
Suggested Guide for Interpreting
Dietary and Biochemical Data

INTERDEPARTMENTAL COMMITTEE on NUTRITION for NATIONAL DEFENSE

These provisional standards were submitted by
the Committee of Consultants to the Interdepart¬
mental Committee on Nutrition for National Defense
and were accepted by the committee. The standards
were arrived at after long consideration and a pool¬
ing of the experience and knowledge of the con¬

sultants. This guide merely indicates the extensive
evidence upon which the standards are based.
The ICNND consultants subcommittees preparing

this report were the nutritional requirements sub¬
committee: D. Mark Hegsted, Ph.D., chairman,
James M. Hundley, M.D., W. H. Sebrell, M.D., Rob¬
ert E. Shank, M.D., Walter G. Unglaub, M.D., Calvin
W. Woodruff, M.D., and Paul L. Pavcek, Ph.D.; and
the standard methods for nutrition surveys subcom¬
mittee: William J. Darby, M.D., Ph.D., chairman,
Wendell H. Griffith, Ph.D., Herbert Pollack, M.D.,
Ph.D., Gerald F. Combs, Ph.D., William J. Mc-
Ganity, M.D., Edwin B. Bridgforth, A.B., Irvin C.
Plough, M.D., Norman Jolliffe, M.D., William N.
Pearson, Ph.D., C. Frank Consolazio, and George
V.Mann,Sc.D.,M.D.

Three procedures of value in
surveys to assess the nutritional
status of a population are clinical
assessment, biochemical studies

of blood and urine, and collection of dietary
information. The conduct of surveys presup¬
poses the availability of some standards of
reference for interpreting the results obtained.
With the initiation by the Interdepartmental

Committee on Nutrition for National Defense
(ICNND) of a program of nutrition surveys it
was essential to define some tentative standards
for use in assessing the data in terms indicative
of the practical significance of the observations.
Although evaluation of the dietary and bio¬
chemical data only is considered in this paper,
it is evident that all three methods are necessary
for a logical overall evaluation of a particular
situation. Major disagreements among the
three approaches, if consistently found in popu¬
lation groups (as opposed to individuals) and
if not explained by recent changes in dietary
intakes, must be regarded as a strong indication
of error in the assessment.
The Recommended Dietary Allowances of the

National Research Council Food and Nutrition
Board (1) or the somewhat similar standards
proposed by other official bodies, such as the
Canadian Council on Nutrition (2) and the
British Medical Association (#), often have
been employed in the evaluation of dietary sur¬

veys in this country as well as in other parts
of the world. As indicated by the statement
of the Food and Nutrition Board, "The allow¬
ances are designed to maintain good nutrition in
healthy persons in the United States." They
were not designed as standards for assessing
survey results. They are not necessarily ap¬
plicable to situations of stringency or limited
food, supply. Since the latter conditions are

likely to exist in many situations, it is evident
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that use of the NRC allowances in assessing
nutritional adequacy is unrealistic and imprac¬
ticable. It is the aim of this paper to present
provisional standards for use in interpreting
nutrition surveys made by the methods detailed
by the ICNND in its Manual for Nutrition Sur¬
veys. This purpose is quite different from that
of the standards referred to previously.
A major difficulty in attempts to utilize the

NRC recommended allowances in the assessment
of dietary information is that they are not

uniformly related to minimal needs. For ex¬

ample, it would probably be generally agreed
that intakes of only 50 percent of the allowances
for ascorbic acid, iron, and calcium in adult
men have entirely different implications than
do similarly low intakes of thiamine, riboflavin,
protein, or calories. Thus the commonly used
method of reporting the proportion of the pop¬
ulation consuming 50, 75, and 100 percent or

some other arbitrary division of the allowances
does not determine the relative severity of the
inadequacies in the diet.
In many situations where resources are lim¬

ited the most useful service a nutrition survey
can make is to point to the critical nutritional
areas in which large gains in health and effi¬
ciency can be obtained. It is obvious that cor¬

rection of problems in these areas should be
attacked before efforts are made to provide the
less urgent benefits which might be obtained
from other dietary changes. A cogent ex¬

ample would be the consistent finding in prac¬
tically any area of the world, including the
United States, that, relative to the NRC recom¬

mended allowances, calcium is a "principal
deficiency." Since this so-called "deficiency"
is not demonstrable in measurable terms of
health, and no benefit to man of an increased
calcium intake has as yet been conclusively
demonstrated, it is doubtful whether specific
efforts are justified in most regions to meet the
supposed deficit. Rather, efforts and expendi¬
tures should be directed to more tangible prob¬
lems.
Undoubtedly many individuals will consider

the proposal that intakes which are muxjh below
the NRC recommended allowances are "accept¬
able" as a weakening of the nutritional baseline.
We do not believe this to be true. Nutritional
research has increasingly emphasized the im-

Goldberger Award to Vilter

The 1960 Joseph Goldberger Award for out¬

standing work in nutrition was awarded to Dr.
Richard W. Vilter, professor of medicine, Cincin¬
nati College of Medicine. Dr. Vilter led a World
Health Organization survey of the causes of anemia
and nutritional deficiency diseases in Egypt in
1954, and made a similar study in Guatemala and
Panama in 1955 at the request of the Pan American
Sanitary Bureau.

portance of obesity, atherosclerosis, and other
degenerative diseases, and is placing suspicion
upon overnutrition of various kinds. It may
be noted that many of the less abundantly fed
populations are relatively free of those diseases
which are a major cause of death in the United
States. Optimum nutrition is undoubtedly ob¬
tained by an intake of neither too little nor too
much of each specific nutrient. Although no

attempt has been made in this report to set the
upper limits on desirable intakes, this consid¬
eration should receive increasing emphasis in
the future. The present standards have re¬

garded "adequacy" as above the level at which
objective evidence of health improvement does
not occur. The standards in this guide are an

attempt at an objective evaluation of the data
currently available as derived from clinical,
experimental, and epidemiological evidence.
The term "high" is used in these standards in

the sense of high for the prevention of recog¬
nizable clinical deficiencies or definite bio¬
chemical evidence of deficiency. Good or

satisfactory would be advocated by many to
replace this term. Nutrient consumption and
biochemical values in the high range will be
found in many countries which enjoy a high
level of health and productivity. However,
the precise health advantages which attend
these high levels are the subject of much
difference of opinion and little conclusive evi¬
dence. There is no implication that intakes
in this range are sufficiently high to be detri¬
mental.
The dietary intakes, blood content, or urinary

excretion levels designated as "deficient" are

those which may be expected to be associated
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with definite, although not necessarily severe,
physical impairment due to insufficiency of a

nutrient in a measurable proportion of individ¬
uals. It is recognized that there are probably
substantial quantitative differences in the nutri¬
tional requirements of individuals. These
differences, combined with the errors of sam¬

pling and of laboratory determination and the
substantial differences among physicians in the
appraisal of various physical abnormalities,
may be expected to prevent a high correlation
between the dietary, biochemical, and clinical
evaluation of individuals. Repeated study by
all three methods should tend to eliminate such
discrepancies. If the various standards pro¬
posed are realistic, there should be a measure

of agreement of the three methods when applied
to population groups over reasonable periods
of time.

It should be emphasized that these guidelines
are proposed for the express purpose of eval¬
uating and interpreting dietaries in relation
to nutritive state. Therefore, the purpose is
quite different from that of the NRC recom¬

mended allowances in some instances.

Dietary Standards

Since the primary interest of the Interde¬
partmental Committee on Nutrition for Na¬
tional Defense was directed toward the nutri¬
tional status of the armed forces in various
countries, the dietary standards for the inter¬
pretation of nutrient intake data were designed
to apply to adult males, physically active, with
an average height of 67 inches (170 cm.) and
weight of 143 pounds (65 kg.) living in a

Table 1. Average percentage of nutrients lost
during cooking

Food items

Meats_
Meats plus drippings
Eggs-_-
Cereals_«_
Legumes_
Vegetables.leafy

green and yellow
Tomatoes_
Vegetables, other__
Potatoes_

Thi¬
amine

35
25
25
10
20

40
5

25
40

Ribo¬
flavin

20
5
10
0
0

25
5

15
25

Niacin

25
10
0
10
0

25
5

25
25

Ascorbic
acid

60
15
60
60

temperate climate and consuming a varied diet.
Wherever evidence is available to justify and
allow modification because of age, body size,
activity, climate, type of food, and other fac¬
tors, such modifications should be made.

Calculations of dietary information collected
should make appropriate allowance for nutri¬
ent losses during food preparation and storage.
Despite recognition that such losses vary
depending upon differing preparation and
cooking methods in use in different cultures,
and that local values should be used whenever
they are available and reliable, the values in
table 1 were regarded as reasonable approxi¬
mations in the absence of more specific data.
These values have been taken directly from
the Army Technical Manual, TM 8-501 (^),
and represent losses with good cooking prac¬
tice with U.S. Army ration components.
From the good agreement between calculated

values for the raw food and analytic values for
the cooked food samples from the army messes
in most countries surveyed by ICNND, it would
appear that cooking losses are not so great as

those indicated in table 1. The calculations in
the survey reports assume valid values for the
composition of the local foods. However,
knowledge of nutrient composition is often
fragmentary. Additional studies on the com¬

position of raw and cooked foods would use¬

fully extend knowledge basic to evaluation by
dietary studies.
Table 2 presents the suggested standards for

the evaluation of nutrient intake. Although
within the space allotted it is not possible to
document fully the reasons for these suggested
values, the basic facts are presented for each
nutrient.

Thiamine. The minimum need of thiamine
may be considered as reasonably well estab¬
lished since studies on animals and man are in
essential agreement. Clear-cut evidence of thia¬
mine deficiency has been obtained at levels be¬
low 0.2 mg. per 1,000 calories (5-7). Epidemi¬
ological evidence suggests a similar figure (8).
Evidence of unsaturation is available at intakes
of about 0.3 mg. per 1,000 calories (9). Al¬
though there is good evidence of a relationship
between thiamine need and caloric expenditure,
it is not entirely clear that this is uniform at
all levels of caloric intake. It is accepted that
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Table 2. Suggested guide to interpretation of nutrient intake data for physically active young
adult males

Nutrient Deficient Low Acceptable High

Niacin (mg./day)_
Riboflavin (mg./day)_
Thiamine (mg./l,000 calories)..
Ascorbic acid (mg./day)_
Vitamin A (I.U./day)_
Calcium (gm./day)_
Iron (mg./day)_
Protein (gm./kg. body weight).

<. 7
<. 2

<10
<2, 000

<.3
<6. 0
<.5

5-9
0. 7-1. 1
0. 2-0. 29
10-29

2, 000-3, 499
0. 30-0. 39

6-8
0. 5-0. 9

10-14
1. 2-1. 4
0. 3-0. 4
30-49

3, 500-4, 999
0. 4-0. 7

9-11
1. 0-1. 4

>15
>1. 5
>5

>50
>5, 000

>.
>12
>1.

8

fat in the diet spares thiamine, although the
data on man do not permit quantitation of the
effect. Kefinement of the estimate to allow for
the thiamine-sparing effect of fat has not been
attempted, but its possible importance should
not be ignored in the interpretation of data.

Niacin. The requirement for niacin for ani¬
mals and man is approximately 10 times the
thiamine requirement. From the composition
of pellagragenic diets Frazier and Friedemann
(10) estimated 7.5 mg. of niacin per day as a

minimum requirement. Pellagra has been pro¬
duced experimentally on diets very low in tryp-
tophan (200 mg.) which contained about 5 mg.
of niacin (11). On the other hand, pellagra
was not observed with diets supplying similar
amounts of niacin when relatively good sources

of tryptophan were present (12) or in a North
Carolina population consuming an average of
5 mg. daily (IS). Evidence of tissue unsatura-
tion has been found with diets low in trypto¬
phan and containing 8 to 10 mg. of niacin. The
kind and amount of dietary protein is thus of
importance. Approximately 60 mg. of trypto¬
phan may be considered roughly equivalent to
1 mg. of niacin. The availability of niacin in
various foods may also vary (H, 15), and con¬

tribute to the well-known epidemiological rela¬
tionship between corn diets and pellagra.

Riboflavin. Evident signs of riboflavin defi¬
ciency have been produced at levels of intake
below 0.6 mg. per day, and progressive tissue
unsaturation, as measured by urinary excretion,
may be noted at levels below 1.1 to 1.3 mg. per
day (16, 17). Although on the basis of the
known functions of riboflavin one might expect
the requirement to be related to caloric expendi¬
ture, the evidence is not so convincing as it is
with thiamine, and there is some evidence to the

contrary. The minimum level of 0.7 mg., listed
as "deficient," is somewhat at variance with the
data from Formosa (IS), where there was clini¬
cal evidence of deficiency with intakes approxi¬
mating 0.9 mg. per day and also from some of
the data from the ICNND nutrition surveys.

Since there is experimental evidence that the
composition of the diet influences the riboflavin
requirement in animals and man (19, 20), addi¬
tional studies under varying environmental con¬

ditions are needed. Possibly such factors as ex¬

posure to sunlight, availability of riboflavin in
foods, and intestinal synthesis may be of im¬
portance. It may also be noted that in growing
animals the riboflavin requirement appears to
be about one and one-half times the thiamine
need, a relatively higher level than that indi¬
cated here.

Despite these presently recognized uncertain¬
ties, it is held that the level adopted is a useful
approximation for the interpretation of the
practical significance of survey findings.

Ascorbic acid. An intake of 30 mg. per day
of ascorbic acid is considered adequate to pre¬
vent all evidence of deficiency (21, 22).
Whether higher levels are beneficial is contro¬
versial (23). In view of the lability of ascorbic
acid to cooking and storage losses, a somewhat
larger allowance above the minimum need than
that provided for other nutrients can be
justified.
An intake of 10 mg. of ascorbic acid per

day will prevent frank scurvy in most adults.
The data from six of the first ICNND
surveys (21/) indicate that serum ascorbic
acid levels were definitely reduced when the
daily dietary intake was in the range of 15 to
23 mg., and they were apparently associated
with an increase in gingival pathology.
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Yitamm A. A minimum need of 20 Inter¬
national Units of preformed vitamin A or 40
I.U. (24 micrograms) of beta-carotene (one
I.U. equals 0.6 micrograms of beta-carotene)
per kilogram of body weight per day is indi¬
cated. These values yield figures of approxi¬
mately 1,300 I.U. of vitamin A, or 2,600 I.U. of
beta-carotene per man per day. From their
studies Hume and Krebs (25) estimated that
1,300 I.U. is the approximate requirement of
preformed vitamin A in man and that 2,500
I.U. provides a reasonable margin of safety.
Hume and Krebs concluded that 3,000 I.U.

is the minimum dose of beta-carotene to meet
the vitamin A requirement but considered 7,500
I.U. as a desirable intake because of variability
of carotene absorption. It should be noted
that, in general, studies on requirements indi¬
cate a ratio of activity of vitamin A to carotene
of 1 to 4, whereas by usual definition the ratio
is 1 to 2. The absorption and utilization of
carotene probably falls as its intake is increased.
Furthermore, carotene absorption varies from
food to food with methods of preparation and
is influenced by fat and antioxidant content of
the diet and probably other factors. Thus it
may be impossible to specify accurately a single
value for vitamin A requirements in terms of
carotene under various conditions.
The present recommended allowances (1) for

vitamin A are based on an assumption that the
diet will supply approximately one-third of the
activity as preformed vitamin A and the re¬

mainder as carotene. This is a condition which
is not often fulfilled, especially when one is con¬
cerned with wide varieties of national and local
patterns of diet. Whether further refinements
will be useful or can be formulated remains to
be seen. We believe that a fairly wide margin
between minimal and acceptable levels is justi¬
fied since, if good sources are available, a high
intake is rather easily achieved.

Dietary sources of vitamin A are often sea¬

sonal. In view of body storage of this vitamin
and the long time required for depletion, an

intermittent intake is not necessarily bad, unless
intervals of real depletion occur. Intermittent
or seasonal intakes may be the most economic
method of meeting the needs. On the other
hand, this pattern results in a more precarious
situation than that of a continuous supply, and,

in areas where such seasonal variations exist,
definitive studies of vitamin A status are in¬
dicated.

Calcium. All data upon which previous cal¬
cium allowances are based came from balance
studies. . It now appears that these are not a

reflection of calcium need (26-28). In people
accustomed to low calcium diets, balance is
achieved at levels of intake of 0.3 gm. per day or

lower. Since no biochemical test is available to
estimate calcium status and the clinical syn¬
drome of calcium deficiency has not been pro¬
duced experimentally in man, there is no satis¬
factory means of estimating the minimum need.
Epidemiological evidence indicates that people
remain in good health and do not demonstrate,
insofar as is known, calcium deficiency upon
diets containing about 0.3 gm. of calcium per
day. No valid means are available for the
translation of data from studies upon experi¬
mental animals into quantitative human needs.
The values for calcium are, therefore, the most
tentative of all which have been presented.

Iron. In normal men, the daily iron loss ap¬
proximates 1 mg. An absorption of approxi¬
mately 10 percent is ordinarily found, leading
to an apparent requirement of 9 to 12 mg. per
day (29). It should be apparent that such fig¬
ures may simply be a reflection of the necessary
mechanics required to maintain balance in a

person consuming about 10 mg. per day. There
is evidence that iron is conserved by both de¬
creased excretion and increased absorption as

body stores fall. Thus, there appear to be effi¬
cient mechanisms for protection against iron de¬
ficiency in the normal male, and maintenance of
hemoglobin and protection against iron defi¬
ciency is found at intakes much below 9 to 12
mg. per day. Due to growth, pregnancy, or

periodic iron loss through menstrual bleeding,
the situation in children and women may be
quite different. There is abun,dant evidence
that iron requirements are increased by infesta¬
tion with parasites which lead to blood loss.
These factors may be important in a military
force. Clearly, in male populations evidence
of malnutrition due to iron deficiency must come
primarily from evidence other than the dietary
intake, that is, hematological or biochemical
data.

Protein. In normal adults nitrogen balance
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is readily achieved with high quality protein at
approximately 0.3 gm. per kilogram of body
weight per day and with many vegetable diets
at 0.5 gm. per kilogram of body weight per day
(30). It should be noted that, contrary to the
situation with calcium, balance figures are more

meaningful because of the rapid adjustment
which the body makes to changes in the protein
intake. Nevertheless, the difficulties of inter¬
preting balance studies in terms of health and
need are widely recognized. It is also impres¬
sive that syndromes typical of protein deficiency
are rare in adults even in areas where protein
intakes are low by U.S. standards. This is con¬
sistent with the fact that a daily intake of 3,000
calories from a cereal source signifies an intake
of some 60 gm. or more of protein. Such an in¬
take approaching 1 gm. per kilogram of body
weight per day is rather easily achieved pro¬
vided the calorie intake is sufficiently high.

Calories. The standards for the evaluation
of caloric intakes are the same as those of the
Food and Nutrition Board of the National Re¬
search Council (1), which were adapted from
the report of the Food and Agriculture Organi¬
zation Committee (31). They have been thor¬
oughly discussed in those publications. Physi¬
cal activity and needs for temperature mainte¬
nance are major factors determining energy
needs but are difficult to evaluate. There is evi¬
dence that the standards may overestimate the
needs of certain groups. The data of Konishi
and co-workers (32) indicate that in military
troops the change in caloric intake was not pro¬
portional to the body weight in kilograms raised
to the 0.73 power (wt.073), the base used for
estimating need. It is difficult to assess whether
the populations upon which standard data have
been based are of ideal weight. Furthermore,
it is known that there is an adaptation to re¬

stricted caloric intake (33) both by lowered me¬
tabolism and by decreased ability and desire to
work. Adjustments are made for age and en¬

vironmental temperature. The effect of climate
depends not only upon the temperature, but also
on the amount of exposure, the clothing worn,
housing, and other factors.

Because of the grossness of the estimates of
these several factors in determining dietary
needs, attempts to evaluate the adequacy of cal¬
oric intake in a nutrition survey should rest

largely upon physical appearance and physical
measurements, rather than on the intake data.
Military personnel with restricted feeding hab¬
its and relatively standardized workloads and
environments offer opportunities for extension
of studies of these factors.

Biochemical Standards

Urinary excretion. The collection of urine
samples over a 24-hour period is virtually im¬
possible in most field studies, and shorter pe¬
riods of collection are essential if urinary
samples are to be obtained. There are three
possible baselines for the evaluation of the
data: a timed sample, urinary volume, or uri¬
nary creatinine. Although the relation of
these three parameters to the excretion of vita¬
mins or their metabolites deserves more com¬

plete investigation, in one study (34) in which
they were compared as baselines for riboflavin
excretion, urine volume was found to be the
least desirable. Timed collections and creati¬
nine excretion were consistent with each other
and essentially of equal value. As would be
expected, the percentage variability between
samples decreased as the volume of the sample
increased.
Thus, the most desirable sample should be

one collected over the longest period of time.
On the other hand, the accuracy of the estimate
was not greatly increased by an 8- or 12-hour
collection as compared with a 6-hour collection.
There is reason to believe that thiamine and
N'-methylnicotinamide excretion also follow
this general pattern. Under the practical con¬

ditions of the field it is often impossible to ob¬
tain accurately timed specimens; hence the use

of urinary creatinine as a reference base prob¬
ably assures the most consistently dependable
results.
In the interest of practicability the standards

presented here were initially formulated for a

6-hour collection period. Ordinarily, the ex¬

aminees are requested to void urine at midnight,
and the morning sample at 6 a.m. is collected.
If a timed sample is not obtained, the morning
sample representing a reasonably long collec¬
tion period will be the most suitable and pos¬
sibly will be less influenced by variations in
nutrient intake at meal times. Timed samples
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have generally proved impractical in the field
and most of the data collected on surveys by
ICNND teams have been interpreted on the
basis of creatinine reference. The values pre¬
sented in table 3 were based upon an expected
creatinine excretion of 1.5 gm. per 24 hours for
the "standard" man weighing 65 kg. Studies
on the use of casual urine specimens in evaluat¬
ing excretion rates of thiamine, riboflavin, and
N'-methylnicotinamide (34-36) demonstrate
that this method, although not ideal, is useful
in nutrition surveys.
N'-methylnicotinamide. The values in the

deficiency range of 0.2 mg. per 6 hours or 0.5 mg.
per gram of creatinine are based largely upon
the work of Goldsmith and co-workers (11,37).
Such levels were found in subjects receiving ap¬
proximately 5 mg. of niacin and 200 mg. of
tryptophan daily at the time they developed
clinical symptoms of pellagra. At slightly
higher tryptophan intakes (250 to 300 mg.)
similar levels of excretion have been observed
in some subjects without the development of
clinical symptoms (12).
The excretion of niacin metabolites increases

rapidly with intakes above 8 to 10 mg. per day
(11), and excretions in the acceptable range are

compatible with intakes of 12 to 16 mg. per day
(38) on an average hospital diet (12).
Some normal individuals apparently fail to

excrete appreciable amounts of N'-methylnico¬
tinamide in the postabsorptive state. Large
excretions have been noted in prolonged fasting
or muscle wasting. The wide deviations ob¬
served in subjects given the same diet in the
studies referred to previously should be noted.

The interplay of tryptophan and niacin metab¬
olism is well known and a multiplicity of end
products result. For practical reasons, sur¬

veys in the field are usually limited to a measure¬
ment of N'-methylnicotinamide. Analysis for
a more extensive series of end products might
yield more precise information.

Riboflavin. Extensive studies upon the uri¬
nary excretion of riboflavin at different levels of
intake are available. Excretions of the order of
50 micrograms (meg.) per day have been associ¬
ated with clinical symptoms of deficiency (16)
and the urinary excretion is about 10 percent of
the intake up to an intake of approximately 1.1
mg. per day. Excretion then rises rapidly at
higher intakes and may amount to approxi¬
mately 30 percent of the intake. Thus, excre¬

tions between 50 meg. per day (10 to 12 meg. per
6 hours) and 120 meg. per day (30 meg. per 6
hours) apparently represent unsaturation.
Such factors as negative nitrogen balance and
physical activity may be associated with varia¬
tions in excretion. Individual variation in
excretion is itself relatively great, as is the vari¬
ation from sample to sample on the same indi¬
vidual. As has been indicated in the discussion
of dietary standards, there is need to determine
the applicability of these values to dietary and
environmental conditions other than those
under which they have been obtained (37, 39).
A word of warning is germane regarding ap¬

plication of these particular standards to nutri¬
tion survey data. These levels of riboflavin
excretion were derived from a study in which a

specific riboflavin method was employed. They
cannot legitimately be applied to the interpre-

Table 3. Suggested guide to interpretation of urinary vitamin excretion data for physically
active young adult males

Urinary metabolite Deficient Low Acceptable High

N'-methylnicotinamide:
mg./6 hours_
mg./gm. creatinine.

Riboflavin:
mcg./6 hours_
meg./gm. creatinine...

Thiamine:
mcg./6 hours_
meg./gm. creatinine...

<0. 2
<.5

<10
<27
<10
<27

0. 2-0. 59
0. 5-1. 59

10-29
27-79

10-24
27-65

0. 6-1. 5
1. 6-4. 2

30-99
80-269

25-49
66-129

>1. 6
>4. 3

>100
>270

>50
>130

Note. The urinary values are based on an average creatinine coefficient of 23 and a man weighing 65 kg.,
who would be expected to excrete 1.5 gm. of creatinine per 24 hours.
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tation of data obtained by other less specific
methods of analysis. This comment applies
generally to attempts to apply any of the
"standards" which are here proposed; methodo¬
logical comparability is essential or erroneous
conclusions may be drawn. The standards only
apply when the appropriate experimental tech¬
niques are used.

Thiamine. Thiamine excretion is apparently
related linearly to intake except at very low
levels, although the curves obtained in different
laboratories have not been comparable. The
relation to clinical symptoms is less clear. Ex¬
cretion may also be characteristic of an individ¬
ual (37). Intakes of 0.2 mg. per 1,000 calories
have been associated with excretions of 5 to 20
meg. or less per day (Jfl, 41) and an excretion
of 40 meg. per day with intakes of 0.35 mg. per
1,000 calories (42). On the basis of these con¬

trolled experiments, the standards for urinarv
excretion appear somewhat generous relative to
the proposed dietary standards for thiamine,
but are supported by results from survey data
(43). Excretions above 100 meg. per day are

not considered to be compatible with deficiency
(U).

Blood and Serum Analysis
Hemoglobin and hematocrit. According to

Wintrobe (45), the average hemoglobin value
for normal young men should be 16 gm. percent
and the corresponding hematocrit should be 47
percent. Values from 14 to 18 gm. percent for

hemoglobin and 40 to 54 percent for hematocrit
are considered to be within the normal range.
Milam and Muench (46) found for white adult
males in North Carolina average hemoglobin
values of 14.25±1.2 gm. percent and 95 percent
of the distributions to be between 11.88 and
16.62 gm. per 100 ml. Values for Negroes in
the same region were slightly lower. The
values in table 4 have been proposed as lower
limits based upon these data as obtained from
occidental peoples. A correction for the effect
of altitude (47) is also proposed. Such correc¬

tions have been made in hemoglobin data ob¬
tained during the ICNND surveys in Ethiopia
and in Peru. The occurrence of low hemoglobin
levels is not a sufficient criterion for the diag¬
nosis of iron deficiency without further charac¬
terization of the anemia. Parasitism must
always be considered as a possible factor,
and race and altitude may also require
consideration.
Women normally have hemoglobin levels 1 to

1.5 gm. lower than men. Children under 14
years also have levels below the levels found in
men and these normally vary with age. Preg¬
nant women normally exhibit hemoglobin con¬

centration changes which vary with the
different stages of pregnancy. The standards
proposed for men do not apply to women and
children.
Serum proteins. The values proposed for

serum protein levels also represent somewhat
arbitrary figures based upon the distribution of
serum proteins in normal persons (48). In

Table 4. Suggested guide to interpretation of blood data for physically active young adult males

Blood constituent Deficient Low Acceptable High

Hemoglobin (gm./lOO ml.):
Sea level_
5,000 feet (1,500 M.)_
12,000 feet (3,700 M.)_
14,000 feet (4,500 M.)_

Hematocrit (percent):
Sea level_
5,000 feet (1,500 M.)_
12,000 feet (3,700 M.)_
14,000 feet (4,500 M.)_

Total serum protein (gm./lOO ml.).
Serum ascorbic acid (mg./100 ml.)_
Serum vitamin A (mcg./lOO ml.)__.
Serum carotene (mcg./lOO ml.)_

<12. 0
<12. 3
<13. 3
<14. 4

<36
<38
<42
<46
<6. 0
<. 10

<10
0)

12. 0-13. 9
12. 3-14. 2
13. 3-15. 4
14. 4-16. 7

36-41
38-43
42-48
46-52

6. 00-6. 39
0. 10-0. 19

10-19
20-39

14. 0-14. 9
14. 3-15. 5
15. 5-17. 1
16. 8-18. 9

42-44
44-46
49-55
53-64

6. 4-6. 9
0. 20-0. 30

20-49
40-99

>15. 0
>15. 6
>17. 2
>19. 0

>45
>47
>56
>65
>7. 0
>. 40

>50
>100

See discussion of carotene in text under Blood and Serum Analysis.
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view of the many factors associated with nu¬

tritional edema (33) other than the serum pro¬
tein level, a close correlation with the occurrence

of edema cannot be expected. The total serum

protein may be normal, but the albumin to
globulin ratio may be abnormal because of an

elevated globulin (IfifiO). If protein malnu¬
trition is suspected, the measurement of serum

albumin is indicated (51).
Ascorbic acid. Voluminous data show that

the serum ascorbic acid level generally reflects
the dietary intake. The absence of measurable
ascorbic acid from the serum is compatible with
scurvy, but is not diagnostic. Clear-cut evi¬
dence of malnutrition or ill health due to lack
of ascorbic acid when serum levels are above 0.2
mg. per 100 ml. is lacking (21-23). Serum
levels of ascorbic acid will stabilize at different
intake levels (52^54) . In view of the wide var¬

iations in ascorbic acid content of different
samples of the same food and the variable losses
in preparation and storage, the serum levels
may be considered as more satisfactory evidence
of ascorbic acid status than dietary data.
Although one cannot ignore the effect of var¬

ious kinds of stress such as surgery, trauma,
and illness in altering the serum ascorbic acid
level, much of this stress effect is due to a con¬

comitant reduction of dietary intake.
Vitamin A. In surveys of presumably well-

nourished individuals most serum vitamin A
levels are found to fall between 30 and 50 meg.
(100 to 160 I.U.) per 100 ml. with a few values
between 20 and 30 meg. (66 to 100 I.U.) and
some above 50 meg. per 100 ml. of serum (55).
(One I.U. is equivalent to 0.3 meg. of vitamin
A alcohol, or 0.344 meg. of vitamin A acetate
(56).) In controlled studies in which adults
were fed a vitamin A-free diet (25) the serum

levels gradually decreased over many months to
approximately 10 to 40 I.U. (3 to 12 meg.) per
100 ml. It has been stated that evidence of
night blindness usually appears when the serum
level is between 50 and 66 I.U. (15 and 20 meg.)
per 100 ml. (55). However, Hsu (57) did not
find clinical deficiency signs until the vitamin
A serum level reached 6 I.U. per 100 ml. In
Indonesia de Hass and co-workers, investigating
xerophthalmic infants and children, found
serum values of 7.0 to 10.3 I.U. of vitamin A in
contrast to values of 12.2 to 26.9 I.U. in sim¬

ilarly aged subjects without xerophthalmia
(58). Yarbrough and Dann (59) studied
dark adaptation and blood vitamin A in a nu¬

trition survey in North Carolina and found that
although the blood levels ranged from 7 to 101
I.U. per 100 ml., 96.7 percent of their subjects
had normal vision. Most workers will prob¬
ably agree that a level of 50 I.U. (15 meg.) per
100 ml. represents no serious depletion. It is
suggested that a finding of 5 percent or more

of the subjects with levels below 33 I.U. (10
meg.) or 15 percent below 66 I.U. (20 meg.)
per 100 ml. is evidence of vitamin A deficiency
in a population.
In view of the considerable storage of this

vitamin in the body, the long time required for
depletion, and the seasonal distribution of vita¬
min A food sources which often occurs, little
correlation of blood data with dietary studies
can be expected in many areas. Considerable
reliance must thus be placed upon the biochemi¬
cal and clinical evidence. More data upon the
serum vitamin A levels in areas where vitamin
A deficiency is an actual problem are needed.

Carotene. Nutritional status with regard to
vitamin A cannot be evaluated from serum

carotene levels alone. The level in the serum

reflects the recent dietary intake and gives use¬

ful information concerning food habits, par¬
ticularly in areas where the intake of preformed
vitamin A is low. The values for serum caro¬

tene in well-nourished men fluctuate widely.
Gillum and co-workers (60) found values
which ranged from 25 to 405 meg. per 100 ml.
with a mean value somewhat over 100 meg.
The values proposed are considerably lower
than those suggested by Bessey and Lowry (61)
and Sinclair (62), but are similar to those sug¬
gested by the data of Williams (63) and Clay¬
ton^).

Discussion and Conclusion

Most of the data upon which these provi¬
sional standards are based have been obtained
in the United States and Europe, generally in
controlled experiments. The effect of other
environmental factors and the possible inter¬
relationships between nutrients are relatively
unexplored. It may be expected that data ob¬
tained from nutrition surveys in various parts
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of the world which are assessed by uniform
methods will contribute materially in this area.
In other words, the application of these pro-
visional standards to survey data provide a
practical appraisal of the validity of the stand-
ards themselves. No nutrition standards can be
considered as final or fixed at this time, and the
quantity and quality of the work upon which
they are based is variable. Thus, they are con-
sidered as working standards with the expecta-
tion that they will be modified as the justifica-
tion becomes apparent.
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Juvenile Delinquency "Facts and Facets"

Nine capsule versions of the most recent and
reliable information about juvenile delinquency
have been published by the Children's Bureau. The
publications, of which seven more are scheduled
to complete the series, "Facts and Facets," are de-
signed to offer court personnel, police and probation
officers, social workers, training school workers, and
others dealing with the problem, a handy compen-
dium of current knowledge of the causes of such
delinquency, effective means of helping delinquent
children, and the accuracy of known methods of
spotting and controlling delinquent behavior in
children.
The following are the publications now available:
The Children's Bureau and Juvenile Delinquency

(30 cents). A chronology of the Bureau's efforts
in delinquency prevention and control during its
existence of nearly a half century.

Sociological Theories and Their Implications for
Juvenile Delinquency (15 cents). A report of a
conference called by the Bureau which discussed
aspects of lower-class delinquency, its relation to
age, and the family and delinquency.

Selected, Annotated Readings on Group Services
in the Treatment and Control of Juvenile Delin-
quency (15 cents). Chosen to help practitioners
work with delinquent groups in a variety of settings.

Delinquency Prevention-The Size of the Prob-
lem (15 cents) Statistical data showing not only

that there has been a real rise in delinquency but
that the prospect for the future looks even worse.

Idenitifying Potential Delinquents (10 cents). An
evaluation of some of the current methods being
used to identify delinquent children with the cau-
tion that such methods "overpredict, incorrectly
labeling as pre-delinquent many children who
(fortunately for society) do not merit that stigma."
Family Courts-An Urgent Need (15 cents). An

analysis of the ways in which courts could deal
with problems affecting family life.

Coordination of the National Effort for Dealing
With Juvenile Delinquency Governmental Respon-
sibility (15 cents). A broad look at the role of
States and the Federal Government in coordinating
the total national effort.

Current Training Needs in the Field of Juvenile
Delinquency (15 cents). A guide for the juvenile
court and its probation services and detention facil-
ity; institutions for delinquent children and after-
care or parole system; and the police, in setting up
delinquency programs.
How Effective Are Services for the Treatment of

Delinquents? (15 cents). Studies of recidivism
are reviewed and their findings gleaned for clues
to improving correctional services.
The publications can be purchased from the

Superintendent of Documents, U.S. Government
Printing Office, Washington 25, D.C.
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