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Abstract

Although studying the effect of supplementation on maternal health or the outcome of pregnancy was not a primary goal
of the Institute of Nutrition of Central America and Panama Oriente Longitudinal Study, many important findings in these
areas were produced. As part of the study, a food supplementation program was implemented. Two villages received
Atole, a gruel containing protein and energy, and 2 matched villages received a refreshing, low-energy drink containing no
protein. Both drinks contained micronutrients. Some women did not choose to consume the supplements and those who
did consumed widely varying amounts. More volume of Fresco was consumed than Atole. The energy in the supplements
improved birthweight, with no apparent additional benefit from protein or micronutrients. Researchers identified several
groups of women who benefited from supplementation more than others by having babies with higher birthweights,
including those with poorer current nutritional status and those who consumed high amounts of the supplement
continuously from one pregnancy to the next. Results from the study provided an early indication that supplementation
might increase the duration of gestation and, thus, reduce preterm birth. On the other hand, maternal supplementation did
not substantially alter the duration of postpartum amenorrhea once concurrent infant supplementation was taken into
account. Finally, findings from this study provided evidence of a biological trade-off between maintenance of maternal

nutritional status and increasing fetal size that was responsive to both current maternal nutritional status and supplement

intake but not to the mother’s nutritional status earlier in life.
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The most important elements of the design of the Institute of
Nutrition of Central America and Panama (INCAP) Oriente
Longitudinal Study were related to the improvement of nutri-
tional status and mental development of preschool-aged children
(1). Documenting the effects of the supplement on the mother
herself or even on birthweight was not initially of interest. At the
time the study was designed, protein was considered the limiting
nutrient in women’s diets (2) and supplementation of women
was not expected to have any adverse consequences. Women
were treated as a vehicle for improving infant and child health,
not as an intervention target in their own right. As a result, the
study was well underway before the measurement of maternal
anthropometry and birthweight began. Thus, the sample size for
the analyses described here is considerably smaller than those
based on the 1309 babies born into the Oriente Study (1).
Nonetheless, the women who participated in this study have
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been the subject of numerous research studies. The contribution
of these studies to our knowledge of how to improve the
outcome of pregnancy, the effect of supplementation on post-
partum amenorrhea, and our understanding of the trade-offs
between mothers and infants during the reproductive cycle is
reviewed here.

The study included the collection of several kinds of unique
data that allowed many important questions to be answered (1).
As part of the protocol for surveillance of child illness, women
were asked biweekly if their menses had ceased or returned.
These data were used to determine the onset of pregnancy, so
women could be encouraged to receive the supplements, as well
as the duration of both gestation and postpartum amenorrhea.
Women’s attendance at the supplementation center was re-
corded along with their consumption of the Atole and Fresco
beverages. In combination with the measurement of home die-
tary intake, this information enabled researchers to calculate the
net impact of supplementation on total intakes.

Supplementation and the outcome of pregnancy
Women enrolled in the Oriente Study were short (149 c¢m tall)
but of normal weight (49 kg) for their height (BMI ~22 kg/m?) at
the end of the first trimester of pregnancy. They gained 7 kg
during pregnancy (3). Home dietary intake was low, ~1400 kcal/d
(1 kecal = 4.184 kJ) (3).

Women were encouraged to come to the supplementation
center and consume the supplements. Nevertheless, Johnson (4)
reported that 30.4% of the pregnant women did not attend the
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supplementation center at all during the 3rd trimester of
pregnancy (32.8% of women in the Atole villages and 27.7%
of women in the Fresco villages). Among those who did attend,
there was wide variation in their supplement intake in the last
91 d of pregnancy: 109 * 90 (SD) kcal/d (n = 520) (4). The
volume of Fresco consumed was ~3 times that of Atole, so that
even though Atole had a higher energy concentration (910 kcal/L
compared with 330 kcal/L for Fresco), the distributions of
energy intake for the 2 beverages were similar. As a result,
the amount of micronutrients consumed by women who
received Fresco was ~3 times that of the women who received
Atole (because the micronutrients were present in the same
concentrations by volume in the 2 beverages). This finding
suggests that women were consuming to an energy target, not
one for either protein or micronutrients. It is also possible
that women found the lighter Fresco drink more palatable than
the Arole. Among those who attended, frequency of attendance
was correlated with probable need for supplementation that, in
turn, was correlated with the amount of supplement consumed
(4).

Women who consumed more than the median amount of
supplement over the course of pregnancy (20,000 kcal) con-
sumed 41 kcal/d less from their home diet than those who
consumed less than the median amount. However, these women
also had a total food intake (mean supplement intake of 42,000 =
19,221 kcal) that was 323 kcal/d greater than that of those who
consumed less than the median amount of supplement (mean
supplement intake of 7200 = 6221 kcal) (P < 0.001) (3).
Supplement consumption was associated with weight gain
during pregnancy. A lower proportion (2.5%; 7 = 80) of women
who consumed =20,000 kcal during pregnancy exhibited a
lower rate of weight gain (<0.5 kg/mo) in the last 2 trimesters of
pregnancy than those who consumed less than this amount
(14.5%; n = 55) (3).

Birthweight was available for only 62% of the 651 births
that occurred from 1969 to 1973 and was strongly related to
maternal energy intake from supplements (6). Higher consump-
tion of the supplement (=20,000 kcal) was also associated with
an overall increase in birthweight of 117 g (P < 0.05) (3) as well
as a corresponding decrease in the proportion of babies who
weighed <2500 g at birth, from ~18 to ~9% (P < 0.05) (7). The
trimester of pregnancy during which women consumed most of
their supplemental energy was not associated with birthweight
(n = 288) (2). Birthweight differed (P < 0.025) between the
lower and higher supplement consumption groups and this was
similar in the Atole and the Fresco groups (3). The estimated
relationship, 30 g birthweight/10,000 kcal ingested from sup-
plement, was linear and robust to adjustment for possible con-
founding factors.

Women established patterns of supplement intake, which was
exploited by Villar and Rivera (8) to explore whether women
who habitually consumed the supplement in larger amounts
would be able to increase the size of their infants even more (7 =
169 women with 2 consecutive pregnancies). They compared
women who habitually consumed higher amounts of supple-
ment (>500 kcal/wk during 2 pregnancies and the intervening
lactation period) with those who consumed less than this
amount. Women who habitually consumed the higher amount
had infants who were 246 = 157 (SE) g heavier at birth (P <
0.025) than those who habitually consumed the lower amounts;
women with other patterns of supplement intake had lower
increases in the birthweights of their infants (8). These results
suggest that longer periods of supplementation, even with
modest daily amounts of supplement, can allow chronically

undernourished women to deliver heavier babies. This propo-
sition has not yet been tested experimentally.

It is noteworthy that the improvement in birthweight
associated with supplementation observed in the first half of
the study (1969-73) was not present in the second half (1973-
77) (9). This may be because some women consumed substantial
amounts of the supplement in the first half of the study and, thus,
had less potential to benefit from supplementation in the second
half of the study. The approach used by Marks (9) to ascertain
which women had benefited from ingestion of the supplements,
which was based on statistical interaction between individual
characteristics and ingestion of the supplements, provided a
substantial analytic advantage over that used previously (10).
This approach was subsequently used to determine which
women had benefited from dietary supplementation during
lactation during another study in Guatemala (11) and, within
the Oriente Study, to determine which children had benefitted
from ingesting the supplement themselves (12).

The question of who benefits from supplementation is an
important one for targeting. Olson (13) pursued this issue
further with an econometric approach to control more ade-
quately than had previously been possible for self-selection
related to the individual woman’s choices about whether to
participate at all and how much supplement to consume. She
showed that the effect on birthweight of moving from the lowest
to the highest quartile of supplement intake was greatest among
women who had lower skinfold thicknesses during the first
trimester (190 and 320 g in the case of the midaxillary and
subscapular sites, respectively) and who were not breast-feeding
at the time of conception (560 g, compared with those who were
breast-feeding). These maternal characteristics could serve as
indicators of potential to benefit from supplement and, thus, as
possible criteria for selecting women for supplementation.

When the supplements were discovered to increase birth-
weight, this finding was interpreted as an increase in fetal
weight, not as an increase in the duration of gestation. Inasmuch
as women were asked biweekly about the onset of their menses
(1), the quality of the data on gestational age was good in this
study. Delgado et al. (14) used data from the 830 singleton
deliveries between 1969 and 1977 for which data were avail-
able on duration of gestation and supplement intake. Energy
consumed in the first or second, but not the third, trimester was
associated (P < 0.01) with the length of gestation (2.3-7.5 d/
10,000 kcal from supplement) in both the Atole and Fresco
villages. Moreover, women in the highest tercile of intake during
the first trimester consumed 138 kcal/d more than those in the
lowest tercile and had pregnancies that were 1.4 wk longer. The
proportions of low birthweight (<2500 g; P < 0.05) and
preterm (<37 wk gestational age; P < 0.001) births also differed
among women categorized by tercile of supplement intake
during the first trimester (14).

In a more sophisticated treatment of these data, Villar et al.
(15) separated preterm birth from intrauterine growth retarda-
tion (IUGR; birthweight <10th percentile of a reference popu-
lation) in the 623 infants for whom complete data were
available. In this sample, [UGR was present in 27.8% of babies
and 9.8% were born before term (<37 wk). In adjusted
analyses, only low maternal head circumference and infant sex
were independent risk factors for IUGR, but low energy
supplementation, no protein supplementation (i.e. consumption
of Fresco), low maternal arm circumference, and infant sex were
independent risk factors for preterm birth. The authors con-
cluded that a history of maternal malnutrition during childhood
was associated with IUGR, but current malnutrition was
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associated with preterm birth. Recent experimental research in
sheep (16) and an observational study in women who experi-
enced substantial seasonal changes in food availability (17)
support the concept that maternal nutritional status at the time
of conception may have a modest effect on preterm birth (18).
The findings from the Oriente Study provided early evidence that
preterm birth could be reduced by maternal supplementation
during pregnancy.

Supplementation and the outcome of lactation

Women who gained more weight during pregnancy lost less
weight postpartum and continued to breast-feed longer than
those who gained less weight during pregnancy (19). This
finding led to studies of the association between supplementa-
tion and the duration of postpartum amenorrhea, which was an
essential method of birth spacing in these communities at the
time. The question of whether improving maternal nutritional
status via supplementation during pregnancy and lactation
would improve fecundity and, thus, fertility (20) is important,
because it could lead to increased childbearing, which might be
undesirable.

The duration of lactational amenorrhea was defined in the
study as the interval between birth and the first incidence of 2
menses occurring within a 3-mo period (21), with the data on the
return of menses collected during biweekly home visits. The
median durations of lactation and postpartum amenorrhea for
women were 18 and 14 mo, respectively (20), and were highly
correlated (r = 0.63; n = 334; P < 0.01). Indicators of past and
present maternal nutritional status as well as supplement intake
were all negatively correlated with the duration of postpartum
amenorrhea (20).

Infant supplement intake was also negatively associated with
the duration of postpartum amenorrhea. If the mothers desired,
infants could receive Atole or Fresco from birth onward, with a
special form of Atole used for those < 4 mo of age (1). In
addition, infant supplementation was associated with maternal
supplement intake (an expected result because the mother
usually took the child to the supplementation center) (21). Infant
suckling is an essential determinant of milk production and, as a
result, often of the duration of both lactation and lactational
amenorrhea. In the Oriente Study, women were asked at the end
of each trimester of lactation to recall the number of times that
their children had been breast-fed on the preceding day (22).
These data were used to show that the more frequently her child
was breast-fed at 6, 9, and 12 mo of age, the higher the
probability that the mother would remain amenorrheic (22).

These complex relationships led to several possible mecha-
nisms by which the supplementation strategy used in the Oriente
Study could have affected the duration of lactation (23). Kurz
et al. (24,25) modeled these possibilities using data from 343
mothers and their singleton infants born 1973-75. Higher parity
(P < 0.001) and the child’s weight gain during the first 3 mo of
life (P < 0.01) were independently associated with 1- to 3-mo
longer periods of postpartum amenorrhea (25). When the child’s
intake of foods other than breast milk (P < 0.001) was included
in the model, maternal nutritional status was no longer a
significant predictor of the duration of postpartum amenorrhea.
In fact, the difference in amenorrhea was so small (~0.5 mo) that
the authors calculated that “even if women experienced a large
improvement in their nutritional status, they would not have
time to bear even 1 additional child during their reproductive
years.” Kurz et al. (25) concluded that infant, not maternal,
supplementation influences the length of postpartum amenor-
rhea (25). This result differs from that obtained in Gambia,
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where women increased their food consumption much more
than in the Oriente Study. The duration of postpartum amen-
orrhea was not measured in this study, but based on changes in
maternal prolactin concentrations, Lunn et al. (26) estimated
that supplementation during lactation could have shortened the
period of amenorrhea by 21 wk. They did not account for the
role of the infant, an important concern, because the Gambian
infants were supplemented themselves beginning at 3 mo of age.

Trade-offs between mother and fetus during pregnancy
The data from the Oriente Study have been unique in advancing
our understanding of the nature of the trade-offs in the face of
constrained nutrition between mother and fetus or infant during
the reproductive cycle as well as among mother, fetus, and
nursling when there is overlap of lactation with a subsequent
pregnancy.

Direct evidence of a trade-off between maternal nutritional
status and birthweight within a single pregnancy was provided
by Olson (13), who used data from mothers of 384 singleton
infants. She showed that the effect on birthweight of moving
from the lowest to the highest quartile of supplement intake was
only 80 g among women with higher subscapular skinfold
thicknesses, but was 380 g among those with lower subscapular
skinfold thicknesses. In contrast, the effects on maternal weight
change (from the first trimester of pregnancy until 3 mo
postpartum) of changing from lowest to highest supplementa-
tion category were 3.1 and —0.3 kg, respectively. Thus, women
in the Oriente Study with poorer current nutritional status
(lower fat stores) had larger babies instead of increasing their
own weight during the reproductive cycle. In contrast, those
with better current nutritional status had only modestly larger
babies and gained weight themselves during this same period.

When knee breadth was used as a measure of past (i.e.
childhood) nutritional status in similar analyses, Olson (13)
showed that the women with greater knee breadth had both a
larger increase in birthweight (190 g compared with 10 g) and a
greater weight gain themselves (1.6 kg compared with 0.9 kg)
than those with lower knee breadth when moving from the
lowest to highest quartile of supplement intake. This finding
suggests that women who were malnourished as children are less
able to respond to supplementation either by gaining weight
themselves or by producing a larger baby.

Maternal nutritional status varies over the course of a
reproductive cycle as women gain fat and weight during
pregnancy, lose it during lactation, and then gain it again if
they have the opportunity to recuperate nutritionally before
becoming pregnant again (27). Women (n = 176) with 2
consecutive pregnancies in the Oriente Study were categorized
as low weight (initial weight =50 kg) or normal weight (initial
weight >50 kg). Winkvist et al. (28) found that the low-weight
women gained weight during the reproductive cycle, but their
second infant tended to weigh less at birth than their prior
infant. Higher intakes of the supplement were associated with
less negative differences in birthweight among these women. In
contrast, normal-weight women did not gain weight themselves
during the reproductive cycle or have larger infants in the second
compared with the prior birth, and these associations were not
moderated by supplement intake.

In further modeling of these data, Winkvist et al. (29)
illustrated the complexity of these relationships. For “unsup-
plemented” women (those in the lowest tercile of supplement
intake), maternal weight gain and the birthweight of the baby
changed from one pregnancy to the next differently as initial
maternal weight (e.g. at the time of the first study pregnancy)



increased (Fig. 1). In particular, maternal weight change from
one pregnancy to the next was positive (~1 kg) except for women
who weighed ~46-50 kg. Birthweight change from one preg-
nancy to the next was negative until initial maternal weight was
~46 kg. Birthweight change was positive thereafter, but did not
increase further after initial maternal weight reached ~48 kg.
In contrast, “supplemented” women (those with supplement
intakes in the 2 higher terciles) gained weight from one
reproductive cycle to the next and their babies were ~175 g
larger regardless of their initial weight (Fig. 1). Taken together,
these results suggest that several groups of women could be
defined by maternal weight: 1) those with lowest maternal
weight initially gained weight from one pregnancy to the next,
but their babies became smaller; 2) those with somewhat higher
maternal weight initially did not gain themselves, but their
babies did; and 3) those with the highest maternal weight
initially gained themselves and their babies did as well. These
results suggest that the maternal response to supplementation in
terms of nutrient partitioning is much more complex than
previously thought, even among women of ostensibly normal
BMI.

Overlap of a new pregnancy with continuing lactation
occurred in 50% of the 504 women with term, singleton births
who had complete data in the Oriente Study (30). Of these
women, 41% continued to breast-feed into the second trimester
of pregnancy and 3% into the 3rd trimester. Overlap was
associated with increased intake of the supplement during
pregnancy but no reduction in birthweight (30). However,
women with overlap tend to have short intervals between
conceptions and, thus, limited opportunity for nutritional
recuperation. Short recuperative intervals were also associated

A 2

5

'63’ TR e ==

2% o

c2

% % -1 — Unsupplemented

s == Supplemented
B W

Maternal initial weight (kg)
B 400

200

-200 — Unsupplemented

== Supplemented

Birthweight
change (9)
o

-400

45 50 55 60
Maternal initial weight (kg)

FIGURE 1 Association between initial maternal weight and change
in maternal weight (A) and birthweight (B) from one pregnancy to the
next. Mothers (n = 176) who gave birth twice between 1971 and 1976
in the Oriente Study were included. The figure was prepared from
data partially included in reference (29).

with increased supplement intake and no reduction in birth-
weight; however, women with these short recuperative intervals
had lower fat stores (30). Thus, in this situation, the trade-off
between mother and fetus protected the fetus until the time of
birth. There is evidence from subsequent research in Peru,
however, that mothers who experience overlap are unable to
produce as much milk and their infants do not grow as well as
those who did not experience overlap (31).

Conclusions

Many women did not choose to consume the supplements in the
Oriente Study and those who did consumed widely varying
amounts, with the neediest women consuming the most. The
effect of supplementation on birthweight, due most likely to
energy rather than to protein or micronutrients, was similar to
that for other major determinants of birthweight, such as infant
sex, primiparity, and smoking (32). Researchers identified
several groups of women who benefited more than others by
having babies with higher birthweights, including those with
poorer current nutritional status and those who consumed high
amounts of the supplement continuously from one pregnancy to
the next. Results from this trial provided an early indication that
supplementation might increase the duration of gestation and,
thus, reduce preterm birth. Although the theoretical possibility
existed that maternal supplementation during lactation would
decrease postpartum amenorrhea, this did not turn out to be the
case in the Oriente Study. Finally, exploratory research with data
from the Oriente Study provided evidence of a biological trade-
off between maintenance of maternal nutritional status and
protection of fetal growth that was sensitive to both the mother’s
maternal nutritional status and supplement intake but not to her
nutritional status in childhood.

Acknowledgment
K.R. wrote the first draft paper. K.R. and J-P.H. revised the manu-
script. Both authors read and approved the final manuscript.

Literature Cited

1. Habicht J-P, Martorell R. Objectives, research design, and implementa-
tion of the INCAP longitudinal study. Food Nutr Bull. 1992;14:176-90.

2. Habicht J-P, Yarbrough C, Lechtig A, Klein RE. Relation of maternal
supplementary feeding during pregnancy to birth weight and other
sociobiological factors. In: Winick M, editor. Nutrition and fetal
development. New York: John Wiley and Sons; 1974. p. 127-45.

3. Lechtig A, Habicht J-P, Delgado H, Klein RE, Yarbrough C, Martorell
R. Effect of food supplementation during pregnancy on birthweight.
Pediatrics. 1975;56:508-20.

4. Johnson CS. The role of participation with nutritional supplementation
during pregnancy: a comparison of data from Indonesia and Guatemala
[dissertation]. Ithaca (NY): Cornell University; 1991.

5. Lechtig A, Delgado H, Martorell R, Klein RE. Effect of maternal
nutrition on the mother-child dyad. In: Hambraeus L, Sjolin S, editors.
The mother/child dyad: nutritional aspects. Stockholm: Almqvist and
Wiksell; 1979. p. 74-93.

6. Lechtig A, Habicht J-P, Yarbrough C, Delgado H, Guzman G, Klein RE.
Influence of food supplementation during pregnancy on birth weight in
rural populations of Guatemala. Proceedings of the 9th International
Congress of Nutrition; 1972; Mexico. Basel: Karger; 1975. p. 44-52.

7. Lechtig A, Delgado H, Lasky R, Yarbrough C, Kleing RE, Habicht J-P,
Béhar M. Maternal nutrition and fetal growth in developing countries.
Am ] Dis Child. 1975;129:553-6.

8. Villar J, Rivera J. Nutritional supplementation during two consecutive
pregnancies and the interim lactation period: effect on birth weight.
Pediatrics. 1988;81:51-7.

Supplementation of the mother 405



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Marks GC. Maternal supplementation during pregnancy—who benefits
[dissertation]? Ithaca (NY): Cornell University; 1985.

Herrera MG, Mora JO, de Paredes B, Wagner M. Maternal weight/
height and the effect of food supplementation during pregnancy
and lactation. In: Aebi H, Whitehead R, editors. Maternal nutrition
during pregnancy and lactation. Bern: Hans Huber Publishers; 1980.
p. 252-63.

Gonzalez-Cossio T, Habicht J-P, Rasmussen KM. Maternal anthropom-
etry predicts benefit in lactational performance of undernourished
Guatemalan women. In: Allen L, King J, Lénnerdal B, editors. Nutrient
regulation during pregnancy, lactation, and infant growth. New York:
Plenum Press; 1994. p.109-17.

Ruel MT, Habicht J-P, Rasmussen KM, Martorell R. Screening for
nutrition interventions: the risk or the differential-benefit approach. Am
J Clin Nutr. 1996;63:671-7.

Olson RK. Developing indicators that predict benefit from prenatal
energy supplementation [dissertation]. Ithaca (NY): Cornell University;
1994.

Delgado H, Martorell R, Brineman E, Klein RE. Nutrition and length of
gestation. Nutr Res. 1982;2:117-26.

Villar J, Khoury M], Finucane FE Delgado H. Differences in the
epidemiology of prematurity and intrauterine growth retardation. Early
Hum Dev. 1986;14:307-20.

Bloomfield FH, Oliver MH, Hawkins P, Campbell M, Phillips D],
Gluckman PD, Challis JRG, Harding JE. A periconceptional nutritional
origin for noninfectious preterm birth. Science. 2003;300:606.
Rayco-Solon P, Fulford AJ, Prentice AM. Differential effects of
seasonality on preterm birth and intrauterine growth restriction in
rural Africans. Am J Clin Nutr. 2005;81:134-9.

Institute of Medicine (Committee on Understanding Premature Birth
and Assuring Health Outcomes, Board on Health Sciences Policy).
Preterm birth: causes, consequences, and prevention. Washington, DC:
National Academies Press; 2007.

Read MS, Habicht J-P, Lechtig A, Klein RE. Maternal malnutrition,
birth weight, and child development. In: Canosa CA, editor. Nutrition,
Growth and Development. New York: S. Karger; 1975. p. 203-15.
Delgado H, Lechtig A, Yarbrough C, Martorell R, Klein RE, Irwin M.
Maternal nutrition: its effects on infant growth and development and
birthspacing. In: Moghissi KS, Evans TN, editors. Nutritional impacts

406 Symposium

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

on women: throughout life with emphasis on reproduction. Hagerstown
(MD): Harper & Row, Publishers; 1977. p. 133-50.

Delgado H, Brineman E, Lechtig A, Bongaarts J, Martorell R, Klein RE.
Effect of maternal nutritional status and infant supplementation during
lactation on postpartum amenorrhea. Am J Obstet Gynecol. 1979;135:
303-7.

Delgado HL, Martorell R, Klein RE. Nutrition, lactation, and birth
interval components in rural Guatemala. Am ] Clin Nutr. 1982;35:
1468-76.

Delgado H, Valverde V, Hurtado E. Lactation in rural Guatemala:
nutritional effects on the mother and the infant. Food Nutr Bull.
1985;7:15-25.

Kurz KM, Habicht J-P, Rasmussen KM. Influences of maternal nutrition
and lactation on length of post-partum amenorrhoea. ] Trop Pediatr.
1991;37 Suppl:15-8.

Kurz KM, Habicht J-P, Rasmussen KM, Schwager SJ. Effects of
maternal nutritional status and maternal energy supplementation on
length of postpartum amenorrhea among Guatemalan women. Am J
Clin Nutr. 1993;58:636-40.

Lunn PG, Austin S, Prentice AM, Whitehead RG. The effect of
improved nutrition on plasma prolactin concentration and postpartum
infertility in lactating Gambian women. Am ] Clin Nutr. 1984;39:
227-3S.

Winkvist A, Rasmussen KM, Habicht J-P. A new definition of maternal
depletion syndrome. Am ] Public Health. 1992;82:691-4.

Winkvist A, Habicht J-P, Rasmussen KM. Linking maternal and infant
benefit of a nutritional supplement during pregnancy and lactation. Am
J Clin Nutr. 1998;68:656-61.

Winkvist A, Habicht J-P, Rasmussen KM, Frongillo EA Jr. Malnour-
ished mothers maintain their weight throughout pregnancy and lacta-
tion: results from Guatemala. Adv Exp Biol Med. 2000;478:415-6.
Merchant K, Martorell R, Haas J. Maternal and fetal response to the
stresses of lactation concurrent with pregnancy and of short recuper-
ative intervals. Am J Clin Nutr. 1990;52:280-8.

Marquis GS, Penny ME, Diaz JM, Marin RM. Postpartum conse-
quences of a overlap of breastfeeding and pregnancy: reduced breast
milk intake and growth in early infancy. Pediatrics. 2002;109:e56.
Kramer MS. Determinants of low birth weight: methodological assess-
ment and meta-analysis. Bull World Health Organ. 1987;65:663-737.



