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Effect of the Level of Nutrition on Birth Weight *

by F. W. CLEMENTS, M.D., F.R.A.C.P., Senior Medical Officer, Institute of Child Health;
Senior Lecturer, Department of Child Health, University of Sydney, Sydney, New South Wales, Australia

The weight and length of the baby at birth will
depend upon the length of gestation. So firmly is
this concept accepted that the WHO Expert Group
on Prematurity in 1950 used birth weight as the
criterion of prematurity.a The critical question,
which has been raised with increasing frequency
over the intervening years, is: How many full-term
infants are born with a birth weight of less than
2500 g? Presumably this can happen in at least two
circumstances:

(a) poor nutrition of the mother leading to poor
storage of fat and perhaps nitrogen in the foetus;

(b) a genetic factor determining a low weight
throughout life.
The first of these will be considered in this note.

Foetal weight and birth weight
The main components of the weight of the foetus

at any age are water and fat. In the full-term infant
70% of the birth weight and 93% of the fat are
deposited in the last three months of gestation. The
water is held in place largely by the action of protein
and fat.
Maternal plasma amino acids rapidly cross the

placenta and are incorporated in foetal proteins.
Foetal gamma-globulins are almost entirely derived
from the mother, as is some of the albumen and some
other proteins. Since the levels of plasma amino
acids on the foetal side are higher than on the
maternal there must be a mechanism in the placenta
for trapping, perhaps storing, and then secreting the
amino acids into the foetal blood. This type of
transfer enables the placenta to collect the temporary
elevations of plasma amino nitrogen which follow
a meal, as have been demonstrated to occur in
males and non-pregnant and pregnant females.b
Indirect evidence suggests that a low plasma amino
nitrogen might occur in pregnant women on a

* Note submitted to the Expert Committee on Maternal
and Child Health, November 1960.

a World Health Organization, Expert Group on Pre-
maturity (1950) Wld Hlth Org. techn. Rep. Ser., 27.

b Clementson, C. A. B. & Churchman, J. (1955) J. Obstet.
Gynaec. Brit. Emp., 62, 390.

constantly low intake of protein.c Under these
circumstances there may be smaller quantities of
amino acids available for transfer. This same set
of circumstances may also occur in women whose
calorie intake is low, and, as a consequence, much
of the protein in the diet is used for energy, resulting
in low plasma amino nitrogen levels.
The placenta transfer of lipids and lipid forming

material has not yet been fully studied.4

Maternal nutrition

Beaton e has recently drawn attention to the
studies which emphasize the apparent change in
physiological status of the pregnant woman. It has
been known for many years that the pregnant
woman retains additional protein f. g over and
above that needed for the actual products of preg-
nancy. This surplus is apparently stored in both
the maternal and foetal tissues; the former in anti-
cipation of the great demands of lactation and the
latter to help meet the needs of the rapidly growing
infant in the first few months of life. Beaton has
pointed out that this adaptation to the increased
needs of pregnancy tends to invalidate studies of
the course of pregnancy, labour, and the health,
birth weight and vigour of the newborn in groups of
women divided according to the intake of calories
and nutrients where the lower limits do not diverge
widely from the upper limits, as in many of the
studies in the economically advanced countries.
This capacity for adaptation would explain the
failure of earlier investigators to demonstrate any
differences in birth weight in infants born to women
in England in different socio-economic levels and
in Europe during the First World War.4 Apparently

c Albanese, A. A. (1959) Protein and amino acid nitrogen,
New York, Academic Press, p. 326.

d1 Dancis, J. (1959) J. Pediat., 55, 85.
e Beaton, G. H. (1960) Nutritional and physiological

adaptations in pregnancy (unpublished document prepared
for the Fifth International Congress on Nutrition).

f Wilson, K. M. (1916) Bull. Johns Hopk. Hosp., 27, 121.
g Hunscher, H. A., Hummell, F. C., Erickson, B. N. &

Macy, I. G. (1935) J. Nutr., 10, 579.
h Murray, B. M. (1924) Spec. Rep. Ser. med. Res. Coun.

(Lond.), No. 81.
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the nutritive value of even the most inadequate diets
in these studies was capable of being enhanced
by better utilization by the pregnant woman.

This raises the question: Does maternal nutrition
affect the birth weight and, if so, what conditions
must exist before a significant decrease in birth
weight occurs? Answers to these questions will
be sought from the various studies in this field.

Analysis of results offield studies
The importance of the level of lifetime nutrition.

Thomson i summed up the situation with the
statement: "The nutritional status of a pregnant
woman depends more upon her life experience of
diet than upon the nature of the diet she happens
to take during pregnancy ". A woman who has been
reasonably well fed during her pre-gravid life, but
who has not had any special increase during preg-
nancy, is probably able to draw upon her reserves
and by adaptation meet the full nutritional demands
of the foetus. This may be achieved, however, at
the expense of her own tissue reserves. In these
circumstances the infant's birth weight will be
within the normal range, but the mother may have
difficulties in establishing lactation. Schofield et
al.J confirmed this in their studies of women at two
Australian maternity hospitals. On the assumption
that the healthy, well-nourished girl and adolescent
reaches her height potential, whereas the sickly
and/or malnourished often fails to do so, Thomson i
showed that the prematurity rate for primigravidae
could be correlated inversely with stature. Small,
unhealthy women have a prematurity rate five times
as great as tall, healthy women. Tompkins & Wiehl k
showed that women whose height at the beginning
of their pregnancy is below the mean for the national
or social group have a higher incidence of prema-
turity. Those whose weight was from 5% to 19%
below had about twice as many premature infants,
while those whose weight was 20% or more below
had four times as many, as those whose weight had
been between 10% above and 5 % below. Women
whose pre-gravid weight had been more than 6%
below the mean and who did not make satisfactory
weight gains during pregnancy had many more
premature infants than those in the same pre-

f Thomson, A. M. (1957) Proc. Nutr. Soc., 16, 45.
i Schofield, C. P., Wheildon, A., Beet, L. & McNaughton,

J. W. (1948) Spec. Rep. Ser. Nat. Hlth med. Res. Coun.
(Aust.), No. 4.

k Tompkins, W. T. & Wiehl, D. G. (1951) Amer. J.
Obstet. Gynec., 62, 898.

gravid category but who made good weight gains
during pregnancy itself.
Antonov I made some interesting observations

on the siege of Leningrad in 1941-42, the results
of which have been quoted frequently in reviews.
Reference is made to these results here in order to
make one point.

It seems that the food situation was at its worst
between August 1941 and February 1942. The
winter was extremely severe and even the pregnant
women were required to do heavy manual work out
of doors. In 1942 the birth rate fell sharply, and
the incidence of prematurity increased to 41.2%
of total live births. It has been pointed out by
Steams m-and this may be the significant point-
that women in Leningrad had probably not had a
regular adequate diet before the siege.

It is noteworthy that in all these studies the
criterion of poor maternal nutrition has been the
outcome of pregnancy-namely, the prematurity
(other factors were also investigated in these studies
but they have been omitted from this review), i.e.,
infants with a birth weight less than 2500 g. The
unsolved question is: What was the length of
gestation of these infants? Over the years that
birth weight has been used to define prematurity,
it seems that scant attention has been paid to con-
ceptional age. It is admitted that this is extremely
difficult to determine with confidence, especially
under conditions of semi-starvation associated with
some of these studies. In some of these studies
reference is made to the high incidence of ame-
norrhoea.

Nutrition during pregnancy. The investigations
by Smith n in the Netherlands of the effects of semi-
starvation, during the siege of Rotterdam, have been
frequently quoted and are of interest in this inquiry.
He studied the effects of a diet of less than 1000
calories and from 30 g to 40 g protein daily upon
the pregnancy, especially in the third trimester. It
would seem that the women were subjected to this
severe under-nutrition after years of reasonably
adequate diets. The average birth weight of infants
born to these women fell to about 90% of average
birth weights of infants in the period just before
and just after the crisis. Smith has pointed out that
the numbers of births were too few for an analysis
of prematurity and apparently assumes that the

z Antonov, A. M. (1947) J. Pediat., 30, 250.
m Stearns, G. (1958) J. Amer. med. Ass., 168, 1655.
n Smith, C. A. (1947) J. Pediat., 30, 229.
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usual percentage of these infants were born at full
term. Klein 0 showed that the average birth weights
of infants of both primigravidae and multigravidae
who made small weight gains (less than 10 pounds)
during pregnancy were less than those who made
gains of more than 10 pounds (4.5 kg). Sontag
& Wines P concluded from a study of 216 women
and their offspring that " a significant relationship
was found to exist between the protein content of a
mother's diet during pregnancy and the birth length
of her infant ". In contrast Dieckmann and his
co-workers q found no correlation between weight
and length of the baby and the protein intake for
the entire period studied. They point out, however,
that the subjects in this study were co-operative in
keeping dietary records and in visiting the doctor
and dietitian at suggested times. It had been their
experience over the years that the co-operative
patient has less likelihood of complications than
the non-co-operative. This observation agrees with
those made by Schofield and her co-workers I in
Australia.
To turn now to less well developed areas. Millis r

has reviewed the birth weights of Chinese and
Indian children born in Singapore in the years 1947
and 1950. In 1947 the purchasing power of money
was probably at its lowest, whereas by 1950 there
had been some adjustment of wages and prices of
commodities were lower, permitting the purchase
of more food by the average family. For both
races, babies born in 1947 were lighter than those
born in 1950. The differences were statistically
significant. These are samples of the studies made.
The majority have been carried out in Europe,
North America and in countries with a relatively
high standard of living, where the margin between
poor diets and adequate diets is not great.

0 Klein, J. (1946) Amer. J. Obstet. Gynec., 52, 574.
Pi Sontag, L. W. & Wines, J. (1947) Amer. J. Obstet.

Gynec., 54, 994.
q Dieckmann, W. J. et al. (1951) J. Amer. diet. Ass., 27,

1046.
r millis, S. J. (1952) Med. J. Malaya, 6, 157.

Relatively few studies have been made in Asia
and Africa, where the birth weights of infants are
significantly below those in European countries.

In 1957 the author collected information about
the weight gains of women attending a number of
health centres in Taiwan and Ceylon. The per-
centages of women who made specified weight
gains during pregnancy are as follows:

Taiwan Ceylon
(%) (%)

Gained 8-11 kg 25 10
Gained 5-8 kg 25 32
Gained 3-5 kg 30 30
Gained less than 3 kg 15 23
Lost weight 5 5
(No. of records) (130) (88)

It will be seen that a significant number of women
failed to gain an amount of weight equal to the
weight of the baby they produced and that a few
women actually lost weight. Unfortunately, it
was not possible to collect birth weights for the
infants.

Discussion
The evidence available suggests that both the

pre-gravid diet and the diet during pregnancy may
affect the birth weight of infants, a poor diet
resulting in a higher percentage of low birth weights.
The weights of some infants are below 2500 g.

In all these studies little or no attempt has been
made to determine conceptional age of the infants,
without which it is not possible to determine what
percentage of those whose birth weight is less than
2500 g are premature. It is recognized that this is
a difficult but perhaps not an impossible task.
There is some indirect evidence to justify the

hypothesis that the level of maternal nutrition may
affect the birth weight of full-term infants and that
a number may be born with weights less than
2500 g. However, it is still highly desirable to conduct
a number of well-planned studies to test this hypo-
thesis and establish a firm basis for an international
policy on prematurity.


