the frequency w1th wh1ch defi
ciency states were associated with other clinical diseases among 200 ward 
patients of all ages admitted consecutively to Charity Hospital, New Orleans.•• 
Forty percent had evidence which appeared to indicate definite inadequacy of' 
riboflavin, of niacin, or of both vitamins. An additional '(-7 percent were 
considered to have probable deficiency. Thus, 67 percent of the patients 
examined showed clinical manifestations which indicated an insufficient supply 
of the two vitamins, the prevalence of riboflavin deficiency being greater than 
that of niacin. Moreover, 25 percent had signs and symptoms suggesting 
athiaminosis. 

The several signs of ariboflavinosis and aniacinosis were noted among the 
200 patients with the following frequency : changes in color, texture, and 
papillae of tongue, I II ; thick, pigmented skin over bony prominences, go; 
visual disturbances, So; nasolabial sebaceous plugs, 65; nervousness and irri- . 
tability, 54; conjunctival congestion, 44; cheilosis, 34; sore mouth and tongue, 
25 ; gross vascularization of cornea, x8; chronic diarrhea, 17; pellagrous 
dermatitis, 9· Signs of deficiency diseases were present in all persons with 
hyperthyroidism, cirrhosis of the liver, and chronic alcoholism, and in two
thirds or more of the patients who had infections, diabetes mellitus, carcinoma, 
and diseases of the gastro-intestinal tract. 

·Evidence of general prevalence based on hospital record-room figures are 
subject to the same criticism as the official mortality rates, i.e., incompleteness 
due to non-recognition, mislabeling and precedence given to certain diseases 
over others. In addition, two other factors make this index unreliable. The 
first is that the hospitalized population is not a representative group, for, like 
persons with the common cold, patients with malnutrition enter the hospital 
only when sequelae develop; on discharge neither the common cold nor mal
nutrition but only the sequelae appear as the discharge diagnoses. The second 
is that certain anatomic lesions of malnutrition may be so prevalent that they 
are disregarded. This is paralleled by the practice of recording. other highly 
prevalent conditions. For example, in xg38, according to Bellewe Hospital . 
records, dental caries was recorded in only 0.68 percent of its patients, whereas 
it is common knowledge that the incidence of dental caries in the adult popu
lation is n~r go percent. 

A recent survey by Krupp " of 400 consecutive patients admitted to the 
clinic wards of Stanford University Hospital disclosed "the incidence of 
definite vitamin deficiency disease" as 3.1 percent. Adding those showing 
"possible mild signs of vitamin deficiency'' the prevalence would be increased to 
7·5 percent. A critical analysis of the criteria used in this study would indi
cate that they were in the main recording the prevalence of severe acute types 
of malnutrition as represented by pellagra, beriberi, s~ and rickets. 

RECORDED PREVALENCE FROM CHEMICAL EXAMINATIONS 

Reliable data from this type of evidence is available for iron (hemoglobin) 
protein and ascorbic acid. Data from chemical examination of blood vitami~ 



in the United States 

A, urinary or blood thiamin, riboflavin and niacin are still in the investigative 
stage and cannot as yet be used for survey purposes. Evidence of vitamin K 
deficiency by blood prothrombin estimations involves surveys on special groups 
such as the newborn or surgical patients which are not generally -applicable 
or significant for population groups. 

Iron Deficiency Anemia. Statistics on the prevalence of iron deficiency 
(hypochromic)' anemia in the population of the Unit~d States are not nearly as 
complete as the figures available for the British Isles. All surveys, however, 

· show a notably high prevalence, especially in children and pregnant women of 
the lower-income groups. In Table 13 are listed results of the more recent sur
veys, indicating findings of anemia in from 1.5 to 85 percent of children, 1.0 to 
30 percent in adult males, as high as 68 percent in adult females and 9 to 72 
percent in pregnancy. It is recognized that inadequacy of other nutrients, par
ticularly of the B-complex or even thiamin alone, chronic blood loss, malig
nant conditions and possibly factors other than an inadequate intake of iron 
may result in hypochromic anemia. However, in studies of large groups, 
particularly of school children, it is probable that the prevalence of hypo
chromic anemia is a reasonably accurate index of a dietary inadequacy in iron. 

Vitamin C Undersaturation. Now that reliable methods are available for 
the determination of ascorbic acid in the blood, reports of the prevalence of 
vitamin C undersaturation in population groups are appearing with increasing 
frequency. Plasma levels below o.6 mg. indicate less than optimal dietary 
intakes of vitamin C and levels below 0.4 mg. are considered by most students 
as ·definitely abnormal. Williams and Wilder 01 have pointed out "that the 
normal organism in the basal state has remarkably constant levels of the 
various constituents of the blood, and that these levels are maintained until 
there is considerable deplet,ion of stores or until there is disturbance of metab
olism. Low levels of vitamins in the blood, therefore, may be evidences of 
severe rather than mild depletion of stores." On the other hand, plasma levels 
of o.6 mg, or more can be consistent with the scorbutic state, for after therapy 
has been instituted the acute anatomical lesions of vitamin C deficiency, though 
receding, remain for some time; while chronic scorbutic lesions as represented 
by hypertrophy or atrophy of the gingival papillae will remain for months. 
It cannot be too strongly emphasized that low values of ascorbic acid always 
indicate an unsatisfactory vitamin C balance, but do not indicate the presence 
of anatomical lesions; similarly normal ascorbic acid values do not rule out 
vitamin C deficiency as the cause of an anatomic lesion, for recent intake may 
have elevated the blood level without curing the anatomic lesion. 

As shown in Table 14 there is evidence of vitamin C depletion (plasma 
levels below o.6 mg.) in a large proportion of our population, varying from 
5·5 to 85 percent of different groups. Of special significance is the high 
prevalence in school children. For example, in small Michigan communities, 
49·3 percent of 475 children had serum levels of ascorbic acid below 0.5 mg. 
percent, and in 1,58g white grade school children in Philadelphia 32.3 percent 
were below 0.55 mg. percent. In New York City public school children of 
high school age serum ascorbic acid below 0.4 mg. percent was 32.0, and in 
private school children only 2.9 percent. 
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TABLE 13 

PuvALENC£ 01' SECONDARY (IRoN DEPICIENCY) ANE>llA 

Criteria 

Loca1117 Subjecll 

ems. Bb. per 1 oo ec. 
blood unless otherwise 

1pccified 
Ana Arbor • • • • • • 158 prepaat women (urban)" 10,0 

C.I. o.o 
C. Bb. a6 .z 1o.u G 

New York CitJ' ••• a) s~s prquaat womea, lroa therapy• a) R.B.C. 4,ooo,ooo 
b) 307 prepaat women, uo iron therapy • b) .Hb. H.6 

Oklahoma Clt7 , , • 1,ooo private obstetric pat~cntl• 

United States • • • • prepant womea (reYiew) 11 

New York CltJ,., a) 316 prlnteiChool chUdren• 

b) .P5 public achool chUd""' a 

c) tsB WP A aaptOJCS• 

d) tg8 aunea• 
Penlll)'lvula ••• , 428 school children (represcatative eco

aom.lc aectloa) " 

Pcaaaylvanla • • • • 11,460 all aaea• 
prelchool 

achool 

adult_ 

PhUadelphla • • • • • a)' J,sBg white sth IJ'&de cbUdrcn • 

b) 17P Necro stb 1rade chUdreu • 

New York Cl17... 100 hospital patieDII (medical)" 

Florida •••••••• ,' 6ao rural school cbildrca. (6-10 :Jrt.)" 

Tcnne~~ee ••• ~ ••• 1,16t all acu. rural male and female, 
white and Ncano • 

a) .ao6 white childrea. 

b) ns Nelf'O chlldrea 

c) .aBg white adult ma1ea 

d) a8t white adult females 

e) 135 Nearo adult mates 

f) ••s N...., adult fematea 

Sou then~. 1,170 mate aircraft workera"-
. California (94 pen:el1t heUic •• to .. :rn.) • 

Mlebipn 549 chUdrea. in amaiJ. comunmitiea • 

a) R.B.C. 3,soo,ooo 
b) Hb. ••·• 

~'lroo de&cleocy 
aoemia" 

Boya, 13 gm.; 
ri.rll, Ul gm. 

Bo:ra 13 yr~~.: u.S 
to I3·S gm. .... 

12.0 
u.o 
u.s 
IO.O 

n.s 
zo.o 
u.s 
JO,O 

u.s 
zo.a 

·~-0 
u.s 
u.o 
u.o 
u.s 
u.o 
10.2 

n.,. 
•• 6 u:.,. 
•• 6 

u.s 
11.0 

u.s 
11.0 
12.5 • 
11.0 
u.s· 
n.o 
... 5 
n.o 
Ja.s 
IJ,O 

... s 
lloO 

u.s 
lloO 

Pereeutage 
deficient 

26.6 . 

a) .:18.o 
b) ••.• 

a) 16.4 
b) ••• 

30.00·60.00 

a) 1.s .. 

b) 3·3 

c) 34.0 
3.6 

d) •••• 

Male 
sz.o 

±20.0 .... 
s.o 

20.0 

±rs.o 

$7.0 
13.0 

Female 
s6.o 

±.:10.0 
.:16.0 

29·7 
'13·9 s.• 

69·1 
"47·4 
as.a 

23,0 .. 
Ss.a 
57.2 

. 77-4 
33·4 

34·6 
8.1 

47·5 
7o7 

14·1 
IS.6 
S·S 
0.7 

•8.7 
1·4 

as.g 
••• 

68.8 
26.6 

1.03 
0.1,. 

•••• ••• 
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TABLE 14 

PREVALENCE OF ASCORBIC ACID DEPLETION 

Locali17 

Maine ••••••• _ ••• 

Subjeeta 

86 school children Ill 

Tennessee • , ••• :. 380 "normal" children • 

Cincinnati ••• _,.. 69 orphanage children N 

New York City... a) 342 private .school children a 

b) 425 ·private school children u 

c? 165 WPA. employes • 

Washington •••• "} _ 
:Montana ._ , ••••.• ,. C II 1 d ,. • 
Oregon ••••••• _.. o ege a u en 
Utah ••••••••••• 

Maasacbuaettl • • • College students 

Rhode Island _, ,_.. College students 

Tennessee •• ~ •••• 

North Carolina ••• 

I,I6J all ages, male and female, white and 
Negro 11 

a) 693 rural white, all ages 

b) 370 rural colored, all ages 

:zr8 persons, rural mill com~unity • 

California • • • • • • • 70 ·hospital patients (surgical) er 

New York City... 100 hospital patients (medical) 11 

Chicago ••••••• , • :roo hospital 'patientl (unspecified) • 

New York City,. • I 57 -hospital patients (medical) • 

Southern :r:·,t7o mate aircraft workera (94 percent 
California being 19 to 39 yean of age) • 

Michipa • : • • • • • 475 children in amall communitiea • 

78 normal industrial workmen ta 

PbiladeJpbia ••••• 11589 white grade schOol children • 

179 Negro padc school children • 

' Durbam, NOrth 
Carolina 

782 J'OW18 mea at Natioual 
Youth AdmiaiatratioD Work ea.tern 

CTiteria 
mr. UCOTbic acid per 
100 ee. serum unlca 

otherwise specified 

o.6 
o .• 

0-7 

o.s 
o.:as 
o.6 
o .• 
o.6 
o •• 
o.6 
o •• 

20 mg. dai17 excretion 

: o.S 
· o.6 
o.~ 

o.6 
o •• 
o.6 
0.4 

0.3 
0 

o.s 
Oo3 
0.1$ 

Oo7 

o •• 
OoJ 

••• 
o •• 

o.B 
o.6 
o .• 

o.9 
o.s 
o.l 

0.75 
o.50 
o.25 

o.B 
Oo$5 
0-3 
o.B 
0-55 
OoJ 

o.6 
O.J' 
0 

Perccntal{e 
deficient 

Autumn SprinJ 
69.0 85.0 
46.o 63.0 

Summer Sprins 
45•0 61.0 

•5·9 
s.s 

a) 5·5 
•·9 

h) 49-9 
32.0 

c) 55.2 
39·4 

70.0 

Bs.o 

45·9 
25.6 

7·9 
27.0 
14.0 
30.0 
16.o 

61.0 
27.0 

17·1 
s6.9 
u.g 
33·0 

JB.o 
19.0 

••• 
... 0 

70,2 
52-4-
10,7 

76 •• 
49·3 
IJI,O 

114.7 ..... 
39·~ 

..S-9 .... 
•6.5 
67 .. 
"''·9 21,:1 
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Ribofla'llin. Feder, Lewis, and Alden u have recently surveyed the _urinary 
riboflavin levels in 658 persons comprising laboratory work~rs, hospt~l ~d 
private patients, medical students, and men called for a phystcal ~~tion 
by a Draft Board in Atlanta, Georgia, as well as a large number of mdmduals 
from the outlying rural area. From reported data they concluded that per~ps 
o.S microgram of riboflavin per milliliter of urine should rightfully be a crttical 
level above which a value would indicate that the person had an adequate 
riboflavin status and below which the value would show that the person was 
to be considered deficient. But to avoid a charge of selecting optimum as the 
critical level, they set 0.3 microgram per milliliter as the arbitrary level and 
considered a person with a value below it as deficient in riboflavin. ·On this 
basis the following percentages of persons were designated deficient in ribo
flavin: medical students, 25; white draftees, 30; colored draftees, so; rural 
dwellers, 65. It was concluded that widespread riboflavin deficiency prevailed 
in the area. 

Serum Proteins. The effects of inadequate protein intake on growth, repro
duction, and vigor are well-known phenomena in experimental· animals. In 
man, however, protein deficiency is recognized almost solely .by a decrease in 
the proteins of the blood with the resulting loss of osmotic pressure and the 
development of edema. The reduction of blood proteins may occur as the 

. result of an inadequate dietary intake but it may occur as a result of the con-
ditioning factors of malabsorption, poor utilization, increased excretion, or 
physical exertion. The reduction of serum proteins occurs principally in the 
albumin fraction, the globulin being normal or slightly elevated in uncompli
cated cases and reduced only in severe cases. The most common standards 
used in this country are those of Peters and Eisenman based on the Kjeldahl 
technic. They are: total proteins, 6.o-8.o; albumin, 4.o-s.s; and globulin, 
1.4-3.0 gm. per IOO cc., respectively. · 

For survey purposes either total protein below 6.o grams percent or albumin 
below 4.0 grams percent, more preferably the latter as the albumin fraction is 
more influenced by dietary factors, may be taken as definitely abnormal. On 
this basis, surveys of population groups in rural Tennessee and of industrial 
workers in California, serum albumin below 4.0 grams percent occurred in 
I.7 to 21.4 percent of the population groups studied (Table IS). The lowest 
prevalence was in children with no significant difference found in white and 
colored. The greatest frequency was found in colored females being three 
times the prevalence found in white males or females and alm~st twice that 
found in colored males. 

MEDICAL AsSESSMENT OF NUTRITIONAL STATUS 

Thiamin Deficiency Polyneuropathy. Though criteria have been established 
for the diagnosis of mild polyneuropathy none of these signs alone can as 
yet be said to be due only to a deficiency of thiamin. These signs must be 
interpreted with a knowledge of the history and of other findings both clinical 
and laboratory. . Nutritional surveys have as a rule neglected to record the 
presence of such signs as abs?Ice ?f ank!e and knee jerks, plantar dysesthesia, 
calf m~scle tenderness and tmpatred vtbratory sensation in the toes. In a 
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survey by Bo_rsook, Alpert and Keighley •• of 1,153 male aircraft workers, 
94 percent bemg 19 to 39 years of age, 16.9 percent had one or more of the 
following signs: absence of ankle and knee jerks, 0.3; absence of ankle jerk, 
1.8; calf muscle tenderness, 0.4; plantar dysesthesia, 14-7; and loss of vibra
tory seJ;tsation in toes to C-128 tuning fork, 0.7 percent, respectively. 

Confirmation of the frequency of these findings has been observed by Harris, 
Weeks and Kinde •• in 769 Michigan school children. Their findings were 
as follows: absence of ankle jerks, 4·3; absence of knee jerks, 2.2; calf muscle 
tenderness, 2.6; plantar dysesthesia, 2.3; and impaired vibratory sensation in 
the toes to a C-128 tuning fork, 8.3 percent, respectively. . 

Locality 
Tennessee .............• 

TABLE 15 

PREVALENCE OF HYPOPROTEINEMIA 

Subjects 
1,161 rural, all ages, male and female, 

white and Negro •• 
206 white children 
IIS Negro children 
289 white adult males 
281 white adult females 
J35 Negro adult males 
135 Negro adult females 

Southern California •.. ; • 195 aircraft workers (94 percent be
ing 19 to 39 years of age) •• 

Percentage deficient 

Criterion 
total pro-

tein below 
6.ogm. 
percent 

2.7 
'·4 
5.2 
2.0 
2.8 
2.9 
2-9 

Criterion 
ICrum albu· 
min below 

4.oam. 
percent 

S.o 
'·9 
'·7 
7·9 
7·' 

12.8 
214 

2.6 

In surveys it is not possible to categorically state that all these abnormal 
neurological signs are due only to thiamin deficiency, as other deficiencies 
and causes other than malnutrition will produce these signs. In this age 
group-schpol children and young healthy adults--<lther causes, such as neuro
syphilis, pernicious anemia, and arteriosclerosis, must have been very 
infrequent. 

If these signs in only half the subjects are eventually proven to be the 
result of a thiamin deficiency, the prevalence of neurologic changes on a 
thiamin deficiency basis is large enough in school children and in adult males 
under 40 years of age to cause genuine concern. 

Riboflavin Deficiency. Cheilosis, angular stomatitis, characteristic seborrhea! 
skin lesions and significant degrees of superficial corneal vascularity are all 
signs which have been attributable to riboflavin deficiency. The most frequent 
of these signs is corneal vascularity which is undoubtedly associated with 
riboflavin deficiency in many subjects!._.,• In acute cases this condition can 
be observed by slit-lamp biomicroscopy to disappear following n'boflavin ad
ministration, return when riboflavin is withheld and disappear again when 
treatment is resumed. In this acute type of lesion the ocular symptoms of 
burning, itching, asthenopia, photophobia and lacrimation are extremely com
mon. Several investigators •z. ••· •a-eo, 78 have used corneal vascularity· as an 
index of n'boflavin deficiency in surveys of population groups. Its validity for 
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this purpose has been questioned, for many n-•• consider that it is not. yet 
confirmed that all or nearly all of these vascular changes are due only to nbc
flavin deficiency or that they are a necessary accompaniment of other un
doubted signs of riboflavin deficiency. The consensus of this group at the 
present time seems to be that one cannot assume that all significant degrees 
of corneal vascularization are due to riboflavin deficiency. Sandstead,80 follow
ing riboflavin therapy for 6o to I 10 days, found no significant change in 
corneal vascularity which could be ascribed to this therapy. He concludes "at 
the present time, therefore, it seems doubtful that superficial vascularization 
of the cornea, as observed in this study and as found in the general population, 
should be considered a diagnostic sign of riboflavin deficiency." 

On the other hand, Tisdall et al.11 found the prevalence of corneal vascu
larization among apparently healthy young adults in Canada surprisingly 
high and seeming to vary with the riboflavin-containing foods in the diet. 
Riboflavin in large dosage for a period of two months decreased vasculariza
tion of the cornea in a large percentage of cases and caused marked improve
ment in disturbing ocular symptoms. Youmans and Patton 82 have observed 
a considerable number of subjects with mild but definite corneal vasculariza
tion not accompanied by ocular symptoms and in whom there was no corre
lation with dietary intake of riboflavin, other dietary factors or other evidence 
of deficiency disease. Reexamination of these subjects showed an improve
ment or disappearance of the vascularization in the winter or spring season 
compared with the fall, in spite of a lower intake of .riboflavin in the former 
period. It was suggested that factors besides riboflavin are concerned. You
mans and Patton u concluded "that corneal vascularization, even of the 
characteristic type and of definite degree, does not always mean a general 
riboflavin deficiency." They then point out that under these circumstances 
the lesion loses some of its value as a diagnostic test of riboflavin deficiency 
in population groups. But for clinical purposes they point out that significant 
degrees of corneal vascularity, plus the history and the results of a therapeutic 
trial, are not only the most helpful and reliable but the simplest and quickest 
means of detecting mild riboflavin deficiency. 

Pertinent to this view is the role of conditioning factors. Sandstead 80 

points out the possibility of the acute exanthemata playing a role in the higl1 
prevalence of corneal vascularity. It will be recalled that physical exertion 
and light have been cited as examples of conditioning factors in relation to 
intake. The fact that physical exertion may induce nutritional edema is not 
regarded as impairing the diagnostic sign of edema in that deficiency state. 
Nor is nutritional edema regarded as being "caused" by exertion. Just as. 
physical exertion may precipitate nutritional edema, and light, trauma, heat, 
dirt, or filth may induce or intensify pellagrous skin lesions, so corneal vascu
larity may be conditioned ~y ~ight:10• ••· ... But this does not affect the validity 
of e?em.a, of the cha~cte;ts~c skin .lesiOn! or of ~omeal vascularity ·as diag
nosti<: stgns of ~rotem, ~Jacm, or nboflavm deficu;ncy, respectively. Neither 
does tt necessarily question the fundamental relation of protein · niacin and 
riboflavin to these respective deficiency states. ' ' 
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Another point should be emphasized. It has been reported that recession 
of the lesions of chronic ariboflavinosis is very slow and is complete only after 
a very long period of time," This is likewise true of other deficiency states. 
Therefore, short periods of therapy without apparent results may lead to 
erroneous conclusions. In none of the cases where no improvement has been 
reported was therapy continued more than a few weeks or a few months. 

By use of corneal vascularity as a criterion of ariboflavinosis, but with 
recognition of the possibility that it may give too high a figure, the apparent 
prevalence of ariboflavinosis (Table 16) in children varies from 2.3 percent 
in high-income families to 75 percent in low-income families, while in adults 
its prevalence seems to vary from 20 to 40 percent. 

TABLE 16 

PliEVALENCI! OF CoRNEAL VASCULAIUTY (AmllonAVINOSIS) 

Locality Group 
New York City... 354 high school students high

income families •• 
495 high school students low

income families •• 
138 WPA employes n 

1!)8 nurses •• 

Southern 1,171 male airuaft workers 
California (94 percent heiDg 1!1 to 3!1 

years)" 

Tennessee • • • • • • • • uo white-all ages •• 
47N~agesu 

Michigan , , • • . • • • 710 school children 80 

Philadelphia I,g6o grade school cbi1drm II 

C0111al ion~foa 
Any degree of comeal 

invasion 
Aily degree of corneal 

invasion 
Any degree of comea1 

invasion 
Any degree of corneal 

invasion 

"Streamer type" 

Significant invasion 
Significant invasion 
More than three arcades 

Any degree of comeal 
invasion 

Invasion of limbus only 

p.,...., 
2.3 

?s.s 

47.0 

42-5 
20.9 

0 

Vitamin A Deficiency. Xerosis conjunctivae is a lesion characteristic of 
vitamin A deficiency in animals ••· 11 and one that is reported to respond to 
vitamin A · therapy in man. •• From this it should not be inferred that all 

· "spots" or elevations appearing on the eyeballs peripheral to the cornea are 
xerosis conjunctivae. Some are, but others are pterygium, and others scleral 
deposits of varying composition. The contention of Kruse •• that xerosis con
jundivae is a manifestation of chronic vitamin A deficiency has been criticized 
by Berliner •• who points out that not all the photographs published by Kruse 
were characteristic of xerosis conjunctivae, that the vitamin A blood levels 
are not low, and that many of the lesions in question are those usually ascribed 
to simple senile changes. It should be noted, however, that trained ophthal
mologists after gross and slit-lamp examinations frequently disagree on the 
appropriate anatomic labeling in a high proportion of "spot" cases. The blood 
level of vitamins does not necessarily reflect the state of the tissues and can
not be used as a criterion for the absen~ of a deficiency disease, particularly 
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a chronic deficiency anatomically manifest.••· •• In this type of malnutri~on 
the blood reflects the recent intake of vitamin A. Also, to designate lestons 
of the conjunctivae as senile changes with the implication that senility per se 
is responsible for them is unsatisfactory.••· 01 This merely identifies the con
dition with a population in which it is most frequently found, but does not 
explain its etiology. Even in arteriosclerosis, age is not the essential cause. 
As William Boyd •• has stated, "The advance in years merely permits some 
slowly acting cause to produce the effects in the vessels." In discussing the 
lesions of chronic malnutrition, Kruse states: n "Not all elderly persons show 
the changes. On the other hand, they occur in children. Time, not senility, 
is the essential point, and time does not start the changes, it is simply a 
dimension over which they progress. They are specific avitaminoses in a state 
of chronicity, due usually to respective dietary deficiencies running over a 
period of years. Their prevalence and severity vary with the number and 
degree of deficient diets. • • • • Most important of all, they are reversible, 
yielding slowly but completely to appropriate therapy." This latter point has 
been partially confirmed by Jolliffe and Stern •• who. observed that of ten 
subjects given so,ooo units of vitamin A twice daily by mouth for 10 months, 
seven showed evidence of responding in the manner described by Kruse. It 
seems therefore that some of these lesions respond to vitamin A therapy. 
Some may not, but sufficient time has not yet elapsed to decide this point 
definitely. 

Following a twenty-five week period of high intake of carotenoids (2oo,ooo 
I. U. of vitamin A as carotene) and a ten week period on 10,000 units of 

. carotene, Getz ••• has subsisted during the past one and a half years on a diet 
providing less than 500 I.U. vitamin A daily. At intervals during the entire 
period of deprivation his conjunctivae were obserVed with the biomicroscope 
by several observers; his visual adaptation was tested and his plasma vita
min A concentration was determined. The first change noted during the 
period of vitamin A deficiency was the appearance of conjunctival changes 
described by Kruse. Several months later some visual dysadaptation devel
oped. The conjunctival changes were first seen in the third month on the 
low vitamin A diet, progressing and becoming grossly visible; dysadaptation 
began in the seventh month; and scaliness on the elbows was observed in the 
eleventh month. But the level of plasma vitamin A, reaching 180 I.U. per 
100 ml. during the preliminary period of high vitamin A intake, never did 
fall below 93 I.U. during the deprivation period. Not only were his vitamin A 
stores presumably well stocked at the beginning of the deprivation period, but 
also conditioning factors during the period were in operation only at a mini
mum. So far as is known, this is the first attempted and reported instance of 
experimentally induced conjunctival changes in a person as a result of 
vitamin A deprivation. . 

On the basis of "gross" spots the prevalence (Table 17) varies from 7 to 
6o percent of the population groups studied, while biomicroscopic changes 
occur in so to 99 percent of all subjects. The prevalence of gross spots is 
higher in males than in females, in colored than in whites, and in older than 
in the young. 
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Vitamin D Deficiency. With the development of knowledge of the cause 
and prevention of rickets, the prevalence of severe rickets has been reduced 
greatly in recent years. Twenty years ago, except for regions blessed with 
more than average sunshine, the prevalence of clinically detectable rickets in 
infants was estimated by Hess •• at about 75 percent. Present figures indicate 
that the prevalence of active and healed clinical rickets is approximately 20 

TABLE 17 

PBEVAL&NCE OF CONJUNcriVAL CHANGES (AVITAMINOSIS A) 

r..cau.,. 
New York City .. , 

Southern 
California 

Michigan .. , ..... 

New York City .. . 

Philadelphia .... . 

Group 
494 high school students from 

low-income families •• 
143 WPA employes n 

198 nurses •• 
1,172 male aircraft workers 

(94 percent being 19-39 
years) •• 

710 school children .. 

549 psychiatric patients •• 

1,239 grade school children, 
Part I·•• 

473 grade school children, 
Part II •• 

Criteria 
Gross spots 
Biomicroscopic changes 
Gross spots 
Biomicroscopic changes 
Gross spots 

Gross spots 
Biomicroscopic changes 

Opacity 
Significant biomicro

scopic changes 

Gross spots 

Gross spots in charac
teristic location 

Gross spots in charac
teristic location . 

Elevated spots in non
characteristic loca
tions, exclusively 

Combination of charac
teristic and non
characteristic spots 
occurring simultane
ously 

Biomicroscopic changes: 
Right temporal region 
Right nasal region 
Left nasal region 
Left temporal region 

-· 1·1 
86.6 
45·5 
99·3 
34-0 

47.6 
!)6.6 

6o.o 

S.rs 

7·39 

2.6o 

88.6 
94-9 
¢.6 
9<>.0 

petcent among children ·of preschool age. This figure varies greatly from 
communit;y to community, depending on urbanization, age, season of the year, 
race, and the practice of preventive treatment.•• In Newark, New Jersey, 
Levy and Silver •• studied, in the spring of 1937, 100 consecutive infauts less 
than 9 months of age and found clinical evidence of rickets in 37 percent. 

In North Dakota the state health department reported in 1937 a study of 
5,227 preschool children in whom by clinical methods active or healed rickets 
was found in approximately 20 percent. In 1941 Rhoads and her co-workers "' 
reported a study of 233 children at 2 years of age who had received 1 10 to 
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1,500 International Units of vitamin D daily for the previous 22 months of 
life; active rickets was found in 7·7 percent and healed rickets in an additional 
6 percent. The ·prevalence of rickets in 487 autopsied children between 3 and 
19 months, dying in a hospital, was found by Follis, Jackson and Park •• at 
48.4 percent. 

Niacin Deficiency. With a single exception, evidence of this deficiency has 
been based on the severe acute lingual manifestations. It is obvious that both 
the acute severe form as manifested by a scarlet red glossitis, and the chronic 
form as represented by complete papillary atrophy, represent end results 
that are preceded by changes representing deviations from normal up to these 
recognized end stages. In the acute form hyperemia and hypertrophy of the 
fungiform papillae impart first a stippled and later a strawberry aspect before 
the complete scarlet red glossitis is evident. In the chronic form the stages 
are hyperemia associated with loss of substance as manifested by fissures, 
crevices and areas of progressive lowering of the papillae until a completely 
bald tongue is produced. With these changes as criteria, and their detection 
by the biomicroscope, all 49 subjects in a study •• showed some abnormal 
lingual changes. Upon examination of 198 nurses of New York City, 20 per
cent were found to have subacute changes characteristic of niacin deficiency. •• 

Ascorbic Acid Deficiency. As with niacin deficiency, anatomical evidence 
of ascorbic acid deficiency has been based on the severe acute gingival lesions. 
It is also obvious that the severe acute form must be preceded by gingival 
changes of a degree less than gingivae, consisting of bags of blood which 
almost completely hide the teeth. In the development of this acute process 
the first stage consists of capillary engorgement of the interdental papillae 
and later of the marginal gingivae. As this microscopic lesion advances it 
can then be seen grossly as a serrated red line marking the interdental papillae 
and later the marginal gingivae. Then as the lesion progresses the gums 
become swollen, until eventually the typical scorbutic gums are seen. The 
chronic form may start as the acute, but somewhere in its development, prob
ably because of the presence of dietary vitamin C but in amounts insufficient to 
cure completely, atrophy begins as evidenced by pitting on the interdental 
papillae. It finally leads to gum retraction with formation of calculi between 
the gums and the teeth, then superimposed infection and. so on ad infinitum 
to the end stage of chronic scurvy as represented by complete r.etraction of 
the gums, exposing the alveolar surfaces of the teeth, alveolar loosening, in
fection and extrusion of the teeth .. I~ 49 subjects examined in a study,>•• all 
showed some degree of these devtattons from perfection. In a later study •• 
on I98 nurses of New York City acute or subacute chan~es were observed in 
56 percent. The prevalence of undiagnosed scurvy in 487 autopsied children 
between 3 and IO months, dying in a hospital, was found by Follis, Jackson 
and Park •• at II.7 percent. 

DEFICIENCY STATES VERY PREVALENT IN THE NATION 

All the evidence is in agreement that deficiency states are common among the 
population of the United States. Most of them are not the severe acute type. 
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Rather, they are less intense in degree and very much slower in their course. 
Predominantly the deficiency states here are mild, moderate or severe chronic 
forms. Because of their slow gradual development, their presence is commonly 
unsuspected. In frequency and severity they increase with age and with 
lowered economic level. As yet optimum nutrition throughout the nation bas 
not been achieved; on the contrary, deficiency states are present on a large 
scale. 



SIGNIFICANCE OF DEFICIENCY STATES AND 
OPTIMUM NUTRITION 

The serious health handicaps resulting from the florid forms of the defi
ciency diseases are too well known to require review."· m. 102 Although the 
severe acute types, with their obvious clinical manifestations, are seen in many 
parts of the world, relatively few such cases (although perhaps significant 
numbers) occur regularly in the United States.••. 41• 108- 100 Instead, most of 
the deficiency states in this country are milder in degree and chronic in type. 
These various forms constitute a wide zone between obvious deficiency disease 
and optimum nutritional state. The evidence on the relation of deficiency 
states in that zone to health is not nearly so clear and has led to some differ
ences in conclusions."· ••· To. 100• 10T Most of the controversy arises out of the 
confusion of definition, but some of it is based on the type of evidence and 
its interpretation. 

Much of the scientific work in support of the importance of optimum 
nutrition to health loses its strength if the latter term is defined in the narrow 
sense as "absence of obvious disease," but becomes distinctly significant if 
one recognizes health as having more positive attributes. In this latter sense; 
health has quantitative characteristics involving efficiency, reserves, and the 
capacity not only to avoid disease but to attain maximum inherited poten
tialities. This point of view is the basis of preventive medicine and modem 
public health practice. It is with this definition in mind that the following 
evidence should be considered. 1oo-m 

So many factors other than food can enter to influence health during the 
course of studies on human beings that the full significance of the relation of 
food to well-being is most easily shown by the use of experimental animals. 
There are obvious advantages in rpaking observations on a species kept under 
well-controlled conditions which can be varied at will and can be continued 
through a generation or several generations if desired. Furthermore, since 
recession of lesions in chronic deficiency states occurs slowly and requires a 
long period of therapy, many studies in man on the relation of nutrition to 
health must necessarily be of long term. Here the use of experimental animals 
in orientative investigations offers a real economy in time. By this procedure 
of experimentally searching out the significant data, the subsequent studies on 
humans becomes less arduous and more straightforward. 

Sherman and colleagues m-m have shown by a series of carefully planned 
and executed e>.-periments, extending over a period of years, that diets ade
quate for the rearing of 50 generations of apparently normal rats can be 
improved with betterment to the animals. These benefits are made evident 
by increased growth and efficiency, decreased death rate and increased vitality 
at all ages. Also, the better-nourished animals not only live longer on the 
~verage, but most impo~t of all, the period of prime of life is distinctly 
mcreased. These conclus1ons are based on data of unquestionable statistical 

36 



37 

significance. More detailed experiments......... reveal that several chemical 
factors, i.e., vitamin A, calcium, riboflavin, etc., contribute to this improved 
health record and that up to four times the adequate quantities of these 
substances led to increased benefits. 

Waterman and Ammerman 110 have likewise shown that increased thiamin 
beyond that amount judged as distinctly adequate will yield improved growth · 
in rats. The farmer has known for years that there was a difference between 
"just adequate" and optimum feeding. An increased biological efficiency 
reflected in superior production of eggs, milk, wool, and meat, material results 
which can be evaluated in dollars, makes a convincing demonstration of the 
profitableness of better feeding.110 On purely biological grounds, one would 
expect analogous benefits to man as measured in better health performance. 

McCarrison,111• 111 struck by the contrast of the well-developed, healthy 
appearance of the people of northern India compared to the poor physique, 
low power of endurance and resistance to disease of those races in the eastern 
and southern parts of the country, undertook a study of the cause of this 
difference. After considering other factors, such as race, heredity, climate, and 
endemic disease, he concluded that the nature of the diet was likely the most 
important factor. To confirm this.conclusion experimentally, he raised iden
tical groups of rats on diets representative of the various regions, and he found 
the same great contrast in growth, development, and well-being of the animals 
as was observed among the people. 

More recently Radhakrishna Rao 121 has shown that monkeys maintained 
on diets based largely on milled rice and containing supplementary foods in 
small quantities, similar in coinposition to those consumed by the poor rice
eaters in India, show the same poor development and occurrence of gastro
intestinal, skin, eye, and mouth lesions. as the people in this region. 

While these animal studies are strongly suggestive, they are not necessarily 
proof that man will or does reaet in a like manner. Orr and Gilks 110 con
ducted a study to test this point. These investigators compared the physique 
and health of two African tribes living side by side, alike in most respects 
except dietary habits. The Masai are pastoral people and consume quantities 
of milk and meat; while the Kikuyus live for the most part on cereals with 
some tubers and legumes. The latter tribe is greatly inferior in physical 
development. The Masai men are on the average three inches taller and 23 
pounds heavier, and the Masai women, three inches taller and 27 pounds 
hellvier than the Kikuyu men and women. There was a similar striking differ
ence in the prevalence of chronic respiratory disease, parasite infestation, and 
general health records. Added evidence that these differences . were due to 
nutrition was indicated by the improvements resulting from changes made in 
the dietary of the Kikuyu. 

EFncTs OF Paoru DIET oN GaoWTH AND DEvEt.oPKBNT 

Corry Mann ••• also reports observations from an English institution for 
boys which bear on this point. One group of boys, six to II years old, were 
maintained on their regular diet, which was well-planned and judged to be 
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good ; while other groups received various supplementary foods. The most 
striking difference observed over a three-year period was between the control 
group and those receiving an extra pint of milk daily. During the first year 
the former group gained on the average of 3.85 pounds and 1.84 inches, while 
those receiving the extra milk gained on the average of 6.!)8 pounds and 2.63 
inches. Orr 110 and Leighton and McKinlay 127 demonstrated the same point on 
even larger groups. Similar gains in growth and improvement in general 
health records have been reported both in this country and England as a result 
of the supplementary feeding through school lunches. 128• 121 

The high percentage of men rejected from the Army because of inferior 
development and related causes has been distressing to those interested in 
public health.110 It is unfortunate that time and facilities have not allowed for 
better study of the problem in this country. An important experiment in this 
connection was conducted in England.111 A group of several hundred young 
recruits rejected because of under-development and other defects usually con
sidered as due to malnourishment were placed in a camp under optimum 
conditions of nutrition, exercise, and rest. After several months of such treat
ment, 87 percent of a group of 834 passed the physical tests which they had 
previously failed. 

Added indirect evidence comes from a recent study 101 of 78,000 Toronto 
school children which confirms the results obtained many times previ
ously 111• 116 that environmental factors affect height and weight. In this 
analysis striking differences have been found between the height arid weight 
of children from low-income families and those from higher-income groups. 
In the Toronto study the percentages of male children under average height 
in various groups classified according to the occupation of the father were: 29.9, 
laborers; 24.5, factory operators; 19.8, clerical workers; 18.9, commercial 
workers; 17.2, owners and managers; and 13.2, professioqal workers, Thirty
three percent of boys from families on relief were under average height against 
.22 percent of those not on relief. Only 12.2 percent of those boys attending 
10 schools located in prosperous districts were under average height com
pared with 31.3 percent of those attending 10 schools located in poor districts. 
Corresponding differences were also found for girls. It is not implied that 
stature is the only or the most crucial measure of well-being. Nor is it certain 
that the difference in the quality of nutrition is solely responsible, because 
differences in sanitation and rest habits also exist between these two groups. 
However, sound consideration of all the facts certainly implicates nutrition as 
the most likely cause of this stature effect. 

EFFECT OF PRENATAL DIET ON CHILD-BEARING 

Ebbs, Tisdall and Scott 111 have investigated the relation between prenatal 
diet and subsequent obstetrical history of 400 women from a low-income group 
in Toronto. One group found to be on a poor diet was left as a control. A 
second group on a poor diet was supplied supplementary food during the 
final trimester of pregnancy, and a third group found to have a relatively good 
diet was given education in the best use of food. The past obstetrical history, 
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the various complications of pregnancy, the obstetrician's general rating ease 
of labor and birth, breast feeding, response of the child to feeding and infec
tions during the first six months of life, and other factors were measured 
or evaluated. 

They summarize their findings and conclusions thus : "During the whole 
course of pregnancy, the mothers on a good or supplemented diet enjoyed 
better health, had fewer complications and proved to be better obstetrical risks 
than those left on poor prenatal diets. The incidence of miscarriage, still births 
and premature births in the women on poor diets was much increased. The 
incidence of illness in the babies up to the age of six months and· the number 
of deaths r~ulting from these illnesses were many tiines greater in the poor
diet group. While it is recognized that there are other important factors in 
the successful outcome of pregnancy, this study suggests that the nutrition 
of the mothers during the prenatal period influences to a considerable degree 
the whole course of the pregnancy, and, in addition, directly affects the health 
of the child during the first six months of life." While more cases are desirable 
and statistical treatment important, this study presents a strong argument for 
the importance of optimum nutrition in prenatal care. 

Another study along this line has been reported by a Committee of the 
Peoples League of Health in Great Britain.110 On the basis of a preliminary 
survey, a supplement containing those minerals and vitamins found most likely 
to be short in the diet was given to 1,530 primiparas, while 1,512 continued 
their regular diet without supplement. The complications of pregnancy, pre
eclampsia and toxemia were statistically less in the supplemented group. The 
incidence of premature births was also reduced. No differences in birth 
weight~ sepsis after child birth, or character and .duration of labor was noted. 

EFFECT OF AVITAMINOSES ON WELL-BI!lNG AND EFFICIENcY' 

The recent, well-controlled human experimental studies at the Mayo 
Clinic ... add much to our lmowledge of the symptoms and handicaps of early 
mild thiamin deficiency. Subjects kept on diets as adequate in thiamin as 
many American diets soon developed evidence of fatigue, irritability, muscular 
tenderness, and mental confusion. These conditions were paralleled by a 
definite decrease in efficiency in the relatively simple operations about the 
household. Although these symptoms and discomforts are admittedly not 
specific to thiamin deficiency, there seems no doubt in this case that thiamin 
deficiency is the cause. The symptoms were rapidly alleviated in those who 
received thiamin but continued to progress in those getting the placebo. 

There are a number of mild symptoms and lesions of rather vague origin 
which occur quite commonly in the general population and which, although 
not particularly serious, are uncomfortable and distracting and must have a 
cause. Among these are' soreness of the mouth and tongue with change in the 
papillae· swollen and bleeding gums; mild conjimctivitis with lacrimation; 
burning' and itching of the eye!. These are seen in certain deficiency states. 
The mouth and tongue lesions of niacin deficiency, the gum lesions of ascorbic 
acid deficiency, and the eye lesions of ariboflavinosis are examples. Recent 
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efforts ••· 100• 11•-uo to observe more closely the changes in these tissues, espe
cially in connection with specific therapy, indicate that many of these cases 
are due to deficiencies. Conditioning factors in relation to intake undoubtedly 
may also be instrumental in inducing these lesions and symptoms. 

There is a great need for well-controlled studies on the relation of nutritive 
state to physical and mental efficiency, especially in mild deficiencies. The 
magnitude of the problem, plus the need for more objective methods have been 
deterring factors. Several recent attempts in this direction have been reported. 

Keys and Henschel "' have studied the effects of the addition of large 
daily supplements of thiamin, riboflavin, nicotinic acid, pyridoxine, panto
thenic acid, and ascorbic acid to the regular U. S. Army garrison rations on 
the muscular ability, endurance, resistance to fatigue, recovery from exertion, 
and certain physiological mechanisms of a group of trained recruits expending 
3,70o-4,200 calories per day. Test periods of 4-6 weeks, alternating the 
supplements and placebos, were used. No improvements in performance were 
observed, which would appear to indicate that healthy young men on an ap
proved ration calculated to contain 1.7 mg. thiamin, 2.4 mg. riboflavin, and 
70 mg. ascorbic acid are not demonstrably benefited by a supplement of vita
mins B complex and C over a relatively short period of time. 

Foltz, Ivy, and Barborka " 2 likewise fo11nd no influence on recovery from 
fatigue or increase in muscular efficiency by parenteral injections of vitamin 
concentrates in persons already on an adequate diet. These studies were 
interpreted as showing that supplementing an already adequate diet with 
vitamin B-complex for several weeks has no influence on work output, re
covery, or other manifestations of physical exertion. It has been suggested 
that it would be desirable to have longer experimental periods. in such studies. 

Simonson, Enzer, Baer, and Braun " 1 have reported a study on the influ
ence of vitamin B-complex surplus on the capacity for muscular and mental 
work. Measurements on endurance in dynamic and static work, recovery of 
work capacity and pulse rate, maximum muscular force, fatigue of voluntary 
effort, maximum frequency of finger movements, errors in calculation tests, and 
fusion frequency of flicker were made on 12 apparently normal subjects who 
received over a 6-12 week period daily supplements of 6 mg. thiamin; 8o mg. 
nicotinamide; and 8 mg. riboflavin. The performance of this group was 
compared with a control group of II similar subjects. No effects of the supple
mentary vitamins were observed in the muscular work tests. However, there 
was observed an increase in the fusion frequency of flicker in 8 of 12 of the 
supplement group after 3 weeks, as compared with no change in the placebo 
group. This increased ability to detect flicker frequency, reputedly "a measure 
of central nervous system fatigue," dropped to the initial values 4-6 weeks 
after cessation of the vitamin intake. 

When men are restricted to a diet deficient in the vitamin B-complex, the 
effects on physical performance are striking. Egana, et al.'" have made obser
vations and measurements on 7 healthy physicians who subsisted on a diet 
deficient in B-complex for 4 weeks and then had small added amounts of 
brewers' yeast for 2 weeks. Mild and vague symptoms of pain, fatigue, and 
loss of ambition were observed, and there was a moderate deterioration in 
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the subje~s' physical fitness for exhausting exercises and particularly poor 
recupe~tive powers between repeated periods of exhausting exercise on a 
treadmill. The same changes were rapidly reversed upon the addition of 
yeast to the diet. 

Even more striking were the effects of vitamin B-c:omplex deficiency in 
men doing daily hard work. A similar study by Johnson, et al.1•• from the 
same laboratory on 10 subjects engaged in hard physical labor showed that 
under these conditions symptoms of muscular and joint soreness, fatigue, and 
physical deterioration were more rapidly produced, being noticed after one 
week on the deficient diet; and while the addition of thiamin improved these 
conditions, especially muscular symptoms, the addition of yeast was necessary 
for full recovery. 

In trained subjects restricted to diets containing about one-third of recom
mended daily amounts of the vitamin B-complex, Barborka, Foltz, and Ivy ••• 
found that subjective symptoms of easy fatigue, irritability, lack of pep, 
anorexia, and increased leg pain appeared during work periods and work 
output decreased. All the symptoms completely disappeared and work output 
returned to normal or better within ~ few days following supplementation 
with vitamin B-complex. 

It seems probable from the above reports and other evidence that there is a 
level of nourishment which, while it is not low enough to lead to easily recog
nized symptoms of deficiency disease, nevertheless does lead to decreased 
physical and mental efficiency. However, it is evident that additional well
controlled experiments on .subjects whose initial nutritional status is known, 
who can be maintained for long periods on various levels of intake of the 
several factors (vitamins, proteins, etc.) and whose performance is measured 
in an objective manner, are needed before satisfactory conclusions can be made 
regarding nutritional status and physical and mental efficiency. 

DIET AND DENTAL CARIES 

The cause and prevention of dental caries is one of the most puzzling and 
difficult problems in public health today. There are several schools of thought 
on the subject, each with its pet theory. The literature is exteosive, confusing 
and controversial.•••-••• It seems evident that the problem is more complex 
than generally realized, that many factors are probably involved, and that the 
solution is not in sight. 

However, in all this confusion, there are certain observations and con
clusions related to nutrition that seem worthy of emphasis. There is sufficient 
work of good caliber to indicate that attention to diet can not only decrease 
the prevalence of caries, but give some protection against the further develop
ment of that already present.•••· ••o-•u Also, it is equally evident that maloc
clusion uncleanliness, bacteria, too many sweets and unknown factors are 
involved in the process.•••-••• Unfortunately, a satisfactory experimental 
animal has not been found for' this type of work. 

Somewhat over a decade ago it was shown by Mellanby 100 that dogs reared 
on diets faulty in calciwn and phosphorus, as. well as vitaJD!n A and/or D, 
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lead to poorly calcified (hypoplastic) and otherwise malformed teeth and 
supporting structures, factors said to be important in the caries problem. 
Subsequent well-controlled studies by the same author In a London Institution 
for children m, '"" clearly showed that the prevalence of hypoplastic teeth and 
caries could be greatly decreased by the addition of the above factors. Con
firmatory observations have been reported by several others. Boyd and 
Drain 112• 111 and Howe and White,•••· 111 and others have shown that the 
increased use of meat, milk, fruit and vegetables in the diet is followed by a 
reduction in occurrence and severity of caries. The formation of a hard, secon
dary dentin as a protective reaction at the base of developing caries as a result 
of better nutrition is reported by several investigators.""· 101 

One of the most interesting facts about dental caries is the geographic 
distribution of high and low prevalence groups.111 In central Alaska, certain 
island groups and other small areas of the world usually remote from modem 
influence, the prevalence of dental caries is conspicuously low ; while in most 
other areas it is 95 to g8 percent.101• "" When members of these low-caries 
groups come in contact with world commerce, the prevalence of dental caries 
increases rapidly. This has been observed repeatedly. The report of King 110 

gives a full bibliography of these observations, as well as details of his own 
studies In the Island of Lewis in the Outer Hebrides off the Scottish Coast. 
The prevalence of dental caries in a large group living on the coast near an 
active port was about like that observed in London, e.g., g8 percent; while 
inland where modem influence has not reached, the frequency was on the 
average about 40 percent. The other most conspicuous difference in these tWo 
areas was a change of diet from the natural foods 'of high nutritive quality of 
the interior to that containing highly-processed flours, sugar, etc. 

Thus, there is much presumptive evidence indicating that nutrition plays 
a part in the dental caries. The question is how? Bunting and his asso
ciates •••· '" contend from their evidence that it is the presence of high carbo
hydrate in the diet with subsequent bacterial action. But the evidence indicates 
in addition that positive nutritive qualities of the diet also are involved. 

NUTRITIONAL STATUS IN RELATION TO SUSCEPTIBILITY AND 
REsiSTANCE TO INFECTIONS 

Considering the variety of infectious agents studied, the different routes and 
extent of exposure employed, the many types, combinations, and degrees of 
deficiencies involved, and many other factors which are sure to enter any 
observations on the relation of nutrition to infection, it is not surprising that 
the literature on this subject appears inconsistent, confusing, and difficult to 
evaluate. no-••• All infectious processes are not the same. Each shows specific 
characteristics. Nor do the various deficiencies affect the body in the same 
way. The relation of nutrition to infection is not one problem but many, and 
considerable more work of a well-controlled nature is necessary before a 
fully adequate answer can be given to this relation. However, there are 
certain points which seem reasonably clear, and several results which should 
be mentioned. 
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The relation of diet to infection is not to be compared with the dramatic 
effects of successful vaccines, serums, or drugs; but rather with other environ
mental factors, s~ch as general physical condition, sanitation, personal hygiene, 
and rest. !here 1~ no d~ubt that severe degrees of malnourishment in experi
!De?tal anunals, hke fatigue and low body temperature, lead to an increased 
madence of spontaneous infection and to increased susceptibility to certain 
induced infections.'" This is particularly true of vitamin A deficiency, but 
also to some degree with other deficiencies. The high morbidity and mor
tality rates from infections among those with severe deficiencies indicate that 
this is also true for the human being. 

In Experimental Animals. There is some evidence that mild degrees of 
deficiencies also lower resistance. Webster and Prichett 111 have found a 
definite difference in resistance to mouse typhoid, bichloride of mercury 
intoxication and botulinus toxin between two groups of mice, both of which 
were thought to be nonnal and adequately nourished as shown by satisfactory 
growth and procreative powers. Wooley and Sebrell 1 .. have shown that mice 
kept on diets, inadequate in riboflavin or thiamin are more susceptible to fatal 
infections with pneumococcus type I inoculated by the intranasal route than 
were mice fed on diets containing enough of these vitamins for good growth. 
King and Menten,m and King and Sigal 188 have shown that guinea pigs 
receiving inadequate amounts of ascorbic acid succumb to smaller doses of 
diphtheria toxin than those receiving liberal amounts of ascorbic acid. Rine
hart, et al. m have found that the heart lesions due to ,8-streptococcus infection 
in guinea pigs are greatly intensified by superimposed chronic scurvy. A 
lowered tissue resistance to infection has been observed in several of the 
deficiencies; lTG-172 for example, in the skin lesions of riboflavin deficiency, 
the mouth lesions of black tongue and pellagra, and in the lesions of the eye 
in vitamin A deficiency. 

Badger and Masunaga 111 report a lowered resistance to rat leprosy in 
. thiamin deficiency. Sabin and Duffy 110 have shown that the constitutional 

barrier to the entrance (muscular route) of the neurotropic virus (vesicular 
stomatitis virus) which nonnally develops in young mice by the sixth weelc 
is delayed by the malnourishment. This effect was shown by general under
nourishment i.e. low calories; also by B-complex and vitamin E deficiency. 
However ~ce tbe barrier had developed, neither thiamin, riboflavin, nor 
vitamin E deficiency had an effect. Riboflavin deficiency ,171 even in a rela
tively early state greatly lowers the resistance of rats to endemic typhus, 
thereby resulting' in a fatal ~sease. Animals s~erely d~ficien~ in ~itamin A 
are as resistant as normal anunals. No other v1rus or nckettsial dtsease has 
as yet been found to react this way, so this seems to be an example of a specific 
and extremely severe lowering of .resi~ce. In ~~· ma}nou!!!hment has 
shown quite the opposite effect m relation to vtrus infections. Recently 
Foster et al."" and Rasmussen, et al."' have reported that well nourished 
mice ;re more susceptible to murine poliomyelitis. than those deficien~ ~ 
thiamin or calories. Perhaps this is another confinnatlon of the close symbtotic 
relationship of the viruses to man. 

Trager m reports a decreased resistance of chickens and ducks to Plasma-
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dium lophurtU as a result of mild biotin deficiency. Some degree of specificity 
of biotin is shown by the fact that general debility due to other deficiencies 
does not give the effect. 

From numerous animal experiments m-'"' it seems well established that 
diet is an important factor affecting the reaction of the host to the establish
ment and maintenance of hookworm and other such parasitic infestations. It 
has been shown in dogs and rats that injury to the host by the worm may not 
only be reduced (i.e., anemia) but that in many cases the infestation may be 
eliminated by improvement in diet alone. This supports the repeated observa
tions and contentions u.-m of many that poor nutrition is a very important 
conditioning factor in the epidemiology of hookworm and related parasites 
in man. 

In Man. Such direct evidence on the relation of mild deficiency states to 
resistance to infection in man is lacking, but there are several bits of evidence 
which should be considered. The incidence and duration of illness in a low
income group as measured by loss of time from work and hospital days have 
been reported as being significantly higher in a low-income than in a higher
income group.110 Harper, et al.'"' have reported a statistically significant de
crease in loss of time due to minor illnesses of a group of 70 R.A.F. cadets as 
a result of supplementing their regular diet with vitamins A, C, and D. The 
prevalence of infectious diseases among the poorly-nourished populations of 
the world is striking and cannot be explained by sanitation, personal hygiene, 
and insect carriers.••• Orr and Gilks ,. in the studies previously mentioned 
found that 37 percent of the tribe living on a poor diet suffered from chronic 
respiratory infections; while in the better-nourished tribe living under the 
same climatic conditions, this type of illness was found in only about 4 percent. 
Tuberculosis, tropical ulcers and intestinal parasites were also low in the 
better-nourished group. The tribe· habitually eating a poor diet showed a 
marked drop in morbidity and mortality rate within a year after their dietary 
had been improved. Like observations have been reported from India and 
other parts of the world. 

Without questioning the presence of infection and climate as factors in 
rheumatic fever, there is considerable evidence that an additional factor such 
as poor nutrition, found to be more prevalent in low-income groups, is in
volved.'"· •••· ,.. The importance of good nutrition to resistance and recuper
ative power is recognized by most physicians and surgeons who give attention 
to this point, as well as rest, as part of general treatment. Also, in· their 
experience, all other factors being equal, the poorly-nourished patients consti
tute the greatest risks. 

APPLICATION OF THE SIGNIFICANCE OF OPTIMUM NUTIUTION 

In considering the application of existing Imowledge on the significance of 
optimum nutrition for health and well-being, it is pertinent to mention that it is 
difficult to sell the idea prophylaxis, especially if its benefits lack drama, or if 
they appear slowly over a long period of time. Then too, the early evidence for 
the importance of a biological science to preventive medicine is usually founded 
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on animal ~eriments. Later, statistical measurements may be necessary to. 
show conclusively the benefits to man. Also, such human studies require 
such a large program that progress is slow. 'To the average mind neither 
animal experiment nor statistics has a very strong emotional or personal 
appeal, and slow acceptance of this type of evidence is to be expected. But, in 
addition, there is a mistake which appears to be more or less prevalent and 
which indicates an insufficient understanding of this type of evidence but is 
serious because it has, without a doubt, retarded the acceptance of the newer 
knowledge of nutrition in some quarters. This is the mistake of supposing 
that an unsound procedure is involved in carrying over the findings from one 
species to another. Whereas, ~e fact is that the application of animal experi
ments to human problems in nutrition depends upon the same assumptions 
that have been used with such success in the developments of physiology 
and bacteriology, and which are the foundation on which the practice of 
medicine is built. 

On the other hand, some persons may expect a good diet or improvement 
of nutritional status by therapy to confer absolute protection against all infec
tious and metabolic di~es. In any relationship between nutritional status 
and infection, it is evident that nutrition is only one consideration, that such 
factors as exposure and virulence are not to be disregarded. Hence, whatever 
protection is conferred by favorable nutritional status may be expected to be 
in terms of probability rather than certainty .118 

There is no denying that there have been some premature or exaggerated 
claims for the benefits of optimum as compared with just adequate nutrition, 
that the literature contains reports of many poorly-conducted experiments and 
interpolations, and that there are those who make a living by exploitation. 
But these human failings should not produce a reaction which retards the 
acceptance of the real merits of the science. Much more knowledge of the 
relation of nutrition to health is desirable and is being uncovered at a rapid 
rate. Nevertheless, keeping in mind the view that buoyant health, not just 
passable health, is the objective of modem health philosophy and practice, the 
evidence now available, incomplete as it may seem, leads to but one conclusion. 
It is that there is a real difference, as measured in terms of growth, develop
ment and general health record between optimum and just adequate nutrition; 
and that every practical effort should be made to apply this lmowledge in the 
interest of human welfare. 



SUMMARY AND CONCLUSIONS 

All the evidence from numerous surveys over the past ten years to the 
present among persons of all ages in many localities is without exception in 
complete agreement that inadequate diets are widespread in the nation. Al
though an appreciable percentage of the diets failing to meet the Council's 
recommended dietary allowances were more ·than so percent deficient in 
amounts of the several essential nutrients, most. of the diets were less than so 
percent deficient. Accordingly, there is widespread prevalence of moderatdy 
deficient diets. 

It has long been recognized that other circumstances besides deficient diet 
impair nutrition. Certain so-called conditioning factors, such as physical 
exertion, light, trauma of several kinds, and disease, raise the requirements 
for essentials. Therefore, adequate intake is an individual matter related to 
the conditioning factors in operation. If these factors are sufficiently severe, 
even optimum intake may not completely protect against their force during 
the period of maximum operation. It is evident that many factors affect 
nutritional status. 

But evidence that deficient diet or conditioning factors are in operation at 
some particular point of time gives only a slight and incomplete conception 
of the full scope of their influence and effects. The frequency and duration of 
their operation is extremely important. Thus time, which for persons is age, 
is a significant factor. Few people eat an adequate diet every day during their 
lifetime. Rather, there are numerous or protracted periods when the diet is 
faulty. Similarly, few people escape the operation of conditioning factors at 
frequent or lengthy periods in their life. The repeated or protracted operation 
of faulty diet or various conditioning factors slowly leads to cumulative effects 
in deficiency states. 

All the data from numerous surveys with new methods among persons of 
all ages in many regions are entirely in accord in showing that deficiency 
states are rife throughout tlte nation. Relatively few are the traditional sevt're, 
acute types. Most are milder in intensity and gradnal in their course. Pre
dominantly they are subacute or chronic states: some marked, but very many 
mild or moderate. 

From this evidence it is clear that there is botll a preventive and corrective 
problem. On the preventive side, it is evident that production of sufficient food 
should be maintained and that more effective distribution of proper food is 
needed. For tile latter, it would seem advisable to give further consideration 
to the program of judicious enrichment of appropriate foods since tllat would 
add much to the guarantee of successful nutrition. It is also evident that diet 
education must be intensified and extended to tile utmost, and raised to new 
heights of effectiveness. 

On the corrective side, there is need for detection and therapeutic treatment 
of deficiency states among the population. For this project it is necessary to 
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disseminate the new diagnostic methods among the medical and public health 
professions. Foremost among the steps in this direction would be: ( r) prepa
ration of a handbook on methods of detecting deficiency states ; ( 2) establish
ment of training centers for instruction in the medical aspects of nutrition, 
especially diagnosis of the deficiency states; and (3) introduction of adequate 
courses on nutrition, particularly its clinical aspects, into medical schools. 
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