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The purpose of this article is to present a critical review of the literature on the causes and
consequences of intrauterine growth retardation (IUGR) and of body proportions at birth
among IUGR infants. IUGR is generally defined as a birth weight below the tenth percentile
of a reference weight distribution according to gestational age. Chronic maternal malnutrition
and other poverty-related factors are likely to be important determinants of IUGR in devel-
oping countries. IUGR has been associated with increased risks of neonatal morbidity and
mortality and alterations in physical and mental development during early childhood.

IUGR newborns can be classified as “‘symmetric”’ or “asymmetric” in terms of body
proportionality. The available literature indicates that the risk of perinatal morbidity is higher
among asymmetric newborns than among their symmetric counterparts, while symmetric
newborns confront a higher risk of impaired physical and mental development.

Obviously, the clinical and statistical usefulness of these ILIGR and body proportionality
assessments depends on the accuracy of the birth measurements (length, weight, and estimated
gestational age) from which they are derived. Latin America now has the hospital infrastruc-
ture needed to obtain reliable birth data of this kind. It is important to use these resources
effectively in order to improve the health assessment of newborns and gain a better under-
standing of the causes and consequences of IUGR.

n 1980 the World Health Organization

(WHO) estimated that 122.3 million
children were born in the world every
year. Of these, 20.6 million (17%) had
low birth weight (<2,500 g) and 94% were
born in developing countries. The aver-
age incidence of low birth weight was
18% in developing countries and 7% in
industrialized countries (1).
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Birth weight is an indicator of perinatal
morbidity and mortality risk that is rel-
atively easy to measure. However, by it-
self it is nonspecific, since it does not take
into account the newborn’s length or its
gestational age.

Measurements of intrauterine growth
retardation (IUGR) and Rohrer’s pon-
deral index (PI) take the newborn’s weight,
height, and gestational age into account.
For this reason there is a great deal of
interest in using them to understand the
etiology of IUGR and to identify new-
borns at risk of suffering disorders relat-
ing to physical and mental development.

The first aim of this article is to present
a literature review concerned with the
definition, statistics, causes, and conse-
quences of intrauterine growth retarda-
tion, with emphasis on the situation in
Latin America. The second aim is to pre-
sent results of a recent analysis of data
from a longitudinal study conducted in



Guatemala describing the risks of phys-
ical development associated with ITUGR
during the first two years of life.

METHODS

To review the literature on the subject,
articles were identified by means of the
MEDLARS II electronic data banks. Nearly
all the articles selected were reviews of
the literature or reports of studies con-
ducted in Latin America or industrialized
countries that were published in English
or Spanish between 1969 and 1991.

DEFINITIONS

The presence of IUGR is generally de-
termined by a birth weight below the tenth
percentile of a reference weight distri-
bution according to gestational age (2).
However, the concept applies only to ba-
bies born full-term (from week 37 to week
42 of gestation) (3). Newborns with IUGR

can be subclassified as having symmetric
or asymmetric [UGR, in accordance with
their PI (weight x 100/length®) and with
the PI reference curve designed by Lub-
chenco et al. (4).

Symmetric newborns with IUGR
(known as type I IUGR) are those exhib-
iting a “normal” PI at birth and a pro-
portional reduction in height, weight, and
head circumference. Asymmetric new-
borns with ITUGR (known as type Il IUGR)
exhibit a low PI, since a considerable re-
duction in weight relative to their length
and head circumference can usually be
observed.

STATISTICS ON IUGR

In developing countries, between 10%
and 35% of the newborns typically suffer
from IUGR. These represent a majority
of the newborns with low birth weights.
It has been estimated that in 1985 the
number of children born with IUGR in

Latin America totaled 2.8 million (5). In
industrialized countries, it has been es-
timated that 11% of the newborns suffer
from IUGR (6). Because this percentage
is close to the percentage below the tenth
percentile in the normal population’s birth
weight distribution, it is possible that these
children do not suffer from IUGR but
merely represent the lower end in the
distribution of a population of healthy
newborns.

The data in Table 1 suggest that be-
tween 49% and 87% of the newborns with
IUGR in developing countries are born
with symmetric proportionality, but that
this tends to be true of lesser percentages
(20% to 61%) of the IUGR babies born in
industrialized countries.

Pathogeny

During the twenty-eighth week of
pregnancy a normal fetus attains 30% of
the weight and 71% of the stature that it
will have at the end of gestation (5). With
this in mind, it has been suggested that
the period of gestation in which fetal mal-
nutrition begins is a fundamental deter-
minant of the type of ITUGR from which
the newborn will suffer (2, 7).

It seems likely that symmetric new-
borns are the result of fetal malnutrition
throughout pregnancy. Studies con-
ducted with experimental animals have
shown that when malnutrition is induced
over the entire gestation period, the off-
spring have symmetric proportionality at
birth—and the cellular division in all fe-
tal organs (including the brain) is re-
duced by 15 to 20% (8).

This kind of IUGR (type I), the sort
found most frequently in developing
countries, is closely related to conditions
of poverty and chronic malnutrition of
economically disadvantaged mothers (2,
6). Among the hypothetical pathogenic
factors that have been suggested are high
parity, a short birth interval, breast-feed-
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Table 1. Percentages of IUGR newborn populations in developing and
industrialized countries that were found to have symmetric body

proportionality.

No. with %
Country and (reference) IUGR symmetric
Argentina (urban middle class) (62) 54 61
Argentina (urban) (22) 495 49
Bolivia {urban) (24) 1,905 56
Guatemala (rural) (50) 97 78
Guatemala (rural) (26) 143 68
Guatemala (urban) (67) 848 79
Guatemala (urban middle class) (45) 3,398 87
Mexico City (24) 3,282 52
Philippines {urban and rural) (79) 41 61
South Africa (rural) (63) 188 67
Canada (69) 83 23
England (67) 47 34
England (68) 51 20
Netherlands (64) 119 61
United States (65) 33 39
United States (66) 165 20
Yugoslavia (70) 118 20

ing a prior infant during pregnancy, and
low maternal weight gain during preg-
nancy. It has been pointed out that these
factors can gradually deplete the moth-
er’s nutritional reserves (9-12) and, as a
result, can prevent the fetus from receiv-
ing the necessary nutrients during ges-
tation. However, more research is needed
to confirm this theory.

During the 1970s a longitudinal study
was conducted that involved supple-
menting the diets of mothers and chil-
dren in four rural Guatemalan villages
where moderate chronic malnutrition
prevailed. The study’s design and meth-
ods have been described elsewhere (13).
Analysis of the study’s results (14) sup-
ports the hypothesis of gradual maternal
nutrient reserve depletion. More specif-
ically, the mothers studied were classi-
fied retrospectively into three groups that
received different supplements and a
control group. One group of mothers,
who received supplements during two
pregnancies and lactation, had children
with birth weights averaging 238 g higher
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than those of children born to mothers
in the control group. Indeed, the average
weight of newborns in the former group
was comparable to that reported for new-
borns in industrialized countries. An-
other group of mothers, who received
supplements only during the previous
lactation and pregnancy, had newborns
with birth weights averaging 123 g higher
than those of control group children. And
finally, mothers who received supple-
ments only during their latest pregnancy
had newborns with birth weights aver-
aging 113 g higher than those of the con-
trol group. Only the differences in weight
between the control group and the group
whose mothers received supplements
during two pregnancies and lactation were
statistically significant. These data sug-
gest it is better to give supplements for
long periods than to do so exclusively
during short periods of pregnancy. It is
possible that the differential response of
birth weight to different durations of ma-
ternal supplementation might be ex-
plained by the need of a chronically un-



dernourished mother for a prolonged and
gradual replenishment of her nutritional
reserves.

It has been observed that smoking is
associated with low birth weight (3), and
it is possible that smoking throughout
gestation could be associated with type I
IUGR (5). Since smoking is an uncom-
mon habit among women of reproduc-
tive age in marginal zones of developing
countries, it is not considered an impor-
tant determinant of type I IUGR in those
populations. However, a study carried
out in rural Guatemala (15) has indicated
that large numbers of women were being
chronically exposed to high concentra-
tions of carbon monoxide produced by
makeshift wood and coal stoves used in-
side poorly ventilated dwellings. (High
environmental concentrations of this gas
are associated with an increase in the
concentration of carboxyhemoglobin in
the blood of exposed people.) On the ba-
sis of the results of studies on smoking
during pregnancy, the authors suggest
that stove smoke could be an important
determinant of JUGR in developing
countries. Therefore, it is important to
conduct studies on the effect of good
ventilation on I[UGR among marginal
populations in developing countries ex-
posed to high concentrations of carbon
monoxide produced by makeshift stoves.

Two studies done in the United States
(16, 17) have found that supplementation
of the maternal diet was directly related
to the birth weights of children born to
smoking mothers. The effect was selec-
tive, since this phenomenon was not ob-
served in a group of smoking mothers
who received a placebo or among non-
smoking mothers. Although these stud-
ies need to be repeated in different pop-
ulations before reaching a final conclusion,
the results obtained suggest that smok-
ing induces nutritional stress in the mother
or the fetus during pregnancy.

A recent study conducted in Guate-

mala City (18) also found helminthic in-
fection of pregnant women to be asso-
ciated with TUGR. This association
persisted after factoring in various socio-
economic factors and the mothers’ nutri-
tional status. The study concluded that
up to 10% of the observed IUGR cases
could be attributed to infection of mal-
nourished mothers by parasites.

Type II IUGR usually begins in the last
trimester of pregnancy. For this reason,
resulting growth retardation relates more
to the newborn’s weight than to its stature
or head circumference. Hence, the new-
born presents asymmetric proportionality
at birth (being thin in relation to its stature
and head circumference). This type of
IUGR, the one most commonly found in
industrialized countries, is probably re-
lated to late complications such as pre-
eclampsia or infections occurring during
the final weeks of pregnancy (2, 6).

Models Predicting IUGR
Types I and 11

An attempt has been made recently to
develop mathematical models for esti-
mating the probability that a baby will be
born with type I or type II IUGR. Some
models of this sort (19) have been based
on maternal and neonatal factors such as
the mother’s place of residence, contact
with health systems, maternal anthro-
pometric data, habits such as tobacco use,
maternal nutrition, parity, and the new-
born’s gender, gestational age, and an-
thropometric variables. One study, con-
ducted in the Philippines, found residence
in a rural area, low levels of adipose tis-
sue in the maternal arm, smoking, low
maternal stature, parity, and the gesta-
tional age of the newborn to be signifi-
cant determinants of type I (symmetric)
IUGR. However, only the last three fac-
tors had any effect on newborns with
asymmetric proportionality. These re-
sults support the hypothesis that the fac-
131
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tors determining body proportionality of
IUGR newborns are different for sym-
metric and asymmetric newborns.

RISK FACTORS ASSOCIATED
WITH IUGR

Morbidity

It has been reported that IUGR is as-
sociated with weaker cellular immunity
during the first months of life (20, 21).
Therefore, it is reasonable to suppose that
IUGR increases the risk of infant mor-
bidity.

In studies that have directly evaluated
the relationship between IUGR and mor-
bidity, it has been observed that ITUGR
increases the risks of being born with
asphyxia, hypoglycemia, hypothermia,
neonatal hyperviscosity (5, 22), hyperbi-
lirubinemia (22), and birth defects (23).

Mortality

According to the results of a study (24)
that analyzed clinical data applicable to
21,508 full-term babies in Mexico City,
Mexico, and Santa Cruz, Bolivia, [UGR
increased the risk of early neonatal mor-
tality (death within the first three days
of birth). In the Mexico City sample the
relative risk (RR) was 2.1 (95% confidence
interval 1.1-4.0) and in the Bolivian sam-
ple it was 3.7 (95% confidence interval
2.0-6.5). The fact that the lower limits of
the 95% confidence intervals in the two
populations were greater than 1 indicates
that the difference in risks among new-
borns with and without IUGR was sta-
tistically significant in both countries.
These results affirm the high risks of neo-
natal mortality associated with low birth
weight that have been reported in both
developed and developing countries (3).
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Malnutrition

Using information contained in the data
bank of a Guatemala-INCAP* study (13),
the authors of this review used two strat-
egies to compare the physical develop-
ment of newborns with and without
IUGR.

The first strategy consisted of compar-
ing weight-for-age, weight-for-length
(height), and length (height)-for-age at
three-month intervals during the study
children’s first two years of life. This was
done for each of these nutritional indi-
cators by finding the z values at each
three-month interval (the z value being
the number of standard deviations by
which the measure obtained in the chil-
dren studied departs from the average
expected in a healthy population—25).
Comparisons were made for each of the
three anthropometric indicators at each
three-month interval using Student’s t test.
The three comparisons are shown in
Figure 1.

The second strategy involved classify-
ing the children according to the pres-
ence or absence of malnutrition, assessed
on the basis of z values equalling or ex-
ceeding two standard deviations below
the reference value for each growth in-
dicator. The results of these analyses are
presented in Tables 2, 3, and 4.

Weight-for-age, which does not distin-
guish between chronic and recent mal-
nutrition, is not a very specific indicator.
Length (height)-for-age is an indicator of
chronic malnutrition, while weight-for-
length (height) is an indicator of recent
or acute malnutrition.

Application of the first strategy, using
these three parameters, showed that the
curve for the group with IUGR was al-
ways located below the curve for the con-

4Institute of Nutrition of Central America and
Panama.



Figure 1. z value comparison of (a) weight-for-age data, (b) length-for-age data, and (c) weight-
for-length data for AWGA and IUGR newborns. Bars represent the standard error of the mean;
the value z = 0 corresponds to the 50th percentile of the reference distribution (see reference
25). The differences between the means for the AWGA and IUGR newborns were found to be
statistically significant (Student’s test, p = 0.05) at all ages except in the weight-for-length
comparison, where the difference was found to be statistically significant at 15 days and between
15 and 24 months of age.
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trol group (see Figure 1). The differences
between the two groups regarding weight-
for-age and length-for-age were statisti-
cally significant (p < 0.05) at every three-
month age interval during the first two
years of life. However, the differences
regarding weight-for-length were statis-
tically significant (p < 0.05) only at 15
days and 12 to 24 months.

Application of the second strategy in-*

dicated that malnutrition (based on
weight-for-age) was significantly less
prevalent in the control group, the pro-
portion with malnutrition in this group
being significantly lower than the pro-
portion with malnutrition in the IUGR
group at the ages of three months (30 %
versus 73%) and six months (79% versus
89%) (Table 2). After the latter age, no
statistically significant differences were
observed in the proportions of the two
groups exhibiting weight-for-age mal-
nutrition.

Similarly, the proportion of chronic
malnutrition (low length-for-age) cases
was significantly lower in the control
group than in the IUGR group at three
months of age (85% versus 95%) (Table
3), but after that age no statistically sig-
nificant differences were observed.

Table 2. Rates of postnatal malnutrition (based
on weight-for-age)* found among Guatemala

Regarding recent (weight-for-length)
malnutrition, the control group exhibited
a significantly lower percentage of these
cases than did the IUGR group at the
ages of 15 months (76% versus 83%), 18
months (78% versus 89%), 21 months (81%
versus 90%), and 24 months (79% versus
88%) (Table 4).

In sum, the two assessments showed
the TUGR group to be at a disadvantage
vis-a-vis the control group in terms of
physical development and nutritional
status over the first two years of life. These

Table 3. Rates of postnatal chronic
malnutrition® found among Guatemala study
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age (AWGA) and IUGR at birth, by age group.

Age fin AWGA IUGR

mos.) No. % No. % p°
3 231 85.5 236 95.0 =0.05
6 262 97.0 246 99.0 >0.05
9 266 98.0 247 99.0 >0.05

12 269 99.0 248 100.0 >0.05

2As determined by a length-for-age at least 2 standard de-
viations below the 50th percentile length on the length-for-
age curves of the U.S. National Center for Health Statistics
(25).

bp = level of statistical significance indicated by the x? test

applied to the difference between the percentages of mal-
nourished AWGA and IUGR newborns.

Table 4. Rates of postnatal weight-for-length
malnutrition® found among Guatemala study
children with adequate weight for gestational
age (AWGA) and IUGR at birth, by age group.

study children with adequate weight for Age (in AWGA IUGR
gestational age (AWGA) and [UGR at birth, by  mos.) No. % No. % pP
age group. 3 63  23.3 72 29.0 >0.05
; AWGA IUGR 6 88 32.6 90 36.3 >0.05
Age (in L9 144 533 134 540  >0.05
mos) No. % No. % P 12 196 72.6 181  73.0 >0.05
3 150 55.5 180 72.6 =0.05 15 204 75.6 206  83.1  =0.05
6 213 79.0 221 89.1 =0.05 18 211 781 221 891  =0.05
9 251  93.0 240 96.8 005 21 218 807 222 89.5  =0.05
12 261 97.0 246 99.0 >0.05 24 213 789 218 879  =0.05

2As determined by a weight-for-age at least 2 standard de-
viations below the 50th percentile weight on the weight-for-
age curves of the U.S. National Center for Health Statistics
(25).

bp = level of statistical significance indicated by the x? test
applied to the difference between the percentages of mal-
nourished AWGA and IUGR newborns.
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2As determined by a weight-for-length at least 2 standard
deviations below the 50th percentile weight on the weight-
for-length curves of the U.S National Center for Health Sta-
tistics (25).

bp = level of statistical significance indicated by the x?2 test
applied to the difference between the percentages of mal-
nourished AWGA and IUGR newborns.



results agree with those of another in-
dependent analysis of the Guatemala
study that found IUGR newborns to be
at a disadvantage—because at three years
of age these IUGR children did not attain
the weight, height, or head circumfer-
ence of those born with adequate weight
for gestational age (AWGA) (5, 26).

Mental Development

Infancy and Childhood

Based on data from the previously cited
longitudinal study conducted in four
Guatemalan villages, an analysis that in-
cluded 405 children was conducted to
study the effects of birth weight on neo-
natal psychomotor development and
mental development up to six months of
age (13). In order to study these effects,
the Brazelton scale (N = 145) was used
in the neonatal period and the composite
infant scale (N = 352) was employed at
six months of age.

In the neonatal period, an inverse re-
lationship was observed between low birth
weight and the tests of habituation, mo-
tor development, and state of alertness.
In contrast, low birth weight was directly
associated with tremors and sudden fright.

At the age of 6 months, an inverse re-
lationship was observed between low birth
weight and motor development. This sig-
nificant association persisted after control-
ling for some 50 potentially confounding
factors not specified by the authors. An
inverse relationship was also observed be-
tween low birth weight and mental de-
velopment; however, this latter association
was not statistically significant.

In a study conducted in Puerto Rico
(27), 37 newborns were classified accord-
ing to stature, birth weight, and ponderal
index. In cases where one or more of
these parameters was below the tenth
percentile of the distributions used, the
newborn’s fetal growth was considered

abnormal (N = 15). When none of these
parameters was below the tenth percen-
tile of the distributions used, the new-
born’s fetal growth was considered nor-
mal (N = 22). When the newborns were
evaluated using the neonatal behavior
scale, the group with abnormal fetal
growth received lower ratings than the
control group in the areas of visual ori-
entation, reflexes, and motor develop-
ment, and also showed deficiencies in
responsiveness and attention.

The PI was used as an indicator of the
quantity of adipose tissue present. When
the results were controlled for the PI, it
was observed that the newborns with in-
adequate fetal growth showed deficien-
cies in their visual orientation, motor de-
velopment, and autonomic nervous
system. However, the other develop-
ment deficiencies cited above disap-
peared.

The authors concluded that the factors
which appeared when the results were
controlled for adipose tissue reserves—
such as the functioning of the autonomic
nervous system—were attributable to
nutritional deficiencies during the first
trimester of pregnancy, while the factors
that ceased to be statistically signifi-
cant—such as state of alertness and re-
sponsiveness—were the result of nutri-
tional deficiencies during the last trimester
of pregnancy. The results of this study
suggest that the effect of fetal malnutri-
tion on the development of neonatal be-
havior is determined in part by the time
at which malnutrition occurs; hence, these
results support the hypothesis that the
risks of particular deficiencies in behav-
ioral development are related to body
proportions at birth, which in turn are
an indicator of the nutritional history of
the fetus.

An analysis based on the Guatemala-
INCAP study (28) examined the relation-
ship between symmetric IUGR, postnatal
growth, and cognitive development at
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ages 3, 4, and 5. At ages 3 and 4 the
sample included 76 children who at birth
had adequate weight for gestational age
(AWGA) and 41 classified as having had
IUGR. On account of the design of the
study, at age 5 information was available
for only 46% and 54% of the AWGA and
IUGR groups, respectively. Because of the
- similarity of these percentages in the two
groups and of the anthropometric data
for those participating at ages 3 and 4
and those not participating at age 5, the
possibility of a participant selection bias
altering the results was considered un-
likely.

At age 3 an inverse relationship was
observed between symmetric IUGR and
cognitive verbal abilities after controlling
for the effect of rate of growth during the
first year of life, socioeconomic level, and
interactions between IUGR and these two
latter variables affecting cognition. At ages
3 and 4 it was found that as the severity
of deficient postnatal growth increased,
it became more likely that children born
with IUGR would obtain a lower rating
on the memory test relative to children
born with AWGA.

Although this study confirmed that the
children born with symmetric IUGR per-
formed least well in tests of cognitive de-
velopment (26), at age 5 no adverse effect
of IUGR on mental development was de-
tected. The authors concluded that the
risk of IUGR being associated with poorer
mental development declines as age in-
creases. However, they also recognized
the possibility that these results might be
explained by the reduced statistical power
of the age 5 results occasioned by the
small size of the sample.

Adolescence

A recent analysis of the Guatemala-
INCAP study (29) evaluated the mental
development of 169 adolescents with
IUGR and 177 adolescents with AWGA
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who served as controls. This involved ad-
ministering a battery of psycho-educa-
tional tests that included measurement of
the adolescents’ literacy, ability to read
letters (Inter-American reading series) (30)
and numbers, and general knowledge and
intelligence (Raven’s standardized pro-
gressive matrixes) (31). After controlling
for the effects of speed of growth during
the first year of life and of the interaction
between this variable and IUGR affecting
mental development, no statistically sig-
nificant differences were found between
the IUGR and AWGA groups with respect
to any of these tests. In contrast, all the
test scores were found to be positively as-
sociated with the adolescent subjects’ speed
of growth during the first year of life.

The authors recommended caution in
interpreting these results, since their
analysis did not study the effect of the
severity of IUGR on mental develop-
ment. For example, if the fifth instead of
the tenth percentile of the distribution of
expected weight for gestational age had
been the criterion applied in classifying
newborns as having IUGR, different re-
sults might have been obtained.

There is a slight possibility of a partic-
ipation or selection bias existing in this
study, since 18% of the original sample
members could not be included in the
analysis for lack of childhood or adoles-
cent data. However, such bias appears
unlikely in view of the fact that rates of
abandonment were similar in the AWGA
and TUGR groups (34% and 32%, re-
spectively), as were the socioeconomic and
anthropometric characteristics of the par-
ticipants and nonparticipants (Pollitt E,
Gorman K, Metallinos-Katsaras E, per-
sonal communication, 1991). .

In conclusion, analyses of the longi-
tudinal Guatemala study suggest that the
risk of mental development changes ap-
pearing in those born with [IUGR declines
as age increases. It is interesting to point
out that, except in the case of children



who were extremely underweight at birth,
the studies on low birth weight and men-
tal development conducted in developed
countries have reached the same conclu-
sion (28). It is possible that mental de-
velopment depends to a great extent on
the environment in which the individual
grows and not so much on intrauterine
history.

Dietary Supplementation and
Mental Health

If it is supposed that chronic malnu-
trition of mothers has a negative effect
on the growth of the fetus and that the
latter affects postnatal development, then
it is reasonable to suppose that maternal
and child food supplementation in pop-
ulations with prevalent chronic malnu-
trition has a positive impact on postnatal
development mediated by improved in-
trauterine growth. A summary is pro-
vided below of the methods and most
important findings of several studies that
have researched the association between
supplementation of the maternal diet
during pregnancy and the mental devel-
opment of the children resulting from such
pregnancy.

In Bogota, Colombia, a study exam-
ined the effect of maternal and infant di-
etary supplementation on postnatal de-
velopment of nursing infants (31, 32). The
criteria for selecting study families in-
cluded residence in a poor Bogota neigh-
borhood, an expectant mother who was
less than six months pregnant, and a
malnourished child less than five years
old or malnourished children constitut-
ing half or more of the children in the
home (for purposes of the study, mal-
nutrition was defined as a weight less
than 85% of the Colombian reference value
for a given subject’s age).

Dietary supplementation was based on
weekly distribution at a local center of
basic food items such as powdered milk,

bread, and cooking oil. The maternal diet
was supplemented during pregnancy and
lactation. It was estimated that mothers
consumed 133 kcal and 20 g of additional
protein daily as a result of these supple-
ments. Infants three to six months old
received dietary supplements in a high-
protein vegetable paste. After six months,
their diets were supplemented with pow-
dered whole milk.

The children’s postnatal development
was assessed by means of Griffith tests
(34). These tests measure the progress of
motor development, provide results in
five subscales (social and personal be-
havior, development of diction and lan-
guage, visual and manual coordination,
locomotive coordination, and perform-
ance), and permit calculation of a general
coefficient that incorporates the five
subscale results. In addition, the Einstein
test was used to measure cognitive abil-
ities (35).

The study was designed to include six
experimental groups varying in terms of
the nutritional supplements and educa-
tional stimuli received and the chrono-
logic times at which nutritional sup-
plements were provided. The results
discussed here were based exclusively on
comparison of the control group, whose
members did not receive stimulation or
supplements, and the experimental group
whose members (mothers and children)
received supplements during pregnancy
and lactation but did not receive educa-
tional stimulation. The analysis up to 18
months of age (N for both groups com-
bined = 141) showed independent ef-
fects of supplementation in the calculated
general coefficients and in the subscales
of the Griffith tests. However, the mag-
nitude of these differences was small (32).
The results of the analysis up to age 3 (N
for both groups combined = 187) were
basically similar, with the exception that
the nutritional supplements had a more
marked effect on girls than on boys (33).
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The two analyses indicated that the effect
of dietary supplements on postnatal de-

valaonmaent daclinecg ag age iNnoroacoe
VOIUPHRCIIL UTliico ao a HILITaocs.

In the Guatemala-INCAP study, preg-
nant or nursing mothers residing in four
rural villages and their children were in-
vited to participate in a food supplemen-
tation program. Participants in two of the
villages received supplement in the form
of a corn meal gruel containing 163 kcal
and 11 g proteins per 180 ml. Participants
in the other two villages received a cold

drink without proteins that contained 59
kcal per 180 ml. Both the oruel and cold

2OV UL L HLuti alda Luil

drmk contained iron, vitamins, and min-
erals, The participants ingested the sup-
plement, consumption of which was not
limited, at a site in each village. The vol-
ume of supplement consumed by each
individual was recorded.

To measure the supplements’ effect on
childhood mental development, subjects
were classified according to whether the
amount consumed was small, average, or
large. In order to evaluate children’s psy-
chomotor development, the ““composite
infant scale” (36) was employed. The study
indicated that the level of food supple-
mentation was significantly associated
with mental development (37). At the ages
of 15 and 24 months a direct relationship
was observed between the quantity of
supplement administered and the chil-
dren’s mental and motor development.
A statistical factor analysis suggested that

the supplement in this study, as in the

Colomblan study, had a greater impact
on motor functions than on cognitive or
111‘1g111buL functions.

A comparative analysis that took into
account both the Bogotd and Guatemala
studies concluded that the observed pos-
itive effects of food supplementation on
children’s development were minimal,
because of the great deficit produced by
other factors in the development of in-
dividuals living in economically disad-

vantaged areas (38). This suggests that
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despite the demonstrated biologic effects
of dietary supplements, dietary supple-

mant nraoorameae mav not he heneoficial in
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the absence of social measures.

In New York City, an experimental re-
search study examined the effects that
dietary supplementation provided for poor
Harlem mothers had upon the mental de-
velopment of their children (39). The
mothers were randomly assigned to one
of three experimental groups receiving
the following: (1) a diet high in calories
and protein or (2) a diet high in protein

b11+ Tow i mn calories. or (3) a vlacebo. The
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criteria for selecting mothers were an ini-
tial pregnancy weight of less than 110
pounds, delivery of a child with low birth
weight at the end of the last pregnancy,
and a low weight gain noted during the
first prenatal visit or a low protein intake.
The supplementation was started in the
first trimester of pregnancy and ended
after delivery.

The results were unexpected, in that

the cnpp]nrnpn{- was not found to have

1§t 4

had any positive effects upon birth weight.
At the age of one year the children of
supplemented mothers and the control
children showed virtually no differences
in the ratings obtained on the Bayley scale
in terms of mental and motor develop-
ment (40). The test of visual habituation
provided one exception, because on this
test the children of the supplemented
mothers performed better than the con-
trols. results of thig qtndv

However,
should be interpreted with caution, since
no absolute proof exists that the partici-
pating mothers had nutritional deficien-
cies in the first place (one account con-
sidered the mothers’ nutritional status
adequate—41). In short, the investiga-
tion’s results demonstrate the impor-
tance of obtaining reliable base informa-
tion before performing interventions.

A retrospective study conducted in
Louisiana (42) detected notable differ-

ences between the level of intelligence of



brothers participating in the WIC Pro-
gram (a U.S. Government program pro-
viding supplements to mothers, nursing
infants, and children) during different
periods (43). The average intelligence
quotient (IQ) of 21 children who partic-
ipated in this program during the pre-
natal period was 13 points higher than
the average IQ of their brothers, who be-
gan participating after reaching one year
of age. The intelligence tests were con-
ducted at the ages of 76 and 106 months,
respectively. The IQ difference was at-
tributed to the younger brothers’ pro-
gram participation having lasted longer
and having commenced during a critical
time in their development. However, be-
cause of shortcomings in the study de-
sign and methods, the validity of that
interpretation should be questioned.
Specifically, the older brothers’ IQs may
have been lower because they were tested
at a different age than their siblings (106
versus 76 months), after having been
exposed for a longer period to an envi-
ronment possibly capable of having a
counterproductive effect on mental de-
velopment. Thus, it should be recog-
nized that the study methods and design
do not permit the influence of dietary
supplements upon IQ to be separated from
the possible influence of environmental
factors (44).

RISK FACTOR DIFFERENCES
IN SYMMETRIC VERSUS
ASYMMETRIC NEWBORNS

Because of their physiologic differ-
ences at birth, it is reasonable to suppose
that symmetric and asymmetric new-
borns respond differently to the environ-
ment. It also is reasonable to assume that
the postnatal risks they confront will vary
with the age at which individual devel-
opment is evaluated. In this regard, dif-
ferences have been found between sym-
metric and asymmeiric newborns with

respect to the effects of maternal dietary
supplementation (44), perinatal morbid-
ity (22, 45), postnatal growth, and be-
havioral development (26).

Maternal Supplementation

A study conducted in Taiwan, Repub-
lic of China, found that newborns with
risk factors for dysmorphic intrauterine
growth benefited more from maternal di-
etary supplementation than those with-
out such factors. The risk of dysmorphic
growth was estimated on the basis of the
PI relationship between brothers born be-
fore and after the beginning of maternal
dietary supplementation. The results
suggest the effect that dietary supple-
mentation of pregnant women may have
on the nutritional status of newborns de-
pends on a number of fetal growth char-
acteristics (38).

Early Neonatal Morbidity

A prospective study of 15,878 new-
borns in a Guatemala City social security
hospital examined the effect of body pro-
portionality at birth on neonatal morbid-
ity (45). Regarding the PI of the 3,450
newborns classified as having IUGR, that
of 12% was low, that of 27% was inter-
mediate, and that of 59% was adequate.
The asymmetric newborns (those with the
lowest PI) were found to be at greater
risk (p < 0.05) than those with an ade-
quate PI of receiving a low Apgar score
in the first minute after delivery (odds
ratio = 2.0; 95% confidence interval 1.1-
3.7), experiencing aspiration syndrome
(odds ratio = 12.5; 95% confidence in-
terval 3.9-40.8), and manifesting peri-
natal distress (odds ratio = 3.2; 95% con-
fidence interval 1.4-7.5).

When the PI was analyzed as a contin-
uous variable controlled in a multiple lin-
ear regression with birth weight, the PI
was found inversely related to seven in-
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dicators of neonatal morbidity. Of these,
two associations-—between PI and aspi-
ration syndrome and between PI and
presence of meconium in the amniotic
fluid—were found to be statistically sig-
nificant (p < 0.05). These results suggest
that the risk of neonatal morbidity in-
creases with the degree of asymmetry.

Another study, this one in the city of
Rosario, Argentina, investigated differ-
ences in the risk of early neonatal mor-
bidity among newborns with symmetric
and asymmetric IUGR (22). The study
sample consisted of 5,539 newborns de-
livered full-term at two hospitals. After
adjusting morbidity for sex, birth weight,
gestational age, and the hospital of birth,
it was found that newborns with asym-
metric [UGR ran greater relative risks of
hypoglycemia, asphyxiation, and respi-
ratory distress than did newborns with
adequate weight for gestational age
(AWGA), Also, both symmetric IUGR
newborns (N = 243) and asymmetric
IUGR newborns (N = 252) ran higher
risks of hyperbilirubinemia than did the
AWGA newborns. With respect to body
symmetry at birth, it was observed that
those newborns with asymmetric IUGR
ran greater relative risks (adjusted for sex,
weight, age, and hospital of delivery) of
hypoglycemia (relative risk = 6.29; 90%
confidence interval 1.03-38.37) and as-
phyxia (relative risk = 3.58; 90% confi-
dence interval 1.17-10.89) than did the
newborns with symmetric JUGR. No sig-
nificant differences were observed be-
tween the newborns with symmetric and
asymmetric IUGR regarding the risks of
hyperbilirubinemia and respiratory dis-
tress.

In sum, these two studies conducted
in urban areas of Latin America suggest
that JUGR increases the risk of morbid-
ity—and that among newborns with
IUGR, asymmetric ones run a higher risk
of early neonatal morbidity than do their
symmetric counterparts.
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Early Neonatal Mortality

It has still not been determined whether
the risk of mortality in developing coun-
tries is different for symmetric and asym-
metric newborns. As the data in Table 5
indicate, that is because the results of any
given single study depend to a great extent
on the criteria used to classify IUGR new-
borns and assess body proportionality.

A study mentioned earlier (24) which
examined groups of children in Mexico
and Bolivia found that asymmetric new-
borns had a higher risk of dying in the
early neonatal period (the first three days
after delivery) than did the symmetric
newborns. The relative risk (RR) of neo-
natal mortality in the asymmetric babies
was found to be 2.9 in Mexico (95% con-
fidence interval 1.5--5.8) and 5.7 in Bo-
livia {95% confidence interval 3.0-10.7).
The RR of early neonatal mortality in the
symmetric babies was lower in both
countries, being 1.4 (95% confidence in-
terval 0.6-3.4) in Mexico and 2.0 (95%
confidence interval 0.8-5.4) in Bolivia, The
authors recommended caution in inter-
preting these results, since the RR con-
fidence intervals for symmetric and
asymmetric newborns overlapped, indi-
cating that the observed differences were
not statistically significant. Moreover, it
was not possible to estimate the reliabil-
ity of the anthropometric measures and
estimated gestational ages employed.

The study’s analysis used the tenth
percentile of birth weight for gestational
age—taken from a reference curve gen-
erated with data from U.S. and European
populations—as the criterion for deter-
mining IUGR. The symmetry index was
obtained from the tenth percentile of the
PI corresponding to the gestational age
distribution generated by Lubchenco (4).

The results of the Mexico City study
were later analyzed again (46), this time
using as the IUGR criterion a birth weight
below 2,900 g or the tenth percentile of
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Table 5. Differences in neonatal mortality risks found for symmetric and asymmetric IUGR newborns using different criteria to define
IUGR and body proportionality at birth. (BW = hirth weight, Pl = ponderal index, L = length, %ile = percentile).?

BW < 10th %ile®s,

BW < 2,900 g¢,

BW < 10th %ilede,

Pl < 2.25 Pl < 2.25 Pl < 10th %ile? L < 10th %iled
Type of IUGR NF RRe 95% CI" N RR 95% Cl N RR 95% Cl N RR 95% Cl
Symmetric 1,723 1.4 0.6-3.4 1,380 2.0 0.9-4.1 329 4.6 1.9-10.8 112 21.9 12.6-37.7
Asymmetric 1,559 2.9 1.5-5.8 1,419 3.1 1.6-5.8 607 5.5 2.9-10.2 824 2.9 1.3-6.0
Symmetric and
asymmetric 3,282 2.1 1.1-4.0 2,799 2.6 1.4-4.5 936 5.2 2.9-9.0 936 5.2 2.9-9.0

2Adapted from references 24 and 46. The data shown include only full-term newborns (children born after week 37 of gestation).

bSee reference 24.

Reference standards obtained by combining corresponding data for North American and European populations.

dSee reference 46.

eReference curves prepared by Lubchenco; see reference 4.

N = size of study sample.
8RR = relative risk.

h95% Cl = 95% confidence interval of the RR.



the distribution generated by Lubchenco
of birth weight corresponding to a ges-
tational age of 40 weeks, while using the
same PI criterion as in the first analysis.
Again, no significant differences were
observed between the mortality risks of
symmetric and asymmetric newborns (see
Table 5). However, when newborn stat-
ure was used as a criterion of symmetry,
the mortality risk of the symmetric new-
borns was found to be 10 times higher
during the first three days of life than
that of the asymmetric newborns. These
results contradict the prior theory sug-
gesting that asymmetric newborns have
the higher mortality risk and strongly in-
dicate that the criteria for determining
IUGR and symmetry need to be selected
carefully.

It will be necessary to conduct several
investigations in order to shed light on
the subject of classifying IUGR and body
proportionality. Recently, Kramer et al.
(47), on the basis of studies they con-
ducted in Canada, suggested that PI is a
reflection of the intensity of IUGR, and
that this intensity rather than the PI is
the factor responsible for the increased
risk of neonatal mortality. This argument
casts doubt on the hypothesis that Pl is
an indicator of the nutritional history of
the fetus. The same group of researchers
have suggested that the proportionality
index should be based on birth weight
and not gestational age, as has been done
to date (48), and have further suggested
(49) that the PI should be used as a con-
tinuous variable, given the fact that in
their studies they did not find a bimodal
distribution that justified use of the sym-
metric versus asymmetric classification.
These authors stated that caution should
be exercised in extrapolating their find-
ings to developing countries. On account
of the implications of their hypotheses,
it is very important to study those hy-
potheses among disadvantaged popula-
tions living in developing countries.
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Nutritional Status

The Guatemala-INCAP study found that
asymmetric newborns experienced accel-
erated early gains in weight, length, tri-
ceps skinfold, and head circumference
relative to symmetric newborns (26). The
stature of children in the asymmetric
group was found similar to that of nor-
mal controls during the three years the
study lasted. The head circumference of
children in the asymmetric group was also
comparable to that of children in the con-
trol group up to 18 months; after that
age, however, the speed of growth de-
clined to the same level as that of chil-
dren in the symmetric group. In contrast,
the growth of symmetric newborns was
not accelerated, and their height and
weight remained below those of the con-
trol group children throughout the study.

A recent study conducted in Coban,
Guatemala (50), found that Vitamin A
concentrations in blood samples taken
from the umbilical cords of symmetric
newborns weighing 2,300 g or less at birth
were statistically lower than those found
in umbilical cord blood samples from
asymmetric newborns of similar birth
weight.

Mental Development

Most studies done on this subject have
made no distinction between the concepts
of low birth weight and IUGR in sym-
metric and asymmetric newborns, which
may account for some of the contradictions
that appear in the literature (51).

The longitudinal Guaternala study (26)
indicated that children three years of age
who were born with symmetric IUGR had
a smaller head circumference than chil-
dren born with asymmetric IUGR or an
adequate (“normal”) birth weight (26).
Knowledge tests (discriminating with re-
gard to learning, memory, and vocabu-
lary) found the scores of children in the



symmetric group to be lower than those
of children in the asymmetric and normal
groups. However, the asymmetric chil-
dren received scores similar to those of
the normal children in all the knowledge
tests except one (the digits test, a sub-
component of the memory test) (52).
These findings should be interpreted
with great caution. Analysis of the same
data by Gorman and Pollitt (28) did af-
firm that children three years old who
had been born with IUGR had the lowest
intellectual performance; but this analy-
sis also indicated that the differences in
mental development observed between
controls and those born with symmetric
IUGR diminished over time and disap-
peared by age five. Also, the previously
mentioned analysis by Pollitt et al. (29)
detected no inverse relationship between
asymmetric and symmetric JIUGR and the
mental development of study population
members evaluated during adolescence.

ENVIRONMENTAL
MODULATION OF IUGR’S
MENTAL CONSEQUENCES

The medical model that defines a static,
direct, and linear relationship between a
pathogen and a disease is usually not
applicable to describing individual de-
velopment. Proof exists that the psycho-
social effects of trauma experienced at an
early age will depend on the trauma’s
nature and intensity, and on interactions
with the environment where the individ-
ual develops. Interactive models that take
account of the socioeconomic environ-
ment and nutritional factors in the post-
natal period need to be formulated in or-
der to understand the behavioral
development involved (53, 54).

It has been reported from industrial-
ized countries that the magnitude of cog-
nitive development deficiencies among
nursing infants with very low birth
weights is largely determined by the

postnatal environment (55). It is well-
known that the relationship between
trauma experienced in early life (such as
IUGR), socioeconomic level, and long-term
behavioral development has not been
studied in developing countries. More-
over, it is reasonable to assume that in
populations where endemic conditions of
poverty and malnutrition exist, socioec-
onomic level does not play the same role
that it does in industrialized countries.
For example, a study conducted in Gua-
temala (56) found that an interaction ex-
isted between the socioeconomic level,
nutritional status, and intelligence level
of the children studied. In areas of ex-
treme poverty, the children’s nutritional
status had no effect on the intelligence
level, which was invariably low. But in
areas with higher socioeconomic levels,
the intelligence levels of children with
better nutritional status were higher.

CONCLUSIONS

IUGR is synonymous with fetal mal-
nutrition. In developing countries it is
closely related to poverty and, very pos-
sibly, to chronic maternal malnutrition.
In industrialized countries it is more
closely related to various medical com-
plications of pregnancy.

In general, adequate data on weight,
size, and gestational age at birth are un-
available in developing countries, and so
statistics on IUGR and ponderal index
(PI) are very limited. This situation should
change soon, because a large number of
Latin American hospitals now have the
infrastructures and advisory services
needed to properly obtain and register
the information required to identify
newborns with IUGR and classify them
according to their PI. In the case of home
deliveries, simplified forms devised by
CLAP-PAHO? exist for obtaining data on

*The Latin American Center for Perinatology and
Human Development.
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birth weight and other perinatal variables
(57).

Of course, this information’s worth will
depend on good quality control over the
taking of measurements and recording of
data. Fortunately, procedures already ex-
ist for standardizing and maintaining good
quality control over neonatal anthropo-
metric measurements and estimation of
gestational age. These procedures can be
utilized in clinical research (58, 59) and in
the continual monitoring of newborns (59).

It is important to consider body pro-
portionality at birth in seeking to study
and understand the risk that alterations
will appear in the physical and mental
development of newborns with IUGR. In
this context the PI can be a very useful
indicator, since it provides insight into
the nutritional history of the fetus during
pregnancy and permits classification of
newborns with IUGR according to their
body proportionality.

Use of this classification has led to
identification of distinct risk factors be-
cause, as suggested by critical analysis of
studies in Taiwan (44) and Guatemala (26,
45), important differences exist in the
growth and development of symmetric
and asymmetric newborns. Studies done
by Mueller and Pollitt (43) and Villar et
al. (26) indicate that asymmetric new-
borns are apt to fare better than sym-
metric newborns in the long run. How-
ever, works by Villar et al. (45) and
Caulfield et al. (22) also indicate that neo-
natal morbidity among asymmetric new-
borns tends to be higher than among
symmetric newborns.

The reason for this disagreement may
relate to the chronologic times at which
the risk factors were evaluated. Asym-
metric newborns suffer from malnutri-
tion during the last trimester of preg-
nancy and can therefore be at great risk
of morbidity and mortality in the neo-
natal period. On the other hand, sym-
metric newborns may have suffered fetal
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malnutrition during the entire gestation
period; and so they may have experi-
enced reductions in both cell size and cell
division. As a result, over the medium
term symmetric newborns face a higher
risk of disorders affecting their physical
and intellectual development. These risk
differences disappear over time, as a se-
ries of social, cultural, and economic fac-
tors become more important determi-
nants of childhood development than
IUGR. This latter circumstance can ex-
plain the findings by Gorman and Pollitt
(28) and Pollitt et al. (29) indicating that
the prognoses for mental development
of symmetric and “normal” newborns at
age five and during adolescence are very
similar.

It is important to emphasize that the
definition of symmetry and asymmetry
based on the PI is an arbitrary one. As
the works of Haas et al. (24) and Balcazar
and Haas (46) have shown, if another
classification criterion is used, opposite
conclusions can be reached with data from
the same study. Moreover, Kramer et al.
have cast doubt on the usefulness of the
PI as a dichotomous variable (47-49). It
is very important to continue with stud-
ies in this vein with a view to better
understanding the etiology of bodily di-
mensions’ proportionality at birth and the
risks posed for the individuals involved.

In recent times the scientific commu-
nity has emphasized the need to develop
methods permitting detection of IUGR
during pregnancy (2, 60). However, the
principal factors determining IUGR and
body proportions at birth are still not fully
known. In order to understand and pre-
vent the adverse effects of IUGR, those
factors need to be understood. The de-
velopment of mathematical models ca-
pable of predicting IUGR and body pro-
portionality at birth with sufficient
sensitivity and specificity represents a first
step in that direction (19).

Very little is known about how the en-



vironment interacts with the effects of
TUGR and body proportionality upon the
physical and mental development of peo-
ple living in disadvantaged areas of de-
veloping countries. The evidence avail-
able to date indicates a critical need to
conduct studies addressing this matter as
soon as possible.
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