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qualities, and characteristic behavior of a deficiency process

in its development and course in the body. But the cause,
conditions, and circumstances responsible for it and deter-
mining its qualities and behavior were perforce only briefly
mentioned. Such is the scope and complexity of its etiology that
the relation and unification of its manifold diverse parts could
not there be fully presented. In the present paper is to be con-
sidered the etiology of the process. A new concept is evolved
embracing the causal complex and particularly integrating the
conditions that engender and govern the bodily deficiency and
impart to the process its qualities and behavior. Its salient
points have already been briefly outlined in a preliminary pub-
lication (2).

In the several present-day views on the etiology of deficiency
states, diet occupies the paramount position. What has been
since 1910 and still is the most prevalent doctrine is simple in
essence: faulty diet is the sole cause of deficiency disease. The
reason for this view becomes understandable in the light of the
development of the newer knowledge of nutrition. It reflects
the objectives and particular procedure in the long succession
of studies during the past three decades that have been directed
foremost upon diet. There were two aims:

IN a previous paper (1) were presented the nature, forms,

1. detection of the number and nature of essential nutrients in
foods; and

2. ascertainment of their significance as derived from the ef-
fects of deprivation of them upon nutrition.

Particularly sought as part of the latter goal were the separa-
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tion and characterization of individual deficiency states and
elucidation of their specific etiology. In the accomplishment
of these ends the particular procedure of inducing the deficiency
diseases in animals through subjecting them unremittingly to a
deficient diet exerted a strong influence upon the views of eti-
ology. The preoccupation was with diet and emphasis was on
its part in nutrition. Diet was the only variable under study by
contrast; all other variables were equalized or minimized. This
exclusive study of diet among the variables was bound to make
an indelible impress on notions of etiology. Under these cir-
cumstances it was therefore entirely natural to ascribe sole and
complete causal responsibility for deficiency diseases to diet.
All nutritional diseases were reduced to diet, traceable and at-
tributable to it.

At the same time diet came to be regarded as the basis, even
the essence, of nutrition. As a further outgrowth their relation-
ship was also viewed as a unity, their separate identities were
merged, their connotations were blended, and their differentia-
tion was lost. The two terms came to be used often synony-
mously with no distinction between them. This practice invit-
ing looseness and vagueness in thought and expression has
contributed to confusion. In meaning and usage the two words
are to be dissociated; hence it is essential to restore and reassert
their differentiation. Actually nutrition is a bodily process; diet,
in contradistinction, refers to a regimen of food which supports
nutrition.

Upon scrutiny of the procedure by which deficiency states
were induced in animals, it is to be noted that variables other
than diet were also active. It has been known that growth, re-
production, and lactation increase nutritive requirements, that
it is easier to induce acute deficiencies in young, growing than
in older animals, that growth is necessary in young animals
subjected to an incomplete diet if they are to develop acute de-
ficiency states, and that reproduction and lactation as critical
factors can under adverse circumstances precipitate deficiency
states. Accordingly, in animal studies these points were turned




Etiological Complex of Deficiency States 7

to advantage. Also, it is obvious that confinement of the ani-
mals limited other variables and their influence. But whether
these nondietary influences were used to advantage or were
kept at a minimum, their influence was always equalized in
groups under study. Hence they were not accorded recognition
in the etiological complex. But neither equalization nor mini-
mization excludes them and their influence. Nor does it permit
them to be ignored. Consequently, as derived from these stud-
ies, the doctrine that diet alone controls nutrition and to all
intents and purposes the two are identical, does not embrace
all of the many influences other than diet upon nutrition and
all of the components, nondietary as well as dietary, that actu-
ally entered into the etiology of deficiency states. It is there-
fore fallacious. Rather, these studies demonstrated that diet
was an influence, not the only influence on nutrition; an etio-
logical factor, not the only factor, in the production of defi-
ciency states. It is evident that even in animals under influences
limited, controlled, or equalized, the etiology of deficiency dis-
eases is not so simple: it includes nondietary influences.
Compared with animals under the restrictions of study, the
situation with man is even more complex. Man has additional
environmental influences freely affecting his nutrition. Then
too, in studies on man, none of the influences is so readily lim-
ited or equalized. What is more, in the course of everyday life
the influences are free from such curbs and restraints, however
slight, as may be introduced by scientific procedure. Thus, in
the natural occurrence of deficiency diseases in man, the influ-
ences are not only more numerous but also less restricted. Con-
sequently the etiology of deficiency diseases in man is no less,
it can be even more complex than in experimental animals. The
doctrine that diet alone controls nutrition, that faulty diet is
solely responsible for deficiency diseases, has never been ade-
quate to cover the situation. Many nondietary influences have
to be recognized in their relationship to nutrition and accom-
modated in the etiology of deficiency states. Perhaps partly be-
cause they had a greater degree of freedom to affect man and
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partly because they were not from the first overshadowed and
relegated to obscurity by emphasis on diet in observations on
deficiency diseases in man, these nondietary influences have
been more easily apprehended in their action on him.

Among the clinicians the view that many influences, non-
dietary in nature, contribute to the etiology of deficiency dis-
eases is neither new nor isolated. Very early, even before they
were identified as nutritional disorders and associated with diet,
beriberi, xerophthalmia, scurvy, rickets, and pellagra were
each regarded as not having a single causative agency. Their
recorded natural history is replete with reports of their arising
from various causes among which were cited numerous en-
dogenous and environmental influences. In the mind of at
least one physician, these forces were unified in their action.
In 1866, long before pellagra was shown to be a nutritional
disturbance, Roussel expounded the view that the efficient
cause had to be in conjunction with a set of conditions for pro-
duction of that disease (3). Although his writings understand-
ably do not make a point of it, his examples of conditions are
seen to be nondietary influences.

After the nutritional character of these diseases and the sig-
nificance of diet in relation to them were recognized, clinicians
still appreciated that nondietary influences entered into the
production, occurrence, or exacerbation of them. McCarrison
in 1921, in his book Stupiks iN DEFiciENcy Diseasks, devotes a
chapter to “Factors Influencing the Onset of Morbid States
Due to Food Deficiency.” Among them he lists (4): instinct
and appetite; species and race; age; sex; individual idiosyn-
crasy; segregation; excessive physical exertion; over-work;
cold; warmth; rest; fear; mental depression; lack of balance of
the food; previous food conditions; infections; over-crowding;
and imperfect hygiene. Four years later Jackson (5) in describ-
ing the mode of occurrence of nutritional diseases, including
deficiency states, classified extrinsic and intrinsic causes or con-
ditions. During this period pellagra following gastro-intestinal
lesions or disorders (6, 7, 8) was assigned the name “secon-
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dary.” In the next decade Strauss (9) treated on the subject
of conditions under the pertinent title “The Role of the Gastro-
Intestinal Tract in Conditioning Deficiency Diseases.” In a
later article (10) he described various “mechanisms” that bring
about avitaminosis B.. Writing of beriberi, he stated: “Severely
acute cases probably represent acute exacerbations precipitated
perhaps by infections or excessive physical activity in persons
who have had unrecognized mild symptoms of the disease for
some time.”

Since these reports, many additional nondietary influences
conducive to deficiency states have been recognized so that the
list has been much extended. During their long history, these
influences have been variously designated as causes, condi-
tions, factors, conditioning factors, contributing, exciting, or
precipitating factors. In this discourse the short, precise, and
proper term, conditions, will be preferentially used. After a
period of eclipse concomitant with the rise to prominence of
diet, these nondietary influences have begun to reattract inter-
est and regain recognition. In vivid accounts, Wilbur (11) and
MclIntosh (12) have each described deficiencies conditioned by
gastro-intestinal diseases and digestive disorders. Platt (13)
too has taken cognizance of “factors contributing to the clinical
expression of nutritional deficiency.” Recently, conditions have
been the subject of review in special articles (14, 15).

One of the common yet distinguishing characteristics set
down about these particular conditions or influences bearing
upon nutrition and deficiency states was their nondietary na-
ture. Notwithstanding their renewed recognition, their relation
to nutrition, and their precise part in the etiology of deficiency
diseases, especially their relative position to diet, have been
and still are variously regarded. The writings of McCarrison
(4) thirty years ago, when the experimental study of the asso-
ciation between diet and deficiency disease was first gaining
momentum, reveal a point of view implicit in his use of the
term contributing. From the context it may be gathered that
diet was thought to be the main or basic cause, but nondietary
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factors may contribute to the production of a deficiency state
or aggravate it. This view did not, however, persist.

Instead, two divergent beliefs developed and still prevail.
When a nondietary condition is conspicuously associated with
a deficiency lesion, sole causality is apt to be attributed to it.
Participation of other causal forces may be ignored. Indeed,
the condition may be viewed as having no relation to the nutri-
tive system and its effects may not be recognized as conducive
to or aggravative of a deficiency state. On the other hand, un-
der similar circumstances, it may be regarded as related to nu-
trition and productive of deficiency disease. Then, although it
is invested with sole causality, it is assigned an etiological plane
subordinate to diet and the deficiency disease is sharply dis-
tinguished as a type and placed in a subordinate category. It
is called a secondary deficiency disease (6, 7, 8). Only those
in which diet is found to be prominent as cause are primary.
This shade of view reaches its height in public health when if
marked dietary deficiency is not found or nondietary con-
ditions seemingly predominate, the deficiency state holds little
interest.

Today the views on the etiology of deficiency states reflect
the two lines of their historical development with their sharp
separation. According to the one, diet is the sole cause. Accord-
ing to the other, one or another nondietary condition may be
assigned as the cause. A basic hindrance to harmonizing these
beliefs has arisen from the difference in opinion on the relation
of nondietary conditions to nutrition. Nor has the exaltation of
diet facilitated or encouraged rapport. Furthermore, to relate
these conditions with diet has seemed so unnatural and difficult
as to be unlikely. These have been obstacles to embracing both
nondietary conditions and diet in a unified yet inclusive etio-
logical scheme; consequently they have been treated as insul-
ated items. Despite these impediments, there was an indication
of a beginning attempt, unfortunately too indefinite, to encom-
pass the two approaches; but it did not endure, much less come
to maturity. Such is the situation that it has led, not to unifica-
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tion, but to further division into three views on the etiology of
deficiency diseases.

The first two are alike in their conclusions but differ in their
arguments. Neither acknowledges a causal complex with multi-
ple members. The one recognizes only diet as the cause of de-
ficiency processes and does not take cognizance of or admit
nondietary conditions. The other holds likewise that only diet
is the cause of a deficiency process; but while it recognizes non-
dietary conditions, it does not accept that they can bear upon
nutrition or accord them a place in the causal nexus. Thus the
one says: all deficiency diseases are due to faulty diet. The
other states it negatively: the changes produced by nondietary
conditions are not a deficiency process, even though they may
be similar to or identical with those produced by inadequate
diet. This amounts to saying: nondietary conditions do not
produce deficiency processes. The remaining school of thought
differs from the preceding in that it recognizes that faulty diet
and nondietary conditions may each be conducive to deficiency
processes. But it does not visualize that diet and nondietary
conditions usually operate jointly. Either diet or a nondietary
condition is regarded as the sole, distinct cause. Furthermore,
diet is viewed as the main cause of a deficiency disease. If
causation is attributed to a nondietary condition, the deficiency
disease is regarded as secondary in type. If both faulty diet and
a nondietary condition are conspicuous, their concurrence is
viewed as a coincidence and two “causes” are accepted.

These views on etiology and conditioning factors have ob-
vious shortcomings in common. In no one view have all the
parts in the etiological process been recognized, taken into ac-
count, related, and organized. The association of these parts
has not been appreciated; no causal combination has been en-
visioned. Consequently the relative position and contribution
of each has been ignored. The result is a set of narrow, exclu-
sive, disjointed, incomplete notions, each of which oversimplifies
and misemphasizes one factor and presents, therefore, distorted
and inaccurate views. It is interesting that Roussel (3) in
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1866 in discussing the etiology of pellagra called attention to
the complex character of the formula; pointed out that “condi-
tions” were an indispensable member; and criticized their omis-
sion from consideration in the then extant theories and the con-
sequent inadequacy of the latter. Much the same situation
prevails today.

What is needed is a complete, comprehensive, and integrated
view of the causal nexus with its parts in proper perspective.
Such a concept must not only fit but also explain the facts.
In the ensuing paragraphs is given a concept in which the
etiology of a deficiency disease is visualized in its entirety, and
its components are organized and unified. Considered especially
are the conditions: their nature, association, action, effects, and
significance. In this concept the several aspects previously re-
garded as unrelated and divergent are harmonized and con-
solidated.

TuEe RaTIO

In essence, nutrition is a process supporting growth and
maintenance of tissue. Both growth with its increase in sub-
stance, and maintenance with its replacement, are dynamic
functions. For its nutrition, tissue must have essential nutrients
supplied to it to meet requirements for structure and function.
Whether nutrition of the tissue proceeds in a favorable or
unfavorable direction turns upon the relation between the
supply of nutrients to it and its requirements. Tissue nutrition
in respect to the biologically active form of a nutrient depends
upon this relationship which may be most simply expressed

Supply to Tissue
Tissue Requirements’

Several terms appearing in association with the ratio should
be clarified. For one thing a dietary essential and a tissue
essential are to be differentiated. A dietary essential is a nutri-
ent that must be present in the diet if nutrition is to be success-
ful. Included in the class are the fully fabricated forms, vari-
ants, and precursors occurring in food. In contradistinction,

(Figure 1) as a ratio
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FORTHE BIOLOGICALLY ACTIVE
FORM OF A NUTRIENT

SUPPLY TO TISSUE

TISSUE REQUIREMENT = NUTRITIVE BALANCE

Fig. 1. Ratio determining nutritive balance of a tissue in respect to the
biologically active form of a nutrient.

a tissue essential is a nutrient that a tissue must receive for its
nutrition. More specifically, it is a nutrient in its essential form
or forms for the tissue. It would include those capable of being
synthesized by the body or its parasites with remote relation
or little obvious resemblance to their original materials from
food. Some of the amino acids and vitamins synthesized in the
body of different species would fall into this category. A dis-
turbance of their synthesis brings out their essentiality. Prop-
erly too, this class would embrace the endocrine elaborations.
Secondly, tissue essentials would also include those nutrients
more readily traceable to kindred substances in food. Even
here a nutrient essential to a tissue may not necessarily be
identical with the form in food in which it was ingested. Many
of the essentials from diet undergo change in the body. Some
of the vitamins will serve as examples, although intermediary
change, that is metabolism, is by no means limited to them.
In the interest of simplicity, illustrations drawn in the presen-
tation of the concept will be limited to the more familiar
vitamins and minerals essential to man.

In their chemical reactions in the body some of the vitamins
have been shown to undergo transformation and to enter into
combinations. These changes may be of several kinds: First,
a dietary essential may occur as a provitamin which in the body
is converted into the vitamin. For example, 8 carotene is a pro-
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vitamin of vitamin A; 7-dehydrocholesterol is the provitamin of
vitamin D. Secondly, a provitamin may occur in closely related
multiple forms in food: e.g., @, B, and y carotenes and kryp-
toxanthin yield vitamin A. Likewise, a vitamin may occur in
closely related multiple forms in foods: a vitamin A, as well
as vitamin A, is reported; vitamin D. and D; are recognized
as separate entities. With knowledge of the chemical structure
of both vitamins and provitamins, closely related compounds
such as their analogues, homologues, and derivatives have been
synthesized for most of them. The several provitamin forms of
a vitamin vary in the maximum amount of the vitamin that
they are potentially capable of yielding. Furthermore, the
multiple forms of a vitamin, whether natural or synthetic, may
vary in their biological activity in one species and from species
to species.

Thirdly, several of the vitamins must assume a different
chemical form before their catalytic role in metabolism is
possible. They enter into a reaction forming a new compound
constituting a coenzyme. Thus, niacin is converted to diphos-
phopyridine nucleotide, known as coenzyme I, and to triphos-
phopyridine nucleotide, coenzyme II; thiamine is transformed
to diphosphothiamine, cocarboxylase; and riboflavin to alloxa-
zine adenine nucleotide. These coenzymes combine with pro-
tein to form enzymes instrumental in and essential for inter-
mediary metabolism of amino acids, carbohydrate, and fat.
The coenzyme is the prosthetic group of the enzyme; while the
vitamin is the key distinctive component of the coenzyme. For
all these reasons a nutrient essential to a tissue is not neces-
sarily the same as a dietary essential.

These changes in which the vitamin enters into an enzyme
system project a fundamental question. Does an essential
tissue nutrient, such as a vitamin, operate in one or several
functional, biologically active forms? The answer cannot now
be given. Conceivably the free vitamin, like the coenzyme and
enzyme, may be a functional form; but it is not known. It is
sufficient to emphasize that the terms of the ratio refer to the
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biologically active form or forms of the nutrient essential to
the tissue.

Then too, for clarification, the supply to a tissue of a needed
nutrient should be distinguished from ingestion of food. The
latter is, of course, an ultimate source of supply. However, diet
is not synonymous with supply of nutrient to a tissue. Several
steps, over and beyond those just presented, intervene between
them. Food materials must run the gauntlet of digestion, ab-
sorption, transport, and utilization. Thus, intake of food con-
taining a dietary essential is not the same as supply to a tissue
of a nutrient essential to it.

‘The ratio takes into account both terms, requirements as well
as supply, and their relationship in producing a favorable or
unfavorable balance; it summarizes the resultant of this rela-
tionship as a causal force for good or poor nutrition. Although
precise numerical values cannot yet be assigned to the terms of
the ratio, it is clear that a quotient of one or greater indicates
activity in a favorable direction. Thus when supply equals or
exceeds requirements, the bodily processes operate towards
good nutritional status. But when the quotient is less than one
through need exceeding supply because the former is high or
the latter is low or both, it is adverse on an absolute scale. It
represents a deficit or deficiency and the bodily processes
operate towards poor nutritional status. This deficiency ex-
pressed by an unfavorable ratio conduces to the creation, main-
tenance or progression of pathological changes in the tissue
which constitute a deficiency disease. It is the cause of the
deficiency disease.

Parenthetically, it should be noted that for some nutrients
the ratio has an optimum zone above which as well as below
which it is adverse. For example, a supply of lipogenic nutri-
ents in excess of requirements would be conducive to obesity.
But here discussion will be confined to those nutrients which
cannot be obtained in injuriously excessive amounts from a diet
of natural foods, and which can be taken therapeutically at
still higher levels with beneficial, not harmful, effects.
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One of the most significant features of the ratio is its dynamic
behavior. It reflects the continuous operation of its terms with
their capacity to undergo change at any time. The terms and
ratio may change in either direction, decrease or increase. They
are therefore vector quantities with direction as well as magni-
tude. Thus by a decrease in supply or an increase in require-
ments, or both, a satisfactory ratio may be lowered to the point
of indicating a deficiency which sets into operation the bodily
processes in an adverse direction. Such a change in the ratio
is not to be confused with changes in influences on the ratio.
For example a dietary inadequacy occurring suddenly does not
mean that a satisfactory tissue ratio is at once commensurately
disturbed. Compensatory or counteracting influences may
delay and cushion the change in the ratio. Manifestly, by an
adverse alteration in supply or requirements, a ratio that is
already low will reach a still lower point.

Oppositely, by an increase in supply or a decrease in require-
ments, or both, a low ratio reflecting an unsatisfactory balance
increases thereby setting into operation the bodily processes in
the more favorable direction. However, it should be stressed
that in this situation a large increase in nutrient intake, as in
therapy, or a considerable decrease in bodily needs, or both,
does not necessarily mean that the ratio for the tissue at once
attains or exceeds unity. A nutrient intake and supply that
would be sufficient or in excess of needs in the absence of ex-
isting, accumulated nutritional pathology in the tissue and
would therefore give a ratio greater than 1, does not produce
such a ratio in the presence of pathological tissue. Until their
disappearance lesions already existing and constituting poor
nutritional status raise requirements. Indeed, because of the
limited rate at which the cumulative chronic pathology of a
deficiency can be liquidated, considerable time elapses before
it and the increase in requirements created by it are removed.
It is broadly comparable to the financial situation in which a
current improvement does not immediately offset an accumu-
lated deficit. It is however, a favorable turn of events.




1
I

b

Etiological Complex of Deficiency States 17

Then too, a lesser degree of upward change from a quotient
of less than unity has its relative effect. If a heavily minus
ratio changes to a lesser deficit, specifically to a level that
would still be less than one even if the tissues were free of
pathological alteration, the new quotient admittedly is still
not satisfactory as judged by what it could be, but it represents
an improvement. It is a change in the favorable direction.

Certainly the ratio can undergo change at any time, and
probably does change frequently or continually, if only to
a slight extent. Evidence from persons of all ages indicates a
long term trend over a life time with seasonal cycles and inter-
current fluctuation.

By virtue of its capacity to change and the relationship to
time, the ratio yields quantities characterizing the governing
force over nutrition: intensity, velocity, and duration. Accel-
eration also enters into the calculations. All except duration
are vector quantities. Since a major interest is the pathogenesis
of a deficiency disease, for which the deficiency state is re-
sponsible, let us assume that a ratio previously above is now
below one. Its new absolute value expresses the intensity of
the causal force. Obviously the ratio has been brought to this
point by change. What the ratio was becomes as important
as what it is. Three questions arise: How far did it drop? How
fast did it drop? How long has it been at the new level or zone?
The answers to these questions further characterize the gov-
erning force expressed by the ratio.

As a dynamic process the governing force possesses a veloc-
ity. In the example, it was proceeding in a favorable direction.
With the drop in the ratio, it changed its direction and velocity.
The rapidity of the change which is derived from the extent of
change and length of time indicates acceleration. This is the
velocity of change which brings the force to a new velocity.
Hence, the previous velocity of the force x acceleration = new
velocity of the force. From these distinctions, it is obvious
that the same ratio expressing intensity may have different
velocities; that a less unfavorable ratio may have a higher ve-
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locity than does a more unfavorable ratio; and that the same
velocity may be reached by rapid or slow acceleration, the lat-
ter taking the longer time. Acceleration including deceleration
is then a distinctive quantity derived from the ratio, which
perforce imparts a different velocity. And it is this conse-
quence, increased or decreased velocity, that is usually more
readily recognized.

Finally, the duration of the ratio at its new level below one
indicates how long the causal force has been in operation at
that plane or in a given zone. Since time is inherent in the
acceleration, velocity and duration of the deficiency force, it
is seen to be an important element. Expressing a dynamic
process the force may change continually and variously in
amount, direction and velocity. From the ratio and time may
be derived the characteristics of the governing or causal force:
intensity, velocity including acceleration and deceleration, and
duration.

These quantities characterizing the governing force of nutn-
tion, whether favorable or unfavorable in direction, affect simi-
lar quantities in its manifestations in tissue morphology. The
latter indicates nutritional status. A deficiency expressed by
an unfavorable ratio is the cause of a deficiency disease mani-
fested by morphological changes in the tissue. Moreover, the
quantities of the deficiency are reflected in the pathological
manifestations in the tissue. Thus the causal force imparts its
characteristics to and thereby helps to determine those of the
pathological process in the tissue in terms of velocity, intensity
and stage.

The farther the ratio drops below one, the more intense is the
deficiency disease. A lesser drop would lead to a more moderate
or mild outcome. The faster the ratio drops below one, whether
it was previously above or under one, the more rapid is the
deficiency disease so that it is seen in its acute form. As it later
loses velocity, it may proceed at a slower rate that characterizes
the chronic form. Or, as happens most frequently, the process
may set in at a slow rate. The various possible patterns of
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change in intensity and velocity in the course of a deficiency
disease, after its inception have previously been outlined (1).
In the usual course of events pathology is established; then the
ratio may oscillate with the pathology changing in intensity,
velocity, and even direction. In its progress the pathology in
the tissue exhibits a definite sequence of events. The longer
an unfavorable ratio persists, the more advanced the pathology.

The method of defining and classifying the status of patho-
logical manifestations at a particular time in terms of intensity,
velocity and duration has already been described (1). Each
may be divided and subdivided as much as is necessary yet feasi-
ble for particular purposes. By one of the simpler classifications,
intensity is expressed as mild, moderate or marked. To convey
the zone of velocity, the terms acute, subacute and chronic
were adopted. Duration is measured by the stage which the
pathology has reached: early, intermediate, late or advanced.
These characteristics of the tissue manifestations reflect the
behaviour of the ratio.

Undoubtedly changes in the ratio are almost constantly
going on, but only the broadest are directly and promptly
recognized. For the most part they are apt to be noted in the
light of their effects manifested in tissue. Since time is required
for production or recession of pathological manifestations, and
since the cumulative effect is more readily discernible than its
increments, minor changes in the ratio are masked and even
major alterations may for a time go unnoted, depending much
on the pre-existing nutritional status.

CoONDITIONS

It has already been stated that change is an attribute of the
ratio. This change, its occasion, kind, and extent is not a
spontaneous, inherent property of the terms of the ratio. It 1s
brought about by influences upon the terms. These influences
affect both terms i.e., supply and requirements: some act on
one; some on the other; some on both. They may change the
terms favorably or unfavorably and may likewise change the
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NUMEROUS CONDITIONS
SUBJECT TO CHANGE

AFFECT

SUPPLY TO TISSUE
m=NUTR1TIVE BALANCE

AFFECTED BY

NUMEROUS CONDITIONS
SUBJECT TO CHANGE

Fig. 2. Action of conditions on members of ratio determining nutritive balance.

ratio. These influences are conditions, a precise yet shorter
term than conditioning factors. The ratio and the conditions
influencing it constitute a complex (Figure 2). It is to this
complex and particularly the conditions operating in it that
consideration will now be given.

Their Nature and Multiplicity. All the external and internal
environmental as well as hereditary factors that influence either
or both members of the ratio in whatever direction are condi-
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tions. They are manifold. An extensive but not exhaustive list
of these exceedingly numerous conditions is classified in Figure
3 according to their natural location and character which have,
however, no necessary bearing on the manner in which they act
upon the ratio. Diet, growth, pregnancy, lactation, work, sun-
light, climate, toxic material, and disease are just a few of the
examples included in the list. It is to be noted particularly that
conditions embrace those of a dietary as well as as a non-dietary
character.

Not only are the conditions numerous, but they are multiple
in operation. In any instance several or many conditions are
affecting the ratio and it is their resultant which determines
its balance. Furthermore, these conditions are dynamic in na-
ture. According to their nature or circumstances, conditions
differ in their schedule of activity or influence. Some are con-
tinuous through life, constantly in action. Others imperma-
nent, may occur frequently, occasionally, or only once; and
may last a very short or very long time. Of these, some may
become active at any time; others, such as growth and preg-
nancy, are operative only in a definite period of life. In both
types, some may last for a definite, others for an indefinite
period. Some conditions are inevitable, or so inherent as to be
inescapable; others are fortuitous. On the other hand, the
influence of a condition for a particular person, not its activity,
may begin or cease as he undergoes or passes from exposure
to it. In all, there is a variation in the duration of activity or
influence of conditions: some continue; others now appear,
now disappear. While in operation, a condition may intensify
or abate; accelerate or decelerate. Thus not only the cast of
conditions but also the degree of influence of any condition
may change from time to time. The ratio derives its dynamic
behavior from these changing conditions.

INFLUENCE AND EFFEcTs oF CONDITIONS
ON THE TERMS OF THE RATIO

These multiple conditions act upon the ratio by influencing



- PRSI ——

‘PAIISNEYXS 30U ST ISI[ Y], "I9IDEIBYD PUE UOIIEDO[ [EINIBU JIdY3 03 JUIPIOdOE OMEl 9yl Sunddye SUORIPUOd JO uonedyIsse]) ‘¢ B

Anpqeaered
—An[iqeadady (01
E)—PpIE J[EXQ
uoI—p1oe MAYJ
uonendiaig
siwamnu jo AN[qeNEAY (6
spooj jo Suissadold (8
SJUBPIX0INE-SIUEPIX(
Aypouel-uonepxony (/
uononnsp dnewdzuy (9
suTWeA-uy
sistuofeauy—s10qiyul (§

g
a1eIpAyoqie)) 3 UIWEIA D
ura101g i
UIWENA-UIWENA °q
e [-91eIpAyoqie)-urolg ‘e
suonepIIUY (¥
uonyzodoxdsiq
—oouejequy (¢
PadT (2
£31a1308 [BD
-150[01q ISULIIUL IO [E13UA0]
an3ojeue :UlWEeIA0L]
juainnu jo wirog (I
Cmaq °p

SULIIID 21I2UIE) ¢

SUOI1DBAT DIJBWOSOYIAS J
§31qeq pooq
A3ojoiqoydAsq
F10M
uore3oe’]
Aourudaig
yimoln)
anssi3 jo
£3ojo1sAyd pue A3ojoydiopy
sniejs [euonLIInN
diysuonepa auldopuy
Adesoyioway)
sno13doJuy
Jx0],
duedi() § aseasi(]
onseidoaN
aAneluade(q
A SU0NIVIY puv suonIuny ‘q

weswmuonauyg Kppog g

sjuedIX0]
$2IN3Ud(]
uoIsnIQ)
UOIDLIY (UOIEILLIT {3INSSaIg
JuduRAOW [BIISAY
ewmnely,
[ed1ueydd
armerdwajy,
9A13DROIDRY
Ke1-x ‘[014-E1)
paI-eljul 33y
A319us jueipey
suf avuzy) puv pashyq -q

JUFUWUOLUY [PULIIXT °]

SNOILIGNOD 40 NOILLVOILISSYTO

uo13onijsap —«Emumowﬂh—‘

uonepesdaporg
SISAYIUAS [eunsajug
sisayudsorg
uonaxyy
[943] d1j0qeIa
?3e103g
uonezin
wspoquiapy § ool

dwAzua jo umopyearg
dWAZud Jo uonewIo q
nodsuery

uondiosqy

uonsagdi(q

uonsaduy

anaddy

judLnnu Jo Equ —Ncomuuﬂzum

Sjauuvyn
910932 Py puw 2011595yJ e

uonednpy

awoduy

way 3235 03 ANqy

Spooj d[qefreAy

SUOIPUOd JulyIop

SUOnIpUOod JUIAl]
1U0U02T-01908 "




Etiological Complex of Deficiency States 23

both of its terms: some affecting supply, some altering require-
ments, some modifying both. As a group the conditions have
various modes and channels of action in their effect on a nu-
trient.

On Supply and Responsibility for Deficient Diets. Con-
ditions outside and inside the body affect supply. Because
specialization has placed economics, sociology, and agriculture
beyond the sphere of competency, although not interest, of the
physician, biochemist, and dietitian, usually these conditions
are not included in the list. Yet they should be included, for
they have a profound effect upon supply, specifically the
amount and kind of food. Still other conditions, both external
and internal, such as illness, education, intelligence, custom,
and habit, affect appetite and choice of food. Thus con-
ditions affect the quantity and quality of the diet, and when
acting adversely, become responsible for deficient diets. But
supply to tissues extends beyond ingestion of food. Digestion,
transport, and metabolic elaboration of nutrients are part of
the supply channels, and conditions impairing them interfere
with supply. Indeed, interference or failure in supply may
occur while a diet adequate for ordinary circumstances is being
ingested. Thus a set of conditions may affect another condition,
diet, and through it affect supply. It is seen that conditions
influence supply on a broad base.

On Requirements. Conditions outside and inside the body
likewise affect requirements. Among the external environ-
mental conditions may be mentioned temperature, radiant
energy, light, and wind. Bodily conditions include growth,
pregnancy, work, toxic material, and disease. In their effects
upon requirements these bodily conditions may operate through
various channels which are also conditions. Some of these
pathways influencing requirements are: utilization, tissue con-
struction and maintenance, metabolic level, excretion, and
destruction.

On Supply and Requirements. Some conditions affecting
several channels modify both supply and requirements. As an
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example, a disease with anorexia, gastrointestinal disturbance,
and fever would influence both terms of the ratio.

Opposition and Counterbalance. Conditions that increase
the numerator or decrease the denominator tend toward
making the ratio favorable; those that operate oppositely con-
duce to an adverse ratio. By their very nature some conditions
only interfere with supply, while others always raise require-
ments; therefore they would conduce only to a decrease in the
ratio and an unfavorable result. Their operation, even at a
minimum, tends to lower the ratio. In general they fall into
three groups:

1. Those regarded as natural or normal in that they are usu-
ally or constantly among the bodily activities or ordinary vicissi-
tudes of life.

2. Some of these in excess or disorder are pathological.

3. Sull other conditions are always pathological.

As has been stated, never is one condition responsible for an
adverse ratio. That is because, of the many conditions con-
stantly affecting the ratio, a number are natural conditions
conducing to lowering it and by their very nature are always in
action. .

Operating in a favorable direction against depression of the
ratio are counteracting conditions. Furthermore, particularly
offending or adverse conditions may be removed, controlled,
or diminished. The ratio-depressing conditions differ in the
ease and readiness with which they may be offset or controlled.
The natural conditions can be counterbalanced by equally
natural ratio-raising conditions. Because of this, the resultant
ratio can, of course, be satisfactory. In contrast, it is less easy
to counterbalance the pathological conditions and maintain
a proper ratio by ordinary ratio-elevating conditions. Among
the pathological group are conditions which may produce a
markedly adverse ratio that is resistant to complete correction
other than by their abatement. However, their adverse effects
on the ratio may be partially overcome by suppression of
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another ratio-depressing condition, usually one of the natural
type. For example, reduced activity in the form of bed rest is a
familiar countermeasure against disease.

If there is deterioration in the function of a pathway of
supply from a pathological condition, it may be countered in
three ways: (a) removal or control of the offending condition;
(b) an alternative route of supply; (c¢) reduction in require-
ments by an appropriate change in a condition influencing them.
On the other hand, if requirements are unduly high because of
some natural condition perhaps temporary, they may be met
by increased supply. Increased intake is the obvious step for
pregnancy or excessive physical exertion. But if the require-
ments are elevated because of a pathological condition, the
ratio may be kept at a satisfactory or least unfavorable point
by removal or control of the offending condition or by sup-
pression of another ratio-depressing condition. For example,
measures to terminate an acute infectious disease, together
with bed-rest, assuming proper intake, have that effect.

ON THE RATIO AND ON THE PRODUCTION OF DEFICIENCY DISEASES
AND THEIR PREVALENCE

Through acting upon supply and requirements, conditions
influence the ratio and its effects. They determine whether it is
satisfactory or unsatisfactory and in turn affect the nutritional
processes. It has been noted that favorable ratio-elevating con-
ditions may balance or overbalance adverse ratio-depressing
conditions so that the resulting ratio is 1 or greater. This ratio
indicates adequacy and is conducive to a satisfactory nutri-
tional status in the tissue.

But if adverse ratio-depressing conditions come to predomi-
nate, the ratio falls below 1, indicating a deficiency of the nu-
trient in the tissue. That situation arises from decline of ratio-
elevating conditions such as diet; ascendency of ratio-depress-
ing conditions, e.g. growth; or activation of impermanent
adverse conditions. Any or all of these types of eventualities
may occur. Other unchanged ratio-depressing conditions con-
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tinue in their effect. When the balance is unfavorable, a de-
ficiency state ensues. This deficiency state leads to patholo-
gical changes in the tissues and signs representing a deficiency
disease. Through this chain of events, conditions determine
the production of a deficiency disease.

In a broad, loose sense, a tissue deficiency indicated by an
unfavorable ratio and the combination of conditions respon-
sible for it comprise a complex that can be regarded as the
cause of the ensuing deficiency disease. Not only the adverse
ratio but also the conditions which brought it about by their
effect on supply or requirements are a fundamental considera-
tion in deficiency diseases. But in the interest of clarity and pre-
cision in delving into the etiological system, it is essential to
draw a distinction between cause and condition.

In one sense, a condition is defined as a cause. In another
sense, a cause is the agency producing a result; whereas a con-
dition is something that necessarily precedes a result, but does
not produce it. It is a prerequisite to fulfillment. It is helpful
to draw this latter distinction. The tissue deficiency state
arising from an unfavorable ratio between supply and require-
ments of the tissue and expressed in the adverse ratio is the
primary, direct, immediate cause of the tissue pathology in the
deficiency disease; while the combination of conditions influ-
encing the ratio to that end through their control over supply
and requirements are secondary, indirect, mediate causes. Con-
ditions are necessary to the occurrence and existence of defi-
ciency states but are not the direct cause. Most simply and
accurately designated, the tissue deficiency expressed by the
adverse ratio is the cause; the factors responsible for the un-
favorable ratio are adverse conditions.

It has already been explained that a combination of condi-
tions are in action at any one time and that it is the net effect
of the aggregate that determines the quotient. If the ratio is
adverse, a number of conditions are responsible. Never is one
solely responsible for an adverse ratio. It follows that at any
one time, the influence of each adverse condition and its re-
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sponsibility in the production of a deficiency disease is relative.
At another time the relative influence of each adverse condition
in the composite may have changed or the cast of conditions
may have changed. In this change from time to time, the etio-
logical complex exhibits relativity.

More than for satisfaction of intellectual curiosity, rather
for working out suitable therapeutic measures, the analysis of
the etiology of a deficiency disease in any instance, the ascer-
tainment of the various conditions contributing to it and as-
sessment of their relative weight are practical matters of
moment. It will be recalled that in all instances it has been
traditional to divide deficiency disease into two groups: pri-
mary, those in which faulty diet is demonstrable; and second-
ary, those attributable to non-dietary means. Here two sepa-
rate etiologies were recognized and they were regarded as
causes, not conditions. Actually they are conditions, not
causes; and since numerous adverse conditions operate in any
instance, no one is the sole responsible condition. Furthermore,
it is scarcely justifiable to single out one condition, e.g., diet,
arbitrarily for the sole and universal distinction of primacy
when in many instances other conditions may be more in-
fluential.

Rather, the relative influence of any condition in the pro-
duction of a deficiency disease may be various. Adverse con-
ditions may operate towards deficiency states with two out-
comes: (1) They may tend and come close to bringing the
cause into action, but are over-balanced by favorable conditions
with the net result falling short of a deficiency state. Here they
are predisposing conditions. (2) They may bring the cause
into action. Among the combination of conditions leading to
a deficiency state, some may be arbitrarily designated as con-
tributory, others determinative, on the basis of either their
relative weight or timing. Of the aggregate of adverse condi-
tions contributing to an unfavorable ratio, one is often decisive
in the sense that it adds enough to tip the scale. It may be
the exciting, aggravating, or precipitating condition if the
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onset is acute. It is not necessarily, however, the major adverse
force; rather its timing attracts disproportionate attention to
it. Certainly in any assessment of the relative contribution of
conditions to etiology in any instance, the condition with the
greatest impact is of considerable concern. Whichever it may
be in any instance, it might better be called the major rather
than the primary condition. Yet, on the other hand, it is con-
ceivable that in some instances no one condition is major;
several conditions of nearly equal impact may jointly exert
the major influence.

Thus the etiology of a deficiency disease comprises a number
of minor conditions; a major condition or a combination of a
few minor conditions with major influence; and one or more
exciting conditions. The major condition may also be the ex-
citing condition, or a condition of lesser magnitude may serve
that end. As for any one condition that may be operating
adversely, its relative contribution is referable to a particular
instance. For example, at one time it may be the minor; at
another, the major condition. Some conditions by nature are
unlikely to be other than minor, though in that they are not
unimportant; others are more frequently the major condition;
still others are more commonly the exciting condition.

It may be helpful to cite a few examples of familiar condi-
tions and the effect of each in the development or accentuation
as well as the subsidence of deficiency diseases. It is to be
remembered, however, in discussing a single condition that it
is never solely responsible for an adverse ratio since other
conditions natural in type are intrinsically and inescapably in
operation towards depressing the ratio.

A gastro-intestinal disorder may impede absorption and
transport of nutrients and thereby interfere with supply to the
tissues (8, 9, 11, 12). Decrease in supply diminishing the quo-
tient of the ratio tends to a deficiency state. With abatement
or disappearance of the adverse condition, supply and the
resulting quotient would increase unless other unfavorable
conditions intervened with counteraction.
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Acting on the other member of the ratio, growth, pregnancy,
and physical labor are conditions conducing to deficiency
states by raising the level of requirements. It is a byword that
young animals subjected to an incomplete diet must grow if
they are to develop acute deficiency states. Growth makes
exacting and unyielding nutrient demands which reduce the
quotient and accentuate the deficiency state. Arrest of growth
with consequent lowering of requirements changes the de-
nominator in the opposite direction. As another example, signs
of deficiency states may flare up during pregnancy. That an
increase in nutrient requirements is associated with pregnancy
is generally accepted; this increase in the divisor of the ratio,
operates adversely towards reducing the quotient. With the
termination of pregnancy, its effect on the ratio ceases; its
particular aliquot of the divisor drops out.

Forced exercise of animals restricted to a diet low in vitamin
B-complex has been found to lead much sooner to occurrence
of a deficiency sign than did usual activity (16). Similarly, it
has-been observed (16a) that men engaged in hard physical
work while receiving a ration deficient in vitamin B-complex
“developed symptoms and definite signs of deterioration far
more quickly and more severely than sedentary subjects on a
similar diet.” Conversely, a pellagrin put to bed, even though
continuing to eat a pellagra-conducive diet (17, 18), shows re-
mission for a time. Here the lowering of requirements from
reduced activity is tantamount to nutrient therapy; for re-
ducing the denominator has the same mathematical result as
increasing the numerator. It has been noted that conditions
differ in their efficiency of exercising influence on the ratio.
Although it may seem odd, it is nevertheless true that bed-rest
1s nutrient therapy in highly effective form.

In all three examples, growth, pregnancy, and work, the
recognition of increased requirements associated with them is
evidenced by larger recommended dietary allowances (19).
The attempt is to increase supply to counterbalance the in-
creased requirements. But to repeat, although each of the
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three conditions may precipitate an aggravation of deficiency
states, it should not be concluded that any of them alone can
bring it about. Unless other adverse conditions, such as in-
ferior diet, disease or pre-existing poor nutritional status pre-
vail, growth, pregnancy, or physical exertion does not set off
deficiency signs.

Besides these more familiar examples, the list includes
several conditions less commonly recognized as related to nu-
trition. Mechanical stress, a general term covering many
specific situations, is a condition affecting the nutrition of
tissues. It may be recalled that one of the usual signs of scurvy
in the infant is subperiosteal hemorrhage in the thigh, a site
of considerable movement. Contrariwise, when the hind leg
of a guinea pig on a scurvy-conducive diet is immobilized, acute
changes do not occur (20). Similarly, it is probable that move-
ment of the tongue, one of the most active organs in the body,
contributes to the acute glossitis of pellagra. In a kindred class
1s pressure, such as occurs in dental occlusion. In its more severe
form of malocclusion even greater pressure is applied on fewer
points of contact. It then becomes understandable why the
severest changes in gingivitis of avitaminosis C are often
located at these sites. Ill-fitting dentures in their effect on the
gums and angles of the mouth fall in the same category (21).
Another type of condition apt to be overlooked is radiant
energy. Intense light or glare aggravates or elicits photopho-
bia and lacrimation in persons affected with ariboflavinosis
(22). Conversely, confinement to a dark room or use of dark
glasses is a temporary expedient minimizing an aggravating
condition. It should be repeated that they are conditions, not
causes; that they affect the nutrition of tissues; and that each
may contribute to a deficiency state but alone is not respon-
sible for it.

Two of the most influential adverse conditions are infection
and existing poor nutritional status. Twenty-five years ago it
was vigorously debated whether xerophthalmia was an in-
fection or a deficiency disease. Careful histopathological
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studies settled the issue (23): xerophthalmia was shown to be
a deficiency disease in which infection usually supervened.
Another deficiency state has now been observed to conform
to the same pattern (24, 25). At a certain stage in their
development, secondary infection of the tissue is almost in-
variable. As a condition, not a cause, infection aggravates and
accentuates existing pathology. Also especially noteworthy
among the list of conditions is existing nutritional status. If
the tissue is already the site of deficiency pathology, usually
chronic, its requirements obviously are raised. One of the
outstanding reasons that an acute deficiency sign may be in-
duced in one study but not in another is the initial difference
in the nutritional status of the subjects.

It is almost superfluous to point out that time is an im-
portant condition constantly in effect and therefore an invari-
able element in every deficiency process (1). It appears as a
component in the velocity and acceleration of the deficiency
process. Likewise, it is the essence of duration. The length of
time which a ratio prevails above or below 1 and at a par-
ticular level is a highly significant condition. It takes time,
furthermore, to produce and develop, as well as reverse and
remove the pathological expressions of a deficiency disease.
And time is a factor in the acuteness or chronicity of the clini-
cal manifestations.

At the risk of seeming to minimize diet, whereas the intent is
to bring the ensemble of conditions in proper perspective in
which neglected members are elevated to their rightful place,
it should be pointed out that poor diet is not the cause of a
deficiency disease, but a condition conducive to it. Poor diet
alone cannot produce a deficiency disease; for it is never the
sole ratio-depressing condition in operation—other conditions
intrinsically participate with it. True, in many, if not most,
instances of deficiency disease, poor diet is the major adverse
condition; but in other instances, it is a minor condition. In-
deed, deficiency diseases may even occur when diet 1s satis-
factory to meet usual demands and therefore operating favor-
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ably on the ratio. Poor diet is not, therefore, an indispensable
condition in the production of a deficiency disease.

The traditional view that poor diet is the cause of deficiency
diseases was derived largely from experiments in which they
were induced by subjecting animals unremittingly to a diet
nearly totally deficient in a nutrient. Since the only variable
studied and allowed to differ between the experimental and
control groups was diet, it was regarded as the cause of the
ensuing deficiency disease. All other variables were equalized
and therefore ignored. Yet these conditions were exerting their
influence. For example, it is known that acute deficiency
diseases can be induced readily in young, growing animals but
only with great difficulty if at all except by special measures in
adult animals. Here growth is a necessary condition which
together with poor diet and other natural conditions tipped the
balance towards production of deficiency disease. But the
effect of the conditions other than diet were disregarded since
they operated in both the experimental and control groups.
The additional burden of poor diet in the experimental group
was accredited with the full effect of all the conditions and
with being the cause. The error lies in attributing the effect
of the whole to one of its parts. Even when diet is ostensibly
the only etiological factor, it is actually only one of several
conditions, and then it is the predominant rather than the
sole condition. As a condition, diet is often an important
member of the etiological complex, indeed the preponderant
influence. -

From this reasoning and evidence it may be concluded that
conditions determine whether a deficiency state occurs. From
the deficiency arises a pathological process in the tissue. Thus,
conditions affect the production of a deficiency disease. In
addition, through this influence on the production of deficiency
diseases, conditions likewise determine their prevalence. When
the series of conditions adversely influencing requirements are
added to those adversely affecting supply, and their very
frequent operation is considered, the possibility, if not proba-
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bility of high prevalence of deficiency diseases, however slight
some may be, becomes understandable.

ON THE CHARACTER OF A DEFICIENCY DISEASE
AND ITS MANIFESTATIONS

Conditions influence not only the production of a deficiency
disease but also its character. For, individually and jointly,
the conditions display velocity, intensity, and duration. The
resultant of these from a complex of conditions is imparted to
the ratio. Conditions determine not only the value of the ratio
but also the characteristics of the governing force which it
expresses. It has already been shown that a ratio indicative of
a deficit and therefore causative action brings to bear these
characteristics upon the pathological changes of a deficiency
disease. Ultimately, then, through this sequence conditions
are responsible for the character of the deficiency process and
its tissue manifestations in deficiency disease.

Initial Incidence. First to be considered in this relationship
to conditions is the character of the deficiency process and its
tissue manifestations in their initial occurrence. The deficiency
may set in early in life, indeed in utero (26); but whether early
or later, the form which it takes depends upon conditions. Let
us assume that not only the ratio but also tissue morphology
has been satisfactory; and that then the ratio drops below 1.
Here is change in direction. In proper time, as the result of
the deficiency force if it is sustained, the tissue will exhibit mor-
phological changes. But what will be their character? For an
answer, the change in conditions should be examined.

It will be recalled that the ratio is depressed under any or all
of three types of change: (1) Weakening of ratio-elevating
conditions, such as impairment of dietary pattern. (2)
Strengthening of ratio-depressing conditions, such as a spurt
in growth. (3) Appearance of a temporary adverse condition,
such as infection. From quantitative measures of their changes
are derived the characteristics of these conditions, in terms of
intensity and velocity.
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The first two types of change represent an alteration in
intensity of existing conditions, the magnitude depending on
the extent of change. Ipso facto through its appearance, the
adverse condition in the third type takes on an intensity. If
unopposed, any or all of these conditions influence the ratio
and deficiency with their new intensities. Again if unopposed,
the rates of change in these conditions determine their ac-
celerations and velocities as influences. But sooner or later
protective counter conditions, as new or pre-existing conditions
changed to furnish opposition, set in with their intensities and
rates. They may oppose the offending conditions directly or
indirectly. Depending on the time of their start or change,
magnitude, rate, and duration, these counter conditions may
minimize or slacken, or both, the adverse change. The result-
ants of velocities and intensities derived from changes in ad-
verse and counter together with unaltered conditions influence
the rate and severity of the deficiency force and its tissue mani-
festations in their first occurrence.

Thus from the incidence of new conditions and from altera-
tion in rate and intensity of existing conditions, together with
unmodified conditions, the deficiency force takes on character-
istics in direction, velocity, and intensity which it transmits
to the tissue pathology. In any instance a number of conditions
are in operation; it is therefore the net effect of the aggregate
of conditions with action in opposing directions at various
intensities and velocities which is conveyed through the ratio
to the deficiency force and its manifestations in tissue. Re-
flecting the influence of the conditions through the resultants
of characteristics derived from them, the deficiency force and
its pathological manifestations in tissue in their onset may
occur in a wide range of velocity from very slow to very rapid
and intensity from slight to marked. It has already been indi-
cated that, while fine gradations may be established, these
ranges may be arbitrarily grouped for convenience into several
broad categories. In the last analysis then a combination of
conditions determines whether the deficiency force and its
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tissue manifestations in their first incidence are slow or rapid,
1.e., chronic or acute, and mild or marked in intensity.

Strictly speaking, probably no initial deficiency as mani-
fested in tissue starts suddenly as the acute form. Rather it is
the culmination of a rate moving continuously to that end.
In its beginning the process passes through a period when its
velocity is slow and then at its zenith reaches the acute form
by increasing acceleration and velocity. The pattern of in-
crease in acceleration and velocity may vary from a constant,
regular build-up to more irregular surges; hence the acute form
may develop with various degrees of rapidity. Furthermore, a
distinction must be drawn between the deficiency process and
its tissue manifestations, for animals may die from initial de-
ficiency, acute at its onset, with a minimum of local pathology.

The most familiar example of an acute onset is that produced
so frequently in experimental animals. Young animals on stock
diet with good growth and satisfactory nutritional status are
suddenly subjected to a diet extremely deficient in one nutrient.
It has long been recognized that under such a procedure an
animal must eat and grow if an acute deficiency process is to
develop. Here appetite, growth, and deficient diet are condi-
tions with major adverse influence on the ratio, though other
conditions are as usual depressing it. The drastically impaired
dietary introduces a profound change which with rapid growth
and other ratio-depressing conditions brings about a change in
the direction of the nutritional process with deceleration of the
force for satisfactory nutrition and acceleration of the defi-
ciency force. If unopposed, the rapid rate of growth and sudden
imposition of the severely deficient diet would greatly accel-
erate and intensify the deficiency force and its tissue mani-
festations. Actually, protective counter changes set in. A short
list of counter conditions are shown in Table 1. In the present
instance, mobilization of stored nutrients counteracts for some
time the full effect of the deficient diet, the length depending on
the nutrient and the extent of its stores. Later appetite may
fall off and growth may slow as reactions to the unfavorable
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Ratio-Depressing Conditions Counter CONDITIONS
Deficient Diet Mobilization of Nutrient from Stores
Loss of Appetite
Maintenance of Growth Retardation or Cessation of Growth
Infection Bodily Resistance
Ambulation, Work, Exercise Lessened Physical Activity or Bed Rest
Deficiency Pathology in Tissue Good Tissue Status

Table 1. Examples of a few ratio-depressing conditions and counter conditions.

ratio. Eventually activity may lessen. These reactions work
toward lowering the potential acceleration, velocity, and in-
tensity of the deficiency. Meanwhile the nutrient stores are
progressively lowered and the deficiency gains in velocity and
intensity, subject to modification as other counter conditions
supervene on schedule. Its consequent velocity and intensity
are the resultants of these actions and counter actions. If ap-
petite and growth can be maintained, the usual outcome is an
acute process in which the pattern has been one of a constant
build-up in velocity and intensity. The familiar failure of some
animals to show acute manifestations and the more common
variation in the time-table of the signs are explained by indi-
vidual differences in these conditions and counter conditions.

As for the reflection of the acute deficiency in tissue with
pathological manifestations, still another counter condition,
the existing status of the tissue has a profound effect. Obvi-
ously, prior to the initial incidence, the tissue was free of
deficiency pathology. Such tissue is more resistant to patho-
logical change than is tissue already altered. Furthermore, de-
velopment of pathological changes requires time. Under a set
of severe conditions it is not uncommon for an animal to die
from an extremely acute initial deficiency with a minimum of
pathology. The conditions must be within prescribed limits for
acute pathology to develop as the culmination of an initial
onset.

If, in addition to changes in diet and growth, intercurrent
infection also sets in, it marks the appearance of a new condi-
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tion. It adds to the intensity of the deficiency force and from
its sudden appearance still more to the velocity. In conse-
quence it is likely that the force of the deficiency in its onset
will be of rapid velocity. It marks the more precipitate and ir-
regular pattern. With several conditions already adversely in
operation, the sudden introduction of another capable of high
acceleration tips the balance still further with a strong impact
on the velocity of the deficiency and abruptly brings on the
acute form. It should not be inferred, however, that a new
condition 1s a prerequisite for an acute process; rapid adverse
change in an existing condition will produce it. Nor does inter-
vention of a new condition always produce an acute process
That depends upon its characteristics as well as those of other
conditions in effect. Acute infection has great power of acceler-
ation.

In reality the most frequent form of the initial deficiency in
man is not acute. Rather it is the chronic with its typically
slower tempo. As an example, it may be imagined that the
dietary pattern shows some gradual deterioration, perhaps
seasonal, and a spurt of growth may be in progress. In con-
trast to conditions in the animal experiments, the change in
the diet is more gradual and less severe. Probably counter-
conditions set in but at a commensurate rate and level. The
net effect on the causal force is slow acceleration and velocity
and moderate intensity; assuming sufficient time the effect
on tissue manifestations is a chronic process of moderate
intensity.

O~ THE CoURsE oF THE DEFICIENCY AND ITS MANIFESTATIONS

Progression. Nutrition i1s a dynamic process extending
throughout life from conception until death. Consequently, nu-
tritional status is of never-ending consideration over this span.
For many persons, the first impairment may never be com-
pletely rectified; for some it may be corrected only to be fol-
lowed by later impairment. Whichever way, the several courses
which it may pursue are important. With an impaired status, a
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definite pattern of events may be repeated endlessly throughout
life as the process progresses, stands still, or rarely recedes.
In progression or recession a wide range of velocities and in-
tensities may be seen in the tissue process. Just as in its incep-
tion, so in the subsequent changes during the course of the de-
ficiency and its manifestations, conditions have a large share
of responsibility. Just as they determined whether it first
emerged as a chronic or an acute process, conditions influence
its course and later characteristics. They impart their velocity
and intensity to the deficiency and its tissue manifestations.

Underlying, Progressing Chronic State. To take a common
situation, a low-grade chronic process becomes established. It
may pursue several courses. It may be continuously or inter-
mittently progressive over a long period, indeed for life, with
little change from mild degree and slow velocity. Or it may at
one time or another take on added intensity. Or periodically
or occasionally it may undergo exacerbation in the form of ac-
celeration with or without increased intensity. But in the long
run these events are merely episodes; viewed over the years,
the predominant characters of the deficiency are slow velocity
with long duration. It constitutes an underlying, progressing
chronic state from which transitory acceleration may arise.
The factors contributing at any point to this continuation
and progressive course may be broadly designated en masse as
perpetuating conditions. That is not to say that each of the
conditions is perpetual; or that the composition of the group
or the relative contribution of each condition does not change
over the course.

Actually, the chronicity of a disease in its strict sense de-
notes its continuation over a long period of time. But inasmuch
as a deficiency process of rapid velocity could not endure in the
tissue for a protracted period, a slow velocity perforce charac-
terizes the chronic state. Usually it is of long duration. But
because conceivably a process of slow rate may be of short
duration, i.e., may be terminated, and because the duration of
a deficiency process may be measured on the basis of its stage,




Etiological Complex of Deficiency States 39

1t appears to be desirable in the interest of precision to restrict
the usage of the term chronic to the expression of slow velocity.
In point of fact it is almost always of long duration.

It is informative to look for the reasons why deficiency states
over much of their course are chronic in nature and form. Four
may be advanced: (1) Certain conditions operating at a rate
conducive to the chronic form, such as slightly or moderately
deficient diets without sudden change, are common at least in
this country. (2) Under adverse conditions that might other-
wise lead to an acute form, counteracting conditions maintain
the chronic form. (3) The acute form is an extreme state pro-
duced by extreme conditions which prevail less frequently.
(4) The acute form either undergoes abatement, lapsing into
the chronic, or it proves fatal. In a sense, it is self-limiting.

When conditions conducive to a deficiency state operate
steadily but gradually without undergoing or building up ac-
celeration of the deficiency process, it is readily understandable
that the chronic form will ensue. More complex is the situation
where great, even drastic, reduction in total intake or sub-
sistence on a moderately deficient diet occurs suddenly yet also
leads to a chronic form when an acute might have been ex-
pected. In explanation, as has been noted, counter-conditions
tend to offset adverse conditions that become active at a rate
conducive to the development of an acute process. By their
retarding influence a chronic state is incurred instead. In
marked underfeeding, fasting or starvation, the consequent
loss in weight, lowered basal metabolism, and restricted activity
from weakness lower current bodily requirements. Though
these counteracting conditions cannot prevent an adverse shift
in the ratio, they lower its intensity and slow its advance
thereby warding off a severe acute deficiency state. To the
extent that they prevent a wide shift in the ratio, they. prevent
or mitigate a severe deficiency. Furthermore, this counter-
action is a gradual process; hence in the absence of potent ex-
citing conditions, an acute state is likewise prevented or allayed.
It has long been known that, barring the intervention of power-
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ful, exciting conditions, acute deficiency diseases do not develop
during fasting or marked underfeeding. They are moderated to
the chronic form. To take another example, with lowered in-
take of calcium there is impaired growth and more economical
and efficient use of the mineral as judged by metabolic balance.
This mechanism also holds true for other nutrients. Here again
lowered current requirements and more efficient utilization
avert the acute though they do not necessarily prevent or pass
over the chronic. In avoiding the more critical consequences of
an acute process, the body may not escape the chronic. The
wide prevalence of chronic states among the populations with
various degrees of lowered or inadequate intake attests to
this.

It is not to be thought that, because of these types of re-
actions, the incidence of acute processes is generally prevented.
Obviously there are limits to these counter-reactions beyond
which critical inanition will ensue if the food supply is pro-
nouncedly inadequate; or acute or subacute deficiency states
will break through if nutrient imbalance outweighs an inade-
quate total intake or potent adverse conditions become upper-
most. Overwhelming or unusually numerous adverse conditions
conducive to an acute process will be decisive.

Acute State as an Exacerbation. Although the deficiency
process in its course in man may persist or progress as a chronic
process throughout life and never exceed a slow rate, usually
at intervals it undergoes exacerbation. This exacerbation is
primarily an acceleration but ordinarily intensification is also
associated. Thus the chronic process at times undergoes ac-
celeration of rate, with or without intensification, over a wide
range of velocity reaching its peak as a severe, acute process.
This exacerbation may be either gradual or precipitate.

It should be stressed that the acute form in man is usually
an exacerbation. Because the chronic is much more prevalent
than the acute state, because chronic lesions are frequently
seen without signs of acuteness but not vice versa, because
signs of chronicity may be recognized in an acute lesion, and be-
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cause the acute has been seen to emerge from a chronic state and
decline into it, it may be stated that in man the acute state
arises almost invariably as an exacerbation of an underlying
chronic state and subsides into it. True, it is theoretically
possible than an acute may occur in the absence or at least with
the minimum of a chronic process, in some proportion of the
first incidence. But over the life span, usually the acute form
In man 1s an exacerbation of an underlying chronic state.

Yet it is not usually recognized as that. Not uncommonly the
chronic deficiency proceeds unnoticed for a long time and the
tissue manifestations draw attention only during the exacerba-
tion. Then this exacerbation is erroneously taken to be the
onset, whereas in fact it is only the transitory eruption of the
underlying preexisting chronic form. The misleading evidence
from the senses and its seeming accord with the experience
from animals are responsible for the misconception. The
chronic form in its course escaped observation. Then, too, in
setting and course of events the natural occurrence of the acute
form in man is different from its experimental induction in ani-
mals. In the latter by design the deficiency is from the first
continuously progressive to the acute form. As a condition
drastically imposed, diet is as nearly deficient as possible in
one nutrient. Only a short part of the animal’s life span is
covered. None of these circumstances is comparable to those
usual for man. Rather, conditions are different for the develop-
ment of the acute process by exacerbation in man. While the
dietary deficiency is ordinarily not so drastic, other conditions
assume major weight and decisiveness.

The underlying chronic base in man lends itself readily to
exacerbation. It is much easier for an acute to emerge from a
chronic process which is already progressing, though at a slow
rate or even in virtual suspension, than from a good nutritional
status. The existing chronic base is then an important con-
dition toward the exacerbation. The more pronounced the
chronic process, the more sensitive and susceptible 1t is to in-
fluences that would exacerbate it.
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Besides the existing chronic manifestations in the tissue, other
conditions are prominent in favoring an exacerbation. While
dietary deficiency may not be so profound, that of lesser degree
is not without influence. The lower the level of intake, the less
need be the velocity and intensity of nondietary conditions,
both exciting and precipitating, to set up an acute process.
Oppositely, the more potent and explosive the nondietary
conditions, or the more rapidly they build up force, the less de-
ficient need be the level of intake to induce an acute episode.
Here the sudden intervention of an additional condition such as
intercurrent infection or pregnancy may be decisive. Because
of the underlying chronic process, the less forceful need either
group of conditions be to bring about an exacerbation into an
acute process. Man’s life span, as contrasted with the short
survival period of animals with experimentally induced acute
deficiencies, allows more opportunity for adverse conditions,
including poor existing nutritional status, to become operative
and set off an exacerbation.

Taking the entire life span of man, acute processes are sel-
dom seen except superimposed on a chronic deficiency state;
they are episodic, transitory phenomena in the course of the
latter. It is not to be construed and presumed that acute proc-
esses occur easily and frequently in man. After all, the acute
is an extreme state. It does not persist; it either subsides or
is fatal. And there are conditions, already considered, counter-
acting against it. Whether it occurs hinges upon a set of con-
ditions, among them the preexisting nutritional status.

Finally, the clinical manifestations of the acute form as an
exacerbation are not necessarily the same as those of the acute
representing the peak of the initial onset. The former can ex-
hibit profound pathology with the acute superimposed upon
the chronic. In contrast, animals may die from the acute de-
ficiency induced initially with a minimum of local pathology.
The more acute the latter type is, the less pronounced its local
manifestations.

Slackening and Abatement of the Deficiency Process. In the
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course of the deficiency process, the exacerbation with its
heightened speed and intensity undergoes slackening and abate-
ment from a change in conditions. Such subsidence of an acute
or subacute process through a favorable turn in conditions
changes only the form of the process. The slackening and abat-
ing do not mean cessation of the deficiency process. Rather
the acute process, as an exacerbation, upon subsidence leaves
the underlying chronic state. Or if the acute form is the cul-
mination of a deficiency state in its incidence, it too wanes into
a chronic state. Such moderation of an acute process therefore
1s not to be confused with reversal and recession of an under-
lying chronic form, or with obliteration of the deficiency
state.

Practically the changes in conditions responsible for sub-
sidence of an acute process may be divided into three types:
improvement in diet; use of pure nutrients or concentrates;
favorable alteration in other conditions. It is a familiar obser-
vation that, other conditions permitting, an acute process de-
clines under an improvement in diet. But for such purposes,
diet is not the only source of supply. With availability of nu-
trient concentrates and more recently pure nutrients that allow
administration of more potent levels than can be provided in
food and admit of either the oral or parenteral route, such
preparations have been differentiated from diet.

On numerous occasions subsidence of an acute process has
occurred or been induced when the diet or nutrient intake has
undergone little or no improvement, while other conditions
have or have been altered. This moderation comes about by re-
moval, lessening, or circumvention of conditions, either patho-
logical or normal, that have raised requirements or interfered
with supply. Most frequently it is a favorable change toward re-
ducing requirements; but in other instances it may be toward
raising supply. Examples are: confinement to dark room in-
stead of exposure to sun; bed-rest instead of full activity; con-
quest of infection; termination of pregnancy.

Conditions comprised in the three types are seen to differ
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in their pathway of action and their effect on the ratio. Be-
cause of this and because the acute process may arise from con-
ditions with different mechanisms, ameliorating conditions
differ by nature in their appropriateness for a particular in-
stance. The ideal course in controlling an acute process might
be rectification, removal, or diminution of a particular domi-
nant or exciting condition; but that is not always possible or
desirable. Other courses would be to offset the effect of the
adverse condition by changes in other conditions directed
towards either reducing requirements or increasing supply, or
both. Indeed, under some circumstances the latter measures
may be preferable. In any situation the most appropriate
course for controlling an acute process depends in part on the
nature of the adverse conditions responsible for it. When infec-
tion is the exciting condition in an acute process, removal of
that deleterious condition may be more effective than increasing
the supply of nutrients in moderating the exacerbation. Under
many adverse conditions bed-rest may be an effective meas-
ure. On the other hand increased provision of nutrients would
be indicated for an acute process precipitated during preg-
nancy. And parenteral administration of nutrients may be
indicated to abate an acute process when interference with
supply arising from various diseases is to be circumvented.

Conditions also differ in the degree of their influence. Re-
moval of a condition that has raised requirements brings a
commensurate change that may be equivalent to a substantial
supply of a nutrient. Pure nutrients may be administered in
amounts beyond those which diet can provide. It is evident
that the effectiveness with which any set of conditions over-
comes an acute process depends upon their degree of influence.
The potency of ameliorating conditions is then another meas-
ure of their appropriateness.

Finally, conditions conducing to moderation of an acute
process also differ in their rapidity of action. Removal of ad-
verse conditions usually has an early result, although there
are differences in rate depending on the nature of the condition.




Etiological Complex of Deficiency States 45

Parenteral administration of nutrients has a more rapid effect

. than oral. For its part, the acute process in its rapidity and
intensity may present different degrees of urgency for correc-
tion. A florid process may be so extreme that parenteral ad-
ministration of nutrients at high level may be imperative as
an emergency measure; for diet would provide them not only
in much less amounts but also too slowly. When prompt effect
1s essential not only the ability of a change in conditions to bring
an acute process under control but also the rapidity of its action
is an index of its appropriateness.

All in all, according to their nature, potency and promptness
in action, conditions differ in their efficacy and appropriateness
in abating the acute process. Quite properly in many instances
all three types of moderating conditions are to be applied.

This moderation of an acute process may occur as a result
of either inadvertent or intentional change of conditions. When
the change is unpremeditated and unwitting, the effect is spon-
taneous; when it is by design, it is a therapeutic procedure. In
the one, conditions change or are removed, or the person is
withdrawn from their influence, all unwittingly; in the other,
these changes are deliberate and purposeful. Actually whether
spontaneous or sought, the effect is the same. All three types
of conditions have alleviative action. They differ in their like-
lihood to be spontaneous; for example, use of pure nutrients
is unlikely to be inadvertent. But all can be used by design.

Spontaneous. As an acute or subacute process subsides with-
out intervention, it seemingly slackens and abates sponta-
neously. Thus a deficiency process may undergo spontaneous
remission. Indeed a severe, acute process untreated either leads
to death or spontaneously undergoes improvement. In a sub-
acute process a similar subsidence occurs in course though it
may be less immediate. Actually conditions operating towards
mitigation have gone into operation or have directly or in-
directly been called into operation in the natural course of
events without personal knowledge or intent. Spontaneous
moderation is accomplished by inevitable or chance removal
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or cessation of unfavorable conditions; either nondietary or
dietary, or both. Thus pellagra may be so severe that the per-
son is driven to' bed. This step removing two conditions,
physical activity and exposure to sun, may be enough to shift
the ratio so that the severe, acute manifestations, are to some
extent moderated. An acute cheilosis enkindled after a week-
end in the sun subsides in a few days upon return of the affected
person to his otherwise indoor life. In both instances the sub-
jects are withdrawn from the offending condition by circum-
stances. It matters not whether the restraint of ill health or
the natural schedule inadvertently brings release of a patient
from untoward conditions, the net result is a spontaneous re-
mission. On such occasions spontaneous moderation may occur
when diet has undergone little or no improvement.

Both before and since diet has been understood to be related
to deficiency states, it is obvious that spontaneous improve-
ment of acute processes, as reflected by their moderation, may
in many instances have been due exclusively or largely to sea-
sonal betterment in diet. On the other hand, a counteracting
condition which may inadvertently come to mollify an acute
deficiency state is diminished intake from underfeeding. Al-
though change in diet may be the sole influence to bring about
spontaneous moderation of an acute process, both non-dietary
and dietary conditions may be jointly responsible, each to a
varying degree, for the amelioration.

By Design. Moderation of the acute or subacute process
may be brought about by design by a favorable change in any
or all of the three types of conditions as indicated. Much of the
early therapy for deficiency diseases, long before their true
nature was recognized and pure nutrients were available, was
to change or remove non-dietary conditions or withdraw the
patient from them. Bed-rest and protection of pellagrins from
sunlight; restriction of photophobic persons to a dark room
were common measures. Such procedures are still valuable.
Among their virtues is the rapidity of their moderating effect.
However, there are limitations to the removal of non-dietary
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conditions. While it is easy to control some or protect the
patient from them, it is inadvisable or difficult to interfere with
others. Infection, exposure to radiant energy, physical activity,
and chemotherapy may be stopped; but interference with
growth or pregnancy is an undesirable step as therapy.

When the character of food was found to be related to de-
ficiency states, improvement of diet upon clinical advice be-
came a customary and familiar step to abate an acute process.
More recently as potent concentrates or pure nutrients became
available they have been used at therapeutic levels, in con-
junction with improvement in diet, to moderate acute states.
As has been noted, the severity of the exacerbation and the
nature of the dominant and exciting adverse conditions asso-
ciated with it indicate the types of measures to be applied as
the therapeutic procedure. Often for prevention of recurrence
as well as most effective therapy all three are indicated.

Ebb and Flow: Recurrence of Exacerbation. What has been
and often still is taken to be the incidence of a deficiency dis-
ease e.g., beriberi, scurvy, or pellagra, is really the exacerba-
tion of an underlying chronic process. By the same token,
therapeutic measures applied until the “deficiency disease”
disappeared and presumed to have cured it, actually have
brought about subsidence of the exacerbation, i.e., the acute
form, and then have been discontinued leaving the underlying
chronic state. Or as a self-limiting process, the exacerbation,
if not fatal, spontaneously sinks into the chronic process. By
whichever course, only abatement of the exacerbation, not re-
versal of the underlying chronic process, has been the usual
eventuality. And the chronic process remaining is subject to
later and repeated exacerbations.

As the chronic process persists for years, even a lifetime,
there are recurrent exacerbations with abatement. Thus the
process ebbs and flows, the acute or subacute emerging from
the chronic and subsiding into it, the latter either sponta-
neously or by limited treatment. Whether the exacerbation is
acute or subacute, in perspective it is a short, passing event.
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As a transient phenomenon, it shows temporary heightening
of tissue signs with symptoms that soon fade back into the
chronic process.

Endemic deficiency diseases have been noted for recurrence
even after treatment. It is now clear that therapy was con-
tinued only until the acute manifestations moderated. The
underlying chronic remained to fulminate at a later date with
recurrence of the acute process. Thus, actually the deficiency
state persisted after the short-term therapy; and it was only
the acute manifestations that recurred.

This ebb and flow, the recurrence even after therapy is at-
tributable to conditions. For one thing, it is easier to bring
about acceleration of an existing chronic process into an ex-
acerbation than to produce an equally rapid acute process in
tissue of satisfactory nutritional status. For another, it is
easier to slow down an acute process than to reverse and abol-
ish the underlying chronic. Hence, with these settings many
conditions with more limited powers can exert a considerable
or even decisive influence toward enkindling or extinguishing
an exacerbation; but without the settings, they are neither
determinative nor relatively so potent. The chronic process is
a principal condition in setting the stage for exciting and pre-
cipitating conditions; just as the exacerbation, as an acute
process, is for moderating conditions.

Reversal and Recession. Moderation of an exacerbation as
an acute process does not eliminate a deficiency state; usually
an underlying chronic process remains. This chronic state may
follow any of several courses. As previously described, it
is subject to recurrent exacerbation with abatement. Less fre-
quently it may progress without exacerbation. Under a favor-
able turn in conditions inadvertently or designedly, the chronic
process shows a favorable change. Depending on the effective-
ness of the conditions and the duration of their application, it
may be controlled, improved, or removed. As the lowest re-
sponse, it may undergo arrest. That is not to say that the
chronic process becomes inactive; rather it does not progress.
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Or even more favorably it may enter into a reversal with in-
complete recession. Under conditions sufficiently potent and
sustained, complete recession may be attained. This latter
eventuality, however, usually occurs only intentionally under
therapy.

Because tissue with a chronic deficiency is more susceptible
to the effects of adverse conditions and therefore more liable to
recurrent exacerbation it 1s desirable, if for nothing more than
protection against this, to dislodge the chronic process. The
ultimate 1s its reversal to extinction. But it is easier to control
an acute than to eliminate a chronic process. Whereas treat-
ment of an acute process is mainly a matter of slowing and
abating it; eradication of a chronic process is a matter of re-
versing it and then bringing it to the point of complete reces-
sion. More total nutrient and time are required to reverse
completely a chronic than to moderate an acute process. The
pathology of a chronic process represents the effects of an ac-
cumulated deficit. Its development at a slow rate over a long
period is reflected in its character, which differs from that of an
acute process. Correspondingly, under the most favorable
therapeutic conditions, it recedes at a slow rate; consequently,
therapy must be extended for a long time. Thus upon adminis-
tration of therapy, chronic pathology is not at once obliterated
and nutritional status does not immediately become satis-
factory. To borrow an example from finance, a current im-
provement in conditions does not quickly discharge an accumu-
lated indebtedness that has a stipulated maximum rate of
repayment and minimum date of maturity. Similarly time is
necessary to remove completely the chronic pathological mani-
festations from tissue.

In practice, treatment of a severe acute superimposed on a
chronic deficiency process has usually been incomplete in that
it is continued only long enough to abate the acute but not to
reverse the underlying chronic. Complete correction of a com-
bined acute and chronic process or of chronic alone is a long-
time affair. This is true even if the process has not advanced
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beyond its early stages; for still later stages, even more time is
necessary.

The three types of changes in conditions responsible for sub-
sidence of an acute are also applicable to recession of a chronic
process. But because of the more stringent requirements to
reverse the pathology of a chronic deficiency, especially to ex-
tinction, they differ even more pronouncedly in their efficacy
for it. Whether spontaneous or therapeutic, a favorable change
in non-dietary or dietary conditions has sharp limitations as
the sole remedial measure. Under the strict and rigid require-
ments, removal of adverse non-dietary conditions does not
bring about complete recession of a deficiency process. It may
contribute to but not solely accomplish complete discharge of
the nutrient deficit. Similarly, even a satisfactory diet is an
auxiliary. Because of the narrow limits to the levels of nutn-
ents which it can supply, its power to bring recession is re-
stricted. Within bounds the lower the nutrient level, the longer
the time needed for recession. But under the most favorable
levels of nutrients, the time necessary for recession is long. The
excess of nutrients in the currently satisfactory diet is so slight
in comparison with the accumulated deficit presented by ad-
vanced chronic manifestations that recession, slow under the
most effective conditions, is much slower under improved diet
alone and would require an extremely long period for comple-
tion. Practically, therefore, diet alone with its limited plane of
provision is not likely to bring about more than slight recession
in a reasonable stretch of time. However, these therapeutic
limitations of non-dietary and dietary conditions give no basis
to underrate their contributory effects and to fail to include
them in the corrective regimen. In particular, recommenda-
tions for improvement in diet should always be a part of the
therapeutic program for the additional reason of instilling
proper dietary habits against the day when, recession com-
plete, therapy is withdrawn and maintenance with prevention
of new deficiencies rests entirely upon diet.

Administration of nutrients in pure form can provide them
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at more potent levels, the so-called therapeutic levels which
are above those for maintenance, and can therefore, barring
unsurmountably adverse conditions, bring about a more effec-
tive and complete clinical response. Usually this procedure is
employed by intention as therapy rather than by chance. It
can reverse a chronic process and if continued for a sufficient
period can lead to complete recession of the tissue lesion. It
1s an 1mportant measure in moderating an acute process; it is
indispensable for reversing a chronic process to extinction. Un-
fortunately under present practice it is stopped when the first
of these benefits is achieved; its continuation would reverse an
underlying chronic process which otherwise is left untouched.
Here it is imposed, not inherent, limitations that restrict its
effects. In treatment of a chronic process, the fewer the ad-
verse conditions to be overcome, the more effectual is the ad-
ministration of pure nutrients in reversing it. Under certain
adverse conditions, such as infection, pure nutrients adminis-
tered at therapeutic levels apparently or actually are partially
dissipated.

For most effective results in recession of the chronic, all three
types of change in conditions may be combined as therapeutic
measures. An adequate diet especially is a favorable condition
to be recommended together with provision of pure nutrients.

Because the chronic manifestations recede so slowly under
therapy and are so susceptible to exacerbation, they may un-
dergo temporary acute or subacute outbursts during the early
period of therapy. Here especially adverse conditions have not
been removed and the effect of therapy has not progressed to
the point that the tissue has improved sufficiently to withstand
them. But as therapy is continued any recurrence of exacer-
bation is at longer intervals and less severe until a point is
reached where it no longer appears.

After arrest of the chronic process at any point In its reces-
sion, or after restoration of satisfactory nutrition, favorable
conditions may disappear or give way to adverse and tissue
status relapse, taking any of the courses already described.
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Lag between Action of Conditions and Ensuing Manifesta-
tions in Tissue. In presenting the course of events in deficiency
processes it 1s seen that through the ratio, conditions influence
the status of tissue morphology. It has been noted further that
a change in conditions does not immediately complete its alter-
ation of the tissue; rather that continued application of the
new status of conditions is necessary for a time. Indeed a
change in conditions and an ensuing change in tissue manifes-
tations are not synchronous. Alteration of conditions does not
at once produce its effects in perceptible, much less in expected
magnitude. Rather, with a change in the conditions, there is
usually a lag before a change in the character of the tissue
manifestations is discernible. The length of this interval varies
according to circumstances.

In the absence of preexisting pathology, an adverse change
in conditions, even a downward shift in the ratio expressing a
deficiency, does not at once create initial visible, to say nothing
of full-blown, manifestations in tissue. If the body is in a satis-
factory nutritional status, adverse conditions ultimately ca-
pable of inducing a deficiency process must be in operation some
time before tissue manifestations reflect their influence. Nor will
a set of adverse conditions common to a group produce a tissue
manifestation of identical or similar intensity and velocity in
all persons at the same time. In contrast to persons in good
nutritional status and free from deficiency pathology, those in
an inferior status with existing chronic pathology break down
and show signs of an acute process very much sooner under an
otherwise equivalent set of adverse conditions. Nevertheless,
during this exacerbation of preexisting pathology, there is still
an interval, though much shorter, between the advent of an
exciting or precipitating condition and the incidence of acute
manifestations in the tissue.

A similar lack of concurrence is noted between a favorable
change in conditions and the onset, aside from completion, of
subsidence in an acute process or particularly reversal of
chronic pathology. When a highly favorable condition is intro-
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duced, for example, therapeutic levels of pure nutrients, the
period before demonstrable response of extremely acute mani-
festations may be very short, but there is an interval. Under
a similar change in conditions, signs of improvement in the
pathology of a chronic deficiency are not at once perceptible.
Indeed, in contrast to subsidence of an acute process, the in-
terval is very much longer before beginning reversal of the
chronic manifestations is detected.

The explanation for this lag lies in the nature and quantities
of conditions and counter-conditions undergoing change. A
condition requires time for operation through its channels.
Then, it or its effect is opposed, minimized, and retarded by
counter-conditions until they are overcome. These actions
likewise consume time. Qutstanding among the counter-con-
ditions 1is the existing status of the tissue: whether pathology
is present or absent; if it is present, its type, intensity, and
stage. Time is necessary for the development as well as the
recession or abatement of pathology. And the amount of time
depends on the type of pathology with its particular rate, its
intensity and stage.

ON LOCALIZATION OF DEFICIENCY MANIFESTATIONS IN TISSUE

Action of Conditions: General or Specific. In the exposition
of the etiological complex it has been stated that the conditions
exert their influence upon a nutrient. Does one condition act
upon a particular nutrient and only that one; or may it act
upon most, if not all, known nutrients? Is there general or
particular, selective and specific action? Whether its effects
are general or specific depends upon the nature of the condition
and scope of its application. In its nature, it may be general or
particular. Its scope of application is its sphere of action;
as its point of impact is broad or restricted so correspondingly
its effect is general or particular.

1. A condition may be general in nature and scope; its action
then is general, not selective and specific. Obviously, it affects
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all nutrients. It has been shown that the same condition may
produce different deficiency states in different people (14).
Intestinal disorder, for example, may lead to beriberi and pel-
lagra. The particular deficiency sign or signs that become mani-
fest depends upon the patient’s absolute and relative status in
respect to the nutrients and not upon any selective action of
the enteric condition.

2. But a condition may be selective in its action because it
is both particular by its nature and by restriction. Malocclusion
has an adverse effect on the ascorbic acid status of gums. Here
malocclusion is a particular item in the larger category under the
general term, trauma. Furthermore, its operation is restricted
to a particular site and perforce largely to the particular nutrient
intimately associated with the nutrition of the tissue in that area.

3. A condition may be particular in nature and unrestricted
in scope. Its action will be particular. A narrow band of light
within certain definite wave lengths is by nature a particular
part of the more general condition, light. Though several nu-
trients may be exposed, yet only one will be affected by that
particular band of light.

4. Still further, a condition that is general in nature but re-
stricted in its application to a particular bodily area will be
selective in its action. For example, light is reported to affect the
tissue sites of avitaminosis A, ariboflavinosis, and aniacinosis.
Light may affect only one nutrient, or at least affect it to a
greater extent, if only a particular part of the body is exposed,
the particular nutrient being the most susceptible in that tissue.
Here the scope of light depends on the exposed surface, its loca-
tion and extent.

Because of these several categories, it may be seen that de-
pending on its nature and scope, one condition may act on only
one nutrient, whereas another may act on many nutrients. The
latter is the more frequent. But conditions are in action as a
group, and their aggregate includes many that are general
as well as some that are particular in their effect on nutrients.
All categories of conditions assume significance because of their
pathological consequences in tissues; but the distinction be-
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tween those with general and those with specific effect on nu-
trients is especially important in relation to localization.

Typical Localization. Conditions affect not only the charac-
ter but also the localization of the lesions. Here discussion
will at first be limited to the typical distribution of manifes-
tations in a deficiency disease which reflects the influence of
commonly or more frequently occurring adverse conditions.
This localization of lesions displays three characteristics: the
manifestations appear in particular sites in sequence; this order
is uniformly regular forming a definite pattern; it is distinctive
and typical of the nutrient deficiency. From deficiency in a
particular nutrient, lesions usually occur in a sequence of sites
characteristic of it. For the most part, deficiencies in different
nutrients lead to changes in different organs, systems, and sites.
Each nutrient deficiency differs from others in the initial site
of localization of its manifestations; therefore presents its early
signs in a distinctive site. As the deficiency progresses it affects
particular tissues in definite sequence with its own unvarying
pattern of selectivity.

In the infrequent instances that some manifestations of two
completely developed deficiency diseases are located in the
same organ, system, or site, it will be noted that different types
of tissue are affected. Or in the still less frequent instances when
the same type of tissue is also affected, the lesions occur in dif-
ferent components and at different stages in the sequences;
and have a different pathology and appearance. Thus, the
scorbutic and rachitic “rosaries” are readily distinguishable.
If some manifestations of two deficiencies occur in the same
type of tissue, usually they are located in different organs,
systems, or sites; and occur at different stages in the sequences.
Added to all this, the association of signs in the ensemble
of manifestations. is so dissimilar for each deficiency that differ-
entiation is obvious. All in all, distribution of manifestations
for each deficiency disease is orderly, uniform, and distinctive.

In considering the production of local manifestations through
the mechanism of conditions, it is desirable to point out the
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distinction between the original appearance of these lesions
and what is often mistakenly identified for them, their exacer-
bation to an acute form. The appearance of scurvy presenting
acute signs or of its less complete development in acute gingi-
vitis does not mark the beginning of that deficiency state and
its local manifestations, nor does its subsidence denote its end.
This distinction takes on significance because the reaction of
a tissue to a change in conditions differs depending upon its
nutritional status. When adverse conditions predominate,
acute manifestations occur more readily as an exacerbation
of a preexisting lesion than de novo from tissue of previously
satisfactory status. On the other hand, under a favorable
change in conditions, the exacerbation responds not only with
very much more readiness than does its underlying chronic
process but also to a different set of conditions. Temporary
confinement to a dark room of a person with acute ocular mani-
festations of ariboflavinosis will mitigate the symptoms and
may abate the acute pathology but it will not substantially
reverse the underlying chronic process. Because an exacer-
bation does not mark the origination of a lesion and responds
differently from the chronic form to a change in conditions, it
is not sound to cite evidence on just exacerbation, as is so often
done, in considering the mechanism of production of local
manifestations. Unfortunately much of the recorded evidence
on man has come from observations on exacerbation. In con-
trast in the many experiments in which deficiency states have
been produced in young animals, local lesions were induced de
novo. Yet, because diet was purposely overweighted and some
non-dietary conditions common to man were minimized in this
procedure, the actual settings in human life which lead to
local manifestations were not exactly mirrored. Nevertheless,
by compensation the two sources provide ample valuable
evidence.

Three types of conditions bring about this localization of
manifestations: (1) conditions conducive to a bodily or sys-
temic deficiency; (2) selective sensitivity of tissues to nutrient
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deficiencies; and (3) conditions with topical action on tissues.
Under scope of conditions, it has already been explained that
some contribute to general bodily deficiency; others have more
localized effects; and still others contribute to both ends.
Bodily deficiency is not the blood level of a dietary nutrient or
even its biologically active form. Rather it is the insufficient
amount or deficient performance of the active nutrient in the
various tissues in which it customarily functions. Those se-
lectively sensitive to this inadequacy show local effects in
sequence. Its clearest demonstration arises during a conspicu-
ous dietary deficiency. But its development is not restricted
to that condition; nor are the two terms synonymous. Indeed
it has already been indicated that a bodily deficiency arises
from multiple adverse conditions influencing the ratio. Later
nutrient intake may improve or some condition interfering
with supply or increasing requirement may be removed and
gross balance in body may appear to be positive as judged
by fluid levels or saturation tests. But local tissue change
requiring much more time to recede is still pathological. That
tissue is still in deficient status and has increased requirements.

Several lines of evidence indicate that bodily deficiency is a
localizing influence. When animals are subjected to a deficient
diet, a series of local tissue manifestations appear in regular
sequence in the evolution of the ensuing deficiency disease. By
restoration of an adequate diet, the local manifestations im-
prove. Odom and McEachern (27) found that a traumatically
induced lesion in the brain of an animal remained asympto-
matic until thiamin deficiency was induced by dietary restric-
tion. Most important is the fact that among persons exposed
to the same environmental conditions to the same degree, for
example, to cold and glare, some may show acute ocular lesions
while others show widely different degrees and stages of chronic
manifestations in their tissues most plausibly indicative of
their different bodily nutritional statuses in respect to the nu-
trient riboflavin (28). By administration of appropriate
therapy, the symptoms disappear and the local lesion recedes
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even though environmental conditions imposing stress on them
continue unabated.

As the second condition, the selective sensitivity of tissues
to deficiencies contributes to the localization of manifestations.
In a body deficient in one nutrient, not all tissues show effects;
hence they are presumed not to be equally sensitive to inade-
quacy of it. Moreover, as the deficiency in this nutrient pro-
gresses, its manifestations appear in distinctive sites in definite
sequence, a pattern indicating a preferential sensitivity of
these tissues. Thus in deficiency of a nutrient, there is selectiv-
ity of tissues and sites affected and a preferential order of sensi-
tivity of these tissues reflected in localization of lesions.

Furthermore, evidence may be added from the distinctive
manifestations of deficiency in each of various nutrients. For
the most part, deficiencies in different nutrients lead to patho-
logical expressions in different organs, systems, and sites. In
niacin deficiency characteristic manifestations occur early in
the tongue; whereas in vitamin A, thiamin, or ascorbic acid
deficiency, no gross changes appear in it. Thus the various
organs, systems, tissues and sites in them are not equally
sensitive to deficiencies in various nutrients. As a corollary, a
tissue requiring several essential nutrients for maintenance of
satisfactory nutritional status will exhibit need for one most
sensitively. It should be remembered that essential nutrient
may mean an enzyme rather than its several components.
An order of priority in tissue needs of specific nutrients and a
corresponding preferential order of sensitivity to deficiency
in them may therefore be visualized. This selective sensitivity
of tissues to deficiency in particular nutrients conduces to the
localization of manifestations. This selective sensitivity 1is, of
course, a condition.

In addition to bodily deficiency and the preferential sensitiv-
ity of tissues, conditions acting topically to raise requirements
or interfere with supply to these sensitive tissues also con-
tribute to localization of manifestations. A condition particular
in nature, or a general condition of restricted scope will be
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selective in action. Is it a coincidence that sites of early ex-
ternal lesions occur at points which are exposed to more or less
constant stress under such conditions? Among these conditions
are: mechanical movement with friction or trauma, e.g., the
tongué, dental occlusive action on gums, joints, sites of muscle
insertion, and angle of the mouth; sunlight and glare on the -
eyes and skin; wind on the skin. Thus stress applied to or
concentrated upon a particular site where the tissue is selec-
tively sensitive i1s contributory to pathological localization
(18, 29).

Because of its implications, it is important to look into the
role of these conditions in the production of localization. One
point to be examined is whether each of the three sets of con-
ditions can alone bring about localization. Bodily deficiency
without selective sensitivity of the tissues would not exhibit
a consistent pattern of signs for each nutrient. On the other
hand, selective sensitivity is a potentiality that requires a
bodily or local deficiency for expression. Then too, considera-
tion of selective sensitivity alone is a theoretical point, for it
1s difficult to exclude conditions with topical action.

As to conditions with topical action, we shall first consider
a deficiency state that has not progressed beyond its initial
or early site of localization. This distinction has become im-
portant because so much of the current deficiency states are
in that stage. Then too, the conditions with topical action
most commonly under discussion and therefore best serving as
examples do not otherwise form a homogeneous group. Al-
though all of them affect the ratio adversely, some are natural,
necessary conditions, such as tongue movement, dental oc-
clusion; some are natural but obviously deleterious, such as
wind, dust, infection; and some are unnatural, such as soap in
the conjunctival sac. They also differ in the usualness of their
occurrence and in intensity. Accordingly the several types
must be considered separately.

Movement of the tongue may act as a condition in glossitis
from niacin deficiency. Yet with the same amount of move-
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ment in thiamin deficiency, the tongue is not affected. The
same argument holds for the effect of dental occlusion on the
gums in relation to ascorbic acid deficiency. It is evident that
usual mechanical stress of usual intensity as a condition with
topical action is not alone responsible for localization.

Wind and dust are regarded as natural deleterious agents to
which has been ascribed causation of conjunctival and limbic
changes. But persons exposed to the same degree of them for
the same length of time may show the widest possible range
of conjunctival and limbic status, from severe to very slight
change. Furthermore, when the persons are left under the same
exposure, the conjunctival and limbic lesions respond respec-
tively to vitamin A and riboflavin.

Historically, the best known example of local infection was
in xerophthalmia. Since this lesion could be induced by dietary
deficiency, yet the cornea invariably showed signs of infection,
it was long debated whether it was a deficiency disease or in-
fection. After much experimentation it was found that defi-
ciency preceded the infection (23). Furthermore, the lesion
with its infection receded under vitamin A therapy. It was
generally accepted that tissue deficiency was basically at
fault with almost invariable supervention of infection.

By 1920 this argument appeared to have been settled; but in
the last few years it has recurred over another lesion, gingi-
vitis. It is clear from the description in Lind’s original treatise
on scurvy (29a) that the gums of his patients were heavily
infected. More recently it has been demonstrated that in
persons showing chronic gum changes in a moderately advanced
stage as the only externally perceptible sign of avitaminosis C,
infection almost invariably supervened, usually to produce
a subacute or acute gingival process (24). Again has arisen
this question: Is this lesion the sign of an infection or a defi-
ciency state? It is a fallacious question. It insists upon setting
forth deficiency state and infection as alternatives to the ex-
clusion of their possible relationship. Actually, infection may
become, indeed as the deficiency lesion reaches advancing
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stages ordinarily does become, a part of the pathological proc-
ess. Even when infection in the gums is largely eradicated
by chemotherapy exposing and leaving the underlying chronic
deficiency process, the infection usually recurs. But its re-
currence can be prevented or minimized over a given period by
little more than maintenance levels of ascorbic acid (25).
Furthermore, gums showing marked infection lose it without
administration of germicidal chemotherapy under intensive and
prolonged therapy of ascorbic acid alone (24).

It is obvious that these two common examples do not rep-
resent de novo local lesions and infection alone is not respon-
sible for them. In both there is a preexisting local manifestation
of a deficiency process. Nutritional deficiency predisposes to
the local infection which in turn as a condition aggravates and
accentuates the already impaired nutritional status. Essen-
tially what happens is that infection produces an exacerbation of
a preexisting deficiency process.

To prove that conditions with topical action are alone re-
sponsible for the local manifestations of deficiency states is
indeed difficult, for it would be necessary to demonstrate that
prior to the operation of these conditions the tissue was in
perfect nutritional status. But actually the possibility that
prior to the operation of topical conditions the tissue at the
local site was in perfect nutritional status is a situation less
frequently encountered than might be surmised. It is usually
possible to demonstrate that a low-grade chronic process, in-
dicative of a bodily deficiency, preexisted there. It is obvious
that the poorer the tissue state becomes along with general
bodily deficiency, the less intense must be the localizing tissue
factors to further impair it and the more intense will be the
resultant manifestations. On the other hand, the more nutri-
tionally satisfactory the tissue state, the more intense must be
the topical conditions to impair it. If it be assumed that topical
conditions may overcome tissue in perfect nutritional status
and alone produce local manifestations de novo, so over-
whelming must be its force that there is no guarantee that it
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is only topical in action. Its effects may not be limited to that
site. Bearing on this point is the observation that sunlight
aggravated not only the exposed skin but also the unexposed
tongue of pellagrins (18). On the basis of rationalization it is
to be concluded that a definite combination of highly potent
conditions with topical action would be necessary in proper
sequence to produce the consistent pattern so characteristic
of a deficiency disease if they alone were responsible for the
ensemble of signs. But such a situation is unlikely. Then too,
never are conditions with topical action alone in operation:
those conducive to general bodily deficiency are ever in action.
It must be rare indeed that topical conditions alone are re-
sponsible for local lesions de novo in a fully-developed deficiency
disease.

All in all; it does not appear that any of the three sets of
conditions conducive to localization can alone reproduce con-
sistently the pattern distinctive for each nutrient deficiency.
They are truly conditions, not causes.

In considering further the production of localization, the
essentiality of each of the three sets of conditions may be
tested by its omission. It is conceivable that without bodily
deficiency the regular sequence of local manifestations, in
whole or in part, so typical of a deficiency disease could arise
from a combination of selectivity and some conditions with
topical effect. These topical conditions would be acting upon
susceptible sites. However, much evidence indicates that with-
out a bodily nutrient deficiency, there is no local lesion. Intense
or scattered light has an adverse effect on the eyes that be-
comes manifest in ariboflavinosis. But among persons equally
exposed to intense light or glare, many do not show ocular
symptoms (28). The most credible explanation is that they
do not have a bodily deficiency sufficiently severe to be aggra-
vated by even stringent conditions with topical action. Further-
more, one and the same condition with topical effect may aggra-
vate one or several deficiencies depending on the number and
nature of the existing bodily deficiencies. For example, light is




Etiological Complex of Deficiency States 63

inimical to not only the eyes in ariboflavinosis (22) but also the
skin in pellagra (18, 29, 30).

Similar results have been obtained from a therapeutic ap-
proach. When bodily deficiency is counteracted by nutrient
therapy, exacerbations become less frequent or do not occur.
It has been found that chemotherapy largely overcomes the
local infection in gingivitis and brings temporary subsidence
of the exacerbation, but ascorbic acid prevents the recurrence
which otherwise is the rule (25). It has further been shown
that exacerbations become less frequent and finally no longer
appear under prolonged ascorbic acid therapy alone (24). The
chronic infection is overcome. That full-blown deficiency dis-
eases, actually exacerbations, abate under the usual short period
of therapy 1is a familiar observation.

For present consideration, even more weighty is the evidence,
not on exacerbation, but on the underlying chronic lesion
which is more truly indicative of the course and stage of the
original localization. Among persons equally exposed to the
same glare for approximately the same protracted period, all
do not exhibit the same stage or intensity in their chronic ocular
lesions. This disparity in pathology is most convincingly ex-
plained as a reflection of the differences in bodily deficiency.
If bodily deficiency be remedied by nutrient therapy, local
lesions recede and associated symptoms disappear even under
the stress of topical conditions. For example, upon adminis-
tration of ascorbic acid for sufficient time to persons with gin-
givitis, the bodily deficiency fades, any local infection dis-
appears and can no longer gain a new foothold, the chronic
pathology recedes, and the gums can withstand the stress of
occlusion. Results of animal experiments are in accord with
these several lines of evidence. All indicate that bodily defi-
ciency is an indispensable element of localization.

Selective sensitivity of tissue is also a necessary component
in the localization of nutrient deficiency manifestations. It is
perhaps an academic assertion since by its nature selective
sensitivity is an inherent tissue property that cannot be ex-
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cluded. Nevertheless, without it bodily deficiency and condi-
tions with topical action could not produce designed localiza-
tion. Their chance co-activity would not bring about the regu-
lar and invariable pattern of localization distinctive for each
deficiency disease; rather it would produce such a variable and
varilegated distribution of lesions that there would be no consis-
tent pattern. Deficiency in one nutrient would show no differ-
ence from another. Only if pertinent topical conditions obeyed
a complicated system in which particular ones were active while
others were inactive would there be a selective effect distinctive
for a deficiency in each nutrient; but that postulation is con-
trary to their natural operation. In either event the outcome
would not conform to recorded evidence.

Quite different 1s the relation of conditions with topical
action to localization. In exacerbations removal of these con-
ditions leads to subsidence of symptoms and the acute or suba-
cute process in the local lesion. For example, chemotherapy
dislodges most of the local infection in gingivitis; confinement
to a dark room brings abatement of the acute process in the
limbus and symptomatic ocular relief in ariboflavinosis. It
should be particularly noted, however, that in each instance,
temporary abolition of the condition with topical action brings
mitigation of the acute but not recession of the chronic process.
Unless the bodily status is improved through nutrient therapy,
the likelihood of recurrent exacerbation is extremely high.
Again, it should be observed that in arguments on localization,
conclusions from exacerbations alone may be misleading; they
are subject to modification from observations on the under-
lying process.

Upon subjecting guinea pigs to a scorbutogenic diet for ten to
twenty days, it was found that typical bony lesions of scurvy
developed in legs allowed freedom of movement, but not in an
immobilized hind leg (20). From this study it might be argued
that without the topical condition, mechanical action in this
instance, deficiency pathology does not occur. But two points
are to be noted: (1) the criterion adopted was the pathology




Etiological Complex of Deficiency States 65

of scurvy, which as the marked acute is only one form of avita-
minosis C; (2) pathological changes, perhaps of chronic avita-
minosis C though certainly not of scurvy, were seen in the
immobilized leg. Similarly, it should not be forgotten that in
each of the avitaminoses A and C, pathology without infection
precedes the intervention of infection. These results indicate
that bodily deficiency and selective sensitivity together are able
to produce localization. But in reality under natural circum-
stances, many topical conditions are always in operation to a
greater or less extent; hence they may play an added part in
localization. Thus conditions with topical action may not be
necessary for localization, though they may contribute to it.
Upon existing lesions they also exert considerable influence.
For they share in the accentuation of the local manifestations
through production of a more intense and rapid change that at
its height characterizes the traditional florid violent form of
deficiency.

All in all; it is seen that in the usual pattern of a deficiency
state at least two sets of conditions are necessary for locali-
zation: bodily deficiency and selective sensitivity of the tissues.
The third set, conditions with topical action applying their
stress locally, contribute to the initiation or accentuation
of the local pathology. Through application of the ratio

supply
requirements
tions contributing to bodily deficiency affect the sensitive tissue
adversely, while conditions with local affect depreciate 1ts
ratio the more. Thus conditions not only affect the occurrence
and character of a deficiency state but also elicit or accentuate
its localized manifestations.

Specificity. Through their influence on the localization of
lesions conditions impart distinguishing signs to deficiency
states. As has already been stated, one characteristic of
localization of deficiency lesions is that their sequence of ap-
pearance and their fully-developed pattern in each deficiency
disease are distinctive and typical. Indeed, localization takes

to sensitive tissues, it may be noted that condi-
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on significance for diagnosis because of this distinctive histo-
pathological distribution of lesions in each deficiency disease.
The selective sensitivity of tissues to particular nutrient defi-
ciencies primarily explains the distinguishing differences in the
localization of lesions between the several deficiency diseases.
It 1s implicit in these conclusions that an established set of
signs in a deficiency disease is specific in three respects: for a
nutritional deficiency; a bodily, not a local, deficiency; and a
particular nutrient deficiency.

Historically, before xerophthalmia, beriberi, scurvy, and
rickets were recognized as separate entities and their relation
to nutrient deficiency was demonstrated, what was later shown
to be in reality a combination of two or more of them, e.g.,
beriberi and scurvy was regarded as one disease. Through
animal experimentation, deficiency in a particular nutrient was
found to be associated with a specific and distinctive set of
symptoms, signs and histopathology which had its naturally
occurring analogue in man. These demonstrations were sub-
stantiated in man by studies with specific therapy. Thus the
respective deficiency diseases were separated, each with its
appropriate relationship to a particular nutrient. Differential
diagnosis between beriberi and scurvy, or rickets and scurvy
became possible. Each affected different sites and tissues from
the others; in short, each had specific nutrient etiology, signs,
and therapy. Indeed, they were called specific deficiency dis-
eases, a designation based on the relationship between a par-
ticular nutrient deficiency and the distinctively selective lo-
calization of its pathological manifestations. No one today
would think of prescribing thiamin for scurvy or ascorbic acid
for rickets. No one raises any question about the nutritional,
bodily deficiency and nutrient specificity of severe, acute, fully-
developed deficiency diseases, with the exception of a current
trend toward a reservation that an amino acid as well as niacin
deficiency may be associated with pellagra.

But desirability of appraisal of nutritional status including
recognition and diagnosis of deficiencies in their mild, early,
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and chronic forms has led to observations on a site affected
early in each of them. It is over this erroneously so-called
monosymptomatic system that difference of opinion arises.
These single local lesions have raised three questions: (1) Do
they reflect nutritional change and therefore relation to nutri-
tion? (2) If so, do they reflect bodily deficiency? (3) Do they
exhibit nutrient specificity? In short are they specific for nu-
trition, bodily deficiency, and a particular nutrient deficiency.
These points are important in diagnosis from an early sign.

Nutritional Specificity. It is sometimes asserted that the
single early signs associated with deficiency diseases may be
or are the consequences solely of nondietary causes acting
locally; e.g., wind, dust, light, infection, or mechanical stress
such as malocclusion or ill-fitting dentures. This argument
carries either of two implications: (1) the consequences of
nondietary causes are non-nutritional; and (2) if the sign has
any nutritional significance, it is indicative purely of a local,
not a bodily, deficiency.

In support of the premise it would be maintained that pro-
ducing a single local lesion is decidedly simpler than repro-
ducing the distinctive pattern of a fully-developed deficiency
disease; and that a “cause” acting locally, such as those cited,
may alone or with the selectivity of the tissue bring about the
former even though it cannot accomplish the latter. But to
prove the point, the preexisting nutritional status of the tissue
at the site of the impact would have to be satisfactory and all
other circumstances conducive to the production of a lesion
would have to be absent or inactive. Then it would have to be
shown that the “cause” acting topically could alone bring about
the local lesion.

Of the first desideratum it may be said that absolute freedom
from existing signs of pathological change, however minimal,
is relatively uncommon; and absence or inactivity of other
concurrent circumstances conducive to production of the lesion
is contrary to fact. But even if it be assumed that the tissue
site of impact was free from a deficiency and all other cir-
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cumstances conducive to pathological change were at a mini-
mum, the agent with topical action that could overcome it
would have to be potent. Only certain of the listed “causes”
would qualify. This restriction would narrow the potentially
effective adverse influences to one in the deleterious pathogenic
group, such as virulent local infection, or to the unnatural type
such as a local irritant or trauma. Wind, dust, smoke, light,
and malocclusion would be excluded; for when they are within
ordinary limits, the nutritionally sound tissue can withstand
them.

Thus it is seen that such phenomena as wind, dust, light,
infection, ill-fitting dentures, and malocclusion are not causes
of but conditions conducive to production of local lesions.
They are topical conditions. On occasion a particular few may
be a major condition. But, because one of them is a conspicuous
condition associated with an early, isolated sign, it does not
follow that unsatisfactory diet and existing poor nutritional
status as well as other adverse conditions are not also operative.
Indeed, what is more important, it has already been demon-
strated that no one condition, either dietary or nondietary, is
solely responsible but acts in concert with other conditions
upon the nutritional ratio.

Unsubstantial as the premise has been shown to be, its
fallacy is much less consequential than the erroneous con-
clusion drawn from it that the effects of non-dietary “causes”
are non-nutritional. Even if the premise were generally true
and widely applicable, it does not necessarily follow that the
local effect of a topical condition is not nutritional. Indeed,
evidence shows that it is nutritional.

Sites subject to the influence of nondietary conditions with
topical action are the same as those undergoing change in fully-
developed deficiency diseases. In the experimental production
of deficiency diseases in animals, lesions develop at these loci
when the dietary condition is prominent and the nondietary
conditions with local action figure in a lesser capacity; and
they recede under appropriate nutrient therapy. The same




Etiological Complex of Deficiency States 69

lesions appear in naturally-occurring deficiency diseases in man
where a number of conditions, often but not necessarily in-
cluding a diet debased to some degree, are in effect. Then too,
1t has already been established by evidence and argument that,
even if the diet is satisfactory, a combination of nondietary
conditions can conduce to these signs. Removal of conditions
with topical action brings only temporary abatement of an
aggravated local lesion; but the underlying chronic process
recedes under nutrient therapy. Sites already in or restored to
satisfactory nutritional status can withstand the topical stress
of the nondietary conditions. From these lines of evidence it
may be asserted that nondietary conditions affect nutrition
and the resulting changes are nutritional in character. The
local lesions are indicative of, even specific for, nutrition.

Specificity for Bodily Deficiency. A variant conclusion from
the belief that the early signs are the consequences solely of
nondietary causes acting locally is that, if these manifestations
have any nutritional connotation, they are indicative only of a
local deficiency. To accept this view would necessitate the
assumptions that one or more conditions operating topically
were, alone of all, active or not counteracted by supply; that
their force was sufficient to produce the lesion; that conditions
usually operating systemically or more generally in the body
were inactive or their demands were being successfully met;
that supply equalled or exceeded requirements; and that nu-
tritional status elsewhere in the body was satisfactory. These
are very exacting and sweeping assumptions.

The fallacy of the premise to this argument and negation of
the first two assumptions has already been demonstrated.
Against the remaining assumptions are weighty observations
and reasons. In the evolution of a deficiency disease, in due
time a series of local tissue changes appear in regular sequence,
at which juncture it is generally agreed that a bodily deficiency
is in existence. The fact that a single lesion occurs in the same
site as the early lesion of a fully-developed deficiency disease
and may be similar to it is suggestive that it is likewise in-
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dicative of a bodily deficiency. But admittedly it is not con-
clusive. Other grounds are more convincing.

One and the same condition with topical effect may aggra-
vate one or several deficiencies depending on the number and
nature of the existing bodily deficiencies. For example, light
has an adverse effect on the eyes in ariboflavinosis and skin
in pellagra. Actually it is an exacerbation of one or more ex-
isting deficiencies. And these existing bodily deficiencies are a
prerequisite to the exacerbation. Conditions with topical action
did not cause these signs; rather they accentuated an existing
chronic deficiency. Not only was bodily deficiency present, but
conditions conducive to it were inherently at work. If in the
exacerbation, the conditions with topical action are inactivated
or removed without remedying the bodily deficiency the exacer-
bation subsides as shown by the response of gingivitis with in-
fection to chemotherapy; but it is subject to recurrence upon
reexposure. Protection, however, comes with lessening or eradi-
cation of bodily deficiency.

From attempts at what is tantamount to development of
original or fresh lesions in previously satisfactory or improved
tissue, the evidence is even more striking. This situation is
best studied after therapy has improved or restored the tissue.
The tissue can then withstand stress of conditions with topical
effect without deterioration in its status. It may therefore be
concluded that bodily deficiency is an indispensable element
of localization. Conditions with topical action are an added
insult with aggravating effects.

It is evident that local manifestations are associated with
and indicative of a bodily nutritional deficiency. Usually the
local lesions do not occur without it. As a corollary it may be
stated that localization of the lesion does not predicate that
only a local deficiency exists. The local lesion indicates a bodily
deficiency.

Nutrient Specificity. For deficiency in each nutrient, there
is a definite regular sequential order in localization of lesions
to form a pattern typical and distinctive of it. The difference
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in sites and sequence of localization for each nutrient deficiency
imparts this specificity to its local manifestations. Upon the
selective sensitivity of a tissue to a particular nutrient defi-
ciency is based the specificity of its manifestations.

It should be noted that in the concept presented here a
localized lesion is specific for the biologically active form of
the nutrient, not necessarily the dietary form. In most in-
stances, however, it has thus far proved to be also specific for
the nutrient as ingested. Indeed, the nutrient specificity of
severe, acute, fully-developed deficiency diseases is generally
accepted; e.g., ascorbic acid not thiamin 1s the recognized
therapy for scurvy. Likewise, the nutrient specificity of their
solitary early signs, particularly in chronic form, rests upon
a scientific foundation. Each of these single lesions used in the
appraisal of nutritional status and diagnosis has been estab-
lished to be an early sign of a particular specific deficiency
disease: e.g., changes in the conjunctiva in avitaminosis A;
the ocular limbus in ariboflavinosis; the gums in avitaminosis
C; and the tongue in aniacinosis. Their experimental pro-
duction in animals under a specific nutrient deficiency and
their disappearance upon provision of the specific nutrient;
their natural occurrence in man as part of a specific deficiency
disease and their response to specific nutrient therapy argue
for this specific relation.

Nevertheless, one full-fledged deficiency disease, pellagra,
and the solitary early signs, particularly the limbic changes in
ariboflavinosis (31), have had their specificity questioned on
the basis that deficiency in any of two or more nutrients may
give rise to them. Rats on diets containing corn as a source
of protein or certain purified proteins underwent retardation
in weight increase, an outcome that could be corrected by
addition of either tryptophane or niacin (32). Implicit in some
of the conclusions drawn from these results is the view that
pellagra and inferentially its tissue lesions are not specifically
the consequence of niacin deficiency. Then too, besides their
better known occurrence in ariboflavinosis, limbic changes have
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been reported as the results of a series of nutrient deficiencies,
especially amino acids.

These observations have given rise to the view that the
same deficiency disease or lesion may be induced by inadequacy
of any of several nutrients. One theory constructed to explain
these observations points out that the enzymes of which
vitamins form prosthetic groups likewise contain amino acids.
Hence theoretically impairment of the enzyme system could
ensue from deficiency in a critical amino acid as well as in the
prosthetic vitamin.

Although this may ultimately prove to be true, other evi-
dence and explanations must be given consideration. For one
thing, it has been suggested that corn may contain an anti-
vitamin against which both tryptophane and niacin are active
(33). But the tryptophane-niacin relationship prevails when
corn 1is not contained in the diet. From biochemical data it has
been concluded, as another explanation, that tryptophane
functions as a metabolic precursor of niacin both in the rat (34)
and man(35). Thus it has by no means been demonstrated
that niacin deficiency is not specific for pellagra. In species
capable of synthesizing niacin, a deficiency of it might be
conditioned by an inadequacy of its precursor. In all species,
whether synthesizing niacin or requiring it preformed, an anti-
vitamin would by another mechanism produce a conditioned
deficiency. Both of these conditions, included in the present
concept, are consonant with, not counter to, the view of nutri-
ent specificity.

Furthermore, neither in animal nor man has an amino acid
deficiency been demonstrated to lead to a complete syndrome
comparable to or identical with ariboflavinosis or pellagra. In
addition, the early lesions of amino acid deficiency produced in
animals have not been similarly produced in man; nor have
such lesions occurring naturally in man been shown as yet to
respond to amino acids.

In two other ways conditions may operate in the patho-
genesis of a deficiency disease to the possible confusion of
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views on nutrient specificity. First, one deficiency state may
condition another. For example, where two adjacent sites are,
respectively, subject to pathological change from deficiency
of a different nutrient, a pathological process in one may im-
pair the other by extension (22). As another instance, with
a different channel, pellagra with pronounced gastrointestinal
disturbance interfering with absorption may conduce to other
deficiency states (14). Secondly, in a different category are
the therapeutic studies on man in which the spontaneous
operation of conditions makes the results so susceptible to
erroneous interpretation. Under a spontaneous change in con-
ditions an acute process may abate; but the obvious circum-
stances lay the event open to misinterpretation. Whatever
therapy is being administered at the moment is credited with
the effect and therefore with etiological significance. The his-
tory of the treatment of frank deficiency diseases attests to the
frequency of this pitfall in inference. It is to be noted that this
source of error applies only to acute deficiencies. On these
grounds it is essential to scrutinize rigorously such types of
evidence from which are drawn conclusions casting doubt on
nutrient specificity.

According to the new concept, a local lesion is specific for a
deficiency in the biologically active form of a particular nu-
trient. Historically, the local lesions of a full-blown acute
deficiency disease were held to be specific for a particular
nutrient in its dietary form. As yet there is not sufhicient con-
crete evidence on man to reject this latter or to allow for
exceptions. If incontrovertible evidence against it in man does
come, specificity for the biologically active form would still
hold. But until it is demonstrated otherwise, it is proper and
justifiable to maintain that the local lesion is likewise specific
for a nutrient as ingested.

The two critical tests for validity of a typical localized lesion
as a specific sign of a nutritional, bodily, and particular nutrient
deficiency are its experimental induction and response to
therapy. Its acceptability in these respects is not demonstrated
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without fulfilment of the first three of the following stipu-
lations, preferably all four:

1. In an appropriate species of animal the sign is experimen-
tally induced under conditions in which a specific dietary defi-
ciency 1s a major influence.

2. In animals the experimentally induced sign recedes and
disappears with provision of the missing nutrient.

3. In man the naturally occurring sign recedes and disappears
with provision of the appropriate nutrient at a therapeutic level
for a sufficient time. For the acute form the first positive re-
sponse should be followed alternately by induced relapses and
positive responses to therapy.

4. In man the sign is experimentally induced under conditions
in which a specific dietary deficiency is a major influence.

Unul a typical sign under these stipulations is shown to be
related to more than one dietary essential it may be presumed to
be specific for one.

Atypical Distribution of Lestons. It should be noted that in
the fully-developed acute deficiency disease the so-called typi-
cal sequence in the procession of signs simply reflects the in-
fluence of combinations of conditions most frequently prevail-
ing. In contrast, less common combinations of conditions
occasion what is called atypical localization. That term 1is
perhaps unfortunate because it tends to carry a prejudicial
connotation. The very name atypical has consigned the lesions
unwarrantedly to a position of relative unimportance. Two
classes of atypical localization may be considered.

In a strict sense, the first is actually more often atypical
accentuation than distribution. The usual sites are affected
giving the regular stereotyped pattern, but it displays atypical
points of emphasis. To take one example, with lesions already
established in typical sites, there may be exacerbation and
accentuation of a later sign out of all proportion to an earlier.
Intensification of a topical condition influencing a site of late
change or of a general condition with protection of an early site
is responsible for this effect in which a late becomes more
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prominent than an earlier manifestation. Exposure to sun may
heighten the skin lesions in pellagra without necessarily bring-
ing corresponding accentuation of the lingual lesion (18). A
chronic deficiency state and a supervening impairment of
cerebral circulation, perhaps on a basis of arteriosclerosis,
together with contributory conditions may be conducive to an
encephalopathy, without acute signs of pellagra elsewhere, yet
with response to niacin (36). Sun (37) or an ill-fitting denture
(21) may aggravate the angular stomatitis in ariboflavinosis
without commensurate exacerbation of the earlier corneal le-
sion. In the past it has been called actinic cheilitis (38). Some-
times accentuation of the later sign is so striking that inspection
for earlier signs of the underlying chronic process is neglected
or they are overlooked; and erroneous conclusions are drawn. A
new process may seem to be developing and in its evolution to
be violating the rule of regular sequence in signs. Actually it is
an instance of atypical emphasis.

Another example of this class is the absence of balanced
symmetry (39). Usually deficiency diseases exhibit a bilateral
symmetry. Occasionally unilateral alteration or exacerbation
will be seen. One member is exposed to, whereas its counter-
part is protected from, an adverse topical condition.

A second class of atypical change is the true atypical lesion in
the sense that an unusual or infrequent site is affected (40).
It represents an actual departure from the typical pattern.
Here a less frequent condition with topical action may aggra-
vate an unusual site producing an atypical sign. For example,
an existing chronic deficiency state and an added endocrine
disorder, together with other adverse conditions, may bring
about an ocular or abdominal hemorrhage actually on the basis
of a vitamin C deficiency (41). A highly instructive instance
on an experimental basis was Odom and McEachern’s observa-
tion that a traumatically inflicted cerebral lesion at a site not
usually associated with manifestation of a deficiency process
became symptomatic when thiamine deficiency was induced
(27). Conditions, then, may conduce to atypical as well as
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typical localization of deficiency manifestations in tissue. When
lesions are atypical the tendency erroneously is to regard them
as unrelated to nutrition and to fail to recognize in them signs
of a deficiency state.

ON RESPONSE TO THERAPY

Because of the effect of conditions, the response of deficiency
manifestations to therapy may be of several kinds leading to
erroneous and confusing interpretations unless their influence
is taken into account. Among these conditions particularly is
the character of the deficiency process, whether acute or
chronic, which affects the kind of response.

1. Positive Response to a Variety of Substances Given as
Therapy but Which Actually Have no Corrective Action for
Deficiency Process. This type of reaction has been seen almost
exclusively in severe, acute deficiencies, which respond rapidly
and for which the period of therapy is traditionally short. His-
torically the literature is filled with reports of cures of beriber,
pellagra, scurvy, and rickets with a long hist of substances.
During the years before the chemical natures of the specific
etiological nutrients were definitely identified, the number of
substances to which therapeutic effectiveness was attributed
but later unsubstantiated ran into the hundreds. Indeed the
number of spontaneous “cures” with distilled water or without
therapy recorded in the literature is lengthy. A beneficial
change in other conditions, not the substance being taken, is
really responsible for the improvement in these cases. It has
already been explained that an acute deficiency disease shows
ebb and flow in accord with change in conditions. Its ebb
brings about the spontaneous improvement. Any substance
administered as therapy at the time of ebbing is mistakenly
given credit for the cure. This pitfall is a serious concern in
‘studies and observations to discover whether a disease of un-
known etiology 1s nutritional, to ascertain the nutrient speci-
ficity of tissue manifestations, and to test a substance for its
therapeutic action.
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It is sometimes argued that the long-term therapy of pure
nutrients in studies on chronic deficiency states leads to uncer-
tain results because diet or other conditions may become more
favorable over a prolonged period and may bring about beneficial
effects mistakenly ascribed to the specific nutrient therapy;
therefore only short term therapy studies upon acute processes
are trustworthy. The truth is quite to the contrary. Although
improvement in diet may bring about reversal of the chronic
process to some extent, it is even more effective in abating acute
manifestations. Of equal, if not greater, moment, an erroneous
interpretation from a spontaneous change in non-dietary con-
ditions is very much more apt to arise in treatment of the acute
than of the chronic process. In reality, the acute process is a
temporary episode subject to spontaneous remission from a
change 1n such conditions. In contrast, spontaneous reversal
with an appreciable recession in the chronic is uncommon.
Mitigation of adverse non-dietary conditions which is respon-
sible in many instances for the spontaneous subsidence of the
acute process is not likely to reverse a chronic deficiency. From
their different natures, the acute process is more readily abated
than is the chronic reversed by an equally favorable change
in conditions. On the score of a chance beneficial change in
conditions leading to erroneous conclusions about the thera-
peutic activity of a substance simultaneously under test, the
acute deficiency is more open to misdirection than is the chronic.
The shorter opportunity for an acute manifestation to be in-
fluenced by fortuitously improved conditions is outweighed by
its inherent tendency to spontaneous subsidence and its greater
susceptibility and readiness to respond to a favorable occasion.
For these reasons, the response of a chronic deficiency to thera-
peutic test is much less liable to be misleading than is that of
an acute process. The long history of numerous substances
with therapeutic powers for acute deficiency diseases attributed
to them, only to be found subsequently without effect, is elo-
quent testimony to the high degree of fallibility in studies on
the acute form.
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The usual safeguard against chance change in uncontrolled
conditions is the established procedure of including a “control”
group. It is applicable to studies on both acute and chronic
deficiencies. Since an acute deficiency is more susceptible to
stray or unplanned changes in conditions that yield a positive
response, for which an ineffective substance simultaneously ad-
ministered may receive credit, further precautions may be taken
when that form is under observation. After a positive response
with a therapeutic agent, a relapse should be induced by with-
drawal of therapy with continuation of an appropriately de-
ficient diet; then therapy should again be given and a positive
response obtained; and preferably an alternate relapse and
therapeutic response should again be obtained. Such a pro-
cedure increases the dependability of the results and offers
greater protection against unwitting misinterpretation.

2. Exacerbation Under Therapy With Proper Nutrient. De-
pending on a change in conditions, an untreated chronic de-
ficiency may undergo recurrent exacerbations to a subacute
process with subsequent subsidence. During the first year of
therapy with the appropriate nutrient, a chronic process may
exhibit one or several episodes of exacerbation with later abate-
ment. Or a subacute exacerbation may be present at the time
therapy is instituted, then after subsiding may reappear later.
In either instance a premature pronouncement on the inefficacy
of the therapy would be unwarranted. Usually as time passes
and the chronic lesion slowly recedes under therapy, the ex-
acerbations become milder and farther apart until finally none
occurs except under some extreme condition. Such episodes
may be seen in the chronic gingivitis of avitaminosis C under
the stress of secondary infection, and in the chronic super-
ficial keratitis, angular stomatitis, and cheilosis of ariboflavino-
sis under exposure to light. One patient, occupied constantly
indoors, with a pronounced underlying chronic ariboflavinosis
as manifested in the cornea, lips and angles of mouth, upon ex-
posing himself over week-ends to sunbaths on the deck of a
boat with little protection except dark glasses invariably de-
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veloped an exacerbation of the lesion in the angles of the mouth
(37). The character of the lesion and the conditions under
which it was elicited was typical of so-called actinic cheilitis.
When riboflavin was administered only slight protection from
exacerbation upon solar exposure was at first afforded; then
gradually protection increased until exposure could be tolerated
without exacerbation, all this concomitant with gradual reces-
sion of the original lesion. This course of events is explained by
the underlying chronic process and the long period of therapy
necessary for its recession. Tissue resistance at first was slight;
but as the chronic process in the tissue receded, resistance in-
creased. If this situation were not recognized and therapy were
prematurely terminated observations would indicate that the
lesion had worsened or not improved under therapy; erroneous
conclusions would then be drawn that the therapy was ineffec-
tive and that the lesion was not indicative of a deficiency in the
particular nutrient administered.

3. Negatiwe Response of Chromic Process to Short-Term
Therapy. If a chronic process is treated for only a short period,
say a few weeks or months, even with therapy of the proper nu-
trient, no perceptible improvement may be noted in that time."
The concomitant operation of a potent adverse condition with
its retarding influence further slackens the already slow re-
cession of the lesion. Similarly, a subacute process super-
imposed on a chronic lesion with secondary infection as the
precipitating condition may for some time show little or no
perceptible improvement under administration of the appro-
priate nutrient. If therapy is prematurely terminated no
improvement would, of course, be noted. The erroneous con-
clusion would be drawn that the lesion is unrelated to the
deficiency process for which the therapy is appropriate or that
the lesion is a pseudo-type; or if the therapy is under test as to
kind, route of administration, or potency, it would be mis-
takenly regarded as inappropriate. Obviously the real fault
is that the period of therapy is too short. Recession of a chronic
lesion with or without a subacute is a protracted affair; and
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discernible improvement may be noted only after a prolonged
period of therapy, the length of time depending on the stage
of the lesion.

4. Positive Results from Change in Therapy. Occasionally
there are reports of negative response to therapy of the appro-
priate nutrient with seemingly beneficial results upon change to
other therapy. If a subacute process is ebbing and flowing upon
a chronic deficiency under the influence of a potent adverse con-
dition, even proper therapy may not immediately moderate
the exacerbation. If therapy is changed at a point coincident
with a beginning ebb of the subacute process due to an uncon-
trolled change in other conditions or to the effects of the first
therapy then about to become manifest, the new therapy
though ineffective and inappropriate, would erroneously be
credited wth potency. An outstanding pitfall in experimental
studies is an uncontrolled change in procedure, in this case
therapy, during the study.

Thus through their presence, absence, or change, conditions
other than therapy with pure nutrients may profoundly influ-
ence response to it. Since one approach to the determination
of the validity of lesions as signs of nutritional disturbance
and of a particular deficiency state, to the assignment of de-
ficiency in a particular nutrient as the etiology, and to the
recommendation of proper therapy hinges upon changes in
tissue in response to therapy, it is essential to understand the
effects of other conditions else incorrect interpretation will
create confusion and error. Their influence on the results and
conclusions about signs and etiology will in turn affect the evi-
dence and views on the prevalence of deficiency states.

ON ExPERIMENTAL INDUCTION OF DEFICIENCY STATES

Attempts to induce the various deficiency diseases in persons
have been numerous, but for the most part unsuccessful. In
these, mindfully or unmindfully, the objective has been to
induce the acute form. In some the goal has apparently been its
development to a severe, complete syndrome. Efforts to this
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end, however, have fallen far short of achievement. In other
attempts the goal has been production of one or more of the
earlier signs. A few studies have succeeded in inducing these
in subacute form and mild degree. Yet some of these results
could not be reproduced by other investigators elsewhere.

Despite this disappointing record, there is no reason to doubt
that acute deficiency states—or chronic for that matter—can
be induced in man. The few successful instances of producing
early mild signs bear evidence. The reason for success or failure
in the enterprise may be sought in the conditions. For they
influence not only the occurrence of natural but also the induc-
tion of experimental deficiency states. Analysis of the con-
ditions under which deficiency diseases are produced experi-
mentally in animals and occur naturally in epidemics in man is
instructive. Although they may not present the same set of
conditions, they reveal patterns in principle.

In production of an acute deficiency disease in the rat, the
animal 1s restricted to an exceedingly unbalanced diet almost
totally deficient in a nutrient. But this dietary condition alone
is not sufficient to bring about the desired result. Only in the
period of rapid growth is the acute deficiency readily induced.
It is difficult to obtain it in mature older animals. With its ex-
traordinary demands growth is a potent condition. Under these
and other conditions the deficiency slowly builds up velocity
and intensity. It does not at once attain the velocity and de-
gree of a severe acute process but gradually takes on accelera-
tion and intensity before it bursts forth in flagrant form. Thus
it takes time to induce a deficiency and to produce histo-
pathology in tissues. Indeed if the deficiency be exceedingly
rapid and severe and the tissue previously free from pathology,
the animal may die before there has been sufficient time to
develop histological alteration.

In the natural occurrence of an acute deficiency in man his
diet is ordinarily not so devoid of the nutrient as that in the
animal studies. But usually he has a preexisting pathology of
a chronic deficiency; therefore his tissue status is already un-
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satisfactory prior to the outburst of acute manifestations. It
is easier for the acute process to occur as an exacerbation of an
existing chronic deficiency with its pathology than afresh on
previously satisfactory tissue as a culmination or climax of
unfavorable conditions. Other conditions than these also exer-
cise considerable influence on the natural occurrence of an
acute deficiency disease in man. Physical exertion, disease,
pregnancy, and exposure to environmental stress may be cited.
Then too, while an acute deficiency may sometimes seemingly
flare up over night in man, actually it is but an episode in a
chronic deficiency that has been a long time in the making.
From the viewpoint of the entire passage of time for develop-
ment of the chronic base from which it emerges the acute proc-
ess requires considerable period before its occurrence.

Among the sets of conditions conducive to the experimental
induction of the acute state in animals and its natural epidemic
occurrence in man, some are seen to be common to both but
with a different degree of intensity and influence. Other con-
ditions appear only in one or the other. Nevertheless, the net
result is the same in both sets. Chief among the conditions in
one, or the other, or both, are: inadequate diet, growth, pre-
existing chronic deficiency with pathology, diverse major and
precipitating conditions, and time.

Most of the unsuccessful attempts to induce signs of an acute
deficiency in man have lacked a sufficient number of the pre-
requisite conditions. Although in all a deficient diet was used,
in some it was made progressively deficient by steps so that its
accelerating and intensifying influence on the deficiency was
greatly curbed. Usually adults past the period of growth with
its rigorous requirements were selected as subjects. Although
their tissue status was not recorded, they were said to be
“normal.” It may be presumed, however, that most were not
entirely free from chronic pathology but that their status was
not already decidedly inferior. In contrast, among the recorded
successes in inducing one or two signs, it is more than probable
that the subjects already had a considerable degree of es-
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tablished chronic pathology. When growth is not operative and
preexisting nutritional status is only slightly at fault other con-
ditions must be the more adverse. But in the unsuccessful
studies adverse environmental conditions, major or precipi-
tating, were also at a minimum. Physical exertion was not
severe; infection and other disease were purposely excluded.
Those subjects under institutional management with their
regulated life may especially be protected on this score.

The length of these experimental attempts has varied but
usually it has been only from a few weeks to a few months. As
a rule, under the rigorous set of conditions imposed, an acute
deficiency with clinically recognizable manifestations is not
produced in animals under three or four weeks, which is equiva-
lent to two years in man. In experimental attempts on a human
subject, the approximate period necessary to bring on the acute
signs will depend on the conditions prevailing, especially his
preexisting tissue status. But it is obvious that a few weeks
or months is ordinarily not sufficient to achieve the objective.

With attention to these various conditions, it should be pos-
sible to induce experimentally signs of an acute or subacute de-
ficiency. Actually, when it is produced in man, it is likely that
it will be as an exacerbation. Its production is, however, of more
than academic interest. For, like response to therapy, the ex-
perimental induction of signs of an acute or subacute deficiency
in man furnishes one of the lines of evidence for views on the
etiology of deficiency diseases, the validity of clinical signs
attributed to them, and their prevalence. Thus far, few at-
tempts have been directed toward the equally, if not more,
important end of inducing or worsening chronic manifestations
in man. But there too, consideration of conditions would be
just as applicable.

ON DIETARY REQUIREMENTS

Here nutrient requirements created by conditions in the ordi-
nary vicissitudes of life and meetable by supply from food are
under consideration. Bodily requirements, it may be reiterated,



84 The Milbank Memorial Fund Quarterly

represent amounts of nutrients that should be supplied to the
tissue; food is the usual source of supply. Since conditions alter
the supply of nutrients to tissue, supply by food and supply to
tissue are not synonymous; and dietary requirements are not
necessarily identical with tissue requirements. Rather dietary
requirements are expressed in amounts of nutrients as supplied
in food, or in terms of food, that will satisfy bodily require-
ments. It is to be noted that dietary requirements must cover
the influence of conditions not only on the supply of nutrients
to tissue but also on its requirements.

By common consent, dietary requirements embrace an area
with definite bounds. As has been indicated, they represent
requirements arising from conditions in every-day life that can
be satisfied by supply from food. Certain criteria are specified
in recognition of the conditions and their effects. Some of these
criteria are made applicable to all persons because the con-
ditions hold for all. Among these are the states of health and
nutrition,

By convention, dietary requirements apply to normal,
healthy persons already in good nutritional status. Thereby
are excluded requirements in states of disease or poor nutri-
tional status, which cannot be or are not most effectively met
by ordinary means, namely, diet alone. For admittedly these
two conditions set up greater requirements; indeed, they con-
stitute a specialized therapeutic problem. As the principal
common qualifications associated with dietary requirements,
the terms normal, healthy, and satisfactory nutritional status
need definition.

In usage normal may mean conformable to a particular
standard usually implying a satisfactory state; or it may mean
the usual, ordinary, or typical state. Whichever the meaning,
it may be asked: normal in what respects? Although this point
is usually unspecified, presumably it may be in any or all re-
spects. At most it may mean that structure, function, be-
havior, nutrition, and health are in a normal state; or it may
refer to only some of these attributes. According to one usage,
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its application includes health and nutritional status; to an-
other, it refers to health alone.

As commonly used in connection with requirements, health
has often meant absence of disease; therefore, any state short
of disease is health. Here they are two arbitrary absolute oppo-
site terms. But they are open to another interpretation. Health
and disease together may be visualized as representing a range,
each with gradations. In this view health is a relative term
with degrees of impairment short of disease. Such adjectives as
excellent, good, fine, fair, poor, underpar, commonly applied
to health, are an attempt to grade it. For what passes for
health is not abundant, unadulterated health. Besides its de-
grees, the term health is popularly extended to include states
which might properly be questioned as representing it. Health
merges imperceptibly into disease and the allocation and as-
signment of states in the intermediate zone is a difficult and at
times a necessarily arbitrary matter. This area is exemplified
by the frequent complaint: “not sick, but not healthy.” IlI-
health with nondisabling, undiagnosable symptoms; the prod-
romal stage of disease with its vague, ill-defined complaints;
morbid processes in silent areas; these are often not considered
as disease, at least at the time, and by exclusion are placed
under health. Unless the state presents well-defined symptoms
or signs, or a diagnosable entity, it is apt to be excluded from
disease. Moreover, the health of a person free from all symp-
toms varies from day to day; and extended periods or transient
episodes of borderline ill-health may punctuate the course. It
is obvious that a definition of health is difficult. The intent is
clear: to ascertain and set forth requirements of healthy per-
sons; but the expression of it may be obscure. In common use
many impairments short of outright disease may be embraced
in health. Some, if not most, of these are conditions affecting
nutrition. When the term “healthy” includes ill-health as well
as degrees of health, the requirements are higher than when it
is used in a stricter sense.

As for the other common qualification on the terms of dietary
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requirements, namely, satisfactory nutritional status, some-
times it is implicit in normal and healthy; at other times it is
explicitly added. Regardless, the designation ‘“satisfactory”
for nutritional status must likewise be defined and a corre-
sponding standard erected just as for health. Nutritional sta-
tus is at once an effect for which conditions are responsible, and
itself a condition. It is obvious that poor status will have
higher requirements than does good status. By arbitrary defi-
nition, requirements are not gauged for and do not apply to
persons in unsatisfactory status. But at what point nutri-
tional status ceases to be satisfactory is a question that must
be decided. If some degree of impaired nutritional status is to
be allowed under the term satisfactory, the standard “normal”
requirements will be different from those under a definition
which excludes such a tolerance.

Health and good nutritional status are the only characters
supposedly common to the entire class and are therefore its
definitive bounds. But within it groups and individuals are
subject to other widely different conditions regarded as normal.
These various sets of conditions create different dietary needs.
Hence, depending on conditions, individuals, and groups, each
have different dietary requirements. The question, require-
ments for whom, is the same as requirements for persons under
what conditions?

Several of these conditions, e.g., growth, work, pregnancy,
and lactation, are recognized in most tables of requirements
with increased allowances for them (19). For some conditions,
however, provision is not made. An example of one type is
occupational exposure to toxic or noxious substances. Only re-
cently has the adverse effect of these conditions upon nutrition
been appreciated. It is evident that these conditions raise the
level of requirements for at least some nutrients, the kind de-
pending perhaps in part upon the nature of the toxic principle.
Another type of requirement-raising condition which goes un-
reckoned is an adverse environmental or occupational con-
dition. For example glare arising from reflection of intense
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sunlight on snow affects inhabitants of the North country (28),
just as that from haze affects aviators. It must certainly raise
requirements for riboflavin, since it is capable of precipitating
severe acute episodes of a deficiency state of that nutrient.
Thus occupation, geographical region, and climatic phenomena
present particular conditions of stress or trauma which mightily
influence requirements. What is enough under more moderate
1s not under these more rigorous conditions. Requirements are
heightened under their influence.

Under normal health and satisfactory nutrition are included
various states setting up different requirements. On these scores
alone, persons may differ in their requirements. Furthermore,
they differ in respect to the other conditions to which they are
exposed or subject. Then too, they differ in the extent to which
they come under the same condition. In the influence of con-
ditions on dietary requirements it is to be noted that not only
the number and kinds of conditions but also the quantitative
level of each bear upon the level of need. For all these reasons,
persons classified in the same category differ in their require-
ments. It is clear that conditions make requirements a highly
individual, personalized matter.

ON METHODS OF DETERMINING DIETARY REQUIREMENTS

Conditions are intimately associated not only with dietary
requirements but also with determination of the levels. They
influence the manner in which evidence is obtained and there-
fore its nature. In the conduct of studies on dietary require-
ments, the necessity of conforming to certain criteria is com-
monly recognized. The subjects must be comparable to the
class of persons for whom the standards are to erected. In
addition, the studies must be conducted under conditions com-
parable to those prevailing in the everyday life of the standard
class. Ordinarily the adequacy of the dietary level under test is
judged by success or failure in protecting against signs of
nutritional deterioration.

Despite accord in principle, there is wide divergence in prac-
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tice in meeting these criteria. First, the measurement and ap-
praisal of health is by no means a matter of common agreement.
Secondly the evaluation of satisfactory nutritional status has not
achieved uniformity. Both of these situations are reflected in
the selection of subjects. The definition and standards of
health and satisfactory nutritional status adopted will influence
the character of the sample of human subjects in these two re-
spects. Thirdly, the presence or absence of various conditions
during the study which distinguish it from everyday life or
from the situation specified in the standard may unfortunately
receive little or no attention. In consequence, the conditions of
the study and those implicit in the standard may bear little
resemblance. Fourthly, while time is always an important ele-
ment in nutrition studies, it is of much significance in the pro-
phylactic type. There it is doubly necessary to be sure that
enough time is allowed for any inadequacy in the dietary level
to manifest itself. Since in man it has been found to be difficult
and to require a long period to induce signs of a deficiency even
under conditions of a severe inadequacy in diet, it may be
imagined how much longer time would be required for develop-
ment of perceptible lesions under conditions of milder degree
and slower impetus inherent in prophylactic studies. Lastly,
there is no uniformity in the adoption of indices of nutritional
deterioration. If an insensitive or inadequate index be taken,
it may in the more critical zone of intake reveal no deteriora-
tion, when in fact a more reliable and valid index points to 1m-
pairment. It should be noted that these variances and short-
comings in practice are over conditions. Thus, the plan and
conduct of studies on dietary requirements, the evidence ad-
duced, the conclusions and generalizations drawn from it, and
the standards set will depend on the extent to which the influ-
ence of conditions is recognized and taken into account.

That statement is illustrated by the reaction designated as
adaptation (42, 43) which has been advanced as an argument
for the adequacy of low levels of intake. When conditions be-
come adverse or rigorous, the changes which the body under-
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goes in response may be viewed as an attempt to fit itself to
them, to maintain its usual activities and even to protect life.
Whether the response may be regarded as successful depends
upon the criteria selected. Accordingly there are degrees of
success. Contrastingly, there are limits beyond which it is gen-
erally agreed that adjustment has been exceeded; at the ex-
treme, even life is threatened. The term adaptation, according
to one definition, is usually reserved for situations in which the
net result is regarded as ostensibly successful in preserving
activities and in protecting and sparing the body from detri-
mental effects. In short, it connotes a high degree of adjust-
ment. It is a general term covering many examples with
various mechanisms. In nutrition the process has come under
consideration through the relation of the efficiency of utilization
to the level of intake. This relationship may be visualized as
extending over a range of levels of intake but in the present
instance it is restricted to the response to reduced intake of a
nutrient or to underfeeding.

Two examples may be cited. In one, evidence is adduced
that it is possible to obtain equilibrium on low levels of calcium
intake without perceptible ill-effects, especially clinical signs
of a deficiency state. From these observations it is reasoned
that within limits low intake induces reduced expenditure with-
out detectably unfavorable consequences; that it elicits a more
economical use of a nutrient and thereby reduced requirements
with no adverse effects on the body and its tissues. It is then
concluded that the dietary requirement for this nutrient may
be safely lowered from its present level.

Unless otherwise stated, it is usually agreed that dietary
requirements are set to maintain existing satisfactory nutrition.
In the argument for the adequacy of low intake because of ad-
aptation it is assumed that metabolic equilibrium and absence
or appearance of deficiency signs are valid indices for judging
maintenance versus deterioration of nutrition. For calcium in
this critical zone of intake, that assumption is questionable.
It has been shown that is is indeed possible to obtain equilib-
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rium on low levels of calcium intake; but as the level 1s in-
creased to higher points, there is an increase in retention (44)
in the calcium content of the bones and body, in growth, and in
the life span (45, 46, 47). These evidences of effects to be
gained at levels above equilibrium cast doubt upon the suit-
ability of lesser amounts for maintenance of satisfactory nutri-
tion. It is likewise questionable that the nonappearance of
localized clinical signs of calcium deficiency is an adequate
indication that satisfactory nutrition has been maintained.
Balance studies are ordinarily of short duration; so short as
not to allow sufficient time for pathological manifestations of
a deficiency to develop. But more decisive, it is difficult to
diagnose early, slight, or chronic pathological manifestations
attributable solely to calcium deficiency in the child and adult.

The second example is based on reports that in populations
with admittedly low intake of food, acute deficiency states
may seldom be seen. From this observation is raised the ques-
tion: Cannot caloric and nutrient intake be safely lowered?
The most striking instances of lowered intake are in prolonged
marked underfeeding, starvation, or fasting. But extremes of
these may exceed adaptation inasmuch as survival is imperiled.
Adaptation is applied to lesser degrees of underfeeding within
limits that supposedly have a satisfactory outcome as judged
by one or another criterion including non-appearance of clinical
signs of deficiency states, whether acute or chronic.

It is true that in starving or grossly underfed populations,
acute deficiency states may not be prevalent. For that there is
a rational explanation. In total undernutrition, loss in weight,
lowered metabolism, retarded growth, and restricted activity
do lower requirements. To the extent that this effect from
these counter-conditions balances the diminution in supply, the
severity of the deficiency is mitigated and its tempo is slackened
or held in check. Hence, in the absence of potent, exciting con-
ditions, any acute process is likewise prevented or allayed. It
has long been known that barring the intervention of powerful
exciting conditions, acute deficiency diseases do not develop



Etiological Complex of Deficiency States 91

during fasting or marked underfeeding; rather they are mod-
erated by it. Underfeeding is a deterrent, not a producer, of
acute deficiency states.

But it does not necessarily follow that non-appearance of
acute means absence of chronic and subacute deficiency states
or presence of satisfactory nutrition. The fact that clinicians
surveying populations of moderate or low intake may not have
reported on chronic deficiency states is no evidence that this
form was absent. To a nutrition world trained in the tradition
of acute deficiency states by both animal experiments and clini-
cal reports, the criterion of observation would naturally be the
acute form. Moreover, most of the reports antedated the con-
cept of the chronic state and the means of recognizing it. Under
these circumstances the observer would be apt to overlook or
disregard any chronic lesions; therefore, it would not be ex-
pected that chronic deficiencies would be reported. Actually,
more recent evidence does show that chronic lesions, many
severe, are highly prevalent among a moderately underfed
population (28, 48). In induced underfeeding, assuming per-
haps academically that the subjects were initially free from
chronic lesions, it should be noted that the study might not be
conducted for sufficient time to allow development of chronic
pathological manifestations, especially if the restriction on in-
take was slight or moderate.

ON CORRELATION OF SIGNS WITH DIET INTAKE OR CHEMICAL LEVELS

It is argued that if data show a high prevalence of a deficiency
of a nutrient in the diet or body fluids, there should be a corre-
sponding frequency of clinical signs; or vice versa. Such a cor-
relation appears to be always expected; it is regarded almost
as an inviolable premise. But it is seldom achieved. The fault
Is in expecting an invariable positive correlation. As a general
rule, such a correlation is more apt to be obtained when diet
or nutrient levels in the blood and climcal deficiency status are
both exceedingly bad. In lesser degrees of inferiority it is more
difficultly and much less frequently found. In reality there are
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understandable reasons why correlation should not necessarily
be expected.

Absence of positive correlation appears in two forms. In the
one, data indicative of prevalence of unsatisfactory dietary
intake or nutrient level in a body fluid are not associated with
a corresponding degree of frequency of signs of unsatisfactory
status referable to that nutrient. This negation may be due to
several reasons: (1) The diet standards used in the particular
instance for a particular group may be too high. As has been
shown, non-dietary conditions influence these dietary require-
ments and standards. (2) It has been pointed out that a gen-
erally lowered intake, such as in underfeeding, mollifies signs
of deficiency diseases, though not obliterating them. (3) The
signs of malnutrition selected are not sensitive or are not used
sensitively. Use of late, or severe, or acute signs only would
exclude early, or mild, or all chronic deficiencies. (4) The ex-
pectation of positive correlation is built upon an assumption of
a simple relationship in which diet as a sole cause produces
malnutrition. It should be recalled that diet intake is a con-
dition and not the only conditon influencing nutrition. What
is attempted is to correlate one condition, admittedly an im-
portant one, with effects brought about under the influence of
a complex of conditions. Hence, non-dietary conditions are
partial determinants whether correlation is obtained. (5) In
persons previously free from deficiency disease, adverse con-
ditions would have to be in force some time before signs ap-
peared. It takes time to produce pathology.

In the second type of negative correlation, dietary data or
nutrient levels in body fluids are not in accord with clinical
evidences of unsatisfactory nutrition. Several reasons are like-
wise responsible: (1) Diet standards are too low for the par-
ticular subjects surveyed under their conditions. (2) Diet is
only one condition in the complex influencing the etiology of
deficiency states. Dietary inadequacy may be slight and of rel-
atively minor influence while other conditions predominate.
As diet approaches a satisfactory level, correlation becomes
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increasingly difficult. Diet as a single condition then has less
influence relatively as well as absolutely, and other conditions
more. (3) If chronic signs constitute the clinical evidence,
they represent cumulative effects over the lifetime. Whereas,
the dietary data and nutrient level of body fluid are of the
moment with no necessary reflection beyond the present or
immediate past. Diet and body fluid values may have im-
proved before the survey while the effects on tissue of pre-
viously adverse conditions will have prevailed. If correlation
is to be found between diet or the body fluid levels of a nutrient
and clinical signs, usually it will be when the latter indicate
the more acute or the more severe deficiency. But most often
even this is disappointing; for acute signs are not necessarily
or absolutely synchronous with dietary levels and nutrient
concentration in body fluids.

From these considerations it is clear that the assumption of
the necessity of invariable positive correlation between unsatis-
factory diet or nutrient levels in body fluids and clinical signs
of deficiency states is unsupportable. Indeed it clarifies why
such a correlation is usually not obtained.

Unfortunately such attempted correlations have been used
to test the validity of clinical signs (31). Because so many
conditions influence the data that correlation is not necessarily
to be expected, this approach is not designed to be a reliable
test of signs and to yield a true and accurate answer.

RECIPROCITY

From studies with animals it is known that deficiencies have
effects besides specific localized lesions. These additional effects
are on inherent bodily properties and primary biological func-
tions. Among them are: retardation or cessation of growth;
loss in weight; impairment of reproduction especially gestation
and parturition in the female; increased susceptibility and
lowered resistance to infection. Some of these consequences,
at least, may be designated as constitutional. And some, if
viewed broadly, are non-specific for the nutrient.
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These functions affected by nutrition may be recognized also
as conditions affecting nutrition. Because of this interaction,
it is clear that evidence from animals points to a reciprocity
in nature.

That these functions, as conditions, affect nutrition in man
is well substantiated. But whether the converse is true,
whether nutrition influences these functions and thus completes
the circle so that the interrelationship holds for him, has been
a transcendent question. Though admittedly the studies on
man on this point have been too few, they have thus far for the
most part yielded results in agreement with those from animals.
The effect of inferior nutrition on the growth of children has
been abundantly demonstrated. And evidence from several
sources indicates that nutrition influences the course of preg-
nancy. Because of its significance and scope it is of exceeding
interest to contemplate the possibilities arising from such an
interplay between conditions and nutrition.

CoNcLUSION

In sum, the concept presented here sets forth the etiology
of deficiency states and brings out the relationship of the many
environmental conditions, both external and internal, to nu-
trition. It also explains the character and course of deficiency
processes and their prevalence. It bears directly upon the as-
signment of causality in diagnosis. With it comes the realiza-
tion that the possibility that a disease of unknown cause may
be nutritional in nature is not to be forthwith dismissed because
it apparently is not the effect of dietary deficiency alone;
rather, this contingency can be examined on broader etio-
logical grounds. Beyond these relations, the influence of con-
ditions is seen to extend into almost every aspect of nutrition.
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