In: Nulrttion ard Fetal Develgpment
M, Wunick (®d.), Mew York:
7 J. Wilay Sons Inc.. 1974

DDE~#33
Relation of Maternal Supplementary

Feeding During Pregnancy to
Birth Weight and Other
Sociobiological Factors

JEAN-PIERRE HABICHT,M.D,,
CHARLES YARBROUGH, PH.D,,
AARON LECHTIG,M. D,, and
ROBERT E. KLEIN, PH.D.

Division of Human Davelopment, Institute of Nutrition of Central America and Panama,
Guatemala City, Guatemala

ABSTRACT. Supplenientary feeding is offerzd to pregnant women in four rural
Cuatemalan villages. The mean birth weight of infants rises with maternal caloric
ingestion during pregnancy. This positive association between matemnal caloric
ingestion from supplement and birth weight is observed whether the calories are
ingested early or late in pregnancy.

The association between birth weight and maternal calorie supplementation during
pregnancy is not due to confounding with meternal age, parity, intervel since last birth,
length of gestation, illnesses during pregnancy, indices of intrauterine infection, nor sex
of the child.

Only maternal nutrition can explain the interrelationships of supplament ingestion
and birth weight with home diet, socioeconomic status, end maternal size.

Contrary to expectations, protein ingestion from supplement hsd little, if any,
additional effect on birth weight, a surprising finding since the home diet in these
villages is kwashiorkorgenic for preschool children.

We present evidence, from studies in Guatemala, that impreved
nutrition during pregnancy can have an effect on the birth weight of
the newborn in areas where chronic mild-to-moderate malnutrition is
prevalent, '

127



13  Rolation of Materna! Supplementary Foeding to Birth Welghs

Our concern here is not with catastroplic ecuic stavvation situctiony,
where the evidence for a marked effect of maternal nutrition on birth
weight is clear (1, 2). Rather we arz concerned about the much greater
proportion of mothers with mild-ta-moderate malnutrition.

A relationship between chrovic matercal! melautrition during
pregnancy and the weight of the newborn would segm self-evident to
most of us, but to date no study in the published ficrsture provides
clear suppoit for this contention. Incdeed, somie investigators have
argued that the bufering capecify of the reother paovzdes sufficient
protectica to the fetus, so thot even under conditions of chronic
meaternal malnutrition fetal developient is nct adversely effected by
the mother’s suboptimal nutritional staius (3, 4). |

There are three reasons why the £adings of these previous studies
may not hold generally, The first is possible imprecision in the
estimate of the nutritional intake of the mother. When the variability in
measured intzke of a given woman is not small relative to the
differences in intake among «l! women, it may be difficult to find any
association between maternal diet and birth weight, even if one exists.
This inadequate level of precision in dietary measurement can occur
nst only wlen the dietary-survey method is inadequate but also when
there is an insufficient range of nutrient intake among the women in
the sample. A narrow range in nutrient intake among pregnant women
would produce only a small change in birth weight—a change that
might not be identifiable among other causes of birth-weight variation.

The second difficulty is that the nutritional status of the mother
before pregnancy may affect birth weight. Nutrient supply can come to
the fetus ncot only via the mocther’s digestive tract but also from
mafernal reserves when they are availakla ead nocd-4. These maternal
reserves could compensate for substantial differences in nutrient
intake during pregnancy. Indeed, we show evidence from our study
that calories ingested early in pregnancy are stored and used as
eficiently for the subsequent fetal growth as are calories ingested
during the period of maximum fetal growth. Similar mechanisms of
storage and subsequent use of caloric 1esarves may also hold true for
calories ingested befcre concepticn.

The third consideration is the possibility of a threshold effect in
maternal nutrition. In other words, above a certain level, maternal
nutrient ingestion may have no effect on birth weight. If this is so, a
study of fetal growth among well-nourished women would reveal no
ass?ciation between maternal diet during pregnancy and fetal birth
weight.

Thus, in summary, we would expect to find an association between
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nutrient intake during pregnancy and birth weight only in a
populaticn displaying some evidence of malnutrition and only if there
is spuficient variability in maternal nutrition that can be reliably
¢.2asured.

On the other hand, among those studies that do report an association
between maternal nutrition and birth weight, none has adequately
controlled for important nonnutritional factors that might compliccte
this relationship. Fer exainnle, mether’s height and parity are known to
effect Lirth weight (8). Morcover, these varizbles themselv-; probably
vaiy with sociozconomic class and thus with maternal nutritional
status.

I:: those intervention studies, where mothers ars randomly selected
for a supplementary feeding program, confounding of such nonnutri-
tional factors is less likely to occur. Several such studies are novs in
progress in different parts of the world, but final results are not yet
available.

An additional factor that may, however, confound such supplemen-
tation studies is medical care. Occasionally the supplemented group
benefits from improved sanitation and medical care, whereas the
nonsupplemented group does not. The importance of uniform medical
care and eavirnments] hygiene in these investigations is illustrated
by the following findings.

Intrauterine infectiun, as measured by cord IgM level, is 10 timas
more frequent among tae Latin American poor than among the poerin
the United States or amoiug the Latin A:merican well-to-do (6). Since, in
our study villages, newhorns with high antitoxoplasmosis imimuno-
globulin M (IgM) levels generally weigh about 100 g less than
newborns with low antitoxoplasmosis IgM levels, it is obvious that a
Tutritional explanation {or birth-weight differences should not be
invoked unless beoth supplemented and unsupplermented greups are
similar in terms of environmental sanitstion and medical care.

Finally, some supplementation stugdies have compared mothers who
voluntarily cooperated in the supplementaticn zrogrui with mothers
who did net. This design presents mcay of the probiems discusszd
ecrlier since without random assiznment to experimental groups the
confounding factors affecting birth weight are difficult to control.

The data presented here are derived from a study in which much of
the evidence is based on comparisons among groups of women with
varying levels of voluntary cooperation with a food-supplementation
program. Because of this experimental design we are not content to
immediately interpret as causal the positive association found between
food supplementation during pregnancy and subsequent birth weight
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Teble 1 Nutrient Content per Cupo

Nutrient “Atole” “Fresco”

Total calories 183 59
Protein (g) 11.45 —
Fat {g) 0.74 —_—
Cerbohydrate () 27.77 15.30
Ascorbic acid (g) 4.00 4.00
Calcium (g) 0.37 —
Phosphorus {(2) 0.31 —
Thizmine (mg) 1.14 1.10
Ribofiavir (mg) 1.50 1.50
Niacin (mg) 18.50 18.50
Vitamin A (mg) 1.20 1.20
Iron (mg) 5.40 5.00
Fluoride (F mg equivalents) 6.20 .20
@FEach cup contained 180 ml,

of the infant. Nonnutritional =zlternative explanations must be

elitainated to corrcborate that birth weight is affected by maternal
nutrition.

FOPULATIONS STUDIED AND METEODS

We nrovide two types of supplcaient to four Guatemalan Ladino
villages. In two of the villages we serve a high-protein supplement,
atole®; in the other two villages we serve a low-calorie supplement,

frescot. The chemical composition of these supplements is given in
Table §.

Attendance at the supplementation centers is voluntary, and the
amount of supplement ingested during each visit is recorded to the
nearest centiliter.

The composition of these supplements has been constant for
calories, proteins, fat, carbohydrates, calcium and phosphorus since
the inception of the program in 1868. The other nutrients (e.g.,
thiamine, riboflavin, niacin, ascorbic acid, vitamin A, iron, and
fluoride) were added in 1971 to ensure that the only nutrients that
could be limiting in supplemented mothers would be protein or

*The name of a gruel commonly mede with corn.
tSpanish for refreshing, cool drink.



Fig. 1. A typical house in one of the Guatemalan stud; villages.

calories. No difference in birth weight h:s been found to be associated
with the addition of nutrients ir. 1971.

The study villages are miserably poor, with & total median income in
cash and produce (converted to American purchasing power) of $200
per family per year. The typical house is shown in Fig. 1. It is built of
- sticks and straw, and provides inadequate protection against the wind
and rain. The floor is dirt, and with chickens, pigs, and dogs running in
and out of the house, it is impossible to keep clean. Since few homes
have sanitary facilities, the housewife also has to contend with human
and animal excreta being tracked into the house.

Figure 2 shows a typical kitchen. It is a little more than an elevated
mud hezrth in thz corner cf the house. Many of these houses have no
tables, and food is stored on the floor.

A frightening reflection of the misery that this poverty entails is that
one child in seven used to die before reaching the age of 1 year
compared with less than one in 45 in the United States. Clinica!
protein-deficiency disease in children, kwashiorkor, used to be
prevalent, and children who do not attend the atole centers ingest
inadequate protein to grow properly. As far as mothers are concerned,
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Fi:. 2. Typical cooking facilities in one of the Guatemalan study villages.

dietary surveys during pregnancy indicate that during the last two
trimesters the mothers have an average daily consumption of about
1500 t 450 calories, and a protein intake of 42 * 12 g. These figures are
similar to those found elsewhere in Latin America (7), although they
appear suspiciously low compared with recorded intakes from
developed countries (3) and physiological requirements. Nevertheless,
inadequate maternal nutrition was eloquently reflected in an average
weight gain of about one-half (6.8 kg) of that observed for pregnant
women in developed countries.

Birth weight is recorded within 24 hours of birth to the nearest 20 g.
The data for one child, who weighed 5.5 kg at birth and whose mother
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had consumed 700 fresco calories during pregnancy, were discarded
because inspection of birth-weight distribution revealed that a birth
weight of 5.5 kg would be an exceptional outlier in this study
population.

Onset of pregnancy is estimated for most mothers by the missing of a
menstrual period. Since all mothers with preschool children are visited
every 2 weeks, this information is elicited within 15 days of the missed
period. Primiparas and those women with postpartum amenorrhea
who become pregnant are usuzally identified somewhat later. In the
analyses to be presented we shall use only the data from full-term
infants (37 to 42 completed weeks of gestation) whose mothers had
reliably known dates for cessation of menses and for whom we have a
birth weight. This represents 288 of a total of 423 live births occurring
between the end of 1968 and the end of May 1972. Twins occurred in 8
(four pairs) of 318 births studied, and 13 premature infants were born
in the group of 310 women for whom the onset of amenorrhea was
known. The data from the twin and premature births are not included
in the analyses presented here.

Parity was determined by interview with the mother and review of
the village civil registry. Dietary surveys are done at each trimester by
recall, and at that time weight is measured on a beam scale to the
nearest 100 g, and standing height is measured to the nearest 5 mm.
Illness is estimated during the same fortnightly interviews that
monitor menstruation,

The numbers in the tables and figures to be presented fluctuate
because some measurements were instituted at different times and
because we occasionally miss a measurement. We thus present birth
weight in all analyses to show that these variations in sampling do not
affect the association of birth weight and ingestion of supplement
calories during pregnancy.

RESULTS

Figure 3 shows that women who ingest increasing amounts of calories
from the food supplements have on the average increasingly larger
babies.

The caloric limits defining the three groups (< 3000 calories; 5000 to
19,999 calories; > 20,000 calories during the whole of pregnancy) in
Fig. 3 were chosen on the following basis: less than 5000 calories is so
small that we would expect no nutritional effect on birth weight; at the
other extreme, birth weight increases little above the 20,000 to 40,000
caloric range.



134 Relation of Maternal Supplamentary Feeding to Birth: Weight

-
}
3.2 " "I_‘ MEAN I STANDARD ERROR
3.1 1
o
: [
—
x
O 3.0 - ]’ i 1
2
: |
P
[
* 2.9 1
N = N= N =
1
B2 87 117
2.8 4
J“ LA ’ Jr 3 ) J-
T 2% SN S SR
Less than S000 5000 - 19,999 20,000 and more

AMOUNT OF CALORIES INGESTED FROM SUPPLEMENTATION
PURING PREGNANCY

Fig. 3. Association between birth weight and caloric supplementation during pregnancy.

DISCUSSION

The increase in mean birth weight reflected in Fig. 3 is due to an
overall increase along the entire continuum of birth weights for the
sample. Table 2 shows that about 80% ofthe birth weights lie between
2.5 and 3.5 kg at all levels of maternal supplementation. However, of
the 20% of birth weights lying outside this range, the majority are
below 2.5 kg in the low-calorie-ingestiongroup, while as one moves to
the high-calorie-ingestion group, the majority of the 20% of outliers
shifts to above 3.5 kg. Of the 69 births among women who ingested
more than 31,000 calories, 19% are above 3.5 kg and none below 2.5 kg.
This upward shift in birth-weight distribution implies that for each
10,000 calories of supplement ingested by the mother during
pregnancy, the average newborn’s birth weight increases 50 g. It is also
of interest that in spite of an increase in the number of heavier babies,
we have not found an increase in difficult labor among the mothers in
the sample.

The decrease in the number of “small-for-date” babies (those
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Table 2 Comperison of Caloric Ingestion from Maternal Sup-
plementation with Birik-Woigh@Distribution

< 5000 5000-19,999 > 20,600
calories celories calories
N=82 N =83 N=117

Percent Birth-Weight Distribution

Birth Weight
(kg)

>3.5 7.3% 11.6% 5.0
2.5-5.5 78.3% 81.0% 75.6%
<25 12.4% T.1% 3.5%
Total 100.0% 100.0% 100.0%

weighing lsss than 2.5 kg at tena) ic sarticularly important because
moriality Quring the first yzzr of life is four times greater for Children
undsr 2.8 kg than it is for heavier infants in the study villages. This
fourfold increasz in death rate for children under £.5 kz does not
appear to change as maternal calorie supplementation during
pregnancy increases, but the propoertion of small-for-date babies
decreases. Thus the overall infant mortality falls, and this decline is
mediated by the overall rise in birth weight sssociated with maternal
supplementation during pregnancy (8).

In cne of the food suppleinents, aiole, a high-quality protein (£}
accounts for 17.8% of the calories. The other supplcinent, fiesco, has
no protein. We had originally thought that the high-protuin atole
would have a greater effect on fetal growth than the fiesco because we
had supposed that the matcrnal home diet would be inadequate in
proteins. This supposition wes based on the knowledge that pretein
supplementation promotes better physical growth among preschool
childrcn in these villages, vwhereas calorie supplementation does not
(10). However, comparing isocaloriz: emounts of supplementatior
during pregnancy (Fig. 4) for the high-protcin eioic and the
protein-fiee fresco scparately with the birth weight of the children
reveals that protein added to the calorics had little, if any, effect oa
birth weight. It thus seems clear that the first limiting nutrient in these
women wes calories, This is borme out in partizl-regression analyses
whore supplement celeries (C) explain three times more of the residuel
variance of bitth weight (B) than do supplenient proteins (P) (+LC.P =
119, p <.03; 1BP.C = .068, p not significant, N = 288).

This association of maternal caloric supplementation with birth
weight is, of course, closely associated with how well the pregnant
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Fig. 4. Association between birth weight and czloric supplementation during pregnency: com-
perison of atole and fresco.

women cooperate with the supplementery feeding pregram. There
remains the possibility that nonnuiritional factors associated with
maternal cooperation might explain the essociation of birth weight
with maternal supplementaticn:. The following analyses inveztigate
various such possibilities.

The most direct method of measuring cooperation in the supplemaen-
tation program is to measure how often o mother aitends the
supplementation center. Mothers who come to the centers dc not all
inzest the same amount of calories. If the association betwecn Lirth
weight and calorie intake is due simply to factors associated with
attending the supplementation centers, then the associntion with birth
weight should be higher for days cf attendance than for calorie
ingestion.

Birth weight does not, in fact, increase with cooperation, as
measured by days of attendance at the supplementation center when
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one holds constant the calorie intake from supplement. On the other
hand, if one considers women who attend the supplementation centers
equally well, increases in caloric intake are associated with increases
in birth weight (N = 288) because partial correlation of calories (C)
[given days of attendance (D)] with birth weight (B) is significant
(fBC.D = 143, p < .05), whereas that for days attendance is not (rBD.C
= —.037). Thus factors associated with cooperation as measured by
days of attendance to the supplementation centers do not account for
the observed association between birth weight and calories ingested
from the supplement.

One can imagine, however, that there might be still other
socioeconomic and physiologic factors that could affect ingestion, but
not attendance, and also might affect birth weight. In the study villages
both caloric ingestion and a sociseconomic index of home instruction
increases with increasing birth weight. The index of home instruction
reflects the amount of overt teaching family members address to their
children. This index is significantly correlated with the mental
performance and growth of preschool children (11) as it is with birth
weight (r = .240, N = 153). On the other hand, both home caloric
ingestion and the index of home instruction fall with increasing
supplement calorie ingestion and the associated rise in birth weight.
Hence neither home instruction nor home diet can explain the positive
association between supplementation during pregnancy and birth
weight. In fact, the nutritional mechanism of caloric supplementation
explains best the r.~gative relationship of home diet and socioeconom-
ic indices with supplementation, in spite of the positive association all
three of these factors ha~e vsith birth weight. Thus families of lower
sociozconomiz status and l>wer home caloric ingestion supplement
their dicts sufficiently st the supplementation centers, so that their
babies are larger than infants of unsupplemented mothers who ere of ¢
higher sociczcencinic status and who eat more at Lhome. Thus calorie
consumption in the supplementation centers would more than
compensate for thz pocr home diet of the mcthers.

Another nonnutritionzl mechanism that misht explain the associa-
tion of birth weight with supplement ingestion is maternal illness.
Maternal illnesses could lead to greater intrauterine infection rates,
resulting in reterded fetal growth. If mothers who are ill come less
frequently to the supplementation centers, this would explain why
unsupplemented mothers have smaller babies. In fact, such is not the
case. As Table 3 shows, maternzal illness as measured by days ill with
common symptoms such as fever, respiratory infections, or gastrointes-
tinal and genitourinary afflictions occurred infrequently, and mothers’
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Table 3 Comparison of Caloric Ingestion from Matermal Sup-
plemeuntation with Illness During Prognancy ard Birth Weicght

Calories Ingested from Supplementation
During Pregnancy

< 5000 5000-18,0€9 > 20,000

N=48 N =69 N =88
Birth weizht (kg) 2.08 + 0,484 3.05 £0.4%8 3.25 £0.53
Iiness parmonth (Jay.) 0.37 £ G.53a N.5i £3.82 0.63 £0.L1

M can £ ctandard deviation,

Tehls 4 Cermeporison of Coloris Inposticn {ioma kiateraal Cep-
plemeniation with Flizh Cerd Ig Lovels ernd Bicth Weizghe

Colosizs Inzesied frem Supplerzentatisa

During Pregnancy
< 5000 5000-12,969 > 20,000
N=23 N =26 N =53
Birth weight (ko) 3.12 £ 0.379 3.00 $+0.29 3.24 £0.€6
Cord IgM level
(% > 20 pgiml) 61 &3 64
@ fean + sitandard devietion,

illness rates tend to ficrease with supplemeontation, both possibly
being related to decreasing sociceconomic status.

Furthermore, as Table 4 shows in a small subsampla of newborns,
the percentage of high cord IgM levels (> 20mg/ml), evidence of
intrauterine infection, is not associated with maternal supplementation
during pregnancy.

Another physiological but noanutritional mechanizm that could
explain the asseciation of birth weight with supplementation during
pregnancy is suggested by Table 5, whicli reveals that the birth
interval is shorter in the well-supplement=d groups of mothers.

Moathers with short birth intervals are likely to have more babies.
Possibly these multiparous mothers selectively come to the sup-
plementation centers because they are nutritionally depleted from
rapid childbearing. As birth weight increases with increasing parity (r
188, p < .05), this could explain the greater birth weights in
well-supplemented mothers. However, as Table 6 shows, neither
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Table 5 Comparison of Calorie Ingestion from Maternal Sup-
plementation with Interval Since Last Birth and Birth Weight

Calories Ingested from Supplementation

During Pregnancy
< 5000 5000~-19,999 > 20,000
N=61 N =68 N =101
Birth weight (kg) 303+ 0463  3.04 0.4 3.25 + 0.52
Interval since
last birth (months) 30.1 + 13.54 29.1 £15.5 26.7 £ 10.9

aMean * standard deviation.

Table 6 Comparison ¢f Calorie Ingestion from Maternal Sup-
plementation with Maternal Characteristics and Birth Weight

Calories Ingested from Supplementation
During Pregnancy

< 5000 5000-19,999 > 20,000
N=175 N = 87 N=117
Birth weight (kg) 2.98 + (.450a 3.01 £ 0.45 3.22 + 0.50
Maternal characteristics:
Height (cm) 149.8 =+ 4,64 1485+ 5.5 149.7 £ 5.2
Age (years) 26.9 £ 6.8a 283+ 75 28.0 £7.1
Parity 3.7+ 3.4a 3.8 +3.5 4.0 £3.1
Gestational age
(months) 339 £1.3a 399+ 1.1 39.6+ 2.3

dMean + standard deviation.

marity nor maternal age can explain the increases in birth weight
associated with maternal calorie supplementation.

It is also possible that maternal size could account for the
supplementation-birth weight association. This might be the case if all
women in the villages ate the same diet. Taller mothers would have a
greater calorie deficit than short mothers and thus would tend to ingest
more supplement. Mother’s height influences birth weight independ-
ently of calorie consumption at the supplementation centers (r = .183,
N = 283, p < .05).

However, mother’s height cannot explain the relation between
calorie ingestion and birth weight since, as Table 6 shows, there is in
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Table 7 Comparison of Calorie Ingestion fromm Supplementation
During Pregnancy with Birth Weight and Maternal Weight During
First Trimester of Pregnancy

Calories Ingested from Supplementation
During Pregnancy

< 5000 5000-19,99S > 20,000
N=25 = N=44 = N=83
Birth weight (kg) 3.06 + 0.51a 3.10 + 0.51 3.25 £ 0.53
Maternal weight in
first trimester (kg) 48.6 + 6.8a 476 + 5.4 479+ 6.5

@Mean + standard deviation.

fact no increase in tall mothers across the different levels of
supplementation. Further, as Table 7 shows, mothers in the three
supplementation groups were not only of similar height but also of
similar weight during the first trimester of pregnancy.

Thus the positive association between birth weight and mother’s
weight at the inception of pregnancy (r = .305, N = 152, p < .01) does
not explain the association between maternal calorie supplementation
and the subsequent birth weight of the child. In fact, the strong
correlation between maternal weight during the first trimester of
pregnancy and birth weight is yet another argument for the effect of
maternal nutrition on the birth weight of the infant because it is
consistent with the notion that mothers with greater calorie reserves
have larger babies.

A final possible nonnutritional mechanism to explain our results
could be maternal smoking, a strong determinant of birth weight in
developed countries (12). It is not, however, a factor in the study
villages because cigarette smoking among child bearing women is
extremely rare.

We have so far explored nonnutritional mechanisms that would
explain our finding that the birth weight of infants increased as
maternal calorie supplementation increased during pregnancy. No
such nonnutritional mechanism can explain this association between
supplementation and birth weight. In fact, we have been led by the
data to a nutritional explanation of this association. The first time by
the negative associatior. of home diet and socioeconomic indices with
supplementation, indicating that those who most need supplementa-
tion are coming to the supplementation centers and that their babies
are larger because of the supplement ingested. The second finding
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Table 7 Comparison of Calorie Ingestion from Supplementation
During Pregnancy with Birth Weight and Maternal Weight During
First Trimester of Pregnancy

Calories Ingested from Supplementation
During Pregnancy

< 5000 5000-19,999 > 20,000

. N=2% _ Ned W=

Birth weight (kg) 3.06 + 0.51a 3.10 £ 0.51 3.25 £0.53
Maternal weight in

first trimester (kg) 48.9 + 6.8a 476 £ 3.4 479+ 6.5

OMean + standard deviation.

fact no increase in tall mothers across the different levels of
supplementation. Further, as Table 7 shows, mothers in the three
supplementation groups were not only of similar height but also of
similar weight during the first trimester of pregnancy.

Thus the positive association between birth weight and mother’s
weight at the inception of pregnancy (r = .305, N = 152, p < .01) does
not explain the association between maternal calorie supplementation
and the subsequent birth weight of the child. In fact, the strong
correlation between maternal weight during the first trimester of
pregnancy and birth weight is yet another argument for the effect of
maternal nutrition on the birth weight of the infant because it is
consistent with the notion that mothers with greater calorie reserves
have larger babies.

A final possible nonnutritional mechanism to explain our results
could be maternal smoking, a strong determinant of birth weight in
developed countries (12). It is not, however, a factor in the study
villages because cigarette smoking among child bearing women is
extremely rare,

We have so far explored nonnutritional mechanisms that would
explain our finding that the birth weight of infants increased as
maternal calorie supplementation increased during pregnancy. No
such nonnutritional mechanism can explain this association between
supplementation and birth weight. In fact, we have been led by the
data to a nutritional explanation of this associatien. The first time by
the negative associatior. of home diet and sociceconomic indices with
supplementation, indicating that those who most need supplementa-
tion are coming to the supplementation centers and that their babies
are larger because of the supplement ingested. The second finding
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indicating a possible nutritional explanation for birth weight is the
correlation between mother’s weight during the first trimester and
birth weight, suggesting that maternsl czlorie reserves are mobilized
for fetal growth,

We have further direct evidence that caloric intake during pregnancy
is a determinant of birth weight. There are so far nine women who had
not partaksn of the supplement during one pregnaacy, but who
consumed more thzn 20,000 supplemental calories during a second
pregnancy. The incrsase in birth weight, adjusted for parity, was +0.40
Lg. In comparison, for ~ight mothurs who were not supplemented in
cither pregnancy thz change in bintli weight was —0.05 kg. Thus a
significant (p < .01) increase in birth weight in favor of the s¢cond
infanrt occurred cnly when the mother was supgplemented during the
s2cond pregnancy (13).

A final possibility, biclogical in character, is that increased fetal
growth increases maternal appetite dictated by fetal nutritional
demands. Thus maternal appetite might bz incressed when the mother
is carrying a fetus that wiil be ultimately larger, Because supplementa-
tion is available, she would come to our svpplementation centers. It is
conceivable that if the supplementation centers had rot been there, the
fetus would have grown just as large and that the mother would have
increased her home caloric intake or sacrificed mora of her own
substance to meet the fetus’s nutritional demands. Thus supplementa-
tion, while possibly a good thing for the mother, would not be the
cause of increased fetal growth. This is a testable hypothesis. In all
parts of the world boys have a higher mean birth weight than girls. In
our villages this difference is 73 g. Therefore, we would expect to find
that the mothers of male fatuses would consume more supplement
than the mothers of female fetuses, if indeed the increased intrauterine
growth of the boys provokes an increase in maternal appetite, As Table
8 shows, increased supplement intake is not associated with a
substantial increase in boys’ births. The argument that greater
intrauterine growth is the cause and not the result of increased
supplement ingestion is thus not substantiated.

We conclude that moderate maternal malnutrition does appear to
have an adverse effect on the birth weight of the infant. We have tried
to consider possible alternative explanations. In our study population
we find no such hidden and competing explanation. Thus we bclieve
that in the other investigations reporting no nutritional effect on birth
weight either the mothers were not sufficiently malnourished and/or
the methods were inadequate to identify sufficient variation in
maternal nutrition to reflect differences in newborn birth weight.
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Table 8 Comparison of Calorie Ingestion from Maternal Sup-
plementation with Sex of the Infant and Birth Weight

Calories Ingasted from Supplementation

During Pregnancy
< 5000 5000-19,969 > 20,000
N=175 N =87 N=117
Birth weight (kg) 2.68 t 0.45a 3.01 + 0.45 3.22 t 0.50
Sex (% raale) 533 53 56

€Mean 1 standard daviation.

Table © Sample Size of Mothers by Timing and Ameunt of
Supplement Ingestion

Tota! Supplement Trimester in Which 75% of Supplement Was
Calories Consumed
Ingested During '
Pregnancy 1 2 142 143 243 1+2+3 3
> 20,000 1 1 24 11 62 11 7
e o I R it e
28 84
< 20,000 18 4 15 8 47 20 58
T Vo L N ST
38 ' 5

Once we felt sure that caloric supplementation during pregnancy
did inerease birth weight in the Guatemalan villages studied, we next
investigated the optimum timing of caloric supplementation, Qur data
suggest that the optimum time to begin supplementation is as early as
possible in pregnancy and that supplementation should continue
throughout pregnancy. This is surprising because fetal weight gain is
greater during the last trimester of pregnancy. However, maternal gain
among the mothers in this study was lincar from the second through
the eighth month of pregnancy.

Possibly caleries are deposited as fat during the first trimester of
pregnancy, and these calories are subsequently transferred to the fctus
as his needs increase. This would be a smooth and efficient mechanism
to ensure the fetus’s nutritional needs without imposing radical
increases in maternal food intake-—precisely at the time when maost
women fee! they already have enough in their abdomens.
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Support for this hypothetical model can be found in our study. Table
9 presents data on mothers who consumed more than or less than
20,000 supplement calories during pregnancy. These mothers are
compared on the basis of whether they ingested most (75%) of these
calories during the first two trimesters, during the last trimester only,
or in some combination of the first two trimesters and the third
trimester,

The left-hand part of Fig. 5 shows again the improvement in birth
weight of infants born to the 117 well-supplemented mothers (20,000
calories or more during pregnancy) compared with infants born to the

'poorly supplemented mothers (< 20,000 calories).

The right-hand section of Fig. 5 shows the differences between the
mean birth weight of well-supplemented and poorly supplemented
mothers who had ingested 75% of their supplementation calciies in the
first two trimesters of pregnancy, in some corbination of all these
trimesters, or in the last trimester only. The differences betwecn
well-supplemented and poorly supplemented mothers are similar
regardless of when the well-supplemented mothers consumed most
(75%) of their calories. This indicetes that the conversion of
supplement calories into newborn weight was equally efficient
regardless of when the calories were ingested during pregnancy.

It must be emphasized that these findings apply to pregnant wemen
whose home diets are apparently more inadequate in celories thaa in
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Fig. 8. Releticz of amoust and timing of materna! supplementation during pregnancy to
birth weight.
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proteins. In view of the fact that these home diets are kwashiorkorgen-
ic for toddlers, it may be difficult to find populations in which the diet
of pregnant women is limiting in proteins, as reflected by changes in
birth weight after protein supplementation.

CONCLUSIONS AND SUMMARY

V2 have presented c.idence that chucric limitatien of calories dusing
prognancy is associaied with lowercd birik weight and an increase in
smali-fcr-date babies. I'or o supplementsation program to be effective in
preventing small-fus-date babies under such circumstances, ¢xe
shouid supplement the diets of pregnant women as early in pregnancy
as possible because it is casier to consume 20,600 additional calories
cver two or three trimesters than over one, In fact, of the 282 pregnant
women in this study, only nine managed to consume 20,000 calories in
one trimester, whereas 108 consumed that much and more over the
entire course of their pregnancy.

At present we have measured the effect of supplementation only in
quantitative terms of baby weight. It remains to be seen whether moze
baby really means a better baby.
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