g
i

f

1.

REFERENCES

Fowle AM. Si

. 19587

T T Nt et
Cheeial Communical

N
AR 30

ion

A

e Jap l
Trop Med Hyg 8:49Z.

J
<

¢ keratoconjundtivi-
heratocongiuntivite

v
J

il Adenoviruses jsolated from

!
cal features. Am

i Nt Epidemia di ¢
irus tipo 9. Ann Sclavo 5:455. 1963

(in press)
:s on adenevirus type 11 infection of the ey

J. Gardner CA: Epidemic keratoconjunctivitis — a ean-

CBr Med J 280

NR.Bell B
Siudi Arabia. 1 Epidemi

keratoconjunctivitie
1959

8. Pre

ivitis due to adenovirus type

Iron Nutrition

and the

.

Eﬁ

Pt

of Food With

S ° _(’e' e ? Ve
ortiication
Iron

Clement A. Finch, MD, and Elaine R. Monsen, PhD

hrough fortification of

At prwesent, a high incidence of iron deficiency prevails in the infant and

female population. Improvement in iron balance t

food with additional iron is needed to prevent such deficiency. In the
infant, this may be accomplished through the fortification of special food
items whose use is confined to infancy. In the adult woman, an increase
in fortification of flour and flour products to 40 mg/Ib is proposed to
accomplish this. Such manipulation of the public diet carries with it the
responsibility of monitoring its efiects on the iron balance of the
population, and on the prevalence of iron deficiency and iron overload.

rron deficiency is one of the
most prevalent deficiency states
affecting man. Its cause is a com-
bination of the limited amount of iron
which can be absorbed from the mod-
ern diet, and the occurrence of blood
loss. The extent to which iron defi-
ciency is nutritionally based, and the
question of whether anything can cr
should be done about it is discussed.

Normal lron Balance

“Essential” body iron amounts to
about 35 mg/kg of body weight
Since this is largely hemoglobin, iron
deficits are generally recognized by a
decrease in the hemoglobin concen-
tration of the blood. An additional 0
to 20 mg/kg of iron may be present as
ferritin and hemosiderin stores.
While this iron is not essential, it
serves the purpose of meeting acute
requirements imposed by pregnancy
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or bleeding which exceed that avail-
able from the diet (1 to 3 mg/day).
Body losses of iron are small, amount-
ing to about 12ug/kg or 0.9 mg/day in
the adult male, and about 20pg/kg or
1.3 mg/day in the adult female (ex-
‘cluding pregnancy).’ In the normal
individual, iron balance is regulated
by changes in intestinal absorption,
the “setting” of which is determined
predominantly by body iron stores.
Thus, the 70 kg (154 1b)-male ia the
United States, with his usual iron
, stores of about 1,008 mg, absorbs
about 5.5% of a diet containing about
16 mg/day, while the average female,
with iron stores of about 300 mg ab-
sorbs about 13% of a diet of 10
mg/day. The mean upper limit of food
iron absorption found in the iron-
deficient subject is about 20%7; in the
individual with excessive iron stores
the lower limit is not known. The re-
lation between iron absorption and
iron stores on the basis of mean data
in normal men and women is shown
in the Figure. In the normal individ-
ual, iron stores will increase as iron

lron Nutrition—Finch & Monsen
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Fig 1.—Relationship between iron balance and iron stores. Iron balance is
calculated from ratio of iron loss to tron intake; tn normal male this is 0.9/16 or
0.056, and in normal female 1.3/10 or 0.13. Linear relationship is assumed be-
tween balance and stores. Anticipated change in stores due to increased Sortifi-

cation of flour (L0 my/day) is indicated by points

intake increases, but the percent ab-
sorbed will decrease until a new equi-
librium point is reacked. Such a rela-
tionship is satisfactory as long as the
intestinal mucosa regulates stores at
a quantity of iron tolerated by body
tissues.

Adequate iron balance has been de-
fined as body iron content sufficient to
meet physiologic needs. The aduly
male with normal absorption has no
trouble with iron balance, unless some
disease produces blood lcss. In the
adult female, an adequate iron bal-
ance is taken to mean the main-
tenance of sufficient storage iron to
meet requirements of pregnancy, ie,
iron stores in excess of 500 mg. In in-
fancy, iron stores are virtually absent
and would be difficult to create with
iron taken orally. Adequacy of iron
supply is best defined in terms of
meeting the growth requirements of
the expanding red cell mass.

The Problem

Iron balance is precarious in the in-
fant, and in the female from adoles.
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at arrowhead.

cence to menopause. In infancy, both
the cause and solution are clear. Iron
stores become exhausted after the
first few months due to a combination
of very low iron intake and rapid
growth. The incidence of iron defi-
ciency in late infancy exceeds 25%.*
Because of the low iron content of
natural milk, iron depletion must oc-
cur unless the milk is fortified with
iron, or unless other foods with appre-
ciable iron content are given at an
early date. An intake of 1to 2 mg/kg
per day is currently recommended?;
this can only be reached by using milk
fortified with iron, along with other
iron-fortified foods. The problem in
infancy is a special one in which the
cause is largely nutritional and where
food fortification with iron is entirely
feasible. However, up to the present
time fortification has not reached a
large portion of the infant popu-
lation,

In the adult male, the cause of
iron deficiency is not nutritional.
Some pathologic process is responsi-
ble, most frequently gastrointestinal

bleeding. The demonstration of iron (

deficiency calls for an appropriate
clinical investigation of its cause.

It is in the adult female that the
problem arises.* Here iron balance is
borderline, and anemia may result
from normal events (menses, preg-
nancy, and blood donation). The term
“nutritional deficiency” as applied to
these women, does not necessarily re-
flect a poor diet in other respects, but
rather that the average dict may be
inadequate for the needs of a signifi-
cant segment of the population. On
this basis, some five million woraen in
the United States probably have iron
deficiency anemia, and perhaps «Gue
times that sassber are iron deficient
in t to iron stores. It appears

ﬁf}mmme diet may
have improved in the past few dec-
ades, the amount of iron ingested has
decreased due to a decreased caloric
intake and cleaner food. The results
of iron depletion in the female popu-
lation are several, leaving aside the
debatable question of whether iron
deficiency may produce symptoms
through depletion of intracellular en-
zymes. Pregnancy is usually treated
prophylactically with iron to aveid
iron deficiency which would otherwise
occur in over 25% of women; however,
iron deficiency anemia continues in
pregnancy because of delay by some
pregnant women in contacting physi-
cians, and because of the inconszist-
ent intake of medication when pre-
seribed. Regardless of whether the
woman is pregnant or not, when iron
deficiency anemia is identified, a dif-
ficult judgment must be made as to
its cause: whether there is a nutri-
tional basis, or whether a costly diag-
nostic workup for pathologic blood
loss should be undertaken. When
bleeding does occur in the iron-de-
pleted individual, it results in an ane-
smia of greater severity than would
have occurred if stores had been
present, necessitating, in some in-
stances, transfusion with its hazards.

The questicn has been raised of the
clinical significance of the usuaily
mild anemia of iron deficiency, on the
grounds that it produces little or no
disability and no mortality. It does
not seem appropriate to imply that a
mild deficiency does not predispose to
a severe deficiency, nor would it be
consistent to treat the pregnant
woman prophylactically with iron ifit
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s of no conscguence. The proper nu-
writional objective would scem to be
the cstablishment of an optimal iron
balance in the population at large.
For these various reasons, the necd
for further fortification of food with
iron to improve the female iron bal-
ance has been advocated. Such a deci-
sion rests on the feasibility of accom-
plishing this objective, and on its
safety. :

Food kiron Fortification
Ther

10 {000 piuiin et

prove lron al nee
the mciden of irondasSeiency ape-

w’ﬂowever, the benefit derived

from added iron depends on the form
of iron salts emploved, the uniformity
of intake of the food fortified, and the
composition of the meal in which the
food article is ingested. Current in-
formation concerning food fortifica-
tion is clearly inadequate, but certain
assumptions are reasonable. The best
absorbed form of fortification iron is
ferrous sulfate; however, other in-
organic ferrous salts are probably
also well absorbed. Such fortification
iron has the same availability as
other articles of nonheme food iron in
the meal in which it is ingested. If the

_meal contains meat, total availability

of nonheme iron may be as much as
20% in the iron-deficient subject; if
meat is not contained in the meal,
maximum availability drops to about
10%." While heme iron is less infiu-
enced by dictary composition, and is
well absorbed (about 20% in the iron-
deficient individual), it represents
only about 20% of dictary iron and
usuaily less in the population with nu-
tritional iron deficiency. At the
present time the iron intake of
the adult female amounts to 9 to
12 mg/day (6 mg/1,000 calories).®
Twenty percent of this, or about 2
mg, currently comes from fortifica-
tion of cereal, flour and flour products.

It may be estimated that the iron-
deficient individual absorbs about 0.3
mg from this added iron. The level of
fortification may soon be increased
from between 13 and 16.5 mg/lb of
flour to 35 to 40 mg, and fortification
will be extended to all articles derived
from flour (bread, biscuits, and rolls).
If this is done, the average iron-
deficient female may receive an addi-
tional 6 mg/day of iron, amounting to

1464

a maximal absorption of 0.9 mg from
this source.® On the hasis of existing
knowledge of iron balance, this should
resnlt in a decrease in iron absorption
from 13% to about 8%, and a mean in-
crease in body stores from 300 mg to
about 750 mg. This would be expected
to decrease the frequency of iron
- deficiency anemia in the menstru-
ating woman from about 5% to 1%,
and should obviate the need for rou-
tine administration of iron in preg-
nancy. It is recognized that only
mean values have been presented,
and it will be important to determine
the variation in intake of fortified

food amonyg the general population. 1t ‘

will be of further interest to deter-
mine the variation in composition of
meals in which the food iron is in-
gested, since availability depends on
this. Since mean estimates of the ef-
fects of augmented fortification are
themsclves only guesses, it seems
pointless at this time to attempt to
predict the variations in its effect on
different individuals due to thexr dif- -

ferent dletuFubﬁ/ KlA
/% Safety of feacmI

Food lron For Lmu‘«.s&r\

There is no question of the desir-
ability of improving iron balance jn

PRI TS can be dong without

appmmmrprrrier tortification of food

with iron, nowever, will 10CLCASE 1hG

Tl ke | bhoseleatmatirettrs”
tfon of iron overload must be consid-
ered.’” Parenchymal iron overload
does produce dysfunction of the liver,
pancreas, and heart, and may in some
instances lead to death, as illustrated
by patients with idiopathic hemochro-
matosis. The much greater incidence
of this disorder in man (about 5:1)
suggests that the mamfestatlons of
the discase are influenced by the
more favorable iron balance in the
male.

If the increased fortification of
flour to 40 mg/ib is put into practice,
it would be expected that the mean
iron intake in the male would in-
crease from 16.5 mg to about 25 mg.?
A best guess is that this would lead to
a decrease in iron absorption from

5.5% to 3.6%, and that iron stores
would increase from 1,000 to about
,300, but that equilibrium would be
eached at this point. For the major-
ty of the male population, this prob-
ably represents no increase over pre-
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vious iron intake, since the iron
content of food in recent years hus
deereased due to modern handling
and cooking practices, and the total
intake of food has decreased due to
decreased physical activity.

The question of safety involves
both the hypothetical danger to the
normal man and a particular concern
about individuals who have an in-
ability to regulate iron absorption. In
respect to the mnormal man, it is
doubtfu} that amounts of iron in the
range of 25 to 75 mg/day would have
a deleterious effect. Studies of Ethi-
opians with an oral intake of 100 to
300 mg/day of iron as a dirt con-
taminant of food show no parencl1\,~
mal iron overload, but this iron is of
low availability.’ Over several years
intake of therapeutic amounts of iron
has not been associated with paren-
chymal iron overload in the normal
individual. The most impressive data
concern the excess oral intake of iron
in the Bantu, where parenchymal iron
overload and tissue damage have
been demaonstrated.’” This appears 1o
be a unique situation in respeet to
both the amount of iron ingested and
its availability. Some individuals con-
sume 100 to 200 mg of iron per day in
Kaffir beer over many years; the alco-
hol appears to enhance iron absorp-
tion, as does the lack of associated
food intake. However, parenchymal
iron overload from dietary iron in the
normal individual would appear to be
exceedingly difiicult to achieve.

The problem of iron overload is not
so much a matter of total body iron,
as of an excessive parenchymal dep-
osition of this iron (ds compared to
reticuloendothelial storage).! Paren-
chymal overload is seen in patients
with genetic abnormalities in dis-
posing of iron (idiopathic hemochro-
matosis), in patients with al bnor-
malities of hemoglobin synthesis
(sideroblastic anemia and thala-
ssemia), in some patients with aplas-
tic anemia supported by transfusions,
and in some patients with chronic
liver disease, especially on an alco-
holic basis. In such individuals, it is
reasonable to assume that any in-
crease in dietary intake would in-
crease parenchymal iron deposition
and presumably result in an increase
in the frequency and severity of lini-
cal manifestations.

What then is the optimal iron bal-

iron Nutrition—Finch & Monsen



«nee for the general population, con-
sidering these epposite hazards? Iron
depletion is clearly a high prevalence
problem which can be met niost ef-
ficiently by preventive measures. Iron
overload, on the other hand, is a rare
disorder which will occur regardless
of manipulation of dietary iron in-
take, and whose therapy depends on
iron removal through phlebotomy or
chelate therapy rather than on de-
crease in intake. It would seem rea-
sonable to approach the widespread
problem of mild iron deficiency hy nu-
tritional means, but to deal with the
relatively unique problem of iron
overload by individual therapy.

Further Information Needed

Past attempls to improve iron bal-
ance have been carried out with lim-
ited knowledge of how to fortify food
effectively, and with little apprecia-
tion of what was accomplished. Tt
would seem irresponsible to institute
the present recommended level of for-
tification without evaluating its ef-
fectiveness in respect to the type of
iron employed, the extent to which it
is consumed by the population at
large, and its ultimate effect on body
iron stores. It would also be desirable

to carry out long-term studies using a
diet fortified to approximately 50
mg/day to test the ability of the nor-
mal individual to maintain a suitable
cquilibrium at this level.

(Caleulations of supplemental iron in-
take depend on (¢) iron content of flour
and derived products, and (b) the amount

_of these products consumed. At present,

total iron content of fortified flour is 0.03
mg/gm. The proposed level of fortification
(40 mg/1b) is 0.09 mg/gm. A baked product
contains 60% flour. Flour products con-

sumed are estimated to be zhoul 150
gm/day, or. 90 pm flour equivalent (esti-
mates for adult females age 20 to 70 vary
from 80 to 100 grmm/day). Current forti-
fication involves only bread or a part of the
flour equivalents consumed; futwre fortifi-
cation is projected to include all baked
items.)

This investigation was supported by Publie
Hecalth Service rescarch grant HE-06242, and by
Department of Agriculture grant 12-14-100-
9918(61).
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March 13, 1897
Treatment of Hemophilia

The only advance in the therapy of this
disease, has been made by Dr. E. A.
Wright, who taking as a basis for his in-
vestigations the physiologic fact that a
certain per cent of calcium salts is neces-
sary for the coagulation of the blood, made
a series of experiments with caleium chlo-
rid, and demonstrated its efficacy in in-
creasing the coagulability of the blood. ...

The following case that came under my
care some time ago, will furnish additional
proof of the value of this “physiologic
styptic.”

A. L., male; aged 20 years; nativity, Rus-
sia, came to my office April 2, 1895, He was
suffering with an alveolar abscess, result-
ing from irritation produced by a carious
tooth. A small incision one-eighth of an
inch long was made through the mucous
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membrane, and a small quantity of pus
evacuated. I was surprised that so small a
wound should bieed so profusely, but
thought that it would soen subside, con-
sequently, a wash containing tannic acid
was given and he was instructed to wait
until the hemorrhage ceased. At this timel
was called away from the office, and upon
returning I was surprised when my assist-
ant informed me that the bleeding still
continued, and that the patient had lost a
considerable quantity of blood. I then used
a solution of perchlorid of iron and other
styptics, but without success, and as pres-
sure was of no avail, packing was tried, but
it rapidly became soaked, and the blood
showed no signs of coagulating. By this
time the patient was on the verge of faint-
ing. Finally after four hours energetic
work, the hemorrhage was temporarily
checked by packing the whole space be-
tween the aveolar process and the cheex
with gauze saturated with a strong iron so-
lution,

A careful inquiry into the patient’s past
history revealed the fact that he was one
of a family of “bleeders.” Expecting fur-
ther trouble from the slight wound I had
innocently made, the patient was sent te

~

the hospital for observation. A few hours
after his admission, Dr. Maisch, the in-
terne, was called 1o see him for severe nose
blced, the epistaxis was profuse, and as the
ordinary means failed to arrest it, it was
necessary to plug the nares. Twelve hours
later the hemorrhage from the wound re-
curred, the blood showed no signs of coag-
ulating, and the bleeding only ceased when
the patient was on the verge of collapse.
The respite, however, was brief, and six
hours later ancther alarming hemorrhage
occurred, and after all the ordinary means
had been used without success, Dr. Maisch
suggested that we try the internal admin-
istration of chlorid of calcium. This was
given in 1.30 gram doses, and in a few
hours the effect was magical; the blood,
which had showed no signs of clotting, be-
gan to coagulate, a firm clot formed, and
the hemorrhage was completely arrested.
The calcium salt was given in 1.30 gram
doses every four hours during the first day,
every six hours during the second day, and
three times a day on the third, when its uze
was discontinued. The hemorrhage did not
recur, and after the expiration of a few
days the patient was discharged from the
hospital, and passed from my observation.
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