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SYMPOSIUM ON NUTRITION

SOMMAIRE

Dans la plupart des r6gions du globe, les
probl.mes de l'alimentation se posent en
termes d'insuffisances quantitatives et
qualitatives. Tandis qu'en Am&ique du
Nord, on devrait plut6t consid6rer les effets
pernicieux 6ventuels de Ia suralimentation.
On poss.de peu de documents sur la

suralimentation pendant la vie pr6-natale et
la vie du nouveau-ni. L'auteur attire l'at-
tention sur cette possibilit6 en signalant les
troubles cliniques et biochimiques qui sur-
viennent chez le nouveau-n6 et qui sont
en relation avec un aPport excessif de
calories, de lipides, de prot6ines, de vita-
mines et de minfraux avant et apr.s la
naissance. Ii insiste surtout sur l'ingestion
de substances nutritives pendant la gros-
sesse, en quantit6s qui sont relativement
inoffensives pour la mere, mais qui peuvent
.tre nuisibles au nourrisson in utero.

Il faudra d'autres recherches dans ce
domaine int&essant, en vue d'essayer
d'6valuer l'effet sur le fu.tus d'une surali-
mentation qualitative pendant la grossesse.



894 CocuRANE: OVERNUTRITION

cific information on the relation of maternal nutri-
tion to the intrauterine and subsequent growth and
develQpment of the baby has been somewhat slow
to appear and, as yet, extensive studies have failed
to clarify precisely the relationship of maternal
nutrition to the outcome of pregnancy.5 This failure
is understandable when it is recognized that the
process of intrauterine development involves not
only a host-parasite relationship but an organ (the
placenta) whose physiological function is not yet
clearly defined. For some nutrients an active trans-
port system exists to ensure an adequate supply to
the fetus, while for others the nutrient may be
preferentially retained in the maternal circulation.

TABLE 1.-A COMPARISON OF THE LEVELS OF VARIOUS
METABOLITES IN MATERNAL AND FETAL BLooD*

Level higher in Level higher in fetal
maternal blood Level.s equal blood
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velopment is completed; the specific type of
damage may depend on the time of the insult.

In contrast to the work on the effect of under-
nutrition on the neonate, very little has been done
to examine the possible effects of overnutrition
during pregnancy on the health of the baby. Some
of the interesting aspects of overnutrition in intra-
uterine life will be examined in this communica-
tion, since they are directly related to physician-
prescribed or physician-recommended nutrition
habits during pregnancy.

OvI.nNUmmoN in utero

Excess Calories and Glucose
On the maternal side, excessive caloric intake

during pregnancy may involve an additional risk to
the infant.7 The direct relationship between
maternal obesity and toxemia of pregnancy is well
recognized and presents a threat to the survival of
the fetus.
However, a question that has as yet not been

adequately answered concerns the relationship be-
tween large infants and maternal diet. In general
the infant of the diabetic and prediabetic mother is
larger than the infant of the non-diabetic mother.
The role of carbohydrate metabolism and insulin is
immediately considered as a factor of possible sig-
nificance in the pathogenesis of the excessively
large infant. Infants of diabetic mothers are gen-
erally grossly overweight because of surplus fat
and carbohydrate stores in their tissues and organs.
The water content of these tissues' is low. The
generally accepted hypothesis is that hyperglycemia
in the mother results in fetal hyperglycemia and
subsequent hypertrophy of the islets of Langerhans.
A resultant increase in fetal insulin 'and a greater
utilization of glucose received from the mother
produces larger and fatter newborn infants who
may be hypoglycemic at birth. Studies of insulin
and glucose levels in these infants at birth have
shown that high levels of insulin are associated
with early onset of hypoglycemia.8

Similarly, excessively large infants are not un-
commonly associated with prediabetic mothers.
Baumgartner et al.9 in 1950 observed an increased
mortality in newborns with low birth weights, but
also noted a greater mortality in large, heavy new-
born infants. The possibility that excessive carbo-
hydrate ingestion may account for large infants of
prediabetic or even non-diabetic mothers may well
be confirmed in the near future.

Vitamins
Warkany6 has emphasized the effects on the

fetus in utero of short-term deficiencies of certain
substances. The possible harmful effects to the
fetus of excessive amounts of vitamins ingested or
administered to the mother during her pregnancy
are as follows.
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Vitamin K
Recent evidence has confirmed the toxic effects

of excessive amounts of synthetic vitamin K ad-
ministered to young newborn infants and pre-
matures.10 It has also been observed that adminis-
tration of large amounts of vitamin K analogue to
the mother shortly before delivery results in an
increase in the serum bilirubin of the newborn
infant.11 This material, previously considered in-
nocuous, is dangerous when given in large amounts
to mothers shortly before birth; consequently, ap-
preciably smaller dosages are now employed. The
naturally occurring vitamin K does not have this
effect.12

Vitamin B6 (Pyridoxine)
In 1954 Hunt et al.13 described a newborn in-

fant who had recurrent convulsive seizures which
were controlled by the administration of large
amounts of pyridoxine hydrochloride. The mother
had received parenteral vitamin B6 during her
pregnancy, and Hunt suggested that the infant
might be "pyridoxine dependent", since the seizures
were only controlled by pyridoxine 2 mg. daily.
This observation concerning the effect of pyri-
doxine administration during pregnancy raised the
question of enzyme induction (the synthesis of a
new enzyme in contrast to the activation of an
existing enzyme) and its role in pyridoxine de-
pendency. Similar cases subsequently reported
were not associated with excessive maternal pyri-
doxine ingestion. Sufficient evidence from animal
experimentation is not yet available to settle the
matter of "pyridoxine dependency" resulting from
excessive administration of pyridoxine during in-
trauterine life. If this theory is given any weight at
all, it is reasonable to administer large doses of
pyridoxine, at term or during labour, to the mother
who has previously given birth to a pyridoxine-
dependent infant; conversely, it would be harmful
to give pyridoxine prior to term.

Ascorbic Acid
Forty-two cases of infantile seurvy were seen at

the Children's Hospital in Halifax, Nova Scotia,
,from October 1959 to January 1961. Of particular
interest was the fact that in seven of the patients
a history of adequate administration of vitamin C
was obtained. However, on careful follow-up by
home visits it was found that five of these patients
had not received sufficient vitamin C; that is, the
mother's account of vitamin administration could
not be substantiated. Two infants had classical
scurvy, and after detailed study it was concluded
that these children had both received adequate
amounts of ascorbic acid. The parents of both
infants were questioned, the pharmacy where the
vitamin was purchased was visited, and the parents
stories were confirmed. Samples of the vitamin
were obtained, were assayed for ascorbic acid and

were found to have full potency, viz. 15.1 mg./c.c.
It was estimated that the children received 60 mg.
of ascorbic acid daily. The possibility of "con-
ditioned" scurvy was raised when it was found on
detailed questioning that both mothers had re-
ceived large supplements of ascorbic acid during
pregnancy. The ingestion of vitamin capsules and
a large volume of fruit juices resulted in an ap-
proximate daily intake of 400 mg. of ascorbic acid.

In order to investigate the possible existence of
"conditioned" scurvy, preliminary studies were car-
ried out in association with Dr. W. W. Hawkins of
the National Research Council in Halifax. Twelve
female guinea pigs were divided into four groups
of three each, and were allowed rabbit chow and
water ad libitum. Each animal was given ascorbic
acid, initially by mouth and subsequently by the
subcutaneous injection of a neutralized solution.
The amount of ascorbic acid administered was 3
mg. per day to one group; 20 mg. per day to the
second group; 200 mg. per day to the third group;
and 1 g. daily to the fourth group. When the first
10 young were born they were taken from the
mothers and allowed rabbit chow and water ad
libitum. Each of the young in the four groups was
given 1.5 mg. of ascorbic acid daily by intra-
peritoneal injection. On the death of the young
animals over the ensuing two to five weeks, radio-
graphs were made and histological examination of
long bones was carried out. In some cases blood
was taken from the heart for determination of the
ascorbic acid concentration, the injection of
ascorbic acid for that day being omitted. In two
of the 10 young guinea pigs marked bone
hemorrhage and cellular changes were noted, in
keeping with the histological changes seen in
ascorbic acid deficiency. Both animals were the
offspring of the mothers that received 1 g. of
ascorbic acid daily. These findings suggest that
an ascorbic acid dependency was induced in the
young by exposure to the vitamin in utero. More
extensive studies have been undertaken to confirm
this initial observation. It is possible that the in-
gestion of excessive amounts of certain vitamins by
the mother during pregnancy may "condition" the
offspring to requirements of these substances that
are greater than the present expected or recom-
mended intakes. If the greater requirements were
not met, deficiency symptoms might occur in such
infants despite the addition of these substances to
the infant's diet in amounts usually recommended.

Vitamin D
Cooke recently expressed the opinion that ex-

cessive intake of vitamin D by mothers who are
perhaps sensitive to vitamin D may be a signifi-
cant cause of mental retardation in the offspring.'6
There appear to be several such syndromes, which
include cardiovascular anomalies, peculiar facies
and mental retardation, related to hypercalcemia.



896 COCHRANE: OvERNuTRITIoN

The condition of idiopathic hypercalcemia in infants
has been recognized for many years and has been
considered by many to be related to excessive
intake of or hypersensitivity to vitamin D'4. Re-
cently Garcia et al.'5 described a 9-month-old in-
fant with supravalvular aortic stenosis, probable
mental retardation, typical facies and hyper-
calcemia. Because of the early onset and extent
of the lesions the condition was believed to have
begun in utero. Cooke suggested that excessive
intake of vitamin D during pregnancy by women
with an abnormal sensitivity to the vitamin may
account for this entity.'6 The hypothesis seems
reasonable but further investigation is necessary.

OvE1.UmITIoN ThJ THE NEONATE

It is now becoming evident that during the neo-
natal period-the first 28 days of life-the young
infant, adjusting to new surroundings, has certain
physiological limitations. It is during this period
that excessive administration of ordinarily innocu-
ous substances may result in cellular damage and
even death of the infant.

Excessive Solute in infant Feeding
The feeding of large amounts of protein and

electrolyte to young infants exposed to relatively
high environmental temperatures for long periods
of time, or to infants with temporary renal insulfi-
ciency, may result in severe illness and possible
death. The limited concentrating ability of the pre-
mature and newborn infant kidney requires the
expenditure of a certain volume of water per kg.
of body weight for adequate removal of the solute
resulting from a normal diet. If the intake of pro-
tein is increased above the average level (i.e. the
point at which 15% of total calories are provided
by protein), harmful effects may occur. The clini-
cal syndrome of hypernatremic dehydration follows
the administration of excessive protein to sick or
premature infants who are not ingesting sufficient
water to enable their immature kidneys to excrete
the solute load thus produced. There is still a
tendency in many nurseries to give premature in-
fants increased amounts of protein, which may be
added by supplementation to a skim-milk formula.
This "strengthening" of the fbrmula may be re-
sorted to when the infant is not gaining satis-
factorily. This problem is illustrated in the follow-
ing case report.

An 8-week-old infant was born after 28 weeks'
gestation and weighed 2 lb. 6 oz. From the third to
sixteenth days of life she received a formula of two-
thirds breast milk and one-third powdered 2%-fat milk
which was gradually increased in amount. On the six-
teenth day she was given a formula of powdered 2%
milk diluted in the recommended ratio of one table-
spoon to 2 oz. of water. No additional carbohydrate
was added. The child's weight increased from 2 lb.
9 oz. to 4 lb. 14 oz. by the forty-eighth day of life.
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The formula was then "strengthened" further to one
tablespoonful of powdered 2%-fat milk to 1 oz. of
water. Eight days later. the child developed a low-
grade fever with rapid respirations and took her feed-
ing poorly. On physical examination she was a fairly
active and well-developed infant weighing 5 lb. 8 oz.
There was some pitting edema of the feet and ankles,
puny eyelids and a rather doughy skin. The hemo-
globin was 8.5 g./100 ml. and the urine revealed a
trace of albumin with white cells and granular casts.
The serum electrolytes were: sodium, 179 mEq./l.;
chloride, 147 mEq./l.; potassium, 5.5 mEq./l. and
blood urea nitrogen 62.5 mg./100 ml. The CO2 con-
tent was 5 mEq./l. The child was treated with intra-
venous 10% glucose and water and sodium bicarbonate,
and showed remarkable and rapid improvement. Sub-
sequent investigation of the electrolytes revealed
marked improvement within 24 hours and by the fifth
hospital day they were completely normal. Radiological
examination of the kidneys revealed no abnormality.
The child did well and was discharged from the
hospital nine days after admission, weighing 6 lb.
3 oz.

This case illustrates the dangers that may be
associated with the administration of a formula
high in solute. Pratt and Snyderman'7 have shown
that premature infants are particularly prone to
the development of hypernatremia as a conse-
quence of high solute feeding. In infants the in-
sensible water loss through the skin is proportion-
ately greater than in the older child because of
the relatively greater body size. Elevated environ-
mental temperature, overbreathing, or diarrhea in-
crease the water loss and thus decre&se the amount
available for solute excretion. The obligatory loss
in the urine due to a high solute load is thus more
likely to produce dehydration and/or hyper-
natremia. Under normal circumstances the kidneys
of full-term infants can handle the extra load of
solute provided by certain unmodified milk
formulas; this does not seem to be the case with
the immature kidneys of the premature infant.

It has been stressed by the Committee on Nutri-
tion of the American Academy of Paediatrics that
concentrated feeding mixtures consisting of cow's
milk, if not supplemented by additional water,
provide a smaller margin of safety against heat
stress than do more dilute feedings.

It is therefore evident that the enthusiastic ad-
ministration of certain special feeding preparations,
involving increased protein intake, to young infants
may be extremely hazardous.

Lactic Acid Milk Formukzs
Lactic acid milk has been used as a special

feeding for sick infants for many years. Recently
this type of feeding has been shown to produce
marked and severe metabolic acidosis when ad-
ministered to prematures. Goldman et al.'8 in 1961
compared lactic acid evaporated milk and evapor-
ated milk feedings in premature infants. Sixteen
premature infants fed a proprietary lactic acid milk
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preparation for seven to 10 days were compared
to 16 controls fed non-acidified half-skimmed milk.
There was less weight gain in the experimental
group (6.4 g./kg./day) than in the controls (14.0
g./kg./day). The poor weight gain in the ex-
perimental group was associated with a metabolic
acidosis. In some cases there was a fall in CO,
from 20.0 to 12.0 mEq./l. and in others from 22.1
to 13.6 mEq./l. The physiological explanation, ac-
cording to these authors, was that there had been
an increased excretion in the urine of some of the
ingested lactic acid as lactate, leaving an excess
of hydrogen ions.

It seems, therefore, that the feeding of lactic
acid milk formulas to young premature infants is
associated with a risk which increases in propor-
tion to the excess of lactic acid.

Excessive Sodium Chloride Intake
Recently publicity was given in the daily press

and national magazines to the tragic story of the
death of newborn infants following the accidental
administration, in the feeding, of large amounts of
sodium chloride. Dahl, Heine and Tassinari19 have
studied the possible role of high sodium chloride
intake in the diet of infants in the Western hemis-
phere and its relationship to hypertension in the
adult. Experiments were carried out in which rats
were chronically fed a diet high in sodium chloride.
If high salt intakes were initiated at the time of
weaning (approximately three weeks of age) the
rats were more prone to develop hypertension than
were older rats maintained on the same high
sodium diet. Dahl, Heine and Tassinari19 sug-
gested that the modern diet of young infants may
contain concentrations of sodium chloride so high
as to result in average daily intakes comparable,
on a body-weight basis, to the highest reported
intake in man (27 g./day), as may occur among
the northern Japanese. In this latter group hyper-
tension is common and severe. Infants in the
United States between the ages of 1 and 3 months
may receive supplementary proprietary foods in
which the sodium content is high. The same
authors19 have demonstrated that in rats the con-
sumption of a diet high in sodium chloride during
early life can induce hypertension which becomes
self-sustaining after the extra sodium chloride is
removed from the diet. Although some of the
figures cited in their article may be questioned,
their work should move many physicians to con-
sider the possible latent effects of prolonged ex-
cessive amounts of salt in the diet, particularly
during the neonatal period.

Protein
The amount of protein required by young in-

fants has not yet been accurately determined;
indeed, the amount of protein recommended for
these infants per kg. body weight per day has

decreased over the years. Generally speaking,
harmful consequences have not been observed with
increased protein in infant feedings except when
water is lacking for the excretion of accumulated
nitrogenous wastes (vide supra).
Omans et al.20 reported a long-term study of pro-

tein intake and growth in premature infants. The
babies grew as well on formulas that contained
3.0 g./kg./day as on formulas containing 8.0 g.
protein/kg./day. Kennedy,33 in experiments on
young rats, found that pathological lesions ordi-
narily seen in the kidneys of aged rats appeared at
a much earlier age when as little as a twofold
increase in protein load was instituted. Since there.
appears to be no advantage in feeding large
amounts of protein to young infants, consideration
should perhaps be given to the harmful effects of
excess intake and to the advisability of prescribing
the minimal amount of protein consistent with
normal growth.

Amino Acid
The addition of amino acid supplements to cer-

tain foods has been suggested for some time on
the grounds that a balanced intake of essential
amino acids must be provided. If the ingestion of
certain amino acids is excessive the body can
adapt within certain limits but the friargin of
safety is very much less than is the case with
vitamins.

In 1955, Albanese et al.21 suggested that the ad-
dition of lysine to cow's milk formulas given to
malnourished infants resulted in better weight
gain and a higher concentration of serum protein
and hemoglobin. The use of lysine was advocated
by many pediatricians without clear evidence of
its benefits. A subsequent review emphasized the
possible hazards of such supplementation in pro-
ducing imbalances in the body's store of other
amino acids by altering the requirements for these
other amino acids.22
A number of examples of amino acid imbalances

and toxicities have recently been reviewed by
Harper.23 The question of amino acid supplemen-
tation has not been resolved, but there appears to
be sufficient evidence to suggest that supple-
mentary administration of specific amino acids may
be of questionable value and probably should be
avoided because of the amino acid imbalance that
may result.

Fat
Atherosclerosis has been observed in the young

as well as in the old. Moon24 described early signs
of arteriosclerosis as constant findings in the
coronary arteries of young infants. VanBelle,
Hartroft and Donahue25 have reported evidence
which confirms these 4indings. Lesions of the
coronaries and other arteries of infants, suggestive
of the early stages of atheroma, were seen as early



been suggested that children can grow normally
on 300 mg. of calcium a day.28 The calcium intake
for young infants presently recommended in the
Canadian Dietary Standard is 500 mg. a day.29 In
the past, large intakes of calcium have been recom-
mended even though little accurate information was
available to support such recommendations. For
this reason, consideration should be given to the
possible harmful consequences of excess calcium.
Idiopathic hypercalcemia is a condition described
primarily in England and Switzerland. It is charac-
terized by lethargy, anorexia, interference with
growth, hypotonia, polyuria, and elevated calcium
levels in the blood occurring in 3- to 12-month-old
infants. It is believed to be related in part to excess
vitamin D administration and possibly to excess
calcium ingestion.30

This condition may be "triggered" during the
first one or two months of life and in this respect a
preventive dietary program may be important. In
the light of available evidence it is unwise for
the physician to encourage the ingestion of ex-
cessive amounts of calcium or vitamin D.

(b) Phosphorus
Excess phosphorus intake during early life is

now recognized as a hazard to small infants.
Tetany of the newborn, resulting in seizures during
the first two weeks of life, and associated with low
calcium and elevated phosphorus levels in the
blood, is well recognized. The ca'use of this disorder
is believed to be the presentation of an excessive
phosphate load to the immature kidneys as a result
of the use of a cow's milk formula, associated with
a transient hypoparathyroidism in the neonate.

TABLE 11.-COMPARATIVE ELECTROLYTE CONTENT OF
HUMAN AND Cow's MILK"

Human
Cow's milk milk

Total minerals
(g./100 ml. whole milk).0.72 0.21

Electrolytes
Calcium (mEq./l.).62.4 16.5
Potassium (mEq./l.).35.3 14.1
Sodjuiji (mEq./I.).25.2 6.5
Magndsium (mEq./l.).9.9 3.3
Chloride (mEq./l.).29.0 12. 1
Phosphorus (mg./100 ml.).96.0 15.0
*Calcalated from data reported by Macy, I. G., Kelley, H.

and Sloan, R.: A compilation of the comparative composition
and properties of human, cow and goat milk, colostrum and
transitional milk, National Research Council, National
Academy of Sciences, Washington, 1950, p. 63.

Table II illustrates the large amount of phos-
phorus in cow's milk as compared to human milk.
Gittleman and Pincus31 have studied the incidence
of hypocalcemia in newborns and have described
the relationship between hypocalcemia and various
milk formulas including whole cow's milk,
evaporated milk and human milk. In a study of 27
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to 41 infants receiving one or other of these formu-
las the percentage of infants developing hypocal-
cemia was 13.3, 24.4 and 0.0, respectively. It is evi-
dent that hypocalcemia in infants receiving human
milk is extremely uncommon in comparison to those
fed whole cow's milk or evaporated milk. Recently
low-solute-milk feeding preparations have been
advocated for young infants, partly because of the
lower concentration of phosphorus in such feedings,
which simulates that of human milk.
Whether permanent damage or other sequelae

may follow in such cases is not known, but the
dangers of phosphorus excess should be considered,
and if possible prevented, particularly in the pre-
mature or small full-term infant.

SUMMARY

The hazards of excessive administration of certain
nutrients during the neonatal period are briefly dis-
cussed. Only a limited amount of information is avail-
able concerning the effect on the fetus of maternal
nutritional excesses. The physician should be interested
not only in certain anatomical abnormalities, but also
in the possibility that altered nutrient requirements
in the neonate may result from exposure in utero to
high nutrient concentrations which may produce cer-
tain "conditioned" deficiencies. In the light of the
recognized hazards of certain nutritional excesses and
the potential hazards of others, levels for infant feed-
ings and for prenatal and infant vitamin and mineral
supplements should not exceed levels that fulfill the
recommendations of the national dietary standards.29' 32
There is little pr no evidence that intakes above these
levels are beneficial and they may in fact cause harm.
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PAGES OUT OF THE PAST: FROM THE JOURNAL OF FIFTY YEARS AGO

SOME INSTRUCTION MIGHT BE GIVEN
It is very unsatisfactory to be told by the philosophers

that these things are appearances only; that mind not only
does not but cannot act on body, nor can the body act on
mind, when all the time we see, apparently, both these
interactions proceeding continually before us. And if we,
the orthodox practitioners, are in this outer intellectual
darkness, what must be the state philosophically of those
persons known as "faith healers" and "Christian scientists",
whose whole position is that the mind can profoundly affect
the body even to the extent of dismissing the existence of
bodily pain: these persons must be lost indeed.
While the gulf gets wider between the medical inter-

actionists and the philosophical parallelists, a school of
medical psychologists has arisen in Vienna under the
leadership of Dr. Sigmund Freud which takes into con-
sideration not only conscious but unconscious states as
causal. By what is called psycho-analysis, Freud has dis-
covered that many dreams and many cases of hysteria are
produced by the emergence of some subconscious state
into the conscious level-a subconscious state usually of a
disagreeable kind that had on that account been suppressed.

According to Freud all our mental states have emotional
colourings; those that are pleasant are fostered or retained,
those that are unuleasant are suppressed or relegated to the
subconscious realm. In conditions of relaxed attention,
sleep, illness, fatigue, etc., the subconscious emerges into
the conscious and there, as a real cause, is responsible for

the imagery of dreams, the characteristics of hysteria, as
well as all sort of inadvertencies, mistakes, slips of the pen
and tongue. A great deal of hysteria, according to Freud,
is the result of some one or more suppressed because dis-
agreeable mental experiences working away in the sub-
conscious realm, with the results that are disastrous to the
health of the central nervous system. One can readily see
that here we are on ground common to psychology, ethics,
religion and philosophy-certainly the region of the non-
material in medicine; this is one of the latest findings of
medical science; it is distinctly non-materialistic, and it
recognizes the psychic as causal.
The physician should be more than ever versed in

psychology, not only to comprehend the phenomena of
undoubted insanity, but in order intelligently and effectively
to apply the methods of psychotherapeutics which, although
caricatured by "cranks", are based on vital and important
truths. In exactly the same category stands hypnotism, a
valuable therapeutic condition if rightly employed in suit-
able cases. "Personal magnetism", the influence of the
physician's character, has no meaning if the mental is not
causal.

I have no desire to add a single subject to the already
large number in the medical curriculum, but I do think
that between the physiologist, the professor of medicine
and the lecturer on insanity, some instruction might 'be
given on the influence of mind on body and body on mind.
-D. F. Harris, Canad. Med. Ass. J., 5: 870, 1915.


