CDH=-#54

Maternal Nutrition and Fetal Growth
in Developing Societies

Socioeconomic Factors

Aaron Lechtig, MD, MPH; Hernan Delgado, MD, MPH; Robert E. Lasky, PhD; Robert E. Klein, PhD;
Patricia L. Engle, PhD; Charles Yarbrough, PhD; Jean-Pierre Habicht, MD, PhD

Developing societies share several
common characteristics, includ-
ing low grtss national product per cap-
ita, heavy dependency on the export
of raw materials, inefficient systems
of land tenure, and deficient tech-
nology. Malnutrition and infectious
disease are highly prevalent, espe-
cially during the first five to seven
years of'life. Such societies moreover
are characterized by sharp differ-
ences between upper and lower socic-
cconomic status groups in terms of
income and living conditions.
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Figure 1 summarizes results of sev-
eral studies comparing height of
adult women from high and low eocic-
economic groups. Women from low
sociceconomic greups in rural and ur-
ban populations are shorter; those
from the high socioeconomic group re-
semble the white urban pepulation in
the United States. With regard to
height or prepregnancy weight, sim-
ilar facts obtain.

In developing societies, sacioeco-
nomic status is also associated with
other maternal characteristics. Die-
tary intake of proteins and calories’**
and weight gain during preg-
nancy’ "' (L. J. Mata, ScD, unpub-
lished data) are low in women from
rural populations. Comparisons in
terms of birth weight show a similar
pattern. In developing countries, the
proportion of infants with low birth

weight is greater in rural and urban
groups from low socioeconomic strata
than in high socioeconomic groups
from the same countries.'*'**

In most studies, socioeconomic
status has been defined exclusively by
family income. There are very few re-
ports concerning other sociocultural
factors that could explain the ob-
served differences in maternzl nu-
trition and birth weight. Maternal
malautrition, whether secondary to
dietary deficiency, increased losses, or
demands due to infecticus disease, is
an important cause of fetal growth
retardation, which is perpetuated
through generations.

Study of Nutrition
and Mental Development

We are exploring these inter-
relations in an INCAP study on nu-
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trition and mental development® in
four rural ladino villages in Guate-
mala. The total population of the four
villages is around 3,600, half of whom
are below 15 years of age. The vil-
lages have a subsistence agriculture
economy, producing corn, beans, and
mango. The median annuai income is
$200 per family, most of which is allo-
cated to food and clothing. Sanitation
ic extremely poor; drinking water de-
rives from public wells or creeks and
only 6% of the houses have latrines.

We have devised a socioeconomic
scale based on characteristics of the
house, clothing, and education of chil-
dren. As the score increases, the per-
centage of low-birth-weight infants
decreases (Fig 2). Even in small rural
villages in which almost all inhabi-
tants are poor and illiterste, very
simple sociocultural scales can iden-
tify groaps of mothers with sharp dif-
ferences in incidence of low-birth-
weight infants.

Socioeconomic score also shows a
significant association with maiernal
height and head circumference, third-
trimester maternal weight, and in-
dicators of maternal morbidity dur-
ing pregnancy. Figure 3 shows the
relationship beiween sociceconomic
score and low birth weight of infants
according to maternal height. The
magnitude of this association is
greater in mothers with low stature
then in those with high stature. A
similar pattern appears when mater-
nal weight, head circumference, or

Fig 2.—~Relationship between socioeconomic score and proportion
of children with low and high birth weights in four rural Guatemalan
villages. Number of cases given in parentheses; total number is
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Fig 1.~Relationship between sociooconomic status and height of adult wornen in pre-
industrialized societies. Mumber of cases shown in parentheses. Data obtained from follow-
ing sourcss: (1) Faulhaber’; (2) Arroyave et al* and Lechtig et al*; (3) Lechtig ot al*; (4) L. J.
Mata, ScD, unpublished data; (5) Sebrell at ai*; (6) Niswander et al.®

morbidity is studied. Consequently,
these maternal characteristics may
explain an important pari of the reia-
tionship between sccioeconomic score
and low birth weight.

A reasonabie interpretation of this
finding is that the socioeconomic
score refiects economic and cuitural
conditions resulting in maternal mal-
nutrition and disease, which in turn
produce fetel: growth retardation.
There are, of course, alternative ex-

planations for these findings. It is
possible, for example, that the socio-
economic score and maternal charac-
teristics are risk indicators net
causally related to the mechanisms
responsible for fetal growth retsrda-
tion. This, however, is an unlikely
possibility since there is evidence that
improvement in maternal nutrilion is
associated with higher birth weight.®
Whatever tne causal relations among
these variables, it ie clear that the so-

Fig 3.—Influence of maternal height on reiationship between so-
cipeconomic score and proportion of babies with low birth weight
(< 2.5 kg [5.5 Ib]). Number of cases given in parentheses.
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Fig 4.—~Influence of calcric supplementation on relaticaship be-
tween socioeconomic score and proportion of babies with low birth
weight. Number of cases given in parentheses.

cioeconomic score has biological im-
portance in these villages, since the
risk of low birth weight is seven
times greater in methers with a low
socioecogomic score than in those
with a high score.

Figugc 4 shows the relationship be-
tween the socioeconomic score and
low-birth-weight infants according to
maternal caloric supplementation
during pregnancy. The magnitude of
the association is greater in mothers
with low supplementation than in
those with high supplementation. The
group with a high socioeconomic score
showed no difference in proportion
of low-birth-weight infants whether
supplementation was high or low.
These results indicate that differ-
ences in the incidence of low birth
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Fig 5.--Influence of maternal height and caloric supplementation
during pregnancy on relaiionship beween socioeconomic score and

proportion of infants with iow birth weight. Number of cases given

in parentheses.

weight according to the socioeco-
nomic score can be reduced if mothers
are well supplemented during preg-
nancy, and that the effects of caloric
supplementation are strongest in the
group with a low score.

Figure b presents the relationship
between the socioeconomic score and
proportion of low-birth-weight in-
fants according to stature of the
mother and caloric supplementation
during pregnancy. The association of
socioeconomic score and low birth
weight is significant for short moth-
ers with low supplementation. No as-
sociation between the socioeconomic
score and low birth weight is evident
in tall, well-supplemented mothers.
The two intermediate groups show an
intermediate association.
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Dr. Behrman inquired whether there
was an increase in mortality of infants
who weigh more than 4,400 gm (10 Ib) at
birth, commenting that in an earlier study
in the higher socioeconomic classes, heavy
infants had lower intelligence quotients
when tested at school age. He also wanted
to know whether one could distinguish in
the upper ®cioeconomic classes infants
who weigh more than 4,400 gm at hirth.
Dr. Rush responded that there was indeed
some ingreased risk at the higher birth
weight. H® pointed out that in infants with
weights up to 3,500 gm (8 Ib), there was
better suevival with the higher weight, foi-
lowed by a plateau for about 500 gm (1 b}
and then a rise in mortality. He pointed
out further than mean birth weight for
Western population varied between 3,200
and 3,500 gm (7 and 8 Ib), and that 4,400
gm was more than 2 standard deviations
from the mean and therefore might repre-
sent, in faet, pathologic states of preg-
nancy. He continued that it is possible to
distinguish between types of fetal gesta-
tion in upper social status, but that there
was differentiation of nutrition within the
upper-class mothers as well, because abil-
ity to purchase food does not necessarily
assure purchase of proper nutrients. The
important point is that there is a variation
in nutritional status, independent of social
status. However, there is an interaction
between sqcial stz2tus and effects on fetal
growth. For instance, in some studies, low-
birth-weight infants in an upper class in-
curred little or no disadvantage in eventus!
mental performance, whereas there was
such a disadvantzge among the poor. Thia
also holds for the increase in perinatal
mortality due to maternal smoking, which
is greater among the poor than among the
well-to-do.

Dr. Sinclair then continued the discus-
sion, raising the issue that the correlation
between pregnancy weight gain and birth
weight may be somewhat spurious because
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Summarized Discussion of Sassion |

cne weighs the pregnant mother together
with the fetus and one therefore may he
measuring, at least in part, the same thing
twice. Would it not be more accurate, he
wondered, to subtract fetus weight from
pregnancy weight gain itseif. Dr, Rush re-
sponded that the proportionate companent
of fetal weight gain is so small as to be
negligible. He continued that fetal weight
of n few hundred grams is contrasted with
the pregnancy weight gain of approxi-
mately 25 kg (55 b) or so. Dr. Sinclair dis-
agreed and stated that if one took weight
gain of some 12 kg (26 1h), the fatal weight
and thal of the products of conception
would constitute approximately one third
of the total weight. Dr. Rush, on reflection,
agreed and suggested that perhaps such
calculations would be valid in analyzing
data of pregnancy weight gain and birth
weight. Dr. Ousa added that in Thailand,
at least, one must account for the influence
of toxemia of pregnancy cn the data of
weight gain during pregnancy, because
in that country there are many toxcmic
women.

Regarding Dr. Lechtig's data, Dr. Plot-
kin wondered about the infection rate in
mothers, for example, urinary tract infec-
tions. Dr. Lechtig responded that in their
studies, infection correlated negatively
with birth weight. In view of the siate-
ment by Dr. Rush that msaternal smoking
correlated with lower birth weight, Dr.
Plotkin wondered whether there was an
animal model in which this influence could
be tested. Dr. Sinclair recalled that there
was and referred to a Winnipeg, Canada,
study by Dr. Howarth in which rats were
placed in a smoke-filled box for many
hours each day. The effect was & decrease
of mean fetal weight, but noe reduction in
either length of gestation or in litter size.
However, the exposed rats tended (o eat
less. Dr. Beisel wondered whether trans-
placentally transmitted glucose and other
nutrients mey be reduced or otherwise af-
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fected in states of infection. Dr. Behrman
reported that he knew of no studies that
tesied this uestion. There then followed a
discussion about the importance of placen-
tal size in relation to birth weight, and Dr.
Lechtig pointed out that it has some influ-
ence on the birth weight, but that there is
a large margin of safety. Dr. Rush dis-
agreed somewhat and recalled that in the
Dutch famine studies, it had been deter-
mined that the placental size depended on
the size of the fetus and not the other way
around.

Next, the discussion turned to maternal
height as a possible determinant of birth
weight of the infant, prompted by a ques-
tion from Dr. Keusch. Dr. Behrman re-
sponded that in the Leningrad famine, no
such correlation between height and birth
weight could be made. However, Dr. Rush
commented that with the available data it
is not yet possible to isolate the question of
height as an influence and thought that
height was assccialed with the social
status as well. Dr. Lechtig disagreed and
stated his belief that there was a relation-
ship between maternal height and birth
weight. Dr. Keusch continued wondering,
if height had an influence, why it was that
in Dr. Lechtig's studies of caloric supple-
mentation, the high caloric intake did elim-
inate the difierence of birth weights be-
tween short mothers and the taller ones.
Dr. Béhar then pointed out that caloric
supplementation in that study affected
only the pregnancy period, whereas height
of the mother was really a reflection of the
nutritional influences of her entire earlier
life. Dr. Mata added that taller women in
every society produce larger babies. Fi-
nally, Dr. Beisel added that perhaps height
would be more properly defined not in
some absolute, or even relative terms, but
rather as achievement of optimal height

level,
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