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INTRODUCTION

T H E  P R O B L E M *

Aaron Lechtig**

Ins titu te  o f  N u tr it io n  o f  C entral Am erica and Panama ( IN C A P ),  
G uatem ala , C . A .

In 1-itin America, as well as in other developing regions, the term low birth 
weight has quite different implications in terms of causes and sequelae than in the 
developed countries.

Low birth weight includes all those children born with a weight of 2,500 g or less. 
There are two main groups of these children: those whose low birth weight is due to 
a short gestational age (prematurity) and those whose gestational age is normal (fetal 
growth retardation). It is probable that in the Latin American countries the high 
prevalence of low birth weight is fundamentally due to fetal growth retardation more 
than to prematurity. This is why in the developed countries the use of the low birth 
might term is not satisfactory, while in the technologically underdeveloped countries 
-as are the countries o f our Region— the low birth weight term is still useful and prac­
tical for public health purposes.

We estimate that about 22 million children throughout the world were born 
with low birth weight in 1975. The incidence o f low birth weight is closely related 
with the socioeconomic level indicators. Thus, 90°/o of the countries with less than 
2,800 calories per capita per day, presented a high incidence of low birth weight, 
and the underdeveloped countries were responsible for 94°/o o f all the children with 
low birth weight. In Latin America where the population estimated in 1975 was of 
324 millions, 12 million births occurred that same year, and of these, 1.5 million 
(13°/o) or more had low birth weight. 1

The sequelae associated with low birth weight are many and varied, principally 
due to the multifactorial etiology of growth retardation and the changing emphasi- 
of the different etiologic factors from one population to another. In the premature

Presented at: Colloquium on “Prenatal and Perinatal Nutrition”, held as part of 
the IV Latin American Nutrition Congress, Caracas, Venezuela, 21-27 November, 
1976, under the sponsorship of the Latin American Nutrition Society (SLAN).

** Head, Program o f Human Development, Division of Human Development of
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child, for example, the most prominent problem is respiratory difficulty with the conse­
quent hypoxia and injury to the central nervous system. In contrast, children with 
low birth weight due to retardation of fetal growth show a tendency to hypoglycemia 
and hypothermia, frequent and severe infections, loss o f  subcutaneous fat and of the 
skin turgescence, high mortality and suboptimal postnatal development. Fetal growth 
retardation is also associated to light perinatal hypoxia, small postnatal weight loss, 
polycythemia and high erythropoietin levels as well as to an increase o f congenital 
malformations.

A positive correlation between birth weight and physical postnatal growth has 
also been found. This is important because physical growth retardation, in its turn, 
is associated with psychomotor and mental development retardation and with a reduced 
survival capacity.2 Lastly, these children show a high prevalence o f anomalies in the 
electroencephalogram, a lower performance in vocabulary and reading tests, and a 
trend to low school performance.3' 6

The low survival capacity associated with low birth weight is primarily due to a 
lower resistance to infection and, consequently, to a greater frequency and severity of 
infections. It has been shown that babies with low birth weight have reduced levels of 
IgG at birth, an important reduction in the number o f peripheral lymphocytes T, and 
a lower capacity to produce an immune cellular response. Furthermore, a reduced 
opsonic function in the plasma due to reduced C3 levels and a notorious diminution of 
the bacterial capacity and of the metabolism o f polymorphonuclears during the phago­
cytosis process have been frequently informed.7 Thus, considering the high level of 
exposure of these babies to postnatal malnutrition and infection, it is not surprising 
to find that their probabilities of surviving during their first year of life are much 
more lower than those of children with normal birth weight.8' 10

For the above-mentioned reasons, the high prevalence of low birth weight in 
Latin America represents not only a problem in human terms, but also a serious obstacle 
for the social and economic development o f these countries that, up to the present 
moment, has not been sufficiently recognized nor adequately approached.1

In order to analyze the biological, clinical and public health aspects of this pro­
blem, the physiologic and clinical implications of low birth weight are first presented, 
and the different mechanisms of materno-fetal transference o f nutrients are discussed. 
Then the more important causes of low birth weight in Latin America are identified, 
followed by a discussion of its implications for action programs. Thé different alter­
natives for action constitute the final focal point of concentration of the Colloquium, 
to which all the presentations are oriented, particularly the last three where planned and 
ongoing programs in several Latin American countries are discussed.

In our opinion, this Colloquium should be followed by workshops aimed to im­
prove the understanding o f the problem and to facilitate to the Latin American Govern­
ments, the planning, implementation and evaluation o f programs which pursue a 
dramatic reduction of the high prevalence o f low birth-weight babies in the Subcontinent.
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LO W  B IR T H  W E IG H T :  

C L IN IC A L  IM P L IC A T IO N S *

Pedro Daniel Páez * *

M atern idad  "Concepción Palacios", Caracas, Venezuela  

S U M M A R Y

At present, the study of pre-term babies (prematures) has acquired special interest, 
mainly due to the great scientific advances achieved in this field, and because of their 
complicated handling, and the high risks implied by incorporation of the survivors to 
the society we live in.

Retardation in fetal development observed in the Latin American countries is the 
first cause of neonatal mortality, of perinatal clinical implications and of sequelae 
in the child’s development,furthermore, it is a conditioning factor of postnatal mortality 
and morbidity.

This group of in utero malnourished babies or small-for-date infants, merits par­
ticular interest, since it is the most unfortunate group of newborns, especially in what 
concerns their future mental development.

Results of a statistical and clinical analysis of the characteristics that define low 
birth weight babies are given.

Finally, a series of recommendations with obstetric, perinatal and pediatric 
implications are provided, all of which tend to improve medical assistance for this 
group of newborns.

I. IN T R O D U C T IO N

The study of infants born with less than 37 weeks of gestation has taken great 
importance in the course of the past years, with the appearance of perinatology, as a

* Presented at: Colloquium on “Prenatal and Perinatal Nutrition” held as part of 
the IV Latin American Nutrition Congress, Caracas, Venezuela, 21-27 November, 
1976, under the sponsorship of the Latin American Nutrition Society (SLAN).

** Assistant Director of the Neonatal Intensive Therapy Unit, Department of Pedia­
trics of the Maternidad “Concepción Palacios”, Caracas, Venezuela.
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discipline which analyzes in depth the obstetric and pediatric events that take place 
around parturition. This concern has led to a greater knowledge of these phenomena 
which are directly reflected in the future of the newborns with the consequent impli­
cations for the community that watches over their physical, mental and social welfare.

A low birth-weight or premature baby has been traditionally accepted as a child 
whose weight is 2,500 grams or less. However, with the incorporation of the gesta­
tional age parameter,1 a new classification has been suggested that groups them as 
follows: pre-term, at term and post-term babies, according to whether their birth takes 
place before 38 weeks, between the 38th and 42nd weeks, or after 42 weeks, respec­
tively. In turn, each of these categories is subclassified in small, adequate or large for 
its gestational age, if his weight is below the 10th percentile, between the 10th and 
90th percentile, or above the 90th percentile, in that order. Some authors only speak 
of small for their gestational age when children are born below the third percentile 
according to their weight.2 ’3

II. INCIDENCE

In the developed countries, approximately 8°/o of all babies born alive weigh 
from 1,500 to 2,500 grams, which correspond to a gestational age of 31 to 36 weeks, 
with a neonatal mortality of 2 to 8°/o.

If we consider only the children who at birth weigh from 500 to 1,500 grams 
and who correspond to the 24-30 weeks of gestation group, we find that neonatal 
mortality rises up to 70°/o. The magnitude of this problem acquires greater evidence 
when these figures are compared with those of neonatal mortality observed in at term 
newborns, which is o f 0.2°/o.4

In Costa Rica, babies weighing less than 2,500 g at birth represent from 12 to 
15°/o of all born-alive babies, and 15°/o in Colombia.5

In a recent study carried out in a rural community of Guatemala, 48°/o of the 
newborns whose average weight was 2,564 grams 'Ivere found, with a neonatal 
mortality of 8°/o.6

Besides, congenital malformations incompatible with life are more frequent in 
premature infants. The majority of the déaths occurring in this group with a birth 
weight under 2,500 g, are due to the “Respiratory Distress Syndrome” on account of 
pulmonary immaturity of the lungs or hyaline membrane disease. Sequelae, especially 
of neurologic order, affect these prematures in a transitory or definite form after par­
turition, in a greater proportion than at term newborns.7 The greater the degree of 
prematurity, the greater the incidence of mortality and sequelae.

III. CLINICAL CHARACTERISTICS 
OF LOW BIRTH WEIGHT INFANTS

The perinatal asphyxia represents a frequent problem in pre-term newborns,
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and is fundamentally explained by the degree of immaturity of the nervous system 
cerebral hemorrhages, infections and fetal injury.

These babies need external help to control the temperature. In view of the 
impossibility o f producing heat through muscular contractions, they use its chemical 
thermogenesis mechanism which is activated by the action of epinephrine on the 
brown fat. This system starts functioning every time that the child is below its thermic 
neutral zone (37°C).

Nutritionally, they are at disadvantage since their gastric capacity is limited, the 
incomplete myelinization of the nervous system prevents a good motor function of 
the digestive system and, lastly, their caloric requriments per kg Of weight are high 
(120-150 calories/kg/day after the first week of life). That lack of caloric supply 
generates malnutrition situations which are fundamentally reflected in the nervous 
system, a problem that is more accentuated in the newborn with a weight below 
1,500 g, especially if other problems are associated to it. Multiple food systems have 
been designed which vary from parenteral hyperalimentation, whether this is per­
formed with hyperosmolar or iso-osmolar solution, “gavage”, to continuous trans- 
pyloric feeding. All of them require specialized personnel and equipment, since they 
are not free from complications. In some specialized centers, mother’s milk is being 
administered which benefits the neonate from the well-known immunologic protection 
from infections of the respiratory and gastrointestinal tract.

From the respiratory point of view, if the newborn has less than 37 weeks of 
gestation, its alveolar surfactant content with tensoactive properties (lecithyn) will 
be reduced, and this leads to atelelectasis, hypoxia and death. The Hyaline Membrane 
Disease will occur in 10%  of the newborns with less than 2,500 g, with a neonatal 
mortality of about 20°/o in the more specialized centers equipped with intensive 
care units,8 and 8 0 °/o in the less well-equipped centers. The aspiration syndrome 
and the pulmonary and retinal complications of hyperoxia also occupy an important 
place in the morbilethality of these neonates.

Jaundice is particularly common in this age group, partly due to hepatic im­
maturity and partly because of their low plasma albumin content. It is a well-known 
fact that the frequent acidosis and hypoxia situations make the neurone more vulne­
rable- to the neurotoxic effect of indirect bilirubin, with the consequent possibility 
of a greater incidence of kernicterus.9

There is a deficient absorption of minerals such as calcium, magnesium, copper, 
zinc110 which explains the frequent tetany episodes.

The hemoglobin concentration in pre-term fetuses is diminished, and so is the 
erythropoietic activity-, also, the red cell membrane is more susceptible to peroxidation 
and destruction due to the transitory deficiency of tocopherol (vitamin E).11, 12 
All of these factors contribute in one way or another to the anemia of the premature.
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The carbohydrate stores of the pre-term child are lower than those of the at 
term newborns, and this conditions hypoglycemia situations in the first hours of life.

Pre-term newborns have another obstacle to surpass: infections. Their immuno­
logic system is not altogether developed; there are immunoglobulin A deficiencies 
which they acquire at an early date through the maternal colostrum; the immuno­
globulins M do not cross the placenta, thus placing them at disadvantage, mainly 
against gram-negative germs. The acute necrotizing enterocolitis, with its high mor­
tality, is rather common in newborns with a history of hypoxia, prematurity, Hyaline 
Membrane Disease, umbilical catheterization, and patent Ductus arteriosus.

IV. SMALL FOR GESTATIONAL AGE

As mentioned previously, this group of newborns is under the 10th percentile 
for their weight and gestational age. The incidence of morbi-mortality in them is 
higher than in any other group of newborns.

Studies carried out in the United States of America and Great Britain establish 
that approximately 30°/o of the newborns weighing less than 2,500 g are not real 
prematures, but small for their gestational age.13 For the Latin American countries, 
this figure is of approximately 60°/o, being such low weight the first cause of perinatal 
death.

Interest for studying these groups of newborns started in 1963 when Gruenwald3 
wrote in regard to the “Chronic fetal suffering and placental insufficiency.” Then, 
in 1968, Dobbing established that the brain is permanently affected from the intel­
lectual and neurologic points of view when there is malnutrition during its rapid 
growing phase, especially during the third trimester of pregnancy.14

The incidence of congenital malformations is 1.5°/o in pre-term babies, parti­
cularly if these are malnourished in utero, which suggests the existence of a genetic 
factor in its etiology. In addition there is a conjunction of factors that include mater­
nal, environmental, placentary and fetal aspects which try to explain their etiology, 
very well described in the literature.15 6

A study of 96 children born with a weight under the 10th percentile who were 
followed during six years fundamentally to analyze the course of their growth and 
development was carried out. We shall now describe only the most salient aspects. 
The general growth pattern was the same for pre-term and at term babies, with a 
greater growth velocity in the first six months in the malnourished in utero. A signi­
ficant retardness in their weight and height occurred, noting, for example, that at the 
age of six years 35°/o of them were under the third percentile for their weight and 
height and only 8°/o were over the fiftieth percentile. The bone age was under the 
third percentile in half of the children included in the study.



8

In 25%  o f the cases minimal cerebral disfunction was observed. The electro- 
encephalographic tracing was abnormal in 70% , while the percentage of abnormalities 
in the control group was 27% . School performance was poor in 40%  of the children 
who, in turn, presented a 30%  language deficit.

A whole conglomerate of physiologic changes can be appreciated in these chil­
dren in function of their gestational age, which can be summarized as follows:

1. Acceleration of pulmonary maturity, a fact that explains the lower inci­
dence of disease of the hyaline membrane.

2. Retardness in the epiphiseal ossification centers.

3. Minimal weight loss during the neonatal period.

4. High hemoglobin values.

5. Increase of the plasmatic volume.

6. Increase o f the extracellular fluid.

7. Increase of the nonprotein nitrogen.

8. Hypo- and hyperglicemia.

9. Thymic atrophy.

10. Thin ribs with production of spontaneous fractures.

11. Late anemia.

12. Increase of the metabolic activity/kg weight.

13. Limited thermoregulation capacity.

14. Normal or reduced immunoglobulin G.

15. Increased immunoglobulin M in case of infection.

16. Greater incidence of asphyetic problems.

Special efforts are presently concentrated in the study of the future of these 
children, particularly with regard to their growth and development. It has been proved 
that the development of a small for gestational age child runs parallel to that of any 
premature baby adequate for its gestational age if they are in an environment that 
stimulates them to progress physically and mentally.14 Studies on the intellectual
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coefficient of these children failed to establish any correlation: it is concluded there­
fore that this parameter is not helpful for the characterization of these infants.

V . IM P L IC A T IO N S  A N D  S U G G E S T IO N S

Obstetric

The best solution to the problem of low birth-weight newborns is to avoid the 
occurrence of these types of births, or at least that their number be reduced. Multiple 
variables can be modified to achieve this purpose, among which the following are 
mentioned; promotion of health and hygiene of the mother; prevention, diagnosis 
and early treatments of infectious and metabolic diseases; stimulation of maternity 
at an optimal age, with greater interval between pregnancies, suggesting an adequate 
number of pregnancies in accordance to the mother’s possibilities and, finally, 
imparting education on perinatal events.

Perinatal

This part refers to an adequate attention of parturition with participation of 
the obstetrician, anesthesiologist and neonatologist, thus integrating a team of such 
a type as to permit decision-taking and implement working plans from which the 
future of the newborn shall depend. These objectives have certain implications such 
as: complete perinatal evaluation on the part of the members of the medical team-, 
presence of the neonatologist or pediatrician trained in the attention of the critical 
neonate in every act leading to the birth o f  a child at high risk-, availability of adequate 
réanimation equipment; assigment o f  a regional neonatal reference center with par­
ticipation o f the more' complete obstetric-pediatric institution in the areal zone, for 
handling the more difficult cases, and, finally, availability of a statistical evaluation 
system that permits making a precise diagnosis of the perinatal problem.

Pediatric

Analysis o f the events that occur after parturition is of vital importance to 
ascertain the magnitude of the sequelae that remain as product of the survival of so 
many neonates that years back were destined to die. To achieve this goal the fol­
lowing is required.- a complete perinatal history; establishment of referai centers for 
the follow-up at short and long term of the high-risk newborns-, availability of facilities 
that allow these children to benefit from the early stimulation programs and, finally, 
enrollment of all lactating mothers in the La Leche International League.

R E S U M E N  

B A JO  PESO  A L  N A C E R : IM P L IC A C IO N E S  C L IN IC A S *

El estudio de los niños pre-término (prematuros) ha adquirido especial interés
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en nuestros días, principalmente debido a los grandes avances científicos logrados en 
este campo, lo complicado de su manejo, y los grandes riesgos que implica la incor­
poración de los sobrevivientes a la sociedad en que vivimos.

El retardo en el desarrollo fetal observado en los países latinoamericanos es la 
primera causa de mortalidad neonatal, de patología perinatal, y de secuelas de desa­
rrollo del niño; además, es un factor condicionante de la mortalidad y morbilidad 
post-neonatales.

Particular interés reviste el grupo de los desnutridos in útero o pequeños por 
edad gestacional, por tratarse de que éste es el grupo más desafortunado de recién
nacidos, especialmente en lo que a su futuro mental concierne.

Se dan a conocer los resultados de un análisis estadístico y clínico de las ca­
racterísticas que definen a los recién nacidos de bajo peso al nacer.

Finalmente se formula una serie de recomendaciones con implicaciones obsté­
tricas, perinatales y pediátricas, tendientes a mejorar la asistencia médica de este 
grupo de recién nacidos.
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N U T R IT IO N  A N D  M A T E R N A L -F E T A L  E X C H A N G E  O F  N U T R IE N T S :  

A  D IF F E R E N T  P E R S P E C T IV E *
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College o f Physicians &  Surgeons, N ew  Y o rk , N ew  Y o rk  

S U M M A R Y

The assumption that the fetus can parasitize a malnourished mother is still 
widely accepted. In contrast with this concept, data reviewed here demonstrate that 
during a reduced availability of energy and protein the mother protects her body 
stores of nutrients at the expense of sustaining a normal rate of fetal growth. The 
mechanisms by which the mother prevents fetal parasitism would involve a reducer! 
blood volume expansion, reduced placental blood flow and, ultimately, reduced 
transfer of nutrients. Whenever maternal nutritional status is not optimal some degree 
of fetal growth retardation tends to occur. In a large population this is reflected in a 
downward shift in mean birth weight and increased incidence of low birth weight 
infants with associated increase in neonatal mortality.

IN T R O D U C T IO N

Nearly four decades ago it was proposed that circulating nutrients are distributed 
between the maternal tissues and the conceptus, according to their respective metabo­
lic rates. 1 Since the feto-placental unit was supposed to have a higher metabolic rate 
than any of the maternal ticsues, except the brain, it was assumed that during a 
reduced availability o f nutrients the fetus would successfully compete for nutrients 
with the mother, thus becoming an effective parasite.

The assumption that the fetus can parasitize a malnourished mother is still

* Presented at: Colloquium on “Prenatal and Perinatal Nutrition” held as part 
of the IV Latin American Nutrition Congress, Caracas, Venezuela, 21—27 
November, 1976, under the sponsorship o f the Latin American Nutrition Society 
(SLAN).

** Associate Professor o f Pediatrics, Institute o f Human Nutrition, Columbia 
University, New York, N. Y.
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widely accepted and it has fostered the idea that only extreme degrees of maternal 
malnutrition can produce significant degrees of growth retardation, especially in 
humans. However, the results of recent studies and the reinterpretation of data pu­
blished in the last two decades have raised serious doubts about the validity of past 
assumptions on fetal parasitism and, in general, on the nature of maternal-fetal inter­
actions during malnutrition. The purpose of this review is to analyze this new evidence 
and to discuss both its biological and clinical implications.

STUDIES IN A N IM A L  M O D E L S

The hypothesis that the division of nutrients between the mother and the fetus 
is based solely on metabolic rates was tested in pregnant rats kept on a food-restricted 
diet or injected with growth hormone to increase their food intake.2 The results 
showed that whether the food intake of the mother was increased, normal, or reduced, 
the increase in conceptus weight over the last half of pregnancy could be related to 
the total maternal weight increase over this period by the formula y =  1/4 x 4-4.5n, 
where y  is the combined weight of fetuses and placentas (conceptus weight), x  is the 
total maternal weight increase over the last 11 days of pregnancy and n is the number 
of fetuses. The results of this study apparently confirmed the initial hypothesis o f the 
division of nutrients since,as demonstrated by the formula, the increase or decrease of 
the total nutrients available to the mother had been shared equally between the 
various maternal tissues and the fetuses. An interesting finding o f this study, however, 
deserves further analysis. The authors reported that the derived formula did not hold 
when the total maternal weight increase was less than .20. g, although they found that 
even in the most restricted animals the conceptus weight never fell below 4 .5(n+ l).

Studies in rats food restricted between the first and the 20th day of gestation 
suggest, however, that a more severe food restriction may cause the conceptus weight 
to fall markedly below the 4.5(n-|-l) limits.3 Furthermore, in these circumstances, 
the conceptus weight as calculated by the formula discussed above, is higher than 
the observed- weights, suggesting that in’ severely food-restricted rats the division of 
nutrients does not favor the conceptus over the mother. For example, rats fed only 
25 percent o f  the quantity o f food fed the control group had a mean fetal weight of
1.89 g. Assuming a proportional reduction in placental weight and 1.5 ml of amniotic 
fluid per fetus the total conceptus weight would have been approximately 48 g. The 
weight of the mothers, after removal of the conceptus, was 148 g. Adding the weigh 
of the conceptus, it can be assumed that the final total maternal weight was 196 g. 
This would represent a loss o f  4  g o f maternal initial body weight. Applying the 
formula discussed above the weight o f conceptus should have been approximately 
56 g, which is 17 percent higher than the real weight as calculated abové.

The apparent anomaly in the distribution of the available nutrients between 
the mother and the fetus is also observed when proportional reduction in maternal 
body weight, conceptus weight, and litter size in rats suffering increasing degrees of 
food restriction are compared.3 Thus, in rats restricted to 75 percent of their ad
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libitum  intake, the mothers gained 9 g of net body weight (after removing the concep- 
tus and the uterus) while the mean fetal weight was maintained within control values. 
When mothers were restricted to 50 percent of their normal intake, they lost 8 percent 
of their initial weight while the mean fetal weight decreased by approximately 12 
percent. In addition, 23 percent of the animals had embryonic deaths and subsequent 
reabsorption o f the fetuses. When mothers were restricted to 25 percent of their 
normal intake, they lost 26-32 percent of their initial body weight, 64-92 percent had 
embryonic deaths, and in two studies only 8 percent of the mothers were able to pro­
duce litters of 12-14 pups. In these rats mean fetal weight was reduced to 46-56 
percent of control weights. The data suggest that the food-restricted pregnant rat is 
able to sustain fetal growth within normal limits only when the food restriction allows 
her to gain some weight. If the food restriction is more severe, however, both litter size 
and fetal growth are reduced disproportionately to the loss o f maternal body weight.

As shown in Table 1 the apparent disproportion between the magnitude of 
maternal losses in body weight and the deficit in the body weight of the fetuses at 
term described in the rat, also occurs in other mammalian species when the mother 
is fed either a calorically-deprived or a protein-deprived diet. For example, in the 
pregnant guinea pig, food restriction or a low-protein diet causes a 50 percent fetal 
mortality and a 22-28 percent reduction in birth weight of the surviving fetuses while

T A B L E  1 

M A T E R N A L  B O D Y  W E IG H T  A N D  B IR T H  W E IG H T  C H A N G E S  C A U S E D  BY 
F O O D  R E S T R IC T IO N  O R  P R O T E IN  R E S T R IC T IO N  IN  V A R IO U S  

M A M M A L IA N  S P E C IE S

Percent change in body weight 

Species T y p e  o f  restriction M o th e r*  Fetus Ref.

R at 50°/q_,food in take - 1 0 - 1 2
7 5 ° /o  fo o d  intake - 3 2 - 5 1

G uinea pig 6 0 ° /o  fo o d  intake r -1 2 - 2 2
low -pro te in  d iet - 1 0 - 2 8

Pig low -pro te in  d ie t - 1 6 - 3 3

Macaca M u la tta low -pro te in  d iet -  1 - 1 0
low -pro te in  d iet — y * * * - 1 5

*  C om pared w ith  preconceptional w eight.
* *  R eduction  fo u n d  n o t significant.
* * *  D a ta  ta ke n  fro m  a graph.
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the mothers lose 10-12 percent of their initial body weights.4 Pigs fed a low-protein 
diet during pregnancy lost 17 percent of their initial body weight while the body 
w e i g h t  of the fetuses at term was 3 3  percent below control values.5

Studies in Rhesus monkeys in which pregnant mothers fed a diet providing 1 g 
of protein per kg of body weight per day were compared with mothers fed 4 g of 
protein/kg/day have shown that the protein-deprived mothers maintain a normal 
energy intake and normal fetal growth while losing -approximately 1 percent of their 
initial body weight.6 The results were attributed to maternal metabolic adaptations 
to a low-protein diet.7 Other studies in Rhesus monkeys also fed diets providing 1 g 
of protein/kg/day have shown an increase in maternal and perinatal mortality knd a 
15 percent reduction in mean birth weight when liveborn and stillborn fetuses were 
computed together.8 In spite of some of the discrepancies in the results of the studies 
conducted in the Rhesus monkeys, they suggest that given an adequate caloric intake 
the mother is able to metabolically adapt to a low protein intake and sustain fetal 
growth apparently more successfully than in energy-deprived animals. In other 
species, such as the rat, a low protein diet during gestation causes a reduced food 
intake and, therefore, a superimposed energy deficit. Thus, a reduced availability of 
energy may be more deleterious to fetal growth than a reduced availability of protein.

As clearly shown by the experiments conducted in rats, the division of nutrients 
between the mother and the fetus seems to be influenced by different mechanisms 
according to the availability of nutrients. As expressed by the formula y =  1/4 x +  4.5n 
if enough nutrients are available since early pregnancy fetal needs are fully met and if 
the maternal food intake increases above normal a portion of the excess nutrients 
also goes to the fetus. Thus, the fetus is apparently given unlimited access to the 
available nutrients. However, when food intake is restricted, and the availability of 
nutrients reach a critical level, the fetus is not favored over the mother. On the con­
trary, the deviation of nutrients seems to favor maintenance of maternal body weight 
over maintenance of a normal rate of fetal.growth. If the restriction is severe enough 
to induce maternal body weight losses, obviously the fetus becomes an active parasite 
but, in contrast with past assumptions, it does not receive a proportionally larger share 
of nutrients than the mother. This new concept of maternal-fetal relationships con­
cerning thè division of nutrients is strongly supported dy the results of refeeding ex­
periments of previously restricted pregnant rats.3 As shown in Table 2, rats restricted 
to 25 percent of their normal intake from the first up to the fifth day of pregnancy 
and then fed ad libitum  have a final body weight and mean fetal weight similar to 
controls. If refeeding is started only in the last 12 days of pregnancy the mother 
increases her net body weight (after removal of the conceptus and uterus) by 23 
percent (versus 28 percent of controls) while the fetuses show a significant 7 percent 
deficit in body weight. If refeeding is started on the last 10 days the mothers gain 
21 percent of net body weight and the fetuses show a significant 12 percent deficit 
in body weight. These experiments clearly show that when nutrients become available 
after a period of restriction the mother is greatly favored over the fetus. Obviously, 
if active fetal parasitism was taking place during the period of food restriction, it 
Seems logical to assume that the fetus would have been favored over the mother when 
nutrients again become available.
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TABLE 2

E F F E C T  O F  U N R E S T R IC T E D  F E E D IN G  O N  M A T E R N A L  A N D  F E T A L  BODY  
W E IG H T  A F T E R  V A R Y IN G  IN IT IA L  P E R IO D S  O F  7 5  P E R C E N T  

D IE T A R Y  R E S T R IC T IO N 3

Days o f restriction  
(fro m  conception )

° /o  Change in 
m aternal b o d y  w e ig h t*

M ean fetal weight 
<9>

5 + 2 7 4.01
7 + 2 3 3 .75
9 + 2 1 3 .5 3

11 + 1 9 3 .39

Com pared w ith  body w eight a t conception .

Recent studies on the effect o f food restriction on the body composition of 
pregnant and non-pregnant rats have provided new insights into the nature of maternal 
fetal interactions during a reduced availability of nutrients. This study9 showed that 
at term pregnant rats fed 50 percent of the food consumed by control animals had a 
similar body composition of pair-fed non-pregnant rats while the mean body weight 
of the fetus was significantly reduced (Table 3). These results clearly demonstrate

T A B L E  3

C A R C A S S  C O M P O S IT IO N  IN  C O N T R O L  A N D  5 0  P E R C E N T  FO O D  
R E S T R IC T E D  P R E G N A N T  A N D  N O N -P R E G N A N T  R A T S 1 2

G ro u p n W ater
%

F a t
%

Lean dry 
tissue 
%

Pregnant c ontro l 5 6 0 .0 3 a 
±  0 .7 4

1 7 .3 a 
±  0 .5

22.7a'b 
±  0.6

N on-pregnant contro l 5 6 3 .0 7 b 
±  0 .6

1 3 .0 b 
±  0 .7

23.9a 
±  0.3

N on-pregnant restricted 4 6 5 .8 1 b  
±  0 .6 8

9 .0 7 °
± 1 . 2

24.9a 
±  0.7

Pregnant restricted 4 6 5 .7 4 b  
±  0 .5 1

9 .0 0 °
± 0 . 5

25.2a'c 
±  0.4

1 W eight o f  th e  samples was representative o f th e ir groups.
2 M ean  ±  S .E .M . Values n o t sharing a com m o n  superscript le tte r (s) in the same

co lu m n are s ign ificantly  d iffe re n t ( P < 0 .0 5  o r  less).
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that the pregnant food-restricted rat is not parasitized by the fetus. In addition, they 
suggest that important metabolic adjustments must occur to allow the mother to 
prevent this parasitism. Comparisons of food efficiency, as determined by changes in 
body weight per quantity of food ingested, between the pregnant and non-pregnant 
animals revealed that during pregnancy there is a marked increase in food efficiency. 
For control rats the increased food efficiency was apparent throughout pregnancy 
while in the malnourished rats it was apparent only during the last 10  days of gestation.

S T U D IE S  IN  H U M A N S

During the winter of 1944-45, several Dutch cities were exposed to a severe 
food shortage that lasted approximately 28 weeks. It has been estimated that the 
per capita caloric intake during that period of time dropped to a low of approximately 
1,200 kcal/day.10 Many women were pregnant at the time of the famine and, 
although it is conceivable that they may have received some extra food from family 
members, their food intake must have fallen considerably short of their needs. An 
analysis of the effects o f famine on birth weight10 revealed a significant decrease of 
approximately 250 g, compared with pre-famine values for the entire population, 
among the women affected during the second and third trimester of gestation. This 
seemingly small difference of approximately a ten percent reduction in birth weight 
caused by conditions considered extreme has been interpreted as an indication that the 
human fetus is also an effective parasite or, conversely, that the mother is able to 
“adapt" to a reduced food intake to sustain fetal growth. Further, considering that 
famine conditions during the last two trimesters caused only a 250 g fall in mean birth 
weight, the extrapolation has been made that marginally-deficient diets should pro­
duce a negligible effect on birth weight. 11

A question that is rarely considered, however, is the effect that pregnancy under 
famine conditions had in the mothers. No data has been made available on the pre­
pregnancy weight and changes in body weight of these women. It is, therefore, more 
difficult to compare in severely food-restricted humans the type of changes in mater­
nal body weight and birth weight, discussed in the previous section for food-restricted 
rats. However, since the postpartum weight of the Duch women measured in the 
9-10th day after delivery has been reported, it is possible to make some gross estimates 
of their body weight losses using some reasonable assumptions. The first assumption, 
considering that the average weight o f a young adult female in an industrialize 
country is 56 kg, is that the average body weight of a Dutch woman during the pre­
famine period and following many months of food rationing was 55 kg or less. The 
mean postpartum weight during the pre-famine period was 59 kg. Subtracting from 
this weight an estimated 3 kg due to extra body fluids, enlarged breasts and uterus, 
the women that delivered during the pre-famine period had a minimum of 1 kg of 
extra body stores. If the same factors are subtracted from the postpartum weight 
of women that suffered famine during various periods of pregnancy (Table 4) it is 
found that the women most affected by famine may have lost approximately an 
average o f 1.5 kg o f  their initial body weight. This is less than 3 percent of their initial
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TABLE 4

E S T IM A T E D  C H A N G E S  IN  P O S T P A R T U M  M A T E R N A L  B O D Y  STO RES  
A N D  C H A N G E S  IN  M E A N  B IR T H  W E IG H T  IN  D U T C H  W O M E N  

B E F O R E  A N D  A F T E R  F A M IN E  C O N D IT IO N S

Postpartum  m aternal 
w eight (kg) A  B ody stores Birth weight

(g)
Pre-fam ine 5 9 .0 +  1 .0 3 ,3 38

Fam ine during  
3rd  trim ester

5 7 .6 - 0 . 4 3 ,220

Fam ine during  
2nd  and 3 rd  trim ester

5 6 .5 -  1 .5 3,011

Fam ine during  
1st and 2nd trim ester

6 1 .0 +  3 .0 3 ,3 70

Fam ine during  
1st trim ester

6 1 .5 +  3 .5 3 ,312

Post-fam ine 6 2 .0 +  4 .0 3 ,3 08

body weight. Since in this group the reduction in mean birth weight is approximately 
10 percent compared with pre-famine values, it is obvious that the mothers most 
affected by the famine were proportionally less affected than their infants. In this 
regard, food-restricted women would behave similarly to other food-restricted mam­
mals, suggesting the possibility that in spite of obvious biological differences, certain 
basic principles concerning qjaternal-fetal exchange during food restriction may be 
common to several mammalian species.

The disproportionate effect that small changes in maternal body weight may 
have on birth weight are also evident in the studies conducted in a large number of 
individuals in which maternal pre-pregnancy weight and weight gain during pregnancy 
have been correlated with birth weight. These studies have shown that both pre­
pregnancy weight and weight gain during pregnancy can influence birth weight inde­
pendently of each other. For example, high pre-pregnancy weights or high weight 
gains during pregnancy are associated with higher mean birth weights. In contrast, 
low pre-pregnancy weights or low weight gains during pregnancy are associated with 
lower mean birth weights. When the variables change in the same direction, for 
example, a high pre-pregnancy weight is associated with a high weight gain during 
pregnancy, they tend to have an additive effect on birth weight. These variables can



19

a|so neutralize each other’s effects-, thus, a low pre-pregnancy weight followed by a 
bigh pregnancy weight may result in a mean birth weight similar to a high pre-preg­
nancy weight followed by a low weight gain during pregnancy.12 The effect on mean 
birth weight of some of these combinations are shown in Table 5. It must be stressed, 
however, that maternal body weight or weight gain during pregnancy are only one of 
the many variables that can influence the rate of fetal growth. Thus, in contrast with 
the animal models, correlation between maternal weight changes and birth weight 
become apparent in humans only when large numbers of cases are analyzed.

T A B L E  5

J O IN T  R E L A T IO N S H IP  O F  P R E -P R E G N A N C Y  W E IG H T  
A N D  M A T E R N A L  W E IG H T  G A IN  W IT H  B IR T H  W E IG H T  

IN  6 2 2  T E R M  P R E G N A N C IE S  IN  W H IT E  W O M E N ,
J O H N S  H O P K IN S  H O S P IT A L , B A L T IM O R E , 1 9 5 4 -1 9 6 1 12

M aternal group M ean b irth  weight
(g)

°/o  o f low  b irth  w eight 
infants

High pre-preg. w eight, 
high weight gain 3 ,8 31 0 .0

High pre-preg. w eight, 
low weight gain 3 ,6 2 8 2 .3

Low pre-preg. w eight, 
high weight gain 3 ,4 5 3 1 .5

Low pre-preg. w eight, 
low w eight gain 3 ,0 4 4 5 .8

Definitions: high pre-pregnancy is > 7 2  kg (1 6 0  lb ); high w eight gain is >  13 kg (20  
lb); low  pre-pregnancy w eight is <  5 4  kg (1 2 0  lb ); low  w eight gain is <  4  kg (9  lb).

The changes in both pre-pregnancy weight and weight gain during pregnancy 
are reflected in the maternal postpartum weight. Preliminary results of a study 
including 254 singleton term deliveries from uncomplicated pregnancies13 has shown 
that mean birth weight increases linearly with increasing postpartum weights until 
postpartum weight is 100-110 percent of maternal ideal body weight. At that point 
birth weight remains constant while postpartum weight continues to increase (Fig. 1). 
This correlation suggests that optimal fetal growth occurs only when the mother 
is able to accumulate a critical amount of extra body stores during pregnancy. While
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7 9  89 99 109 119 129 139 149 159 over

POSTPARTUM WEIGHT (as % of ideal)

Fig. 1. Gestational changes in maternal stores, plasma volume, placental weight, 
fetal weight and uterine blood flow in human pregnancy. Values are expres­
sed as percent o f maximal increments. Data derived from Hytten and 
Leitch . 11

accumulation of body stores beyond what seems to be desirable does not have any 
further positive effects on birth weight, it is evident that when the mother fails to 
accumulate extra body stores the rate of fetal growth begins to decrease progres­
sively. Again, as observed in the animal models, the evidence clearly contradicts the 
concept that the fetus is protected by the mother when nutritional status is less 
than optimal or that the fetus can protect itself by parasitizing the mother. Further, 
the uneven distribution of available nutrients that occurs when food-restricted rats 
are allowed unrestricted amounts of food may also occur in humans. This is sug­
gested by a correlation between birth weight and maternal weight gain in women with 
low pre-gravid weight.14 This correlation demonstrates that for each 100 g increments 
in mean birth weight the mother gains 2:3 kg o f body weight. Again, this observation 
seems to conflict with the idea of active fetal parasitism.
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M A L N U T R IT IO N  A N D  M A T E R N A L -F E T A L  E X C H A N G E

The animal and human data clearly demonstrate that in contrast with prevailing 
concepts, the undernourished mother does not adapt to sustain fetal growth but 
rather to maintain her own body stores of nutrients. An important role seems to be 
played by the quantity of maternal body stores of energy. If the mother has extra 
quantities of these stores she can maintain a normal rate of growth even if her food 
intake is inadequate. If the body stores are small, then food intake has a crucial role 
in maintaining fetal growth.

Teleologically, the fact that among eutherian mammals nature protects the 
mother more than the fetus seems reasonable from the point of view of survival of 
the species. For example, during a famine caused by a serious drought a normal size 
newborn delivered by a nutritionally-depleted mother would have little chance to 
survive if the mother cannot initiate lactation, cannot defend herself and the young, 
or cannot cover enough distance during the day to search for food. A stronger female 
that produces a runt or a smaller litter probably has a better chance to survive and 
conceive again the following season.

The metabolic and physiological mechanisms used as adaptive response by the 
food-restricted mother are still largely unknown. In protein-restricted rats the rate of 
urea synthesis and the levels o f certain hepatic enzymes involved in amino acid 
catabolism are reduced.15 6 Reports of a reduced urea excretion in women receiving
low-protein diets17 suggests that similar mechanisms to reduce urinary nitrogen 
losses are also present in humans. The results, previously discussed, on Rhesus 
monkeys fed low-protein diets can also be considered as indirect evidence of major 
adaptations in protein and amino acid metabolism.6 ~8 The nature o f these changes 
in amino acid metabolism, however, still remain elusive. Similarly, the mechanisms 
responsible for the increased food efficiency observed in pregnant rats9 are also 
unknown. Probably many factors, including the changes in amino acid metabolism 
and the degree of physical activity, are involved. All these possibilities, however, 
require further investigation.

During normal pregnancy a great number of physiological adjustments take 
place. Obviously all these adjustments aré either directly or indirectly involved in 
sustaining fetal growth. Among the earliest and best known changes are the ex­
pansion of blood volume and the. deposition of maternal stores of nutrients, 
presumably mostly fat. As shown in Figure 2, in humans these changes are occurring 
at a maximal rate at midgestation and therefore they precede by several weeks the 
period of maximal placental and fetal growth. They also precede the period of 
maximal increase in the rate of uterine blood flow which coincides with the peak 
of fetal growth. It is tempting to speculate that this sequence represents an orderly 
chain of events in which only the adequate completion of the earlier maternal changes 
allows the adequate completion of the final ones involving the growth of the concep­
t s .  For example, a woman who receives an adequate diet can both deposit adequate 
amounts of extra stores and also expand blood volume. Obviously, blood volume 
expansion is a process influenced by many variables besides nutrition. The need to 
expand red cell mass and to a lesser extent circulating protein mass, must depend,
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Placental

GESTATIONAL AGE (weeks)

Fig. 2. Mean birth weight in 254 singleton term deliveries in women with different 
postpartum weights.14

however, on the adequate availability of substrate and energy. The need for an expand 
blood volume during gestation is not entirely clear, but it is conceivable that it may be 
necessary to compensate for the major hemodynamic changes caused by the expansion 
of the uterine blood flow. In the rat as well as in humans and other species uterine 
blood flow increases many-fold during the course of pregnancy.18-19 In order to 
maintain this high rate of blood flow to the uterus without reducing the rate of blood 
flow to other organs an expansion of blood volume and an increased cardiac output 
would appear to be an appropriate compensatory mechanism. Consequently, if blood 
volume expansion early in pregnancy is inadequate, uterine blood flow may also be 
inadequate to sustain optimal fetal growth. A correlation between these two factors 
has not been established yet. It has been reported, however, that maternal plasma 
volume expansion correlates with the birth weight of the infants.8 0

In the rat either a SO percent food restriction or a protein restriction from day 
5 of gestation produced a significant reduction in the degree of expansion of plasma 
volume.21 Most affected were the protein-restricted animals. When plasma volume 
was expressed per 100 g of net maternal body weight no differences were found
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between controls and food-restricted rats indicating that both plasma volume expan- 
sjon and the deposition of maternal stores were equally dependent on the level of food 
jntake. Still, the protein-restricted rats had significantly lower values than any of the 
other groups suggesting that the availability of certain amino acids may have an 
Important role in plasma volume expansion (Table 6).

In more recent experiments blood flow to the kidney, the uterus and the pla­
centae has been measured in food-restricted rats.22 Results demonstrate that com­
pared with control animals, food-restricted rats have a marked reduction in the rate of 
blood flow to the uterus and the placentae while maintaining adequate blood flow 
to the kidneys. These data support the idea that plasma volume/blood volume ex­
pansion is necessary to adequately expand uterine and placental blood flow and that 
no redistribution of blood flow from other vital organs occurs as an alternative adap­
tation.

The reduced placental blood flow most likely reduces the availability of nu- 
tients to the fetus. This possibility is supported by earlier studies demonstrating that 
protein-restricted rats have a reduced rate of transfer of glucose and amino acids 
from the maternal circulation into the fetus.23, 24 A reduced maternal-fetal transfer 
of nutrients in the malnourished animals not only helps to explain the fetal growth 
redardation of the restricted mothers but it may also explain why the fetus is not able 
to actively parasitize the maternal stores.

C O N C L U S IO N S

The consequences of maternal malnutrition during pregnancy have been the 
focus of considerable controversy in the past. As pointed out in a recent review of 
this subject, an important source of controversy has been the results of studies in 
which obvious flaws of design and data analysis can be recognized.25 One of the 
arguments most frequently used against the importance of adequate nutritional 
management during pregnancy, involving active counselling and, when necessary, food 
supplements has been that the mother can “adapt” to protect the fetus and that 
the fetus is an active maternal parasite. Therefore, at least in humans, no harm to the 
fetus will result from moderate inadequacies in the maternal nutritional status. The 
evidence presented in this review clearly demonstrates that these ideas are unfounded, 
as is the theory of the division of nutrients from which they originated.

The importance of maternal nutrition on the outcome of pregnancy becomes 
obvious when the focus of attention is shifted from the possible consequences in a 
single individual to a large population. As shown by perinatal mortality curves, a 
“small” downward shift in mean birth weight increases disproportionately the mor­
tality rates. In the U.S., for example, the black population has a mean birth weight 
that is 150 g lower than the white population and a perinatal mortality twice as 
high.25 One of the factors influencing the higher mortality rates is the higher propor­
tion of low birth weight infants that results from a shift to the left in mean birth
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weight. The opposite happens when the mean birth weight of a population shifts 
upwards. This has been clearly demonstrated in a rural Guatemalan population when 
the increase in mean birth weight associated with a higher caloric intake provided by 
a food supplement decreased by 50 percent the number of low birth weight babies 
a n d  associated mortality.2 6

Although the incidence of maternal malnutrition is closely associated with the 
prevailing socio-economic conditions of a country, there is ample evidence that even 
the most affluent nations are not immune to the problem. As shown here, and in 
contrast with past assumptions, seemingly small inadequacies in maternal nutritional 
status can significantly affect fetal growth. The realization of this fact should make 
adequate care of the nutritional needs of the pregnant mother an integral part of 
comprehensive prenatal care.

R E S U M E N  

N U T R IC IO N  E IN T E R C A M B IO  M A T E R N O -F E T A L  D E  N U T R IE N T E S :  
U N A  P E R S P E C T IV A  D IF E R E N T E

La suposición de que el feto puede parasitar a la madre desnutrida continúa 
siendo un concepto de amplia aceptación. En contraste, datos revisados en el presente 
trabajo demuestran que ante una disponibilidad reducida de energía y proteínas, 
la madre protege sus reservas orgánicas de nutrientes a expensas del sostenimiento de 
una tasa normal de crecimiento del feto. Los mecanismos por los que la madre evita 
el parasitismo fetal implicarían una menor expansión del volumen sanguíneo, dismi­
nución del flujo sanguíneo placental, y la transferencia reducida de nutrientes. Siempre 
que el estado nutricional de la madre deja de ser óptimo, tiende a ocurrir un retardo 
del crecimiento fetal. En una población grande esto se refleja en una tendencia a 
declinar del promedio del peso al nacer, y en una mayor incidencia de niños con bajo 
peso al nacer asociada a un aumento de mortalidad neonatal.
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S U M M A R Y

Analysis of the different studies reported in the literature leads to the conclusion 
that weight o f the newborn is remarkably better in the high socioeconomic groups 
than in the low socioeconomic groups, and that this association also prevails in small 
poor population sectors o f  the rural area of Guatemala. In these villages, the as­
sociation between the score of the socioeconomic scale developed for this research 
work and the proportion of children with low birth weight, disappears in the groups 
of tall, well-supplemented mothers during pregnancy. The data presented suggest that 
both nutritional history since conception, as well as nutritional status of the mother 
during pregnancy, constitute one of the important mechanisms of the causal relation 
that exists between socioeconomic characteristics and fetal growth. Another mecha­
nism o f great importance in Latin America is the high prevalence of infection in both 
mother and child from its prenatal stage. It is estimated that the causal complex 
poverty-malnutrition-infection is responsible for at least half of the newborns with 
low weight in Latin America. All the other known causes determining most of the 
babies with low weight at birth in industrialized countries are responsible of no more 
than one-fourth of these babies in Latin America. For this reason, the strategies used
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ber, 1976, under the sponsorship of the Latin American Nutrition Society 
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in developed countries to decrease the incidence of low birth-wight babies are not 
applicable in the Region. For example, in many populations of the Subcontinent, 
very simple indicators such as height, head and arm perimeter, and housing character­
istics, can be very useful to select groups of mothers with high risk o f delivering low 
birth-weight babies, and that, for this reason, require priority attention in health pro­
grams. The use o f these risk indicators will contribute to notably improve the ef­
ficiency and effectiveness of these programs, particularly in populations with in­
adequate health resources.

Based on the above-mentioned statements, the authors conclude that an im­
provement o f the nutritional status and of the health of gestating women, may conduct 
to a significant decrease of the prevalence of low birth-weight babies in the majority 
of the Latin American Region. This, in turn, will help reduce the high infant mortality 
rates observed in these countries, and permit new generations a greater probability 
of developing all of their genetic potential.

I .  IN T R O D U C T IO N

The purpose of this work is to discuss the most important determinants of 
low birth-weight (LBW) babies in Latin America. We consider this step as crucial for 
the planning, implementation and evaluation of programs oriented to reduce the 
incidence of low birth weight in the Latin American countries.1'8 To this effect, we 
will review the influence of the socioeconomic, nutritional and maternal infection 
factors during pregnancy on the weight of the newborn. We will then discuss the 
influence of various miscellaneous factors such as the smoking habit, toxemia of 
pregnancy, altitude and genetic factors. Finally, we will comment the determinants 
that should merit priority attention in programs aimed at reducing the incidence of 
low birth-weight children in the Latin American countries.

I I .  S O C IO E C O N O M IC  L E V E L  A N D  B IR T H  W E IG H T

The relation that exists between socioeconomic factors and birth weight will 
be discussed in the following paragraphs. The main differences between the high and 
low socioeconomic levels will be analyzed to this effect, trying to integrate them in 
a simplified model of causal relations. The differences associated to socioecononr 
characteristics of families in the rural villages of Guatemala will then be examined.

Figures 1 to 3 summarize the results of various studies where the weight of 
newborns and the height of mothers of high and low socioeconomic level are 
compared.9'11 Women of the low socioeconomic groups in both rural and urban 
populations are smaller and give birth to a greater proportion of LBW babies than 
those of the high socioeconomic groups. Nevertheless, the latter show a height and 
LBW proportion similar to those of middle-class white women of urban populations 
of the United States.
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Fig. 3. Relationship between socioeconomic level and height of adult women in developing countries.
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In the developing societies, the socioeconom ic level is also associated to other 
maternal characteristics, even w ithin the same ethnic group. Thus, d ietary protein 
and calorie in take,12"18 weight before pregnancy,19' 26 and weight gain during the 
gestational period21, 25, 27 ' 30 are no tab ly  lower in m others of poor rural sectors 
than in those o f high socioeconom ic level. As m entioned in the In troduction , in these 
countries the proportion  o f  low  birth-weight babies is much higher in the urban and 
rural groups o f low socioeconom ic level than in groups of high socioeconomic 
level.21, 23, 25, 31"3 6 .

In the m ajority o f these studies, the socioeconom ic status has been alm ost 
exclusively defined on the basis o f no torious differences in the family income. Prac­
tically no inform ation is available on  other sociocultural factors th a t could explain 
the variations observed in regard to m aternal nu trition  and birth  weight.

However, it m ust be no ted  th a t in the developing societies various com mon 
characteristics participate, such as a low  gross per capita national p roduct; an alm ost 
total external dependency in regard to  the marketing of raw materials; inefficient 
systems o f land tenure, and a rudim entary technology. Furtherm ore, these societies 
are characterized by m arked 'd ifferences between the high and low socioeconomic 
strata, particularly in term s of purchasing power, food availability and environm ental 
sanitary conditions. These are the causes why m alnutrition and infectious diseases are 
highly prevalent in these populations, principally during the first 5 to  7 years o f 
life 23 A simplified model o f  the relation betw een socioeconom ic factors, m alnutrition, 
infection and retardation  o f developm ent is described in Figure 4. Maternal mal­
nutrition, w hether caused directly  by d ie tary  deficiencies, o r indirectly  through in­
creased n u trien t losses (due to  intense physical ac tiv ity ' o r to  infectious disease) 
is an im portante cause o f  grow th and developm ent retardation  which starts in the fetal 
stage. This retardation , in tu rn , tends to  perpetuate the poverty-m alnutrition-poverty 
vicious cycle through generations.

These interrelations are being explored in the INCAP longitudinal study (ILS) 
on nutrition an d  m ental developm ent,3 7 currently  underw ay in four rural Ladino 
villages o f  the East o f  G uatem ala. These villages hav^ a to ta l population o f around
3,000 inhabitants, half o f  whom are under IS  years o f  age. Fundam entally , these 
villages have an agricultural subsistence econom y and grow m ainly corn and beans. 
The annual income is around $200.00 (US) per fam ily, and the greater part o f  this 
amount is used for food and clothing. The environm ental sanitation conditions are 
extremely deficient; drinking w ater is obtained from  brooks o r public wells, and only 
65°/o o f the houses have latrines.

On a purely em pirical basis, a socioeconom ic scale (SES) was designed based 
°n the house characteristics, clothing and education o f  the children. Figure 5 shows 
that as the score in this scale ascends, the percentage o f  children with low  birth  weight 
diminishes. These results dem onstrate th a t even in small rural villages where alm ost 
*11 of the inhabitants are poor and illiterate, very simple socioeconom ic scales can serve 
to identify groups of m others a t greater risk o f  delivering low birth-weight babies.11
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The SES score also showed a d irec t association w ith m aternal height, w ith the 
head circumference o f the m other, and w ith weight a t the th ird  trim ester o f  pregnancy. 
In contrast, an inverse relation w ith m aternal m orb id ity  during pregnancy was 
detected.

The relation between the SES score and the  low  b irth  w eight o f  the children, 
within two categories o f  the m o th er’s height, is show n in F igure 6. The m agnitude of 
this association is greater in the  small m others than  in the tall ones. A sim ilar pattern 
was observed when instead o f  using the m o th e r’s height, her w eight w as analyzed 
together w ith her cephalic circum ference or her m orb id ity  during  pregnancy. The fact 
th a t the relationship betw een the SES score and the  p ro p o rtio n  o f  children w ith low 
birth  weight varies when contro lled  by  som e m aternal characteristics is o f  great 
interest, since it suggests th a t said characteristics can  b e  im p o rta n t m echanism s of the 
relation between socioeconom ic factors and low  b irth  weight.

Thus, a reasonable in terpretation  o f  th is finding is th a t th e  score in the  socio­
econom ic scale reflects econom ic and cultural conditions w hich resu lt in m alnutrition 
and other diseases in the  m other since the  very early  stages o f  her life and which, in 
tu rn , produce fetal growth retardation  o f  her ch ild . O f course, th e re  are o th e r  possible 
interpretations o f  these findings. F or exam ple, it could well be th a t the  score in the 
socioeconomic scale and the m aternal characteristics are risk  ind icators n o t causally 
related with the responsible mechanisms o f  fe ta l grow th re ta rd a tio n . Nevertheless, 
this is a  rem ote possibility, since there is evidence th a t im provem ent o f  th e  m other’s 
nutrition  during pregnancy is associated w ith b irth  w eight.30, 3 4 » 35 Nonetheless, 
whatever the  causal relations betw een these variables, there is no d o u b t th a t in these 
villages the SES score has a biological significance since it is associated w ith the risk of 
low birth  weight.

I I I . '  IN F L U E N C E  O F  M A T E R N A L  N U T R IT IO N  O N  B IR T H  W E IG H T

Animal experim ents have dem onstrated  th a t the severe calorie and  protein  mal­
nutrition  o f the m other delays fetal g row th.38 These effects could be irreversible in 
the case o f those organs where m alnutrition  has affec ted  th e  velocity  o f  cellular 
division.39

The effect o f  m aternal nu trition  on  b irth  w eight in th e  hum an beings is clear 
under severe and acu te m alnutrition  situations. Thus, it has been  repeated ly  observed 
th a t babies born o f pregnancies th a t to o k  place during fam ine periods had a lower 
birth  weight than those bo m  during periods o f  adequate food  availability.40'42

On the other hand, studies on the' influence o f  chronic, m odera te  malnutrition 
on fetal growth have rendered less clear-cut results. These studies can be divided into 
two groups-, those th a t explore the effect o f  the  m aternal n u trition  history  before 
pregnancy (since conception) and those th a t s tudy  the  effects o f nu tritional status 
during pregnancy.
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A. Influence o f M aternal N u tritio n a l H is to ry  Since C onception

The indicators used to estimate the nutritional history of the mother are prin­
cipally anthropometric measurements such as height and weight.

It must be kept in mind that most of the difference in the mean height of 
adult women between the low socioeconomic groups of Guatemala and the white 
middle-class populations of the United States of America already exists among 7-year- 
old children of the same populations. Therefore, it seems that the majority of the 
height differences found between adult women groups is due to growth retardation 
during their first seven years of life.4 3 "46 More still, research work carried out in 
various technologically underdeveloped countries (TUC) have revealed that the height 
of the 7-year-old children of high socioeconomic level is similar to that of the standards 
of industrialized countries, and greater than the height of children of low socio­
economic level of the same ethnic groups.4 7 "53 These findings suggest that, particular­
ly in the TUC, the environmental conditions associated with socioeconomic level 
such as malnutrition and infection can be important determinants of height in the 
adult age. The observation that there is an effect of food supplementation on the 
growth of preschool children,53 and the negative association found between the 
duration of diarrhea and growth in the ILS,54 offer additional support to the hypo­
thesis that in these population groups, height reflects in part the nutritional history 
of the mother.

Now, in approaching the relation between maternal nutrition and fetal growth, 
a consistent association has been found between the mother’s height and the weight 
of the child at birth.21, 25• 55

The relation between the mother’s height and the proportion of children with 
low and high birth weight in the four rural villages where the INCAP longitudinal 
study (ILS) is carried out, can be appreciated in Figure 7. As the data clearly reveal, 
the proportion o f children with low birth weight decreases as the height increases, 
and the proportion o f children with high weight at birth increases.

The weight o f %he mother before pregnancy has also showed a consistent as­
sociation with birth weight in mothers of the same height.25 A similar association has 
been found between the arm circumference of the mother and the weight of her baby 
at birth.56, 57

Another anthropometric measurement to be considered is the head circumfe­
rence o f the mother. Available information suggests that thé differences in head 
circumference between adult populations are fundamentally due to differences in the 
growth velocity of the head during the first two years of life. Head circumference of 
children who have suffered severe malnutrition is very early stages of their lives has 
been reported to be smaller,58 and within the same ethnic group, in children of low 
socioeconomic level.59, 60 It has also been found that protein-calorie s u p p l e m e n t a t i o n  

during early life improves the growth velocity of the head circumference.56, 61
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The relation observed in the ILS between the m o ther’s head circumference and 
the proportion  o f  children w ith low and high b irth  weights is shown in Figure 8. 
The reviewed literature does n o t include o th e r reports on this association, which is 
o f  great im portance because it continues to  be significant even after controlling for 
height and weight o f  the m other. Consequently, it could well reflect the specific 
influence o f  the  very early nutritional history o f  the m other on  the growth of her 
child.

In summ ary, m aternal height, weight before conception, and the arm and head 
circum ference o f  th e  m other show consistent association with birth  weight in popula­
tions o f  technically underdeveloped countries. These relationships probably reflect 
the influence o f  the m aternal nu trition  h istory o f  fetal growth.

B. Nutritional Status during Pregnancy

Under field conditions, the m ost com m only used indicators to  estim ate nutritio­
nal status o f  the  m other during gestation are the weight gain during pregnancy and 
the estim ations of d ie tary  intake.

Weight gain during pregnancy is directly  related w ith b irth  weight, both in 
industrialized and nonindustrialized countries.21, 25 On the contrary , in the majority 
o f  studies where d ie tary  surveys o r  food supplem entation program s have been used, 
no association whatsoever has been detected  between the in take o f  nutrients during 
pregnancy and birth  weight.62, 63 It could be th a t this lack o f association is due to 
the low reliability o f  the data  on nu trien t consum ption, and /o r to  the  fact that the 
m ajority o f the women under study were relatively well nourished.64

In the technically underdeveloped countries (TUC), several studies both of a 
dietary  and nu tritional intervention nature, have revealed an association between 
m aternal d ie tary  supplem entation and weight o f  the child a t b irth . However, variables 
such as infectious diseases and medical care, which could com plicate this association, 
were n o t explicitly contro lled  64 Thus, the results o f Iyengar’s experim ent in India65 
suggest a strong effect o f food supplem entation of the m other on b irth  weight. Never­
theless, these results are difficult to  in terpret, since in order to  develop the food sup­
plem entation program , the m others o f the experim ental group were hospitalized 
during the last trim ester o f  gestation. This hospitalization could have resulted in 
lower infection rates o r in less physical exercise, factors which in turn could have 
been responsible for the observed increm ent in birth  w eight.66"68

The relation betw een the d ietary in take o f  pregnant wom en who have not had 
food supplem entation and birth  weight in rural populations o f G uatem ala is p r e s e n t e d  

in  Figure 9.

It is obvious th a t the average b irth  weight increased progressively as the dietary 
intake increased. This relation betw een the hom e die t and the weight of the child
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at birth was maintained after controlling for the influence of height, parity, duration 
of diseases of the mother during pregnancy and sex of the newborn. The INCAP 
longitudinal study to which we have referred has provided additional data on this 
relationship. It should be noted that this research contemplates administration of two 
types of supplement: “Atole” and “Fresco.” The nutrient content of both prepara­
tions is presented in Table 1. As observed, the “Fresco” does not contain protein and 
its caloric concentration is approximately a third of that of the “Atole.”

T A B L E  1

N U T R IE N T  C O N T E N T  PER  C U P * (1 8 0  m l)

N utrients
T y p e  o f supplem ent

A to le Fresco

Total calories, kcal 1 63 5 9
Protein,g 11 —
Fat, g 0 .7 —
Carbohydrates, g 2 7 1 5 .3
Ascorbic acid , mg 4 .0 4 .0
Calcium, g 0 .4 —
Phosphorus, g 0 .3 _
Thiam ine, mg 1.1 1.1
Riboflavin, mg 1 .5 1 .5
Niacin, mg 18 .5 1 8 .5
Vitam in A , mg 1.2 1.2
Iron, mg 5 .4 5 .0
Fluor, mg 0.2 0 .2

Figures ap prox im ated  to  a decim al.

Attendance to the supplementation centers is voluntary and consequently there 
exists an ample variation in the intake of the supplement during pregnancy. The 
amounts of supplement ingested both daily and at periodic intervals, were measured 
as well as the physical growth and mental development of the children. In addition, 
morbidity, the habitual diet of the families and sociocultural characteristics were also 
measured.69

For the purpose of determining the effect of food supplementation during 
Pregnancy on birth weight, the magnitude of the association between food supplemen­
tation and birth weight was first investigated in order to explore if the observed 
association was an artefact produced by any interfering variable.
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The percentage of children with low birth weight for the groups with high and 
low supplementation is shown in Figure 10. As the data show, this proportion was 
approximately half in the groups with high supplementation than in those with low 
supplementation, and no difference was found between the populations who con­
sumed “Fresco” and those who ingested “Atole.”

Table 2 presents the observed correlations between caloric supplementation 
during pregnancy and birth weight. As observed, the values for the slope (or dose- 
response relationship) both in reference to “Fresco” as well as to “Atole” were very 
similar. This Table also indicates that a significant correlation between caloric sup­
plementation during pregnancy and birth weight was observed in the total population 
(P < 0 .0 1 ).

T A B L E  2

C O R R E L A T IO N  B E T W E E N  S U P P L E M E N T E D  C A L O R IE S  
D U R IN G  P R E G N A N C Y  A N D  B IR T H  W E IG H T  O F  T H E  C H IL D

Supplem ent r

Dose-response  
re la tio n sh ip *  

(w eigh t in g /10 ,0 0 0  
supplem ented cat )

n P <

A to le 0 .1 1 3 2 3 2 1 9 0.10
Fresco 0 .1 2 3 3 0 1 8 6 0.10
T o ta l

(A to le  and Fresco) 0 .1 3 5 2 9 4 0 5 0.01

Dose-response relationship  fo r Fresco greater th an  fo r  A to le ; covariance test: 
N .S .

Investigations were then undertaken to determine whether this association 
was due to a systematic error or to an artefact introduced by interfering variables. 
For this purpose, approximately 50 maternal variables were studied, including home 
diet and morbidity during pregnancy, anthropometry, obstetric history and socio­
cultural characteristics of the family. As Table 3 shows, the dose-response relationship 
between the supplemented calories and the weight o f the newborn was basically the 
same after controlling for the influence of the previously mentioned maternal variables. 
Consequently, these findings reveal that none of these variables can explain the obser­
ved association between caloric supplementation during pregnancy and birth weight.

Finally, the possible effect of autoselection of the pregnant women in regard 
to the supplement intake, as an explanation for the observed association between
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TABLE 3

D O S E -R E S P O N S E  R E L A T IO N S H IP  B E T W E E N  C A L O R IC  S U P P L E M E N T A T IO N  
D U R IN G  P R E G N A N C Y  A N D  B IR T H  W E IG H T  (n  =  4 0 5 )

Dose-response 
re lationship  
b ir th  w e ig h t 
(g /104 c a l )

S.E.

1. Before contro lling
fo r interfering variables 2 9 * * 10.6

2. A fte r contro lling  fo r
interfering variables1
(in m u ltip le  corre la tion) 3 0 * * 10.6

** P < 0 .0 1 .

i  Hom e d ie t, height, cephalic and arm  c ircum ference, w e ig h t a t 1st trimester, 
p a rity , gestational age, anorexia  and diarrhea d u rin g  pregnancy.

caloric supplementation during pregnancy and birth weight was investigated. Differen­
ces in birth weight between consecutive children of the same mother were calculated 
in order to explore the possibility that any factor not measured in the study could 
be producing both effects: high food supplementation consumption during pregnancy, 
and newborns with a higher weight.

The differences in birth height for the subsample o f consecutive siblings, divided 
into three groups according to differences in regard to caloric supplementation of the 
mother between the two pregnancies can be appreciated in Figure 11. As the data 
reveal, when caloric supplementation during the last pregnancy was lower than during 
the preceding one (bar A), the average birth weight of the last baby was also lower 
than that of the preceding child. When caloric supplementation in the course of the 
last pregnancy was higher than during the previous pregnancy (bar C), the mean 
weight of the last newborn was also greater than that o f the preceding child (r =  0.295, 
n =  82, P <  0.01). Hence, the relation observed between the supplemented calories 
during pregnancy and birth weight was consistent not only in all the population 
studied but also between siblings o f the same mother. Consequently, it was concluded 
that calorie supplementation during pregnancy produced an increment in birth 
weight.69
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(N =  94 pairs)

200  -

150 -

100  -

50 -

■= -  50 _

-100 -

-150 -

-2 0 0  -

x — 1 S. D.
c

(34)

35

Differences in caloric supplementation during 
pregnancy
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Fig. 1 1 . Relationship between differences in caloric supplementation during 
pregnancy and differences in birth weight between two consecutive siblings 
(last pregnancy minus preceding pregnancy) (n =  94 pairs).

C. W hich are the Mechanisms o f this E ffect?

It is generally accepted tha t m alnutrition during pregnancy induces changes 
‘hat lead to  a reduction o f the m aterno-fetal transference o f nu trien ts.22 ' 70 Further- 
More, there is evidence tha t children o f malnourished m others also present biochemical 
changes which reflect the nutritional alterations o f the m other.71 Consequently,
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reduction o f the materno-fetal transference o f  nutrients would lead to a retardation 
in fetal growth through metabolic changes in the fetus, which in some aspects would 
be similar to those produced by malnutrition in the pregnant woman.

It should be noted that in the present study protein did not cause an additional 
effect to that of calories. This is probably due to the fact that calories are the most 
important limiting nutrient in the home diet. It is possible, therefore, that part of the 
protein of the diet is being used to supply calories.72, 73 Consequently, up to a 
certain point, the caloric supplementation o f this population group is equivalent to a 
protein-calorie supplementation, since it permits to spare protein for synthesis and 
growth. It is possible that in populations where the protein-calorie ration is very low,74 
a specific effect of protein supplementation may be observed. The best food sup- 
plemeht for a population is not necessarily the most adequate, and could be even 
harmful for other populations if their diets are limiting in other nutrients.

The public health implications of the association between food supplementa­
tion during pregnancy and fetal growth are obvious. As already mentioned, children 
with low birth weight present high rates of infant mortality.8 ' 10 This means that the 
efficiency of nutritional programs designed to reduce infant mortality could be greatly 
increased if these were oriented to mothers with a high risk of having low birth-weight 
babies.75

The relationship between the socioeconomic score and the children with low 
birth weight for two categories of caloric suplementation during pregnancy is shown 
in Figure 12. As the data, reveal, the magnitude o f the association between socio­
economic score and low birth weight is higher in mothers with low supplementation 
than in mothers with high supplementation. More still, in the group with high socio­
economic score, food supplementation practically did not produce differences in the 
proportion of children with low birth weight. These results clearly indicate that 
the effects of caloric supplementation are greater in the group with low socioeconomic 
score. Furthermore, these results suggest that differences in the proportion of children 
with low birth weight among groups of different socioeconomic score, may be notably 
reduced if mothers improve their nutritional status during pregnancy.

The relationship between the socioeconomic score and the proportion of 
children with low birth weight, in regard to two variables, height of the mother and 
her caloric supplementation during pregnancy, is observed in Figure 13. As the data 
show, the association between the socioeconomic score and low birth weight is quite 
strong in the group of mothers o f small stature and low supplementation. On the 
other hand, no association is observed between the socioeconomic score and birth 
weight in the group of tall, well-supplemented mothers during pregnancy. The two 
intermediate groups also show an association o f  intermediate magnitude between the 
two extremes.

Finally, Figure 14 shows an example of the implications that these considera­
tions have both in terms of effectiveness as well as in terms o f the cost of programs
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aimed at reducing the prevalence of low birth weight or o f  infant mortality. For this 
analysis we have selected the house characteristics as a risk indicator, and the reduc­
tion in the infant mortality rate as a measure o f  the effectiveness o f  the program 
in a group of 1,000 women.75 Examination of data in the same Fig. 13 indicates 
that the expected effectiveness of the program —estimated by the number of prevent­
ed deaths— increases in the measure that the superior limit selected to detect groups 
at high risk increases up to a point beyond which no greater increment is observed. 
The total cost of the program, however, continues to increase regularly even though 
its efficacy does not increase any more. In other words, it is evident that if the cate­
gory 0 to 3 in the housing scale is used to identify women at high risk and the program 
is applied exclusively to this group, the resulting effect would be similar to that ob­
tained if the program were applied to the total population. Since the cost of applying 
the program exclusively to the more at-risk group is half the cost resulting from the 
coverage of the total population, the use of this indicator —house— would permit 
obtaining twice the expected benefit for the same cost.75

IV. INFECTION

Discussion of the association between infectious disease and fetal growth 
retardation can be divided in two sections: maternal morbidity during pregnancy, 
and intrauterine infection.

A. Maternal Morbidity During Pregnancy

The available evidence suggests that mothers of low socioeconomic level with 
endemic protein-calorie malnutrition, also suffer from a high prevalence o f infectious 
diseases.8 ■ 66, 67

A preliminary work has shown66 that morbidity of the mother during pregnancy 
is inversely related with birth weight. This association disappeared after controlling 
for the mother’s diet during pregnancy, a fact which suggested that the majority of 
the maternal morbidity effects on birth weight were due to an intake reduction 
resulting from the anorexia that accompanies almost all o f the infectious diseases. 
However, during that occasion we were unable to investigate which were the most 
important symptoms.

In a more recent study67 an inverse relation between common infectious diseases 
during pregnancy and birth weight was again observed (Fig. 15). The proportion of 
children with low birth weight increased gradually from 1 0°/o in the group of 
healthier mothers up to 26°/o in the small group of mothers who reported any type 
o f disease symptoms during more than 50°/o of their pregnancy. In conclusion, high 
morbidity levels during pregnancy were associated with a significant increase in the 

' proportion of low birth-weight children, and this association remained constant after 
controlling for the more important maternal variables.
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The possible mechanism of this effect appears to be the reduction of the nutrient 
transference from the mother to the fetus. Studies in humans suggest that this can 
occur due to a reduction in food intake and to the metabolic response to 
infection.76, 77 Nevertheless, it should be emphasized that in observational studies 
such as the ones previously mentioned, assignment of gestating women to determined 
maternal morbidity categories was not based, o f course, on specific criteria designed 
by the researcher. For this reason it is necessary to interpret the findings with great 
caution, and to explore in what degree do these results replicate in different 
populations.

B. Intrauterine Infection

The term “intrauterine infection” will be used in this discussion to indicate 
the invasion by microorganisms of the fetus tissues, the placenta and its membranes.

1. Etiology and prevalence

One of the most serious problems in exploring the effect of intrauterine 
infection on growth and fetal development lies on the diagnosis o f intrauterine infec­
tion. Although various techniques have been employed and are available to the resear­
cher, up to this moment there does not exist a totally reliable methodology to make 
this diagnosis.7 8 '90

The more common causal agents of intrauterine infection are shown in Table 4 
divided in two main classes: microorganisms that have been wholly demonstrated to 
be causes of intrauterine infection, and microorganisms that possibly cause this 
infection.

In relation to the prevalence of intrauterine infection few data are available from 
underdeveloped populations. In the prospective study of 88 mothers from four rural 
villages of the East of Guatemala, to which we already referred in a previous paragraph, 
66°/o showed one or morg days of infectious disease during pregnancy.66 The 
prevalence of antitoxoplasma antibodies was between 60 and 94°/o in population 
groups of Guatemala and Costa Rica.91, 92 Studies carried out in Latin American 
countries have shown that the IgM levels in cord blood are frequently high in rural 
or urban populations with deficient sanitary conditions. In these populations the 
proportion o f children with high IgM levels is approximately 50°/o compared with 
5°/o in Latin American populations with satisfactory environmental conditions.93 
This prevalence is similar to the one found in children with suspected clinical intra­
uterine infection in Birmingham, Alabama, USA.82 In Children who have suffered 
confirmed intrauterine infection, the prevalence of high IgM levels in cord blood is 
85%).80 Taking into account these observations, the total prevalence of intrauterine 
infection in developing populations is probably much higher than in the developed 
societies, possibly as high as 10°/o of all babies born alive.
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TABLE 4

E T IO L O G IC  A G E N T S  O F  IN T R A U T E R IN E  IN F E C T IO N

Agent D em onstrated Probable

Virus

Cytom egalovirus
R ubella
Herpes sim plex  
C h icken  pox  
V accin ia  
Polio
W estern equine encephalom yelitis

Coxsackie B
Echo
Measles
M um ps
Influenza
H epatitis
"A tten u a te d  virus

Mycoplasma

T h e  m a jo r ity , p a rtic u larly :

T  strain

Bacteriae

E nterobacteriae
Listeria monocitogenes 
Vibrio fetus 
Treponema pallidum  
Mycobacterium tuberculosis

Protozoa Toxoplasma gondii 
Plasmodium

Fungus Candida

2. Effects on birth weight

Low b irth  weight for gestational age is frequently  found associated with 
intrauterine infection. This association has been particularly evident in infections 
caused by  the rubella virus. The average weight o f newborns w ith congenital German 
measles is below  2 ,500 grams,94 in com parison with 3,300 to 3,500 grams for norm al 
children o f the same populations.95 O ther viral agents have been associated w ith fetal 
growth retardation . From  30 to  1 0 0 %  o f children with cytomegalovirus in fection96 
and all those infected by  herpes virus9 7 have been reported  to  have fetal growth 
retardment. Fetal infection by poliovirus is probably a cause of prem aturity  and low 
birth weight, especially if it occurs during the first trim ester o f pregnancy and is 
clinically severe.98 A similar observation has been reported  in relation to  the smallpox 
vaccine.99 In cases of fetal infection caused by influenza, mumps, smallpox, chicken 
pox and measles, the inform ation on this subject is con trad ic to ry .100' 102
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In relation to the effects of bacterial infection, an association between the 
presence o f bacteriuria during pregnancy and fetal growth retardation has been 
reported.1 0 3 ' 105 Nevertheless, more recent information has not confirmed this 
association.1 06 "109 Also, the presence of mycoplasma T strains in the cervix or in 
the urine of gestating women has also shown to be associated with low birth weight.1 10 
The weight of children with congenital syphilis also is reduced when compared with 
that of healthy children.1 1 1  Furthermore, an association between low birth weight 
and the presence of positive seroconversion for toxoplasma during pregnancy has 
been shown.1 1 2  Lastly, it has been observed that the birth weight of children with 
placentary infection caused by plasmodium was, as an average, 260 g lower than in 
the control group. 1 1 3

Table 5 describes the principal routes and action mechanisms on intrauterine 
infection as well as the factors that influence its final impact.

T A B L E  5

P A T H W A Y S , M E C H A N IS M S  A N D  F A C T O R S  IN F L U E N C IN G  T H E  F IN A L  
E F F E C T  O F  IN T R A U T E R IN E  IN F E C T IO N

A . Pathw ays o f in trau terine  in fection:

— Placentary
- Vaginal
— Others

B. Mechanisms o f in trau terine  in fection :

— R eduction of p lacentary  f lo w
— In h ib itio n  o f th e  mitosis veloc ity
— Chrom osom al ruptures
— C ellu lar necrosis
— Increm ent o f  catabolic  velocity
— Tissular hyp o x ia

C. Factors influencing the fin a l e ffe c t o f in trau terin e  in fection :

_ N ature  o f causal agent
— G estational age a t w hich in fectio n  is in itia ted
— Severity o f th e  in fection  (extension , loca liza tion , d u ra tio n )
— M aterno-feta l response (n u tr it io n , im m une response)

In the greater part of the reported cases, infection was produced through the 
placentary pathway, a finding that indicates that the agent must have been first ,n
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the maternal blood.114- 1 1 5  In other cases, particularly of infections produced by 
herpes virus and bacteriae, infection was produced through the vaginal pathway1 1 6  
originating the so-called amniotic infection syndrome.14 There are other possible 
infection routes, including transmission through the maternal ovary. 1 1 7  The agent 
is then disseminated in the fetus, producing acute or chronic infection which may 
not be clinically detectable at birth.82

One of the mechanisms which explains fetal growth retardation is the reduction 
of the placentary blood flow ,1 18 mainly due to injury of the placenta’s 
endothelium.1 1 9  Another important mechanism is the inhibition of the cellular 
multiplication which results in hypoplasia. 120 Furthermore, a high frequency of 
chromosomal ruptures has been reported, and this leads to the production of a great 
number of nonviable cells and, hence, to low growth rates.121  In contrast, cellular 
necrosis does not appear to be an important mechanism in the production of fetal 
growth retardation.1 11  In addition, the increment in the catabolic velocity1 22 and the 
tissular hypoxia1 13 can play an important role as mechanisms of the effect of intra­
uterine infection.

One of the most important factors which influences the final effect of intra­
uterine infection, naturally, is the agent. Thus, infection by rubella is found consistently 
associated with fetal growth retardation, while infection producted by cytomegalovirus 
shows an association with mental retardment independently of the physical growth 
of the fetus.

The gestational age at which infection occurs is also of importance in deter­
mining the magnitude of the injury, its nature and reversibility. For example, intra­
uterine infection is more dangerous and probably of irreversible effects if it occurs 
during the first months of pregnancy, since at this stage many organs, including the 
brain, are in the hyperplasic growth phase.123

Another factor is the severity of the infection defined by the extension of the 
infectious process and the localization of the lesions. Under similar conditions of 
extension and localization, processes of longer duration will probably produce a more 
profound effect on fetal growth than relatively short infectious processes.

In addition to the above-mentioned factors, those modifying the physiologic 
state of the fetus are also important. Among these we can cite nutritional status, 
which may be reduced due both to maternal malnutrition or to a restriction of tL 
placentary blood flow . 1 1 9  Other factors are the immune response capacity of the 
fetus, the magnitude and efficiency of which determine the final result of the in­
fectious process.

After the third month of gestation, the fetus is capable of producing immuno­
globulins and components of the hemolytic system complement. 124 At birth, the 
fetus can show retarded hypersensibility reactions125  and a phagocytic activit 
similar to that of the adults.126  The efficiency of these mechanisms is fufficient to
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pro tec t the new born, even if he lives in environm ents w ith very high infection risks 
D em onstration o f  imm unologic reactions o f fetal origin has been possible in the 
m ajority o f  in trauterine infections.127 In some cases,128 however, reactions have 
appeared tardily or have no t been detected, thus suggesting an alteration of the recog­
nition mechanisms o f the agent as strange to the fetal organism. This observation has 
been reported in some types o f infection produced during the first trim ester of gesta­
tion, and have profound implications for the immunologic th eo ry .129, 130

The m aternal defense mechanisms against infection also play an im portant role. 
The m ajority o f  the antibodies produced by the m other are IgG type and, consequent­
ly, pass to the fetus and contribu te to p ro tec t h im .131 In infections occurring through 
the vaginal route, the passage o f antibodies and other factors of the m other to the 
fetus can also be an im portant factor in the protection  of the product.

It must be emphasized tha t, excepting the studies carried o u t during German 
measles epidemics, these data are originated from studies th a t have no t been designed 
for the specific purpose of exploring the effect o f  in trauterine infection on birth 
weight. For example, the retrospective inform ation on gestational age does no t permit 
to  infer if the low birth  weight observed was due to  fetal growth retardation  or to a 
short-term  gestational age. In spite o f these difficulties, the reviewed data suggest 
th a t fetal infections produced by  German measles, cytomegalovirus, herpes virus, 
toxoplasm a and plasmodium exert unfavorable effects on fetal growth. In the case of 
other infections, evidence is doubtfu l.

The mechanisms o f this effect are principally the reduction o f the placentary 
blood flow and the inhibition o f the mitosis velocity in the fetal organisms. The 
injury produced depends on the type o f infectious agent, the tim e a t  which the infec­
tion occurs and its severity, the nutritional status o f the fetus, and the effectiveness 
o f  his imm une response. Estim ates o f the prevalence o f in trauterine infection vary in 
accordance to the environm ental sanitation conditions, and can possibly be as high 
as 10°/o in the alive newborns in technologically underdeveloped societies.

V. OTHER FACTORS

A. A ltitude

The Andes region in South America is the area o f higher altitude (more than
3,000 m above sea level) m ore densely populated in the world. O bstetricians working 
in the Andean Region frequently  repo rt tha t children born in tha t zone are generally 
smaller. Various reports from  the Andean Region in Peru have consistently shown 
th a t a lower b irth  weight and a greater neonatal m ortality  correspond to  the highest 
altitude. Thus, a sample o f  children born in Cuzco (at an altitude o f alm ost 4,000 m) 
weighed an average o f  200 g less than children bom  in Lima (200 m altitude). More 
still, children born in Cuzco from  m others o f European origin also showed a lowci 
average b irth  weight than th a t o f populations living a t sea level.132, 133 Similar data 
have been observed in the United S tates.134, 135
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In summary, the available evidence suggests the existence of an inverse relation­
ship between altitude and birth weight. Populations who live at higher altitudes tend 
to have a high percentage of children with low birth weight. Analysis of the published 
data suggests that the altitude effect can produce an increase of 4 to 5°/o in the 
prevalence of low birth weight for each increment of 1,000 meters above sea level.

B. Genetic Factors

There is consensus in the scientific community as to the importance that genetic 
factors play as determinants of birth weight. Nevertheless, available data are difficult 
to interpret given the different genetic or ethnic differences usually found associated 
to environmental differences. Various authors1 36, 13 7  have found a clear difference 
in the average birth weight among different ethnic groups. Thus, for example, the 
North American Indians show the greatest average birth weight while the Mayan 
Indians and Hindus show lower averages. On the basis of this incidence, it is assumed 
that there exists a strong genetic component in the causal complex which determines 
birth weight. The variables to correlate in studies on the genetic influence on intra­
uterine growth, are the growth potential of the parents and newborns. In the developed 
societies, environmental conditions can permit a complete expression of the genetic po­
tential for physical growth. This is why it is considered that in the developed countries, 
variability in height is to a great extent due to a different genetic growth potential. 1 38 
In these societies high correlations between the size of the parents and the size of the 
children have been found.1 38

It has been shown that the relation between the size of the mother and the size 
of the newborn is consistent in many mammal species, including the human species.1 39 
Data collected from various independent groups of researchers suggest that this rela­
tionship is mainly a function of the size of the mother, and not of the size of the 
father, both in animals140, 1 4 1  as in humans.142, 143  These data suggest that birth 
weight depends more on the environment provided by the mother than on genetic 
influences. A possible mechanism of this effect is the placentary blood flow . 144 
However, in undernourished populations, the physical growth of both parents and 
newborns does not appear to be a total expression of the genetic potential for growth. 
This notion is derived from numerous studies which indifate that chronic malnutrition 
and the high morbidity rates associated to it, cause physical growth retardation.53, 54 
In other words, in these societies environmental factors, principally malnutrition and 
infection, determine the extent of how the fetus can develop its growth genetic 
potential. 145

C. Miscellaneous Factors

Great attention is paid in the literature originated from the developed countries, 
to a series of factors that are found with relatively less frequency in the developing 
countries o f the world. These factors will be briefly reviewed in the following para­
graphs.

The incidence of pre-eclampsia is three times higher among primigravidae than 
among multigravidae and occurs with exceptionally high frequency in women who
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have had serious systemic diseases previous to initiation of pregnancy. A high inciden­
ce o f toxemia o f pregnancy also exists in low socioeconomic populations where 
maternal protein-calorie malnutrition is highly prevalent. 146

In a study of 947 cases of preeclampsia carried out in the United States of 
America, it was found that both the fetus and the placenta showed important altera­
tions in growth and development in comparison with the conception product of nor­
mal women. Furthermore, women with toxemia of pregnancy tended to give birth 
at a shorter gestational age than normal women.147

There is also evidence of association between the cigarette-smoking habit during 
pregnancy and birth weight. The average birth weight is around 200 g less in mothers 
who smoke than in those who do not smoke during pregnancy.148 In a sample of 
non-smoking mothers of the United States, the incidence of low birth weight was 
approximately half (3.6°/o) than that observed in a comparable sample of smoking 
mothers (7.6°/o) .149  The cigarette-smoking habit during pregnancy has also been 
associated to a short gestational age, and it is estimated that around 10°/o of the effect 
o f the smoking habit on birth weight is due to a short gestational age. 150 The principal 
mechanisms of this effect seem to be the vaso-constrictor effect o f nicotine on the 
blood vessels o f  the placenta, a high concentration o f carbon monoxide in the blood 
and, consequently, fetal hypoxia and a small-size placenta.

Besides, various complications of pregnancy can produce low birth weight. 
These include diabetes, cardiac disease, Rh incompatibility, severe anemia, excessive 
vomiting or hemorraghes during pregnancy, abortion induced through various means, 
previous placenta, multiple pregnancies, and previous abortions. 1 51  • 152

Finally, in some mothers from developed countries, a repetitive tendency to 
give birth to children with low weight, commonly due to their short gestational age, 
has been observed. This tendency, found in apparently normal women, has been called 
idiopatic prematurity in view of the fact that the causes of these phenomenon are 
unknown. 153

V I .  E S T IM A T IO N  O F  T H E  IM P O R T A N C E  O F  T H E  R E V IE W E D  F A C T O R S

Due to the scarcity of information, it is impossible to provide a precise estimate 
of the relative importance o f the various factors previously described, in respect to 
their contribution to the high incidence of low birth-weight babies in Latin America. 
However, some points merit consideration in this regard.

The triad formed by maternal malnutrition, infection and low socioeconomic 
level constitutes a very complex interaction and it is difficult to estimate the relative 
importance of each one o f its individual components. Thus, in contrast to the 
developed countries, 70°/o or more of the developing societies are in the low
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socioeconomic level stratum, where a high prevalence of malnutrition and infection 
exists. Furthermore, in populations of the Andean Region, it is possible that the 
altitude exerts a negative interaction with malnutrition and maternal infection. 
However, although the Andes Region is the more populated high-altitude region of 
the world, its contribution to the high incidence of low birth weight in Latin America 
appears to be relatively small.

In general, the cigarette-smoking habit is quite uncommon in Latin American 
mothers, so that this is also a factor of little practical importance as determinant of 
the total incidence of low birth weight in the Region. Reports on the incidence of 
toxemia of pregnancy in the developing countries vary between 3 and 26°/o of the 
number o f born-alive babies,146’ 154, 155  and it has been observed that this condition 
is more prevalent in the low socioeconomic classes. It is possible that maternal mal­
nutrition be one of the contributing factors to the development of toxemia of preg­
nancy, 156 and it is also possible that toxemia of pregnancy produce a greater number 
of low birth-weight babies in the developing countries than in the developed countries. 
However, due to the high prevalence of malnutrition and infections, it is probable 
that even under these circumstances, the contribution of toxemia of pregnancy to the 

'total incidence of low birth weight in Latin America is small when compared to the 
contribution of maternal malnutrition and infection. The same conclusion is applied 
to the series of miscellaneous factors mentioned previously.

The known causes of LBW are summarized in Table 6 , divided into two groups 
in terms of their relative importance in the Latin American countries.

T A B L E  6

D E T E R M IN A N T S  O F  L O W  B IR T H  W E IG H T  IN  L A T IN  A M E R IC A

A . P redom inant B . O f  m inor im portance

1. L ow  socioeconom  ic level 1 . A lt itu d e
2 . M a ln u tritio n 2 . T o x em ia  o f  pregnancy
3. In fection 3 . Sm oking hab it

4 . Hem orrhage
5 . Repeated abortions
6 . Previous child  w ith  lo w  b irth  w eight
7 . D iabetes
8 . Cardiovascular disease
9 . M u ltip le  pregnancy

1 0 . Hyperemesis
1 1 . G enetic  factors
12 . O th e r
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Fig. 16. Estimated incidence of low birth weight in Latin America, by causes.
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A proximate estimation of the importance of three groups of causes as deter­
minants of the incidence of LBW in Latin America is presented in Figure 16. It is 
estimated that the causes considered as predominant were responsible for 44°/o of 
the babies born with LBW in 1975. All of the other known causes would be responsible 
for approximately a fourth of the total incidence. The remaining group —a third of the 
total incidence— would correspond to causes which have not been determined as yet.

In conclusion, the available data suggest that the high incidence of low birth 
weight in Latin America is primarily the result of the high prevalence of maternal 
malnutrition, o f common infectious diseases during pregnancy, and of factors that 
interact with poverty or economic, social and cultural deprivation of the majority of 
the Latin American populations. These three factors interact in a very complex form 
for the purpose of finally producing a high incidence of low birth weight in our 
countries.

It is essential to recognize that this high incidence is directly related to the 
malnutrition, infection and poverty conditions. For these reasons, when adoption of 
measures for reducing the incidence o f low birth weight is considered, it is important 
to approach the problem not only as a specific public health problem, but also in its 
global context in relation to the social and economic development of the population.

Many public health specialists have not recognized the contribution of maternal 
malnutrition to the prevalence of low birth weight, and feel that the problem can be 
solved by massive immunization programs and with the establishment of curative 
medical services. Nonetheless, these programs are not only very costly but their 
effective utilization in the developing countries is quite limited unless there exists 
a simultaneous improvement of both the environmental conditions and of the basic 
social and economic parameters of the community. On the other hand, one of the 
considerations to be kept in mind is the frequent failure of traditional nutritional 
actions in the Latin American countries. The fact that maternal malnutrition is an 
important causal factor in the etiology of low birth weight does not necessarily mean 
that the supplementary feeding programs herein discussed will solve the problem. 
It must be emphasized that these programs were implemented as research procedures. 
As routinary service activities such programs are generally very expensive, they consume 
too much time and personnel, contribute to create dependent populations, and fre­
quently induce unfavorable effects on the local food industry. Consequently, it is 
possible that such programs are inadequate as unique and massive measures aimed 
at great population groups and during long time intervals.

R E S U M E N  

C A U S A S  D E  B A JO  PESO A L  N A C E R  E N  L A T IN O A M E R IC A

Del análisis de la literatura se concluye que el peso del recién nacido es notable­
mente mejor en los grupos de alto nivel socioeconómico que en los grupos de bajo
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nivel socioeconómico, y que dicha asociación también existe en pequeñas poblaciones 
pobres del área rural de Guatemala. En estas aldeas, la asociación entre el puntaje de 
la escala socioeconómica desarrollada para esta investigación y la proporción de niños 
con bajo peso al nacer, desaparece en los grupos de madres con alta talla y bien suple- 
mentadas durante el embarazo. Los datos presentados sugieren que tanto la historia 
nutricional desde la concepción, como el estado nutricional de la madre durante el 
embarazo, constituyen uno de los mecanismos importantes de la relación causa] 
existente entre características socioeconómicas y  crecimiento fetal. Otro mecanismo 
de gran importancia en Latinoamérica es la elevada prevalencia de infección, tanto 
en la madre como en el niño desde su vida prenatal. Se estima que el complejo causal 
pobreza-desnutrición-infección es responsable de por lo menos la mitad de los niños 
nacidos con bajo peso en la Subregión. Se considera, además, que el conjunto de 
causas conocidas como responsables de la mayor parte de niños con bajo peso al 
nacer en los países industrializados, determina no más de la cuarta parte de estos 
niños en la América Latina. Por esta razón, las estrategias utilizadas en países indus­
trializados para disminuir la incidencia de bajo peso al nacer no son aplicables en 
Latinoamérica. Por ejemplo, en muchas poblaciones del Subcontinente indicadores 
muy sencillos tales como la talla, el perímetro de la cabeza y del brazo, y las carac­
terísticas de la vivienda, pueden ser muy útiles para seleccionar grupos de madres con 
alto riesgo de dar a luz niños con bajo peso al nacer y que, por lo tanto, requieren 
con carácter prioritario, la atención de los programas de salud. El uso de estos indica­
dores de riesgo contribuirá a mejorar notoriamente la eficiencia y la efectividad de 
dichos programas, particularmente en las poblaciones con recursos de salud inade­
cuados.

Se concluye que un mejoramiento del estado nutricional y de la salud de las 
mujeres gestantes, conducirá a un descenso significativo de la prevalencia de niños 
con bajo peso al nacer en la mayor parte de la población latinoamericana. Esto, a su 
vez, ayudará a reducir las altas tasas de mortalidad infantil que se observan en estos 
países, y permitirá a las nuevas generaciones una mayor probabilidad de desarrollar 
toda su potencialidad genética.

B IB L IO G R A F IA

1. Lechtig, A., S. Margen, T. Farrell, H. Delgado, C. Yarbrough, R. Martorell &
R. E. Klein. Low birth weight babies: world wide incidence, economic cost,
and program needs. (Chapter II). In.- Perinatal Core in Developing Countries. 
(Based on a workshop held at Gimo, Sweden, jointly sponsored by the World 
Health Organization and the 5th European Congress of Perinatal Medicine). 
G. Rooth and L. Engstróm (Eds.). Uppsala, Sweden, University of Uppsala, 
1977, p. 17-30.

2. Martorell, R., A. Lechtig, C. Yarbrough, H. Delgado & R. E. Klein. Small stature
in developing nations: its causes and implications. In: Proceedings o f  the Sym-
posium on The Biological and Cultural Sources o f Variability in Human Nu- 
trítion, Berkeley, California, December 3-5,1975. In press.



65

3. Harper, P. A. & G. Wiener. Sequelae o f low b irth  weight. Ann. Rev. Med., 
16: 405, 1965.

4. Fitzhardinge, P. M. & E. M. Steven. The small-for-date infant. II. Neurological 
and intellectual sequelae. Pediatrics, 50:50, 1972.

5. Lasky, R . E., A. Lechtig, H. Delgado, R. E. Klein, P. L. Engle, C. Yarbrough 
& R. Martorell. Birth weight and psychom otor perform ance in rural Guatemala. 
Am. J. Dis. Child., 129: 566-570, 1975.

6. Wiener, G., R. V. Rider, W. C. Opperl & P. A. Harper. Correlates o f low birth- 
weight. Psychological status a t eight to ten years o f age. Pediat. Res., 2:110-118, 
1968.

7. Chandra, R. K. Fetal m alnutrition and postnatal im m unocom petence. Am. 
J. Dis. Child., 129:450, 1975.

8. Mata, L. J., J . J . Urrutia, & A. Lechtig. Infection and nu trition  of children of 
a low socioeconom ic rural com m unity. Am. J. Clin. Nutr., 24:249-259, 1971.

9. Chase, H. C. In fan t m ortality  and weight at b irth : 1960. United States cohort. 
Am. J. Pub. Hlth , 59:1618,1960.

10. Lechtig, A., H. Delgado, C. Yarbrough, J —P. Habicht, R. M artorell & R. E. 
Klein. A simple assessment o f the risk o f low birthw eight to select women for 
nutritional intervention. Am. J. Obstet. Gynecol, 125:25-34, 1976.

11. Lechtig, A., H. Delgado, R. E. Lasky, R. E. Klein, P. L. Engle, C. Yarbrough & 
J-P. Habicht. Maternal nu trition  and fetal growth in developing societies. 
Socioeconomic factors. Am. J. Dis. Child., 129A14-4Z1, 1975.

12. Bagchi, K. & A. K. Bose. Effect o f low nu trien t during pregnancy on obstetrical 
perform ance and offspring. Am. J. Clin. Nutr., 11}586-592, 1962.

13. DeMarchi, M., A. Isa, S. Al-Saudi, M. Al-Azzawee, M. Alii & N. Elmilli. Food 
consum ption and nu tritional status of, pregnant wom en attending a m aternal 
child health center in Baghdad. J. Fac. Med. (Baghdad), <§. 20-30, 1966.

14. Hankin, M. E., J . K. Burden & E. M. Symonds. N utrition studies in pregnancy. 2. 
N utrient intake and the outcom e o f pregnancy. Austr. New Zeal. J. Obstet. 
G ynaec.,4:149-155.

15. Lechtig, A., J-P. Habicht, E. de León, G. Guzmán & M. Flores. Influencia de la 
nutrición m aterna sobre el crecim iento fetal en poblaciones rurales de G uate­
mala. I. Aspectos dietéticos. Arch. Latinoamer. Nutr., 22:101-115, 1972.



66

16. Pasricha, S. A survey of dietary intake in a group of poor, pregnant and lactating 
women. Indian J. Med. Res., 46:605-609, 1958.

17. Thomson, A. M. Diet in pregnancy. 2. Assessment of the nutrition value of 
diets, especially in relation to differences between social classes. Brit. J. Nutr., 
73:190-204,1959.

18. Venkatachalam, P. S. Maternal nutritional status and its effect on the newborn. 
Bull. Wld Hlth Org., 26:193-201, 1962.

19. Arroyave, G., W. H. Hicks, D. L. King, M. A. Guzmán, M. Flores & N. S. Scrim­
shaw. Comparación de algunos datos bioquímicos-nutricionales obtenidos de 
mujeres embarazadas, procedentes de dos niveles socioeconómicos de Guatemala. 
Reo. Col. Méd. (Guatemala), 11:80-85,1960.

20. Faulhabcr, J. Anthropometry o f living Indians. In: Handbook o f  Middle Ameri­
can Indians. R. Wauchopé (Ed.). Austin, Texas, University of Texas Press, 
1970, Vol. 9, p. 82.

21. Lechtig, A., J-P. Habicht, G. Guzmán & E. M. Girón. Influencia de las carac­
terísticas maternas sobre el crecimiento fetal en poblaciones rurales de Guate­
mala. Arch. Latinoamer. Nutr., 22:255-265, 1972.

22. Lechtig, A., C. Yarbrough, H. Delgado, R. Martorell, R. E. Klein & M. Béhar. 
Effect of moderate maternal malnutrition on the placenta. Am . J. Obstet. 
Gynecol., 123:191-201,1975.

23. Mata, L. J., J. J. Urrutia & A. Lechtig. Infection and nutrition of children of a 
low socioeconomic rural community. Am. J. Clin. Nutr., 21:249-259, 1971.

24. Lechtig, A., H. Delgado, R. E. Lasky, R. E. Klein, P. L. Engle, C. Yarbrough & 
J-P. Habicht. Maternal putrition and fetal growth in developing societies. Socio­
economic factors. Am. J. Dis. Child., 129:434-437, 1975.

25. Niswander, E. R. & M. Gordon. The Women and Their Pregnancies. The Col­
laborative Perinatal Study o f  the National Institute o f Neurological Diseases 
and Stroke. Washington, D. C., U. S. Department of Health, Education and 
Welfare, 1972. (DHEW Publication No. (NIH) 73-379).

26. Sebrell, W. H. Jr., W. K. Kendall, R. E. Webb, et al. N u t r i t i o n a l  s t a t u s  of middle 
and low income groups in the Dominican Republic. Arch. Latinoamer. Nutr., 
22:11-190, 1972 (Special Issue).

27. Girón, B. J. J. Valuación nutricional y hematología materna en relación al peso 
del recién nacido. Guatemala Pediátrica, 5:6, 1965.



67

28. Stander, H. J. & J. B. Pastore. Weight changes during pregnancy and puerpé­
rium. Am. J. O bstet. G ynecol., 3 9 :928-937, 1940.

29. Thomson, A. M., W. Z. Billewicz, B. Thompson & J. A. McGregor. Body weight 
changes during pregnancy and lactation in rural African (Gambian) women. 
J. O bstet. G ynaec. Brit. C om m w ., 7 3 .724-733, 1966.

30. Venkatachalam, P. S., K. Shanker & C. Gopalan. Changes in body weight and 
body composition during pregnancy. Indian J. M ed. R es., 4 8 :5 11-517, 1960.

31. Cravioto, J., G. H. Birch, R. E. DeLicardie & L. Rosales. The ecology of infant 
weight gain in a pre-industrial society. A cta  Paediat. Scand., 5 6 :71-84, 1967.

32. Hurtado, V. J. J. Estudio del crecimiento en lactantes guatemaltecos bien 
nutridos. G uatem ala Pediátrica, 2 : 78-92, 1962.

33. Lechtig, A., H. Delgado, R. Lasky, C. Yarbrough, R. E. Klein, J-P. Habicht
& M. Béhar. Maternal nutrition and fetal growth in developing countries. Am .
J. Dis. Child., 1 2 9 :5 5 3 -5 5 6 , 1975.

34. Oberndorfer, L., W. Mejia & G. Palacios. Anthropometric measurement of 1650 
newborns in Medellin, Colombia. J. Trop. P edia t., 1 1 :4-13, 1965.

35. Shattock, M. F. Height and weight in a Javanese labour population of a North 
Sumatran rubber estate. Trop. Geogr. M ed., 20:147-158, 1968.

36. Udani, P. M. Physical growth of children in different socioeconomic groups in 
Bombay. Indian J. Child f f lth , 1 2 :593-611,1963.

37. Klein, R. E., J-P. Habicht & C. Yarbrough. Some methodological problems in
field studies of nutrition and intelligence. In: N utrition , D eve lopm en t and
Social Behavior. D. J. Kallen (Ed.). Washington, D..C., U. S. Government Printing 
Office, 1973, p. 61-75 (DHEW Publication No. (NIH) 73-242).

38. McCance, R. A. & E. M. Widdowson. Nutrition and growth. Proc. R o y a l Soc. 
Biol., 1 5 6 :326-337, 1962.

39. Winick, M. & A. Noble. Cellular response in rats during malnutrition at various 
ages. J. N utr., 89:300-306, 1966.

4-0. Antonov, A. N. Children born during the siege of Leningrad in 1942. J. Pediat.,
3 0 :250-259, 1947.

41. Gruenwald, P. & I. L. Funakawa. Influence of environmental factors on foetal
growth in man. Lancet, 1 :1026-1029, 1967.



68

42. Sm ith, C. A . Effects o f m aternal undernutrition  upon the new born infant in 
Holland (1944-45). J. Pediat., 30 .229 -243 ,1947 .

43. Yarbrough, C., J-P. Habicht, R. Malina, A. Lechtig & R . E. Klein. Length and 
weight in rural Guatem alan Ladino children birth  to  seven years o f  age. Am. 
J . Phys. Anthropol., 42:439-448 ,1975 .

44. Evaluación Nutricional de la Población de Centro América y  Panamá. Costa 
Rica, El Salvador, Guatemala, Honduras, Nicaragua y  Panamá. Instituto de 
N utrición d e  Centro América y  Panamá (INCAP); Oficina de Investigaciones 
Internacionales de los Institu tos Nacionales de Salud (EE.UU.); Ministerios de 
Salud de los seis Países Miembros. Guatem ala, Institu to  de N utrición de Centro 
América y Panamá, 1969 (6 volumes).

45. Hansman. C. A nthropom etry  and related data. In: Human Growth and Develop­
ment. R . W. McCammon (Ed.). Springfield, 111., Charles C. Thom as Publishers, 
1970, p. 101-154.

46. Lechtig, A., H. Delgado, R. Lasky, C. Yarbrough, R . E. Klein, J-P. Hahicht & 
M. Béhar. M aternal nu trition  and fetal growth in developing countries. Am. J. 
Dis. Child., 129:553-556, 1975-

47. Barja, I., M. E. de la Fuente, D. Ballester, F . M ónckeberg & G. D onoso. Pesoy 
talla de pre-escolares chilenos urbanos de tres niveles de vida. Rev. Chilena de 
Pediat., 36:525-529 ,1965 .

48. Currim bhoy, Z. G row th and developm ent o f Bom bay children. Indian J. Child 
Hlth, 12:627-651 ,1963 .

49. Eksmyr, R. A nthropom etry  in privileged Ethiopian preschool children. Acta 
Paediat. Scand., 5 9 .157-163, 1970.

50. Habicht, J-P., R. Martorell, C. Yarbrough, R. M. Malina & R. E. Klein. Height 
and weight standards for preschool children: are there really ethnic differences 
in growth potential? Lancet, 1:611-615, 1974.

51. Lechtig, A., H. Delgado, R. Lasky, C. Yarbrough, R. Martorell, J-P. Habicht & 
R. E. Klein. E ffect o f improved nu trition  during pregnancy and lactation on 
developm ental retardation  and infant m ortality. In: Proceedings, Western 
Hemisphere Nutrition Congress IV, August 19-22, 1974, Bal Harbour, Florida. 
P. L. White and Nancy Selvey (Eds.). A cton, Mass., Publishing Sciences Group, 
Inc., 1975, p. 117-125.

52. Rea, J . N. Social and econom ic influences on  the growth o f preschool children 
in Lagos. Hum. Biol., 43:46-63, 1971.



69

53. M artorell, R., C. Yarbrough, A. Lechtig, H. Delgado & R. E. Klein. N utrition 
and physical growth: results from a feeding experim ent in Guatem ala. In:
Abstracts o f  Papers, Symposia and Free Communications o f  the X th  Interna­
tional Congress o f  Nutrition, K yoto, Japan, August 3-9, 1975, p. 154 (A bstract 
2507).

54. M artorell, R., C. Yarbrough, A. Lechtig, J-P. Habicht & R. E. Klein. Diarrheal 
diseases and grow th retardation  in preschool Guatem alan children. Am. J. 
Phys. AnthropoL, 43 :341-346, 1975.

55. Thom son, A. M. Maternal stature and reproductive efficiency. Eugen. Rev., 
51:3 ,1 9 5 9 .

56. Lechtig, A., H. Delgado, R. M artorell, C. Yarbrough & R. E. Klein. Effect of 
m aternal nu trition  on infants growth and m ortality  in a developing country. 
In: Perinatal Medicine (Fifth European Congress o f  Perinatal Medicine, 
Uppsala, Sweden, 9-12 June 1976). Gosta R ooth y Lars-Eric B ratteby (Eds.). 
S tockholm , Sweden, Almqvist & Wilsell International, 1976, p. 208-220.

57. Lechtig, A., R. M artorell, H. Delgado, C. Yarbrough & R. E. Klein. Food supple­
m entation  during pregnancy, m aternal an thropom etry  and birth  weight in a 
G uatem alan rural population. J. Trop. Pediat. Environ. Child Hlth , 24:217- 
222, 1978.

58. Monckeberg, F. E ffect o f early marasmic m alnutrition on subsequent physical 
and psychological developm ent. In': Malnutrition, Learning and Behavior. 
N. S. Scrimshaw and J .  E. G ordon (Eds.). Cambridge, Mass., The M.I.T. Press, 
1968, p. 269-278.

59. Datta-Banik, N. D., R . Krishna, S.I.S. Mane & L. Raj. Longitudinal growth 
pattern  o f  children during preschool age and its relationship with different 
socioeconom ic classes. Indian J. Pediat., 37:438-447, 1970.

60. Malina, R . M., J-P., Habicht, R. M artorell, A. Lechtig, C. Yarbrough & R. E. 
Klein. Head and chest circumferences in rural Guatemalan Ladino children, 
birth  to seven years o f age. Am. J. Clin. Nutr., 28.1061-1070, 1975.

61. Lechtig, A., R. M artorell, H. Delgado, C. Yarbrough & R. E. Klein. N utrition 
and growth: pre and postnatal. In: Nutrition and Development: Pre-and Post- 
Natal. M: Winick (Ed.). New York, Plenum Press, 1976. In press.

62. M cGanity, W. J ., R. O. Cannon, E. B. Bridgforth, M. P. Martin, P. M. Densen, 
J .  A. Newbill, S. G. McClean, A. Christie, C. J . Peterson & W. J .  Darby. The 
V anderbilt cooperative study o f m aternal and infant nu trition . Am. J. Obstet. 
Gynecol., 67:501-527, 1954.



70

63. Thomson, A. M. Diet in pregnancy. 2. Assessment o f  the nutritive value of 
diets, especially in relation to differences between social classes. Brit. J. Nutr., 
13:190-204, 159.

64. Lechtig, A., G. Arroyave, J-P. Habicht & M. Béhar. Nutrición materna y  creci­
miento fetal (Revisión). Arch. Latinoamer. Nutr., 2 1 :505-530, 1971.

65. Iyengar, L. Effect of dietary supplements on birthweight o f infants. In: First 
Asian Congress o f  Nutrition. Abstracts, Symposia, Special Reports, Research 
Communications, Hyderabad, India, January 28-February 2, 1971. Hyderabad, 
India, Kamal Printers, 1971, p. 126.

6 6 . Lechtig, A., J-P. Habicht, G. Guzmán & E. De León. Morbilidad materna y cre­
cimiento fetal en poblaciones rurales de Guatemala. Arch. Latinoamer. Nutr., 
22:243-253, 1972.

67. Lechtig, A., R. Martorell, H. Delgado, C. Yarbrough & R. E. Klein. Effect of 
morbidity during pregnancy on birth weight in a rural Guatemalan population.
Ecol. Food Nutr., 5:225-233, 1976.

6 8 . Thompson, B. & D. Baird. Some impressions of childbearing in tropical areas. 
J. Obstet. Gynaec. Brit. Commw., 74:129-, 449-, 510,1967.

69. Lechtig, A., J-P., Habicht, H. Delgado, R. E. Klein, C. Yarbrough & R. Martorell. 
Effect of food supplementation during pregnancy on birth weight. Pediatrics, 
56:508-520,1975.

70. Lechtig, A., P. Rosso, H. Delgado, J. Bassi, R. Marotrell, C. Yarbrough, M. 
Winick & R. E. Klein. Effect of moderate maternal malnutrition on the levels 
of alkaline ribonudease activity o f  the human placenta. Ecol. Food. Nutr., 
6:83-90,1977.

71. Arroyave, G. & A. Lechtig. Nutrición materna en una sociedad de bajo nivel 
socioeconómico. In: Aspectos Perinatales del Parto Prematuro (Capítulo 9).
O. Althabe and R. Schwarcz (Eds.). Buenos Aires, Editorial El Ateneo, 1978, 
p. 104-112.

72. Lechtig, A., C. Yarbrough, H. Delgado, J-P. Habicht, R. Martorell & R. E. Klein. 
Influence of maternal nutrition on birth weight. Am . J. Clin. Nutr., 28:1223- 
1233,1975.

73. Lechtig, A., R. Martorell, C. Yarbrough, H. Delgado 8c R. E. Klein. Influence 
of food supplementation on the urinary urea/creatinine (U/C) ratio of the 
child. J. Trop. Pediat. In press.



71

Malcolm, L. A. Supplementary feeding experiments. In: Growth and Develop­
m ent in New Guinea — A Study o f  the Bundi People o f  the Madang District. 
L. A. Malcolm (Ed.). Australia, Surrey Beatty & Sons, 1970, p. 67. (Monograph 
Series No. 1, Madang, Institute of Human Biology).

Lechtig, A., H. Delgado, C. Yarbrough, J-P. Habicht, R. Martorell & R. E. 
Klein. A simple assessment of the risk of low birth weight to select women for 
nutritional intervention. Am. J. Obstet. Gynecol., 125:25-34, 1976.

Scrimshaw, N. S., C. E. Taylor & J. E. Gordon. Interactions o f Nutrition and 
Infections. Geneva,World Health Organization, 1968, 329 p. (WHO Monograph 
Series No. 57).

Beisel, W. R., W. D. Sawyer, E. D. Ryll & E. Crozier. Metabolic effects of intra­
cellular infections in man: Ann. Intern. Med., 6 7:744-779, 1967.

Davis, P. Bacterial infection in the fetus and the newborn. Arch. Dis. Child., 
46:1-27, 1971.

Hanshaw, J. B. Congenital cytomegalovirus infection: laboratory methods of 
detection. J. Pediat., 7 5 .1179-1185, 1969.

Alford Jr., C. A. Immunoglobulin in diagnosis of fetal infection. Pediat.' Clin. 
North America, 18:99-114, 1971.

Montgomery, R. C. & K. Stockdell. Congenital rubella in twins. J. Pediat., 
76:772-773, 1970.

Alford Jr., C. A., J. W. Foft,W. J. Blankenship, G. Cassady & J. W. Benton. Sub- 
clinical central nervous system disease of neonates: a prospective study of 
infants born with increased levels of IgM. J. Pediat. 75:1167-1178, 1969.

Banker, B. Q. Bacterial meningitis in the newborn: clinical and pathologic 
complications. In: Proceedings o f  a Conference on Prevention o f Mental Retar­
dation through Control o f  Infectious Diseases. Cherry Hill, Bethesda, Md., 
June 9-11, 1966, pp. 173-183 (Publication No. 1692).

Alford Jr., C. A., S. S. Polt, G.E. Cassady, J.V. Straumfjord & J.S.. Remington. 
yM-fluorescent treponemal antibody in the diagnosis of congenital syphilis. 
New Engl. J. Med., 280:1086-1091, 1969.

Gottoff, S. P., C. Gadzala, R. L. Ying & P. W. Wendell. Relationship of neo­
natal IgM values to congenital abnormalities and mental retardation. J. Pediat., 
78:1020-1035, 1971.



72

86 . Lechtig, A., L. J. Mata & G. Arroyavc. Evaluación de la técnica de inmunodifu- 
sión radial para la determinación de inmunoglobulinas y  una fracción del com­
plemento hemolítico en el suero. Rev. Lat-amer. Microbiol., 12 :131-136,1970.

87. Bellanti, J. A. & A. L. Jackson. Characterization o f the serum immunoglobulins 
to the somatic antigen of S. typhosa in an infant following intrauterine immuni­
zation . J. Pediat., 71:783-789, 1967.

88 . Rothberg, R. M. Immunoglobulin and specific antibody synthesis during the 
first weeks o f  life of premature infants. J. Pediat., 75:391-399, 1969.

89. Thom, H., E. McKay & D. W. G. Gray. Protein concentrations in the umbilical 
cord plasma of premature and mature infants. Clin. Sei., 33 :433-444, 1967.

90. Perchalski, J. E., L. W. Clem & P. A. Small, Jr. 7S gamma-M immunoglobulins 
in normal human cord serum. Am. J. Med. Sei., 2 56 :107-111, 1969.

91. Ruiz, A., M. Flores & E. Kotcher. The prevalence of toxoplasma antibodies in 
Costa Rican postpartum women and their neonates. A m . J. Obstet. Gynecol., 
6:817-819,1966.

92. Gibson, C. L. & N. Coleman. The prevalence o f toxoplasma antibodies in Gua­
temala and Costa Rica. Am . J. Trop. Med. Hyg., 7.3 34-3 38, 1958.

93. Lechtig, A., L. J. Mata, J-P. Habicht, J. J. Urrutia, R. E. Klein, G. Guzmán, A. 
Cáceres & C. Alford. Levels o f immunoglobulin M (IgM) in cord blood o f Latin 
American newborns of low socioeconomic status. Ecol. Food. Nutr., 3 :171- 
178,1974.

94. Siegel, M. & H. T. Fuerst. Low birth weight and maternal virus diseases: a 
prospective study of rubella, measles, mumps, chickenpox, and hepatitis. J. 
Am . Med. Assoc., 197:680-684, 1966.

95. Meredith, H. V. Body weight at birth of viable human infants: a worldwide 
comparative treatise. Human Biol., 42 :217-264, 1970.

96. Levinsohn, E. M., H. M. Foy, G. E. Kenny, B. B. Wentworth & J. "f*. Grayston. 
Isolation of cytomegalovirus from cohort o f 100 infants throughout first year 
of life. Proc. Soc. Exptl Biol. Med., 132:962, 1969.

97. Nahmias, A. J., C. A. Alford 8c S. B. Korones. Infection in the newborn with 
herpesvirus hominis. Adv. Pediat., 17:185-226, 1970.

98. Horn, P. Poliomyelitis in pregnancy. A twenty-year report from Los Angeles 
County, California. J. Am. Acad. Obstet. Gynecol., 6 : 121-137, 1955.



73

99. Wielenga, G., H. A. E. Van Tongeren, A. H. Ferguson & G. Van Rijssel. Prenatal 
infection with vaccina virus. Lancet, 1 :258-260, 1961.

100. Campbell, W. A. B. Influenza in early pregnancy. Effects on the foetus. Lancet, 
2 6 4 :1 7 3 -1 7 4 , 1953.

101. Korones, S. B., J. Todaro, J. A. Roane & J. L. Sever. Maternal virus infection 
after the first trimester of pregnancy and status of offspring to 4 years of age 
in a predominantly Negro population. J. Pediat., 77:245-251, 1970.

102. Berender, H. W. The role of infectious diseases in the causation of mental 
subnormality: a brief overview. In: Proceedings o f  a C onference on Prevention  
o f  M ental R etarda tion  through C on tro l o f  In fectious Diseases. Cherry Hill, 
Bethesda, Md., June 9-11, 1966, p. 5-22 (Publication No. 1692).

103. Stuart, K. L., G. T. M. Cummins & W. A. Chin. Bacteriuria, prematurity, and 
the hypertensive disorders of pregnancy. Brit. M ed. J., 1 :554-556, 1965.

104. Patrick, M. J. Influence of maternal renal infection on the foetus and infant. 
Arch. Dis. Child., 4 2 :208-213,1967.

105. Wren, B. G. Subclinical renal infection and prematurity. M ed. J. A u st., 2 : 596- 
600, 1969.

106. Gower, P. E., P. Husband, J. C. Coleman & G. J. A. I. Snodgrass. Urinary in­
fection in two selected neonatal populations. Arch. Dis. Child., 4 5 :259-263, 
1970.

107. Bryant, R. E., R. E. Windom, J. P. Vineyard Jr. & J. P. Sanford. Asymptomatic 
bacteriuria in pregnancy and its association with prematurity. J. Lab. Clin. 
M ed., 6 3 :224-231,1964.

108. Dixon, H. G. & H. A. Brant. The significance of bacteriuria in pregnancy. Lancet,
1 . 19-20,1967.

109. Williams, G. L., H. Campbell & K. J. Davies. The influence of age, parity and 
social class on the incidence of asymptomatic bateriuria in pregnancy. J. O bstet. 
Gynaec. B rit. C om m w ., 7 6 :229-239, 1969.

110. Braun, P., Y-H. Lee, J. O. Klein, M. Marcy, T. A. Klein, D. Charles,P. Levy & 
E. H. Kass. Birth weight and genital mycoplasmas in pregnancy. N ew  Engl. 
J. M ed., 2 8 4 : 167-171, 1971.

111. Naye, R. L. Fetal growth with congenital syphilis: a quantitative study. Am . 
J. Clin. Pathol., 5 5 :228-231, 1971.



74

112. Sever, J .  L. Infectious agents and fetal disease. In: Fetal Growth and Develop­
ment. H. A. Waisman and G. Kerr (Eds.). New York, McGraw Hill Book Co., 
1970, p. 221.

113. Jelliffe, E. P. F. Placental malaria and foetal growth failure. In: Nutrition and 
Infection. G. E. W. W olstenholme and N. M. O ’Connor (Eds.): Boston, Mass., 
Little, Brown & Com pany, 1967, p. 14-18. (Ciba Foundation Study Group 
No. 31).

114. Overall, Jr., J . C. & L. A. Glasgow. Virus infection of the fetus and newborn 
infant. J . Pediat., 77:115-333, 1970.

115. Flamm, H. Some considerations concerning the pathogenesis o f prenatal infec­
tions. In: Proceedings o f a Conference on Prevention o f  Mental Retardation 
through Control o f Infectious Diseases. Cherry Hill, Bethesda, Md., Ju n e  9-11. 
1966, p. 79-87. (Publication No. 1692).

116. Soth, M. A., W. A. F. Tom pkins, C. R . Morris & W. E. Rawls. Congenital mal­
form ation of the central nervous system associated with genital type (type 2) 
herpesvirus. J . Pediat., 75.13-18, 1969.

117. Mims, C. A. Pathogenesis o f viral infections o f  the fetus. Progress in Med. Virol., 
10:195-237,1969.

118. Wigglesworth, J .  S. Pathological and experim ental studies o f intrauterine mal­
nu trition . Proc. Nutr. Soc., 2 8 :31-35 ,1969 .

119. Driscoll, S. G. H istopathology o f  gestational rubella. Am. J. Dis. Child., 118: 
49-53, 1969.

120. Fogh, J ., H. Fogh & L, Ramos. Grow th in vitro and m ucoplasm a infected hu­
man am nion cells, FL am nion cells, and m ycoplasma-modified FL cells. Proc. 
Soc. Exptl Biol. Med., 736:809-818, 1971.

121. Boue, A. & J . G. Boue. Effects o f  rubella virus infection on the division <>t 
human cells. Am. J. Dis. Child., 778:45-58, 1969.

122. Feigin, R. D. Mebatolic changes in infectious diseases. Clin. Pediat., 9:84-91, 
1970.

123. Winick, M. Cellular growth of the fetus and placenta. In: Fetal Growth and 
Development. H. A. Waisman and G. Kerr (Eds.). New York, McGraw Hill Book 
Co., 1970, p. 19.



75

124. Gitlin, D. & A. Biasucci. Development of gamma G, gamma A, gamma M, beta 
lc/beta la , C’l  esterase inhibitor, ceruloplasmin, transferrin hemopexin, hap- 
taglobin, fibrinogen, plasminogen, alfa 1-antitrypsin, orosomucoid, beta-lipopro- 
tein, alfa 2-macroglobulin, and prealbumin in the human conceptus. J. Clin. 
Invest., 4 8 :143 3-1446, 1969.

125. Uhr, J. W ., J. Dancis & C. G. Neumann. Delayed-type hypersensitivity in pre­
mature neonatal humans. N ature, 1S7.1130-1131, 1960.

126. Forman, M. L. & E. R. Stiehm. Impaired opsonic activity but normal phagocy­
tosis in low birth-weight infants. N ew  Engl. J. M ed., 281:926-931, 1969.

127. Alastair, J., F. C. Path, W . Marshall & J. Soothill. Immunological responses to 
early and late intrauterine virus infections. J . Pediat., 75:1149-1166, 1969.

128. Singer, D. B., M. A. South, J. R. Montgomery & W. E. Rawls. Congenital rubella 
syndrome. Lymphoid tissue and immunologic status. A m . J. Dis. Child., 118: 
54-61, 1969.

129. Hardy, J. B., G. H. McCraken, E. D. Mellits, M. R. Gilkeson & J. L. Sever. Serum 
immunoglobulin levels in newborn infants. III. Some preliminary observations 
from a survey of cord blood levels in 2,600 infants. J. Pediat., 7 5 .1211-1223,
1969.

130. Schimke, R. N., C. Bolano & C. H. Kirpatrick. Immunologic deficiency in the 
congenital rubella syndrome. A m . J. Dis. Child., 1 1 8 :6 26-63 3, 1969.

131. Gitlin, D. & C. Koch. On the mechanisms of maternofetal transfer of human 
albumin and G globulin in lh e  mouse. J. Clin. Invest., 4 7 .1204-1209, 1968.

132. Acosta-Chávez, M. H. Algunos Aspectos del Niño Prematuro en las Alturas. 
Estudio Clínico Estadístico Realizado en el Hospital Huarona a 4,750 Metros 
de Altura al Nivel del Mar. Tesis No. 5886, Lima, Perú, Facultad de Medicina, 
1964.

133. Noriega-Pinillos, L. Aporte al Estudio del Trabajo de Parto y el Recién Nacido 
en la Altura. Tesis 5191, Lima, Perú, Facultad de Medicina, 1961.

134. McClung, J. E ffec ts o f  High A ltitu d e  on Human B irth . Cambridge, Mass., 
Harvard University Press, 1969.

135. Grahn, D. & J. Kratchman. Variation in neonatal death rate and birth weight 
in the United States and possible relations to environmental radiation, geology 
and altitude. A m . J. Human G enetics, 1 5 :329-352, 1963.

136. Wark, L. & L. A. Malcolm. Growth and development of the Lumi child in the 
Sepik district of New Guinea. Med. J. Australia, ii: 129, 1969.



76

137. Roberts, D. F . Race, genetics and growth. J. Biosocial Sciences (Suppl. 1), 
p .  4 2 ,  1 9 6 9 .

138. Tanner, J .  J., H. Goldstein & R. H. W hitehouse. Standards for children’s height 
at ages 2-9 years allowing for height o f  parents. Arch. Dis. Child., 45:755, 
1970.

139. Leitch, I., F. E. H ytten & W. Z. Billewicz. The m aternal and neonatal weights 
o f some mammalia. Proc. Zoological Soc. London, 133:11, 1959.

140. W alton, A. & J . Hammond. The m aternal effects on growth and conform ation 
in Shire horses - Shetland pony crosses. Proc. Royal Soc. B., 125:311, 1938.

141. Jo u b ert, D. M. & J . Hammond. Maternal effect on birth  weight in South Devon 
x D exter cattle crosses. Nature, 174:647, 1954.

142. Thom son, A. M., W. Z. Billewics & F. E. H ytten. The assesm ent o f fetal growth. 
J. Obstet. Gynaecol. Brit. Commw., 75:903, 1968.

143. Thom son, A. M. Physiological determ inants o f  b irth  weight. In: Perinatal Me­
dicine. New York, Karger Basel, 1971.

144. McLaren, A. & D. Michie. Control o f  pre-natal growth in  mammals. Nature, 
187:3 63 ,1 9 6 0 .

145. Martorell, R., A. Lechtig, J-P. Habicht, C. Yarbrough & R. E. Klein. Normas 
antropom étricas de crecim iento físico para países en vías de desarrollo: nacio­
nales o in ternacionales.Bol. 0 f. San Pan., 79:525-529, 1975.

146. M artínez, K. F. N utrition  in etiology of toxaem ia of pregnancy. Am. J. Obstet. 
Gynecol., 116:294-295, 1973.

147. Hendricks, C. M. & W. E. Brenner. Toxaem ia of pregnancy: relationship bet­
ween fetal weight, fetal survival, and the m aternal state. Am. J. Obstet. 
Gynecol., 109:225-233, 1971.

148. Butler, N . R. Cigarette smoking in pregnancy. Its influence on b irth  weight 
and perinatal m ortality . Brit. Med. J., 2 :127-130, 1972.

149. M eredith, V. H. Relation betw een tobacco smoking of pregnant women and 
body size of their progeny. A com pilation and synthesis o f published studies. 
Human Biol., 47:451-472, 1975.

150. Buncher, C. R. Cigarette smoking and duration o f pregnancy. Am. J. Obstet. 
Gynecol., 103:942-946, 1969.



77

151. N orth , A. F. Small-for-date neonates. Pediatrics, 38 :1013-1019, 1966.

152. Sharma, U. Intra-uterine growth retardation . Indian J. Pediat., 35:454-459, 
1968.

153. Kaltreider, D. F. & J . W. C. Johnson. Patients a t high risk o f LBW delivery. 
Am. J. Obstet. Gynecol., 124:251-256, 1976.

154. Bharker Rao, K. M aternal m ortality  in a teaching hospital in souther India. 
A 13 year study. Obstet. Gynecol., 46 :397-400, 1975.

155. Kramer, M. E. Role of nu trition  in pre-eclampsia. New Engl. J. Med., 239:45 ,
1973.

156. Lechtig, A., H. Delgado, R. M artorell, C. Yarbrough & R. E. Klein. Effect  of  
food supplem entation on blood pressure and on the prevalence of edem a and 
proteinuria during pregnancy. J. Trop. Pediat. Environ. Child Hlth , 24:70-76, 
1978.



78

P U B L IC  H E A L T H  IM P L IC A T IO N S  O F  LO W  B IR T H  W E IG H T *

Leonardo Mata**, Juan J. Urrutia*** and Edgar Mohs****

Institu te  o f Investigations in H ea lth  ( IN IS A ) ,  University  o f Costa Rica  
and M in is try  o f  H ea lth  o f  Costa Rica

Institu te  o f N u tr it io n  o f C entral Am erica and Panama (IN C A P ),  
G uatem ala , C. A .

N ation al Children's H ospital, Caja Costarricense del Seguro Social (CCSS),
Costa Rica

S U M M A R Y

The present paper interpets the significance of anthropom etric data  o f newborns 
from a typical Indian village o f G uatem ala and from  the general population o f  Costa 
Rica. A good correlation exists betw een a deficient feta l growth and infant mortality 
and retarded physical growth. The significance o f  fetal growth retardation on early 
and late anomalies and defects is discussed.

The existing inform ation reveals a high incidence o f neonates with altered fetal 
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Certain countries have attained a substantial im provem ent in the conditions 
affecting fetal growth, by im plem enting comprehensive health and developm ent 
programs w ith a holistic approach. The interventions th a t need to  be strengthened 
in order to  improve fetal developm ent in our nations are reviewed.

I. INTRODUCTION

Knowledge of the incidence and causality of low  birth  weight is of singular 
im portance fo r the  form ulation of health policies and programs, especially when 
interventions o f  great coverage and extension are planned. This condition is particular­
ly true  for the developing countries, since in them , fetal growth retardation and 
prem ature delivery occur w ith greater frequency than in the industrialized countries.

As was to  be expected, practically no inform ation is available on fetal growth 
in the developing countries, especially for suburban and rural populations. In general, 
the existing inform ation is deficient in quality  and no t representative o f  the total 
population. Even in the case of urban areas, inform ation is also scarce and no t re­
presentative.

These considerations explain why sufficient im portance is no t given to  low 
birth weight as a health problem  in developing countries.

I I .  S T U D Y  M A T E R IA L

To illustrate the im plications of low b irth  weight on  health , data  derived from  a 
prospective study (The Cauqué Study) o f a rural com m unity o f Guatem ala will be 
em ployed,1' 3 as well as data from  the Institu to  M aterno-Infantil CARIT (M other 
and Child Health Institu te CARIT) and from  the General D irection of Statistics and 
Census, bo th  in Costa Rica.4, 5 The rural com m unity o f G uatem ala is located at an 
altitude o f  2 ,000 m above sea level and bolongs to  Ohe lingiiistic Maya-Cakchiquel 
group. During the 1964-1973 period careful inform ation was collected for practically 
the to ta lity  o f new born cohorts; these were observed in a prospective form. As a 
whole, the population consisted o f 430 liveborn infants who represented more than 
95°/o o f  the to ta l births. Among m any other determ inations,3 studies included 
measuring in a prospective way the weight and height, and survival o f all the children.

The Costa Rica data correspond to a random  sample of 10°/o o f all liveborns 
in certain years a t the CARIT Institute. The study period com prised from 1965 to 
1974. During these years, this hospital center provided medical atten tion  to  a popula­
tion representative o f all social sectors of the country , including the rural population. 
Inform ation on in fan t m ortality  and birth  rate in Costa Rica corresponds to the to tal 
population o f  the country  in the stated period.
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I I I .  LO W  B IR T H  W E IG H T  IN  T H E  D E V E L O P IN G  C O U N T R IE S

Available inform ation in Latin America reveals a serious fetal growth problem .6'8 
F or exam ple, the m ean b irth  weight in the G uatem alan village (Table l ) ,9 is one of 
the lowest registered in the literature and is significantly under th a t observed in in­
dustrialized populations located a t  similar altitudes than those o f  the Guatemalan 
highlands,10 as well as o f  Indian groups w ith be tte r econom ic situation .11 Further­
m ore, the fact th a t the  an thropom etric characteristics o f the new born in the Indian 
village studied did no t appear to  change during the 10-year period o f  observation, 
is suggestive th a t the factors which determ ine a deficient fetal growth remained 
constant during such period.

TABLE 1

W E IG H T  O F  L IV E  N E W B O R N  C O H O R T S ,  
S A N T A  M A R IA  C A U Q U E , G U A T E M A L A

Y ear N o . o f  
children

W eight, g 
Average +  D .E . ° / o <  2 ,5 01  g

1 9 6 4 3 7 2 ,5 9 5  +  3 6 0 3 5

1 9 6 6 4 6 2 ,5 0 6  +  321 4 6

1 9 6 8 57 2 ,5 1 0  +  4 2 2 4 4

1 9 7 0 6 7 2 ,5 5 8  + 4 1 2 3 6

1 971 6 0 2 ,5 6 4  +  3 2 8 4 8

Classification o f the  415 neonates by  weight a t b irth  and by  gestational age 
showed th a t  7°/o were pre-term  and th a t an additional 34°/o were term-small-for- 
gestational age. The ratio  “pre-term : term -sm all-for-gestational age” which was of 
1:4.7 in  the  village contrasts w ith th a t observed in m ore developed societies, where it 
is generally o f 2:1 (Table 2).

A high incidence o f  low birth  weight has been described in pre-industrialized 
populations, including Latin America.7, 8> 12-18 Nevertheless, tru ly  representative 
data  fo r th is Region do n o t exist, particularly in  w hat concerns rural areas; in addition 
the re  is no  inform ation on  fetal m aturity  due to  th e  difficulties inheren t to  the collec­
tion  o f  inform ation on gestational age.
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TABLE 2

F E T A L  M A T U R  IT Y  O F  4 1 5  N E O N A T E S ,  
S A N T A  M A R IA  C A U Q U E , 1 9 6 4 -1 9 7 2

Classification
No.
%

B irth
w eight,

9

Gestational
age,

weeks

Term 4 3  (1 0 .3 ) >  3 ,0 0 0 3 7 - 4 2
1 9 9  (4 7 .8 ) 2 ,5 0 1 - 3 ,0 0 0 3 7 - 4 2
1 4 3  (3 4 .4 ) <  2 ,5 0 1 3 7 - 4 2

Pre-term 6  ( 1 .4 ) 2 ,0 0 1 -2 ,5 0 0 3 5 - 3 7
2 4  ( 5 .8 ) <  2,001 31 - 3 6

IV .  C O R R E L A T IO N  O F  LO W  B IR T H  W E IG H T  W IT H  M O R T A L IT Y

The influence o f  low  birth  weight and fetal im m aturity  on the neonatal m ortality  
has been am ply dem onstrated .19-23 In the Cauqué Study the correlation between 
b irth  weight and in fan t m ortality  (Table 3) was so m arked as to  characterize said 
variable as the best predictive survival index in similar rural populations. Actually, the 
indicator is closely correlated w ith gestational age (Table 4) which also showed a 
strong association w ith survival. A birth  weight o f a t least 2 ,750 g and a gestational 
age o f more than 36 weeks was associated with absolute survival during the neonatal 
period, and with a relatively good survival during the rest o f  the first year o f life. 
It m ust be taken into account th a t the to ta lity  of the neonates who survived the first 
48 hours were adequately  breast-fed for long periods o f time. Definitive weaning takes 
place during the second or th ird  years o f life.3 In troduction  o f  liquid foods starts 
at the age o f  3 to  6 m onths, and of solid foods, a t 6 to 12 m onths.

The com bination o f bo th  variables has been proposed by several au thors24 ' 26 
and is shown in Table 5 for the Cauqué Study. The pre-term  infants constitu ted  the 
group w ith the highest and sustained m ortality  during all the course o f their first 
year o f  life. However, the surviving babies showed a high survival during the rest of 
their preschool period.

The born  at-term  infants b u t small for their gestational age (m alnourished 
fetuses) m anifested a high m orta lity  during all o f  the first and second years o f life, 
as well as a high m orta lity  during the rest o f the preschool age.

Infants bo rn  a t term  b u t weighing m ore than 2 ,500 g exhibited the lowest 
neonatal m orta lity  (8 per 1,000) and a  post-neonatal infant m orta lity  also relatively 
low. However, m any o f these were vulnerable during the  preschool years, resulting in a 
high age-specific m ortality  in each one o f the th ree preschool years.
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IN F A N T  M O R T A L IT Y  A N D  B IR T H  W E IG H T , S A N T A  M A R IA  C A U Q U E ,  
G U A T E M A L A . 1 9 6 4 -1 9 7 3

TABLE 3

B irth  
w eight, g

N o . o f 
children

Age
<  1 year

< 2 9  days 2 9  days- 
5  m onths

6-11
months

<  1 ,501 5 3  (6 0 0 )* 1 (2 0 0 ) 0 4  (800 )

1 ,5 0 1 -1 ,7 5 0 11 2  (1 8 2 ) 3  (2 7 3 ) 1 (9 1 ) 6  (545 )

1 ,7 5 1 -2 ,0 0 0 17 4  (2 3 5 ) 4  (2 3 5 ) 1 (5 9 ) 9  (5 2 9 )

2 ,0 0 1 - 2 ,2 5 0 4 7 2  ( 4 3 ) 2  ( 4 3 ) 2  (4 3 ) 6  (128 )

2 ,2 5 1 - 2 ,5 0 0 9 9 3  ( 3 0 ) 0 1 (1 0 ) 4  ( 4 0 )

2 ,5 0 1 - 2 ,7 5 0 1 25 2  ( 1 6 ) 3  ( 2 4 ) 2  (1 6 ) 7 ( 5 6 )

2 ,7 51  - 3 ,0 0 0 8 2 0 2  ( 2 4 ) 2  (2 4 ) 4  ( 4 9 )

3 ,0 0 1 - 3 ,2 5 0 3 2 0 0 0 0

3 ,2 5 1 - 3 ,5 0 0 11 0 0 1 (9 1 ) 1 ( 91 )

^  3 ,5 0 1 1 0 0 0 0

T o ta l 4 3 0 1 6  ( 3 7 ) 1 5  ( 3 5 ) 10 (2 3 ) 41 ( 95)

Figures in parentheses represent deaths and m o rta lity  per 1 ,0 0 0  liveborns of 
said w eight.
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IN F A N T  M O R T A L IT Y  A N D  G E S T A T IO N A L  A G E , S A N T A  M A R IA  C A U Q U E ,
G U A T E M A L A , 1 9 6 4 -1 9 7 3

TABLE 4

G estational
age,

weeks

N o. o f 
children

Age

<  2 9  days 2 9  days- 
5  m onths

6-11
months

<  1 year

3 1 - 3 2 3 2 ( 6 6 7 ) * 0 0 2  (6 6 7 )

3 3 - 3 4 8 3  (3 7 5 ) 3  (3 7 5 ) 0 6  (7 5 0 )

3 5 - 3 6 2 0 5  (2 5 0 ) 1 ( 5 0 ) 2  (1 0 0 ) 8  (4 0 0 )

3 7 - 3 8 4 7 0 2  ( 4 3 ) 0 2  ( 4 3 )

3 9 - 4 0 261 6  ( 2 3 ) 7  ( 2 7 ) 8  ( 3 1 ) 21 ( 8 0 )

4 1 - 4 2 7 7 0 1 ( 13) 0 1 ( 13 )

T o ta l 4 1 6 1 6  ( 3 8 ) 14  ( 3 4  j’ 10  ( 2 4 ) 4 0  ( 9 6 )

Figures in  parentheses represent deaths and m o rta lity  per 1 ,0 0 0  livebirths o f  
said gestational age.
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TABLE 5

M O R T A L IT Y  B Y  F E T A L  M A T U R IT Y ,  4 1 6  C O H O R T  C H IL D R E N ,  
S A N T A  M A R IA  C A U Q U E , G U A T E M A L A , 1 9 6 4 -1 9 7 2

1st year 2nd 3rd 4 th
Classification year year

< 2 9
days

2 9  days- 
11 m onths

<  1st 
year

P re-term  > 3 7 g 1 0 (3 2 3 )* 6 (2 8 6 ) 1 6 (5 1 6 ) 0 0 0
31 21 31 ! £ . 15_ n

T e rm  <  2 ,5 01  g 4 (2 8 ) 8 (5 8 ) 1 2 (8 4 ) 8 (7 6 ) 3 (3 9 ) 3 (5 0 )
1 4 3 1 39 1 4 3 1 05 7 8 60

T e rm  >  2 ,5 0 0  g 2 (8 ) 1 0 (4 2 ) 1 2 (5 0 ) 9 (4 4 ) 5 (3 3 ) 1(8 )
2 4 2 2 4 0 2 4 2 2 0 4 1 53 122

T o ta l 1 6 (3 9 ) 2 4 (6 0 ) 4 0 (9 6 ) 1 7 (5 2 ) 8 (3 3 ) 4 (2 1 )
4 1 6 4 0 0 4 1 6 3 2 4 2 4 4 190

Figures in  parentheses represent deaths and m o rta lity  per 1 ,0 0 0  livebirths at 
th e  in itia tio n  o f th e  period . T h e  underlined figures under m o rta lity  rate indicate 
num ber o f  ch ild ren  in  c o h o rt a t in itia tio n  o f period.

The im portance o f  an adequate fetal developm ent to  avoid neonatal deaths is 
obvious when th is is com pared with infant m ortality  in two contrasting populations: 
one o f  them , the  Indian village, and the other a  population  o f  the East Coast o f the 
United States o f America (Table 6).27 No differences are noted  in  neonatal mortality 
betw een the Indian com m unity  and the N orth American population if one takes into 
account the weight category a t  b irth . Consequently, the high neonatal mortality 
rates observed in the Indian com m unity and in  the  developing societies are in great 
m easure due to  the higher incidence o f  low b irth  weight. Rates higher than those 
observed in the Cauque Study may be due to  the  jo in t action o f a deficient diet 
(particularly during early weaning) and infections.3, 27-29



85

TABLE 6

C O M P A R IS O N  O F  IN F A N T  M O R T A L IT Y  O F  T W O  P O P U L A T IO N S ,  
B Y  W E IG H T  A T  B IR T H

B irth
w eight,

9

N eonatal Postneonatal In fa n tile

S .M .C .* B. R .* * S .M .C . B. R. S.M .C . B. R.

1 5 0 1 - 2 0 0 0 2 7 3 2 1 0 1 .3 3 0 3 2 6 11.7 5 7 6 1 9 9 2 .9
2 0 0 1 - 2 5 0 0 3 4 4 5 0 .8 3 4 13 2 .6 6 8 5 4 1.3
2 5 0 1 - 3 0 0 0 10 10 1 .0 4 3 7 6.1 5 3 17 3.1
3 0 0 1 - 3 5 0 0 0 5 2 3 5 4 .6 2 3 10 2 .3

S .M .C . =  Santa M aría  C auqué, G uatem ala; B . =  B a ltim o re , U S A .46

* *  S .M .C ./B  ratio .

V .  R E L A T IO N S H IP  O F  LO W  B IR T H  W E IG H T  W IT H  P H Y S IC A L  G R O W T H

The Cauque Study dem onstrated  a m arked weight and height deficit o f the 
Indian population  with respect to  accepted standards.1' 3 O ther authors have described 
similar deficiencies.7, 30, 31 The Cauque Study also revealed th a t physical growth 
deficiencies correlated with the fetal g row th.1"3 Birth weight and gestational age, 
or bo th  variables com bined, showed a good correlation with physical growth of the 
lactating and preschool child (body weight, height and head circum ference). Children 
with low birth  weight exhibited a clear tendency to remain in the lower weight tracks 
(Figure 1) while those with b e tte r b irth  weight occupied the upper growth tracks.

Correlation with gestational age also was high, b u t only two populations were 
noted separated by  the lim it o f 36-37 gestational weeks (Figure 2).

As was to  be expected, with regards to  fetal m aturity , the at-term  infants with 
a b irth  weight o f more than 3,000 g grew better than any other group; the pre-term 
infants weighing less than 2,001 g grew the w orst (Figure 3). However, the pre-term 
group o f children w ith a b irth  weight greater than 2,000 g grew as well as the term  
children.1

The relation betw een birth  weight and physical growth has been explored by 
other au thors through retrospective and prospective analyses, who found a positive 
correlation between b o th .32, 33 The few prospective investigations carried o u t in 
industrialized countries showed an abnorm al growth on the part o f pre-term  and
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F ig . 1 . Weight curves (average — 2 E. E.) o f  four cohorts o f  children defined by 
birth weight in comparison with the mean o f  the Iowa standard curve. 
Prospective study, Santa Maria Cauque, Guatemala, 1964-1972. Figures 
in curves are number o f  children measured.2
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Fig. 2 Average weight curves o f  four cohorts o f children defined by gestational 
age, in comparison with the mean o f  the Iowa standard curve. Prospective 
study, Santa María Cauqué, Guatemala, 1964-1972. Figures in curves are 
number o f  children measured.2
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F ig .  3 Average weight curves o f four cohorts o f  children defined by fetal maturity 
at birth, in comparison with the mean o f  the Iowa standard curve. Prospec­
tive study, Santa María Cauqué, Guatemala, 1964-1972.1
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small-for-gestational age infants,34 - 35 despite the fact th a t the environm ent where 
these children developed was more favorable than is to  be expected in develeloping 
countries, particularly in rural areas.

There are no similar data  to  those o f the Cauque Study for o ther developing 
populations, b u t a follow-up o f Nigerian and Gambian infants showed a deficient 
weight gain in those w ith low birth  w eight.36 - 37

The correlations between fetal growth and postnatal growth do no t imply 
tha t the to ta l variability depends mainly from  intrauterine growth. Nevertheless, 
in view o f the fact th a t the observed differences betw een cohorts defined by birth  
characteristics are established a t an early age (usually in the first m onths of life), 
the influence of antenatal events and factors im m ediately associated with it acquire 
great im portance for understanding the child’s growth.

The relationship between birth  weight and physical growth is o f interest, because 
neurologic sequelae, suboptim al intelligence and low survival are problem s frequently 
associated to  deficient fetal growth and developm ent.38'42

VI. OTHER SEQUELAE OF LOW BIRTH WEIGHT

Im m ediate and late m orbidity  and sequelae th a t m ay result in perm anent 
handicaps are counted  am ong the serious consequences o f  low birth  weight. In p re­
term  neonates, m ortality  is fundam entally due to  physiologic im m aturity , which 
generates alterations in breathing, in metabolism and in neurological function, as 
well as in resistance to  infections.

Small-for-gestational age infants generally suffer from  hypoglycem ia and 
frequently exhibit a similar pathology to  th a t o f the pre-term  neonate. A chronic 
deficiency in the quan tity  and function  o f the T im m unocyte has been described 
in these infants 39 which could explain their greater susceptibility to  infection during 
infancy and preschool age, as the Cauque Study has dem onstrated .1' 3 - 9 - 27

It has been described th a t low  b irth  weight induces sequalae dem onstrable at 
short and long term  intervals, which constitu te  an im portan t cause of defects and 
disability.40 ' 42 Among these are congenital m alform ations, early infantile m alnutri­
tion, infections, sudden death in infancy, alterations o f the central nervous system, 
mental retardation  and behavioral disorders.42

VII. CHANGES IN FETAL GROWTH AND IN NEONATAL MORTALITY

There is great expectation in learning results obtained from  the holistic approach 
in public health to  improve problem s such as low b irth  weight. This approach appears 
to give excellent results judging by changes recently  registered in Cuba and Costa Rica.
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In 1920, infant m ortality  in Costa Rica was around 250 per 1,000 livebirths5 
(Table 7). A t th a t tim e measures to  improve the quality  o f life were beginning to

T A B L E  7

IN F A N T  M O R T A L IT Y  PER  1 ,0 0 0  L IV E B IR T H S  IN  C O S T A  R IC A

Year
< 2 9

days
2 9  days - 

11 m onths Infants

1 20 2 5 0 .0
1 9 6 5 2 7 .2 4 8 .9 76.0
1 96 7 2 4 .3 3 8 .0 6 2 .3
1 9 6 9 2 5 .4 4 1 .7 67.1
1 9 7 0 2 5 .2 3 6 .3 6 1 .5
1971 2 8.7 2 7 .8 5 6 .4
1 9 7 2 2 2 .8 3 1 .7 5 4 .4
1 9 7 3 2 0 .8 2 4 .0 4 4 .8
1 97 4 1 7 .7 1 9 .8 3 7 .6
1 97 5 1 7 .7 1 9 .3 37.1

receive particular atten tion  and the result was a progressive increase in the economic 
incom e, education and quality o f the environm ent. In the 1950 and 1960 decades 
in fan t m orta lity  becam e stable around figures o f  80 per 1,000. The increm ent in 
m agnitude and coverage o f  enrivonm ental sanitation, nu trition , and medical care 
programs, as o f  1963 ran parallel w ith a  slow descent in in fan t m ortality  which then 
suffered an even m ore markedly decrease after 1970, coinciding w ith the streng­
thening o f  m aternal and child health , sanitation and nu trition  programs.

At th a t tim e the Rural Health Program (RHP) was im plem ented taking advantage 
o f  the infrastructure created  for the  contro l and prevention o f malaria in  the past 
decades. The developm ent o f the RHP was escalated since 1972, and its goal for 1978 
was to  cover 600,000 persons o f  the rural population dispersed in  localities o f les> 
than 500 inhabitants. This segment represents approxim ately 30°/o o f  the n a tio h ' 
population. A t present (1975) a 70°/o o f  the dispersed rural population is being 
covered by  nurse auxiliaries and health assistants who are displaced from  the Health 
and Post Centers by  jeep, m otorcycle, horse, boa t o r fo o t.43 Their functions are to 
carry o u t census; to  vaccinate (tuberculosis, measles, poliom yelitis, smallpox, diphteria, 
whooping cough and tetanus) to  trea t parasitosis (malaria and intestinal parasites), 
to  p rom ote m aternal and child heath , to  p rom ote family planning and nutrition; to 
trea t and refer sick persons; to collaborate in environm ental sanitation programs; to 
give education in hygiene and nu trition , and to  participate in com m unitary organiza­
tion  efforts.
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Data in Table 7 reflect a m arked decline in infant m ortality  as o f 1970 when 
an increase in the level o f  life, health and developm ent programs was recorded. The 
change also reflects in part a decrease in neonatal deaths, notorious after 1971 as a 
result o f im provem ents achieved in the quality o f the m atroenvironm ent. Table 8 
summarizes the fetal growth situation in a 10-year period a t the Institu to  Materno- 
Infantil Carit. Already in 1965 the average birth weight was relatively good and the 
registered frequency of low birth  weight was only l l° /o .  The situation was m aintained 
rather stable up to  1973 when a fall in the frequency o f  low birth-weight babies was 
registered reaching a 9.4°/o value.

The reasons tha t seem to explain the decrease in neonatal and postneonatal 
m ortality and in incidence o f low birth-weight babies a t th a t date are: a better atten tion  
o f pregnant women and substantial im provem ent in family planning. It is quite 
probable that nutritional changes o f secular type which improved the height o f the 
population in a notorious form  in the last years5 also affected the incidence o f low 
birth-weight neonates. These factors are reflected in a decrease in fetal and m aternal 
m ortality observed in previous years (Table 9) and in a decrease in mean parity, 
which, as illustrated in Tables 7 and 8, were parallel to  the reduction in b irth  rates.

V I I .  C O N T R O L  A N D  P R E V E N T IO N  O F  LO W  B IR T H  W E IG H T

Prevention of low birth  weight cannot be achieved through unilateral actions 
oriented, for exam ple, a t control o f m aternal m orbidity  or tow ards the im provem ent 
o f calories consum ption during gestation. The diversity o f etiologic factors th a t in­
tervene, usually in a sim ultaneous way, in the causality o f low birth  weight, is sufficient 
reason for planners o f health actions to apply the integral (holistic) approach to  its 
prevention. Table 10 succintly summarizes different actions th a t m ust be im plem ­
ented within a holistic approach for the prevention of low birth  weight.42

Improvements in health and hygiene during childhood are fundam ental, par­
ticularly in societies where the intergenerational effect ,of low m aternal stature m ust 
be reduced, as this reflects a past o f m alnutrition .1

The practice of optim al reproductive patterns is crucial to  diminish the incidence 
of low birth  weight due to  prem ature conception. Measures o f this type appear to  have 
had a notorious effect on fetal growth in countries th a t achieved a marked decrease 
in m ortality  in the course of a few years, such as China.44 A ntenatal care is another 
im portant factor for contro l and prevention of low birth  weight o f neonates given the 
high frequency of abnorm alities in “high-risk” pregnant w om en.4 2 ' 44> 45

Finally, control and care o f the child since early life is fundam ental for diagnosis 
and treatm ent o f present defects and for control and prevention of their 
sequelae.42, 45
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T A B L E  9

B IR T H  R A T E  A N D  F E T A L  A N D  M A T E R N A L  M O R T A L IT Y ,  

C O S T A  R IC A , 1 9 5 9 -1 9 7 5

Year
Births  

per 1 ,0 0 0  
popu lation

M o rta lity  per 
1 ,0 0 0  live births

M aternal Fetal

1 959 4 8 1 .2 6 2 0 .9

1 96 9 3 4 1 .3 3 1 5 .2

1 97 3 2 9 0 .9 3 1 2 .0

1 97 4 3 0 0 .5 0 12.1

1 97 5 2 9 * *

Pending calcu lation.
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T A B L E  10

P R E V E N T IO N  O F  LO W  B IR T H  W E IG H T  A N D  IT S  S E Q U E L A E

1. Promotion o f  health in childhood and adolescence

— A ch ievem ent o f good n u tritio n  and hygiene
— Prevention o f  infectious diseases
— H ea lth  education on reproduction
— Prom otion  o f good m ental health

2 . Practice o f  the optimal reproductive pattern

— P ro m o tio n  o f  conception a t op tim a l ages
— In crem en t o f interval betw een pregnancies
— Prevention o f undesired pregnancies

3 . Antenatal care

— T re a tm e n t and prevention o f in fectious diseases
— P rom otion  o f good n u tr itio n  and hygiene
— E ducation  on drugs and stressing agents
— Id e n tific a tio n  and c o n tro l o f  high-risk factors
— E ducation  on p e r ie t a l  events

4 . Care o f  neonate and child

— C ontro l o f labor and p a rtu ritio n
— Perinatal and neonatal care
— Diagnosis and contro l o f sequelae
— C hild  care
— Strengthening o f in frastructure and recording systems
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IX. COMMENT

It is estim ated th a t around 20 million children are born with low birth  weight 
in the world every year; approxim ately a million and a half o f these correspond to 
Latin America. Low birth  weight is the main cause o f perinatal m ortality  and of 
m orbidity  and long-term sequelae. Consequently, the contro l and prevention o f low 
birth  weight m ust constitu te  one of the higher priorities for national health and 
developm ent planning programs, particularly in nations th a t still have high infant 
m ortality  rates.

The effects o f low birth  weight detectable in the field are a high infant m ortality  
(particularly neona tal) and a deficit in physical growth of infants and preschool 
children.

Studies in a com m unity of the G uatem alan highlands dem onstrated th a t if 
birth weight is a t least 2 ,750 grams and the child is breast-fed during the first m onths 
o f life, neonatal survival approaches 100°/o. The high neonatal m ortality  observed in 
underdeveloped areas is therefore due m ore to the greater num ber o f  low birth-weight 
neonates, than to environm ental deficiencies. In effect, neonatal m ortality  figures 
observed in the rural com m unity in question, adjusted for weight at birth, were 
no t d ifferent from  those o f an industrial population o f a m uch higher socioeconomic 
developm ent. Such observation questions the need for creating special resources for 
the care o f  prem ature and fetally malnourished infants in developing countries, in 
excess of true dem ands, while it favors the recom m endation o f measures o f  preventive 
nature.

Experience registered in o ther countries suggests th a t the holistic approach is 
the best possible solution for the low birth-weight problem . This approach comprises 
actions o f  d ifferen t nature leading to  improve the nutritional status and health of the 
child and of the fu ture m other, to  improve the m aternal environm ent during gestation, 
and to  favor those circumstances which perm it an optim al care o f  the pregnant 
and lactating m other and o f the neonate and preschool child, for the purpose 
o f guaranteeing a corrective and preventive action o f  defects and sequelae associated 
to  low birth  weight. Such appears to  be the reason to  explain a chievements observed 
in Costa Rica and Cuba, where health programs have received prioritary atten tion . 
This position is contrary  to  the recom m endation o f isolated measures or interventions 
whether these are m aternal and child health programs or o f  food supplem entation of 
pregnant m others, o r o f any other kind.

A m ore in-depth analysis o f existing inform ation in developing countries is 
required in regard to  benefits derived from  d ifferent actions and changes in fetal 
growth. It is also necessary th a t holistic health and com m unitary developm ent plans 
be structured, comprising actions and recom m endations necessary to  prom ote optim al 
fetal developm ent.
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R E S U M E N  

IM P L IC A C IO N E S  D E  B A JO  PESO  A L  N A C E R  
P A R A  L A  S A L U D  P U B L IC A

El presente estudio in te rp re ta  la significación de las características an tropom é­
tricas del recién nacido de una aldea indígena típ ica  del altip lano de G uatem ala y de 
la población general de Costa Rica. Se ilustra la correlación qu e  ex iste  en tre  las defi­
ciencias del crecim iento fetal y la m ortalidad infantil y  el re ta rdo  del crecim iento 
físico. Se discute la significación del retardo  del crecim iento fetal en el desarrollo  de 
anom alías y  defectos dem ostrables a  corto  y  a  largo plazo.

La inform ación existen te indica un a  alta incidencia de n iños con alteraciones 
de crecim iento y  desarrollo fetal en Latinoam érica. E sta circunstancia parece ser la 
causa principal de la alta m ortalidad infan til y  de l re ta rd o  en el desarro llo  de m uchas 
poblaciones del Subcontinente.

Algunos países han logrado m ejoras substanciales en  las condiciones que pro­
mueven un adecuado crecim iento fetal m ediante la im plem entación  de program as 
en form a integral (holística). Se p roponen  las áreas de acción en  salud necesarias 
para lograr un desarrollo fetal adecuado en nuestros países.
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I. IN T R O D U C T IO N

The fact th a t an adequate diet has possitive effects on the pregnant woman 
and her progeny is a generally accepted fact. This knowledge is in great p art responsi­
ble for the establishm ent o f programs oriented to  improve the nutritional status of 
the pregnant woman.

The first evidence of the diet effects on reproduction had its origin in the 1930 
decade, when studies in animals carried ou t by Hale,1 and in hum ans by McCance 
et al.2 and by  O rr,3 suggested tha t a deficient d ie t was associated with a greater 
incidence o f fetal abnorm alities and low birth  weight.

The Second World War supplied the natural environm ent to prove these observa­
tions in a  national context, through selective supplem entary programs for pregnant
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w om en and children. In England, betw een 1940 and 1945 it  was found th a t improve­
m ent o f  the d ie t was related w ith a  significant reduction in  th e  rate o f  stillborn 
infants. Since pregnant wom en did n o t coun t w ith adequate m edical a tten tion  during 
this period, Thom son4 later suggested th a t reduction  in the m ortinatality  rates was 
prim arily a consequence o f  a b e tte r nu trition  during pregnancy, under extraordinarily 
deficient social and health  conditions.

In a similar way, “natural food experim ents" carried o u t in Oslo during the  II 
World War also supported  a  possible rela tion  betw een supplem entation during preg­
nancy and the  decline in the prem aturity  and m ortinatality  rates.5

Ebbs, Tisdall and Scott6 in T oronto , provided supplem entation to  90 women 
o f  low socioeconom ic level, com paring them  with 120 women o f the same condition, 
n o t supplem ented, and w ith 170 women o f m edium  socioeconom ic level. Even though 
weight a t  b irth  was similar in the three groups, the low socioeconom ic women ex­
em pt o f  supplem entation, exhibited a  greater incidence o f  perinatal complications.

Balfour7 on his part, evaluated the effects o f  an extensive supplem entation 
program  which included 11,618 women o f  low socioeconom ic level, and his results 
supported  those o f  previous studies. A lower fetal and neonatal m ortality  rate was 
observed in children whose m others had received th e  supplem ented d iet.

Research carried ou t after World War II can b e  classified in three categories:

1. Controlled experiences in pregnant women carried o u t in the United States 
o f  America, Canada and G reat Britain.

2. Transcultural studies in countries where m alnutrition  is prevalent.

3. Studies in animals.

Kasius et al.8 provided vitamins, proteins and vitamins, and only proteins, to 
th ree groups o f  women in Philadelphia, w ithout observing differences between birth 
weight, height and thoracic perim eter o f children born  from  supplem ented women 
with respect to those o f a contro l group. G oldtich9 in San Francisco, California, was 
also unable to  dem onstrate effects resulting from  protein supplem entation during 
pregnancy on the b irth  weight o f  children delivered by women of medium and low 
socioeconom ic level.

Certain num ber of studies, however, back the favorable effects o f supplementa­
tion , including those o f Higgins,10 Harrell, W oodyard and G ates11 and Kasius et al.8 
For exam ple, Higgins found a reduction in  the incidence o f  p rem aturity  in women 
o f  low socioeconom ic level who received supplem entation, even though the higher 
birth  weight o f the child was no t considered related to  supplem entation. On their part, 
Harrell and his group inform ed o f  higher IQ ’s in the children o f  black women to whom 
supplem entation had been provided. Kasius and co-workers also observed a decline
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in prem aturity  and toxem ia in supplem ented wom en, b u t w ithout proving any effect 
on the physiological conditions of their children.

In general, these last two studies are difficult to  in terpret and do n o t sustain 
the evidence o f a clear im pact o f supplem entation. Birch and Gussow12 have form u­
lated a series o f m éthodologie considerations wich could be the responsible factors of 
these findings.

Among them , the impossibility o f establishing the relative effects o f factors such 
as m aternal diet, the m o ther’s health and the product of pregnancy should be m en­
tioned. Furtherm ore, the probability  exists th a t the studies in question did n o t include 
those women of low socioeconom ic level subjected to the risk o f severe nutritional 
deficiencies, both  before and during pregnancy.

The transcultural-type o f  research has perm itted  to  study populations affected 
by chronic m alnutrition fo r various generations. These studies have shown a positive 
relation between supplem entation and the pregnancy product, particularly when 
im provem ent o f  the diet reaches the m ore at-risk groups. Studies carried o u t by the 
Division o f  Human Developm ent o f INCAP in four rural villages of G uatem ala,13-15 
revealed th a t b irth  weight was significantly higher in the case of those children whose 
m others received greater supplem entation during pregnancy, thus suggesting th a t the 
effect o f the calories would be the m ost im portant. In addition, recent results show 
advantages in th e  developm ent of these children as a consequence of the higher intake 
o f  the  m o ther.15 Chavez, M art/nez and Y ashine16 have supplem ented the d ie t o f 
w om en and children in a village of Mexico. Their results dem onstrate an im provem ent 
in the health o f  both groups, a m ore positive a ttitu d e  o f  the parents towards the chil­
dren th a t have received supplem entation, and a more independent behavior o f the 
children themselves. In view o f the fact th a t the supplem ented group has had greater 
contact with the investigators and no basic nu tritional inform ation is available for the 
experim ental nor for the contro l groups, it cannot be definitively clarified whether the 
possitive effects observed can be a ttribu ted  exclusively to  d ietary factors. Both studies, 
however, support a positive relation betw een food intake during pregnancy and the 
product, and the new born and the breast-fed child when0supplem entation is provided 
to severely deficitary populations.

R ecently , some transcultural studies have been aimed a t the relationship be­
tween low  socioeconomic level and inadequate conception products. Since m alnutri­
tion is highly prevalent in these sectors, it m ay no t be useful to  try  to  separate the 

x nutritional effects from those resulting from  social stratification.

The central objective o f  the research carried o u t in animals has been to  study 
the effect, on the product, o f d ie tary  restriction during pregnancy and lactation. 
Winick17 has dem onstrated th a t nu tritional restriction during pregnancy is associated 
w ith a decrease o f  15°/o o f  the cerebral cells a t b irth , and th a t reductions o f  up to 
6 0 %  are observed when the animals are subjected to  m alnutrition in utero and 
during lactation.
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Chow and Lee18 and Chow et a l.19 also dem onstrated growth arrest and abnor­
malities in the protein and carbohydrate metabolism as a result o f d ietary restrictions 
during only  pregnancy, and in the pregnancy and lactation periods, w ith more 
m arkedly effects in the la tter case.

These studies together w ith those o f Sm art and Dobbing,20 Barnes et a l.21, 
Frankova and Barnes22 and others, indicate th a t in  the rat, the nutritional status 
during pregnancy is associated to  anatom ic and behavioral changes of the product.

However, the intergenerational m alnutrition models in animals are m ore com pa­
rable to  hum an groups who have suffered from  m alnutrition for various generations 
than the unigenerational models. These studies have shown th a t m alnutrition present 
in more than one generation is associated to  more serious effects, and th a t their correc­
tion  requires more prolonged periods o f d ietary supplem entation.23

Galler and R osenthal24 have studied a ra t colony w ith intergenerational malnu­
trition  supplem ented from  birth , by crossing them  with well-nourished female animals. 
These rats rapidly increased their weight and at the m om ent o f weaning did n o t differ 
from  the well-nourished animals in weight or in body  length. Nevertheless, the differ­
ences in behavior persisted, observing tha t the intergenerational m alnourished rats 
were fed less frequently  by  the female rats than the well-nourished animals. When 
the females with intergenerational m alnutrition were supplem ented before pregnancy, 
the p roduct weight a t weaning was higher than th a t o f those who received an adequate 
d ie t only  as of b irth ; this indicates th a t the earlier the supplem entation is instituted, 
the greater the favorable effects on the pregnancy p roduct.25 In sum m ary, the studies 
in animals on the consequences of m alnutrition in pregnancy and in their products 
have n o t always rendered the type o f  evidence expected from them , due to  problems 
in the m ethodology and design em ployed.26, 27

In spite o f  it, these data in general suggest significant effects when the pregnant 
females are exposed to m alnutrition . On the o ther hand, even though these results 
cannot be extrapolated  to  the conditions existing in the hum an being, together with 
the studies previously refesred to , they  perm it to  p o in t ou t an im portan t number 
o f  relations which require m ore at dep th  research.

II. NUTRITION PROGRAMS

Programs leading to  improve the nutritional status o f  the pregnant woman are 
becoming increasingly m ore com m on in the developing countries, for the purpose of 
m odifying the high infant m ortality  and m alnutrition rates th a t exist in the majority 
o f  them . Supplem entary feeding and nutrition  education constitu te  the interventions 
m ore frequently  used. A lthough the im portance o f these programs cannot be over­
looked, they are subject to  num erous lim itations in their design and implementation 
which need to  be exam ined and corrected if the purpose is to  improve them  in the 
fu tu re .28 A d irect consequence o f  these lim itations has been the inability to seriously 
evaluate the nu tritional im pact o f such programs.
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As happens with educational activities, supplem entation has also been alm ost 
totally  im plem ented through the health services th a t in addition provide prenatal 
care. B ut it has been proved that, unfortunately , im portant groups of women 
do no t benefit from  these services, a fact which limits their scope in a considerable 
degree. The experiences o f Chile with the National Leche Program is illustrative in 
this respect (Tables 1 and 2). Having an extensive net o f health services, in 1972 
only  54°/o o f all the pregnant m others could be supplem ented. On the o ther hand, 
even though through studies carried o u t in the rural areas it was proved th a t 78°/o 
o f the program  beneficiaries regularly received their milk quota, certain marginal 
and rural sector groups were excluded not only from  dietary supplem entation b u t also 
from  all health care measures.28 As already com m ented in this paper, if the 
effects o f supplem entation can only be detected  in those populations who are more 
a t risk o f  m alnutrition and poverty, it is quite possible th a t in the case o f Chile, the 
Leche Program did no t cover an im portant group o f pregnant women who really 
were in need o f  said supplem entation.

T A B L E  1

C O V E R A G E  O F  T H E  N A T IO N A L  L E C H E  P R O G R A M , 
C H IL E  1 9 7 2

B enefic iary  groups P o p u la tio n *
Coverage, °/o  

Program m ed Carried ou t

Breast-fed infants  
(0 -2 3  m onths) 5 2 3 ,0 0 0 8 5 57

Preschool children  
(2 -5  years) 9 8 1 ,0 0 0 70 5 9

School children 2 ,0 2 7 ,0 0 0 8 0 9 0

Pregnant w om en 4 3 7 ,0 0 0 70 54

*  These figures were obtained fro m  the A nnual R ep o rt o f  the U n ited  Nations, 
1 9 7 2 . T h e  age structure is based on the percentages u tilized  by th e  Public  
H ealth  D ep artm en t o f  th e  U niversity  o f Chile.

T aken  fro m  H akim  and S o lim ano .28

In addition, the effectiveness o f  these nu trition  activities depend in a great 
measure o f  access means to the health services. Firstly, in the m ajority o f  the
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developing countries, the rural and marginal urban com m unities do n o t have o r  have 
only  a lim ited access to  such services. Secondly, the possibility o f  absence o f perinatal 
com plications is closely related with the good health conditions of the m other during 
pregnancy, so th a t the lack o f medical atten tion  itself and, per se, determ ines negative 
consequences for these at high-risk com m unities.

T A B L E  2

F A M IL Y  C O N D IT IO N  A N D  P A R T IC IP A T IO N  IN  
T H E  L E C H E  P R O G R A M , C H IL E , 1 9 7 2

Socioeconom ic  
level o f the  

fa m ily

Percentage o f fam ilies  
partic ipating in the  

Program

M ed iu m  and high incom e 6 5

M e d iu m -lo w  incom e 7 8

L o w  incom e 8 2

Participation according to number o f  beneficiaries

N um ber o f  beneficiaries Percentage o f fam ilies
in the  fa m ily partic ipating in  the

Program

1 6 9

2 72

3 80

4  o r m ore 88

Taken from Hakim and Solimano.28
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Another concept th a t should be taken into consideration and th a t obviously 
makes the evaluation o f  these programs a difficult task, is th a t m aternal nu trition  
constitutes one of the many independent variables th a t affect the fetal viability and 
survival. More still, fetal viability m ay not have any relation w ith the nutritional 
measures if o ther necessary conditions are not fulfilled. The observed changes in the 
infant m ortality  rates in Chile during the last 40 years, when food supplem entation 
has been provided to women and children a t risk o f  m alnutrition  are illustrative in 
this sense.29 Even though this rate  has significantly diminished (Table 3), the reduc­
tion has been proportionally  greater in the medium and high-income sectors who did 
no t receive supplem entation through public programs (Tables 4 and 5).

T A B L E  3  

IN F A N T  M O R T A L IT Y  R A T E S  (P E R  1 ,000  B O R N  A L IV E ) ,  
C H IL E , 1 9 2 7 -1 9 7 3

Year Rate Year Rate

1 9 2 7 2 2 6 1 96 4 1 0 5 .3

1 9 3 0 2 3 4 1 9 6 5 9 9 .8

1 9 3 5 251 1 9 6 6 1 0 1 .9

1 9 4 0 1 92 196 7 9 8 .4

1 9 4 5 1 6 4 .5 1 9 6 8 8 6 .6

1 9 5 0 1 3 6 .2 .1 9 6 9 7 8 .7

1 9 5 5 1 1 9 .2 1 9 7 0 7 9 .3

1 9 6 0 1 2 6 .2 1971 7 0 .5

1961 114.1 1 9 7 2 71.1

1 9 6 2 1 1 3 .6 1 9 7 3 6 5 .3

1 9 6 3 1 0 5 .5

Taken from Solimano and Hakim.29
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IN F A N T  M O R T A L IT Y  IN  P R O V IN C E S  W IT H  H IG H , M E D IU M  
A N D  LO W  IN C O M E , C H IL E , 1 9 4 0 -1 9 4 7

TABLE 4

In fa n t m o rta lity  rates 
(per 1 ,0 0 0  born  alive)

Per cent 
change

1940 1947

Provinces w ith  
high incom e 179 1 44 2 0 %

Provinces w ith
m ed ium  incom e 199 1 6 3 1 8 %

Provinces w ith  
lo w  incom e 2 0 5 184 1 0 %

N ational average 197 167 1 5 %

T ake n  fro m  Solim ano and H a k im .29

T A B L E  5

IN F A N T  M O R T A L IT Y  IN  P R O V IN C E S  W IT H  M E D IU M  A N D  LO W  IN C O M E , 
C H IL E , 1 9 5 8 -1 9 5 9  A N D  1 9 6 8 -1 9 6 9

In fa n t m o rta lity  rates 
(per 1 ,0 0 0  born  alive)

Per cent 
change

e  1958-1959 1968-1969

Provinces w ith  
high incom e 9 8 5 9 4 0 %

Provinces w ith
m edium  incom e 1 30 9 6 2 6 %

Provinces w ith  
low  incom e 1 3 6 1 0 5 2 3 %

N ation a l average 1 1 6 81 3 0 %

Taken from Solimano and Hakim.29
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In certain countries like Cuba, China, and others, programs oriented to  improve 
the nu trition  o f  the pregnant woman, form  part o f  the integral health care th a t 
the Governm ent provides to all citizens. As a result o f  these integrated programs, 
significant reductions in perinatal m ortality  (see Table 6) have been observed in 
Cuba30 in spite o f  the fact th a t the percentage o f children born alive with a  weight 
o f  2 ,500 grams or less has som ewhat increased during the 1968-1974 period (Table 7).

T A B L E  6

P E R IN A T A L  M O R T A L IT Y ,  C U B A , 1 9 6 8 -1 9 7 4

Years Fetal
m o rta lity *

M o rta lity  
<  7  days

Perinatal
m o r ta l i ty * *

1 9 6 8 1 7 .2 1 6 .8 3 3 .4

1 9 6 9 16 .3 1 7 .4 3 3 .2

1 9 7 0 1 5 .3 1 7 .2 3 2 .1

1971 14 .8 17.1 3 7 .4

1 9 7 2 1 3 .5 15.7 2 8 .8

1 9 7 3 13.1 1 5 .9 2 8 .7

1 9 7 4 12 .9 1 5 .6 2 8 .2

*  O f  7  m onths and m ore o f  gestation according to  fe ta l death certifica te .

* *  T h e  denom inator includes born  alive and fe ta l deaths.

Taken fro m  R iverón .30

The integral health care in Cuba is possible thanks to  measures such as: 
1) distribution o f the service units and hum an resources th roughout the country, 
including the rural areas. This measure allowed provision of institutional atten tion  
to  96.6°/o o f all parturitions occurring in 1974. 2) Equality of access to the health 
services and gratuitous atten tion  as the S ta te’s responsibility. In this m anner, an 
average o f  9 .0 prenatal consultations have been achieved, and 5.5 consultations per 
child during his first year of life. Maternal m ortality  decreased from  11.8 in 1972 
to  5.6 per 10,000 born alive in 1974.30
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M O R T A L IT Y  R A T E S  A N D  P R E M A T U R IT Y  IN D E X ,  
C U B A , 1 9 6 8 -1 9 7 4

TABLE 7

Years Fetal
m o rta lity *

Neonatal
m o rta lity

Percentage o f 
born alive w ith  

2 ,5 0 0  g or m o re **

1 9 6 8 1 7 .2 23.1 8.1

1 9 6 9 16 .3 2 5 .7 8 .5

1 9 7 0 1 5 .3 2 2 .8 10 .3

1971 1 4 .8 2 2 .4 9 .9

1 9 7 2 1 3 .5 1 9 .2 9 .8

1 9 7 3 13.1 1 9 .4 10 .4

1 9 7 4 12 .9 1 8 .6 10.7

*  O f  7  months and m ore o f gestation according to  fe ta l death certificate .

* *  Born alive in institutions.

Taken  fro m  R iverôn .30

The integral care program of women carried ou t a t the levels o f prim an 
atten tion  un it, polyclinic or rural hospital, include activities destined to  prevent and 
minimize the risk o f  the pregnant woman and o f the fetus. Among these, early capta­
tion , nu trition  education and provision o f incom e to m aternal hom es as o f  the 8th 
m onth  o f  pregnancy for those wom en who live in very isolated zones or who have 
been catalogued as a t high risk, have first priority .

A nother limiting factor o f supplem entation is th a t foods are generally no t exclu­
sively consum ed by the pregnant woman, b u t are distributed am ong the different 
members o f  the family. A lthough the available evidence is lim ited, this fact must be 
taken into account when designing interventions o f this type.31 ■ 32
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An assum ption accepted up to  this m om ent is th a t the poor do n o t utilize 
their food budget in a nutritionally  efficient way and, therefore, their diet would 
significantly improve as a result o f nu trition  education. However, recent studies have 
dem onstrated th a t w ith the existing incom e levels, only marginal effects are to be 
expected as the result o f changes in the purchasing habits o f these groups.33

Birch and G ussow 12 have expressed th a t “ it is evident th a t even though dif­
ferences in habits and beliefs are very im portant, poverty constitu tes the fundam ental 
factor, th a t joined to  ignorance, maintains the low-income woman badly fed .” The 
same au thors cite the studies o f G rant and G room 34 who, in 1956, found a direct 
relationship betw een protein  intake and econom ic level in black women o f South 
Carolina.

During the last years new approaches have been and continue to  be tested to 
improve the food supplem entation programs. Based on the evidence tha t it is dif­
ficult to  effectively supplem ent only one m em ber o f the family unit, the need of 
providing foods to  all m embers of the at high-risk families with children and women 
in  their reproductive age, is recognized. When these population  groups do n o t have 
access to  health services, especially in the rural sectors, foods are directly delivered 
to  the beneficiaries.

In 1974 Panam a initiated a program of this type in the Province o f Veraguas 
whose im pact is now  being evaluated.35 Nevertheless, it m ust be recognized th a t the 
health policy followed by this country since 1969 has placed special emphasis in the 
integration o f  the Health Services; the organization and participation of the com m uni­
ty  in all health  activities; the priority  o f the rural sector, and the reallocation o f hum an 
and m aterial resources in accordance to  the needs. The evolution o f certain health 
indicators can be appreciated in Table 8 .36 Consequently, it is a rather difficult 
task  to  elucidate the specific effect o f nu tritional interventions, even at province level.

In spite o f this, even countries th a t count with the best health services have no t 
assessed a t national level their m aternal supplem entation programs, through the use 
o f  indicators th a t could supply more sensible and direct inform ation in regard to 
their effects. The weight increm ent during pregnancy, the incidence o f  small for 
gestational age newborns, and certain perinatal m orbidity  are extem ely useful indica­
to r  if  collected system atically and in a reliable way. The follow-up o f  representative 
population samples constitu tes a mechanism n o t d ifficult to  im plem ent if  established 
opportunely .

In synthesis, we believe th a t the available experience supports the increasing 
need for integrating the nu trition  programs with the health program s directed to the 
m ore vulnerable groups, th a t is, to w om en in the reproductive age and growing chil­
dren. More still, pro tection  o f  the m other and child binom ial m ust go further than 
m ere health care, by  establishing social, legal and econom ic measures, especially 
for working women. The character o f these measures will vary according to  the po liti­
cal and institu tional organization of each country , b u t undoubtedly , it is necessary to 
exchange experiences and obtain maximum benefit from  them .
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A ctual knowledge on  the at-risk factors perm its a b e tte r definition o f popula­
tions who should benefit from  nutritional interventions considering no t only then- 
biologic vulnerability, b u t also their social vulnerability. These elem ents m ust be 
taken into account when planning these programs. The participation of researchers 
in the d ifferent countries, and the integration o f interdisciplinary team s, constitu te  
a very useful mechanism if established in an adequate manner.

Finally, all nu tritional intervention programs m ust include in their budget an 
allotm ent for applied evaluation and research work, the la tte r destined to study 
alternatives th a t perm it maximizing the im pact o f such program s.3 7
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A C T IO N  P R O G R A M S :

A  S K E T C H  O F  T H E  S T A N D IN G  A P P R O A C H E S  IN  M E X IC O »

Héctor Bourges * *

In s titu to  Nacional de la N u tric ió n  de M éxico

S U M M A R Y

The subject o f  this Colloquium, Prenatal and Perinatal Nutrition , can no t be 
separated from  th a t o f  prim ary collective m alnutrition , a phenom enon observed within 
incohesive societies, traditionally  ravaged by exploitation , under- and unem ploym ent, 
external o r internal colonialism and, very especially , b y  ignorance. N utrition and 
social developm ent are m utually  dependent so they m ust be prom oted together; 
nu trition , however, is specifically the d irect responsibility o f nutritionists.

Among applied nu trition  program s the most com m only used are those of educa­
tion and food supplementation. When adequately planned and perform ed, education 
programs are more likely to  succeed since they m odify a ttitudes and ways o f living. 
Food supplem ent program s, in contrast, are only sym ptom atic, tend to  be self-perpe­
tuating  and to  create dependence; in addition , they  are expensive. Therefore, they 
are used for the  correction o f acute situations or as a measure o f initial a ttack  in 
critical regions. Both kinds o f  programs are n o t exclusive; thus, they may be com bined.

The paper briefly describes some experiences of the N ational Institu te  o f N utri­
tion  (INN) in Mexico. An account is presented o f  how  an educational program 
achieved an im portan t decrease in preschool children m alnutrition  and m ortality  
rates in an extrem ely poor com m unity. A brief description is also m ade o f a Basic 
Rural Health Program proposed in 1976 fo r the nex t six years including actions in 
five areas: a) nu trition , b) responsible patern ity , c) hygiene, d) vaccination, and 
e) p rom otion o f  high nu tritional efficiency products.

Presented a t: Colloquium  on “Prenatal and Perinatal N u trition ’’ held as part 
o f  the  IV Latin American N utrition Congress, Caracas, Venezuela, 2 1 —27 
November, 1976, under the sponsorship o f  the Latin American N utrition  Society 
(SLAN).

Researcher and Chief o f  the D epartm ent o f  Physiology o f N utrition  and Food 
Technology, Institu to  Nacional de la N utrición, México, D .F., México.
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In the five previous presentations, profiles o f  the fetal growth retardation 
were outlined with precision. A lthough this phenom enon is n o t known as y e t with 
the depth  it merits, it is clearly frequent and extraordinarily  transcendental in the 
Latin American countries. Its m ultifactorial character and the crucial role tha t the 
history o f nu trition  and m aternal health  play in its'genesis, has been underlined. The 
existence o f a chain o f  adverse factors tha t perpetuate m alnutrition fron one gene­
ration  to  another has also been pointed o u t. This starts —if the use of this term  is 
acceptable— with m alnutrition of the m other th roughout her life, follows w ith preg­
nancy under inadequate nutritional conditions and w ith insufficient lactation, and 
reaches its critical m om ent a t the weaning stage. Fatally, o f  this series o f events 
emerge m others even more deteriorated in their health and nutrition , on the one hand, 
and on the o ther, a decim ated preschool population  whose “survivers” are seriously 
affected in their growth and in their physical, intellectual and social development. 
Later on , as adults, these children will virtually “transm it” m alnutrition to their 
descendants n o t only through biological mechanisms, b u t also through those of a 
cultural and social natu re1 . Thus, the “social m alnutrition cycle” will be closed.

I deem  it advisable to  strictly present the approaches th a t have been proposed 
in Mexico and the pertinent antecedents, with the understanding th a t I do n o t pretend 
th a t any of them  necessarily have validity in other countries.

For practical purposes, it is artificial to  dissociate perinatal nu trition  from 
nutrition  through the rest o f the life stages since, as m entioned previously, they are 
links o f  the same chain; in other words, one is dealing with a global phenomenon.

In its tu rn , nu trition  is the product o f a  m ultitude o f  factors2 that, in an effort 
to  classify them , can be in terpreted as a reflex or consequence o f  the degree o f develop­
m ent o f  the society where they occur. Massive prim ary m alnutrition is observed in 
societies w ith little cohesion, chronically subjected to  external and internal colonialism, 
where exploitation , unem ploym ent and underem ploym ent are com m on, and where 
ignorance is prevalent.

N utrition, therefore, is lim ited by the degree o f social developm ent bu t, in its 
tu rn , the possibilities o f reaching a greater developm ent depend, among other factors, 
on the degree o f  prevalent nu trition  in a given hum an group. This m utual relation 
generates a vicious circle from which it is difficult to  escape; discussions on whether 
this vicious circle m ust be broken by improving nu trition  or by improving social 
developm ent fall, as is to  be expected, in another interm inable circle.

Ideally, a  thorough solution would require the parallel prom otion o f both 
elem ents: nutrition  and development. The tem porary dimension where this prom otion 
m ust originate, however, is radically d ifferent in one case and the other, since prom o­
tion o f  developm ent requires a m uch longer term . On the other hand, the la tter task 
is considerably m ore com plex and difficult: i t  requires m odification of the attitude 
and behavior o f  the population and only  by  exception does it fall in the field of 
d irect action o f  the com m on nutrition ists who have to  lim it themselves to  express
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their opinion or recom m end measures to  the political sector. In contrast, it is the 
im m ediate responsibility o f the nu trition ist to  ac t a t short and long term  on the 
nu trition  factor, including in their actions and programs the greatest possible num ber 
o f change elem ents for developm ent.

In the case o f m alnutrition  there is abundant biom edical essential inform ation 
for planning the programs. However, this is n o t the case regarding adequate psycho­
social data  tha t, am ong other things, m ust include a detailed view a t regional level, 
o f the food habits, food production , local social problem s, incom e levels, etc. This 
deficiency, which is n o t rem edied w ith the simple transfer o r extrapolation  o f data  
from other regions or countries, gives an aleatory character to m any programs. Since 
the urgency to  carry o u t resolutive efforts whose initiation cannot await obtainance of 
the necessary data  fo r an o rthodox  planning is indisputable, it seems justifiable and 
even desirable to  in itiate these programs based on a realistic generic sense, forese­
eing the mechanisms which perm it exploring the regional problem  a t the same time 
th a t this is attacked and which also allow m odifying the plans already under way.

According to  the  experience o f the N ational N utrition Institu te  (INN) in Mexico, 
the nutritional panoram a in the rural areas is so severe th a t application o f  simple 
measures th a t appear to  be of no consequence on account o f their obviousness, can 
represent real revolutions in the com m unal life. Probably this is also valid for the 
m ajority of the Latin American countries.

In the last decades, programs have been essayed th roughout the World th a t, as 
Dr. Solimano pointed ou t, can be artificially classified in educational and o f  sup­
plementation. In bo th  cases results have been poor due to  quite diverse causes: from  
the ineptitude or corrup tion  o f those who apply them , to  the lack o f sensitivity in 
their realization o r in their deceitful foundations.

A t the level o f a  theoretical analysis, it is evident th a t a well-planned educational 
program, with clear objectives and well carried out, changes the way o f  life and acting 
of the individuals and o f  the society. Since after all, prim ary m alnutrition  is an elem ent 
o f a special way o f  living, this type o f  program s hav? high probabilities o f being 
effective.

On their part, the supplem entation programs are based on biological unquestio­
nable premises. It is qu ite  easy to  dem onstrate , bo th  in laboratory  animals as well 
as in hum an beings, th a t the sustained intake o f an adequate diet usually corrects 
the clinical p icture o f  m alnutrition  and, according to circum stances, can also partially 
correct various o f its sequelae. U ndoubtedly, a supplem ent adequately adm inistered 
for a sufficient period o f tim e, is effective; for this reason, it is correct to  carry o u t 
supplem entation program s in acute situations (for exam ple, emergencies caused by 
natural catastrophes such as earthquakes, floods, droughts, e tc. o r because o f  war 
effects), as an initial a ttack  in  zones affected by  m alnutrition where there is a clear 
danger for the lives o f the people and as a general measure in crisis situations.
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The disadvantage of the supplem entation programs is th a t they  do n o t attack 
the problem  by roo t, b u t only their sym ptom s. M alnutrition is the last link o f a chain 
o f  facts tha t will persist even though the nu trition  problem  is corrected.

As is to  be expected in the case o f  any sym ptom atic measure, when for any 
reason these programs are suspended, m alnutrition  reappears again sometim es even 
with greater intensity than before because the population has lost, partially  or totally, 
the biological, social and cultural adaptation  mechanisms to  the phenom ena tha t 
generate m alnutrition. A nother disadvantage of the supplem entation program s is 
their tendendy to prolong indefinitely. This is serious if  one considers their high 
cost, their scarce resolutive efficiency, and the fact that they fom ent dependency from 
a paternalist structure th a t castrates the elem ents o f ■ an at-depth solution.

The educational and supplem entation programs are in no way m utually  exclusive. 
They can be com plem ented in a com bined execution or as different stages, b u t in 
any case education m ust have priority  in attacking chronic m alnutrition , since it is 
effective from  ro o t, requires less inversions and yields greater benefits for a longer 
period o f  tim e, thus resulting ideal in weak economies. Nevertheless, the educational 
programs require careful preparation and an intelligent selection o f  the messages, 
a great clearness in their objectives, and pragmatism and sim plicity in their execution.

Several years ago, the INN o f Mexico carried o u t a research study th a t, among 
other objectives, pretended to  evaluate the effectiveness of education as a change 
agent in nu trition .3 A small rural village of Southern Mexico was selected for this 
purpose, where m aterial poverty was so severe th a t, at first sight, the econom ic factor 
appeared to be the main determ inant o f m alnutrition. Under these conditions, positive 
results would only be seen if education is really an effective agent.

A nu trition ist was installed in the com m unity and her w ork was lim ited to 
instruct m others on the correct way o f nursing and feeding the in fan t and on basic 
hygiene. A t no m om ent did the population receive food  or m oney. Even though the 
program covered only those two aspects —breast feeding and hygiene— th a t are far 
from  being the only ones involved in the global problem , in a few m onths a significant 
im provem ent in  the nutrition o f infants and preschool children was achieved, and the 
m ortality  rates in these age groups were dram atically reduced. The fundam ental 
conclusion derived from  this experience is th a t ignorance, the “way of life” in that 
region, added a component o f  ineffic iency to the already extreme poverty, and that 
there existed resources th a t were n o t utilized sufficiently to  achieve a minimum dietary 
level. Something essential was also confirm ed: quite frequently, marginated popula­
tions are avid fo r  this type o f  help and they accept strange persons when these are 
honest and well-intentioned.

O ther im portant antecedents are the longitudinal studies on nu trition  and 
hum an developm ent th a t the INN has been carrying o u t during the last 7 years in 
Tezonteopan, Puebla.4 ' 9
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Essentially, the design o f the program was based on the study o f two groups of 
o thers and their respective children; one o f  the groups (control) was studied in its 
natural state and the o ther received an adequate diet. In the first o f  these groups 
m others consum ed their habitual diet, which is insufficient in quality  and quantity , 
although none o f  them  showed obvious signs o f m alnutrition.

It is pertinen t to  com m ent on this occasion only some o f the findings in the 
lactation field. In general, all the m others in the control group presented a m arked 
hypogalactia,4 especially as o f the third m onth o f  lactation, a phenom enon which 
chronically kep t deteriorating the nu trition  o f  the child up to the weaning crisis. 
In other regions o f  the country  transversal data  have been obtained which perm it to 
suspect th a t hypogalactia could be a general phenom enon in the poor-fed populations, 
whose effects would be prevented by  an early and effective supplem entary feeding 
th a t should have priority  in the educational programs.

In 1973 the Mexican G overnm ent decided to carry o u t a  nu trition  education 
program  in the rural area, which should be highly efficient given the lim itation of 
m aterial resources and availability o f personnel. The INN judged pertinen t to Concen­
tra te  the program on the weaning problem , based on the antecedents described in 
previous paragraphs.

The small child was taken as the central beneficiary o f the program, not only 
because it represents the m ost vulnerable group to  m alnutrition  and where the higher 
m orbidity  and m ortality  rates are observed, b u t also because it is a t this age where 
action is m ore tim ely and, in absolute term s, requires less efforts.

The ideal educational message for this program  should be very simple —both  
for the receptor as for the transm itte r—in order to  guarantee its assimilation. It should 
also have im m ediate practical application.

Transmission o f the message should be intense and repetitive utilizing various 
parallel ways. Particular em phasis was placed in avoiding distraction from  the central 
objective by introducing messages o f  o ther nature, a very frequent tem ptation  in this 
type o f programs.

Lastly, the “messenger” should be reliable, have prestige in the com m unity  and 
remain in it for a long period o f  time.

On the basis o f the preceding considerations, the following m ethodology was 
established:

1. The “messengers” would be voluntary m others o f  the rural area identified 
by their tendency to participate in com m unal life and by their local prestige. Prefera­
bly, they  would be m others with a lactating child, who would receive theoretical and 
practical training during 1 or 2 weeks and would then return  to their place of origin 
to  practice and diffuse the acquired knowledge. In principle, the fact tha t they
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were m others o f the locality assured their in terest and perm anency. More than 50,000 
o f  these “B Prom oters” were prepared in the first stage.

In their tu rn , B Prom oters had been trained by various generations of “A Prro- 
m oters” , women with minimal prim ary studies who, in turn , were instructed by  person­
nel from  the Institu te  thus achieving considerable and rapid m ultiplication of the 
num ber o f  persons who knew the message.

2. The message covered three basic concepts:

a) To introduce solid food to the in fan t’s diet around the th ird  month 
o f lactation w ithout reducing breast feeding.

b) To utilize for this purpose the available hom e resources, which varied 
according to  the case, and th a t had been previously identified as n o t being used.

c) To prepare these foods hygienically and in such a way tha t they could 
be consumed by the child.

It should be pointed  o u t th a t in the Mexican rural area m any a tim e the existence 
o f taboos on weaning are observed.10, 11 F or example, food such as beans, available 
in the m ajority o f the homes, as well as eggs, milk and m eats are considered by the 
people as inconvenient and even dangerous for the child. This is why they prefer 
to  give them  starchy foods such as “ato le” and others derived from  cereals or the bean 
“b ro th ” , which is the w ater where this legume is cooked and which contains only 
from  1 to 1.5 g of protein per 100 ml. Even the animal products cited are periodically 
available in the poor homes in am ounts th a t would be sufficient to benefit the child. 
In regard to  the propicious tim e for in troduction  o f solids, people believe tha t this 
should take place nc'c before the infants are 7 or 8 m onths old. On the other hand, 
the prevalent culinary techniques in the rural area are very poor, since simple prepara­
tion  such as purées, boiled eggs, grated m eat, etc. are unknow n and, in general, the 
hygiene in the preparation of foods is inadequate. The poor culinary technique is, 
then, another obstacle for the use o f  appropriate foods in the weaning stage and a 
mechanism of contam ination  of the infant diet.

The design o f the program message here described and the pragmatic content 
given to  it, reinforced with dem onstrations and practical sessions was based on the 
already m entioned experience. There is no space to detail it m ore a t dep th . Suffice 
is to  state th a t in mid 1976 an evaluation o f  the results was made by selecting at 
random  various com m unities and, in each o f  them , some m others were interviewed 
w ithou t considering the fact o f whether they had been subjected to the program's 
influence or no t. Around 30°/o  o f  themi answered satisfactorily the questionnaires 
em ployed.

Early in 1976 the gearing of this type o f nu trition  education programs was 
started , transform ing them  into more am ple com m unal developm ent programs.
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Among the proposals presented to  the new Governm ent that will take power on 
Decem ber 1st, the im plem entation o f  a Basic R ura l Health Program is cited. This 
would function through the w ork o f prom oters such as those who intervened in the 
nu trition  program . The Plan would cover 5 areas:

Nutrition

The same general scheme o f the educational program on weaning would be 
used w ith o ther aspects added to  it, trying to  cover in an integral manner the nu trition  
o f  the family. As the families of the marginated rural area base their meals on corn and 
beans, b u t ingest insufficient quantities o f the latter, a greater and b e tte r consum ption 
o f  this legume will be prom oted for the purpose o f  achieving n o t only a better to tal 
p rotein  ingestion, b u t also a better com plem entation w ith the corn proteins. In the 
same way, in troduction  to the habitual diet o f a “th ird  d ish” which will vary according 
to  the region and whose im portance n o t only lies in enrichening the diet b u t in making 
it m ore attractive and varied, will be prom oted.

Responsible Paternity

In the experience ob tained by  the INN, it m ust be pointed ou t that, often, 
the peasant w om en ignore the existence o f  contro l reproduction  means, and th a t 
am ong them  there  exists an increasing desire o f doing it, in the measure th a t some 
m odernization traits penetrate the rural life. Thus, the alternatives would be presented 
and the population  would be induced to  benefit from  the form al programs o f respon­
sible paternity .

Hygiene

Special care would be given to  the attitudes and behavior o f the population, 
in contrast w ith the unbound habitual programs (for exam ple, those related to  the 
mere availability o f drinking water and means o f excreta disposal) th a t fail because 
o f the persistence o f  old hum an attitudes.

Inmunization and Basic Medicine

The habitual vaccines would be adm inistered to  the infantile population, and 
first aid basic concepts and for preventing and treating com m on infections —gastro­
intestinal and resp ira tory— which represent the gross o f the pathology in these regions, 
would be divulged.

Promotion of Consumption of Products of High Nutritional Efficiency

In the course o f  the  last three years various products developed by  the Food 
Technology Program o f Social Interest o f  the INN have been placed in the m arket 
under the sponsorship of the National F ood Program. Their purpose is to increase the 
availability o f  p roducts th a t un ite high nutritive value, low cost, and easiness o f
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conservation with the best possible sensorial acceptability .12' 15 Within the Plan in 
reference, the goal is to  obtain  the greater possible utilization o f  these products, 
clarifying the fact th a t they are com plem entary resources whether they  are produced 
w ith a m inim um  o f  subsidies or w ithout them .

I have briefly described the type o f  approaches and program s that in Mexico 
have been estim ated as more reasonable in com bating the m ore urgent and immediate 
problem s in the  nu trition  and rural health fields. I m ust insist on  the fact that, in 
their design, circum stances and very particular characteristics which are only ours, 
have been taken into account, and th a t they  are n o t necessarily valid in o ther countries.

RESUMEN

PROGRAMAS DE ACCION:

ESBOZO DE LOS ENFOQUES VIGENTES EN MEXICO

El tem a de este Coloquio, N utric ión  Prenatal y  Perim tál, no puede desligarse 
del de la desnutrición primaria colectiva, fenóm eno que se observa en sociedades sin 
cohesión, victim as crónicas de la explotación, del desempleo, del subempleo, del co­
lonialismo externo o interno y, particularm ente, de la ignorancia. La nutrición y el 
desarrollo social deben ser prom ovidos paralelam ente ya que dependen el uno del 
o tro , aunque sólo la nutrición cae dentro  de la responsabilidad d irecta del nutriólogo.

Entre los programas de nutrición aplicada, los dos tipos más socorridos habitual­
m ente son los educativos y  los de suplementación. Los primeros, cuando son adecua­
dos, tienen mayores posibilidades de éxito ya que m odifican actitudes y formas de 
vida de la población de las que depende muy especialm ente la nutrición. Los progra­
mas de suplem entación, entfbambio, corrigen solam ente el sín tom a (la desnutrición) 
y no el com plejo conjunto de factores que lo causan, tienden a perpetuarse y a crear 
dependencia; además, tienen un elevado costo por lo que su m ayor utilidad radica en la 
corrección de situaciones agudas o com o ataque inicial en zonas críticas. Ambas clases 
de programas no son excluyentes y pueden com binarse.

El trabajo describe algunas experiencias del Instituto Nacional de la Nutrición 
(INN) en México. Se menciona un programa, exclusivam ente educativo, que logró 
reducir las tasas de desnutrición y  m ortalidad preescolar en una población extrem ada­
m ente pobre. Se describe en form a breve, asimismo, el Plan de Salud Rural Básica 
propuesto en 1976 para el período 1977-1982, que com prende acciones en cinco 
áreas; a) nutrición del preescolar, b) paternidad responsable, c) higiene, d) inmuniza­
ción, y e) prom oción del consumo de productos de alta eficiencia nutricia.
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On the basis o f  the presentations to  this Colloquium on “Prenatal and Perinatal 
N u trition” and on  the discussion these originated between the speakers and distin­
guished members o f the A uditorium , the following Conclusions and Recom m endations 
were reached:

C O N C L U S IO N S

1. In the Latin American countries, fetal growth retardation  is the m ost 
frequently  associated factor with infant m orbi-m ortality and retardation  of postnatal 
growth.

2. Contrary to  what is generally accepted, the analysis o f fetal-m aternal rela­
tions indicate th a t the fetus is n o t a parasite o f the m other; therefore, it is logical to 
expect th a t in trauterine developm ent be adversely affected by suboptim al m aternal 
nu trition .

3. The high incidence o f  low birth  weight observed in the Latin American 
countries is the resultant o f a causal com plex, the im portant com ponents of which 
are:

a) the nutritional history o f the m other since conception and her present 
nu trition  during pregnancy;

b) the high exposure to  infection during pregnancy, and

c) o ther conditions resulting from  the economic, social and cultural 
deprivation which define the low socioeconom ic level o f the great m ajority  o f the 
Latin American populations.

4. In our countries, d ifferent types o f nutritional actions directed to the preg­
nan t woman have been im plem ented, the m ajority o f  which have n o t been adequately 
evaluated.

5. It is considered th a t the nutritional actions oriented tow ards the improve­
m ent o f reproductive efficiency o f  Latin American women must form  part o f com ­
prehensive health care systems, focusing in the high-risk groups and taking into con­
sideration the specific characteristics o f  each population group.

R E C O M M E N D A T IO N S

1. Proposal is made to the Latin American N utrition Society (SLAN) to  carry 
o u t actions with the following objectives:

CONCLUSIONS AND RECOMMENDATIONS
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a) to  prom ote planning, im plem entation and évalutation o f programs 
aim ed to  the reduction of the incidence o f low birth  weight and infant mortality 
in Latin America, and

b) to  stim ulate the developm ent o f  investigations to  atta in  a better defi­
nition o f  the m agnitude of the problem  of low birth  weight, its causes and sequelae, 
and the  application o f the more appropriate actions in the countries o f the Region.

Aaron Lechtig 
M oderator
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