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Introduction
The term "maternal depletion syn-

drome" (MDS) is commonly used to ex-
plain poor maternal and infant health in
developing countries.1-6 The syndrome
has been attributed to the nutritional
stresses of successive pregnancies and
lactations and includes osteomalacia, goi-
ter, anemia, edema, and inadequate preg-
nancy weight gain, as well as low infant
birthweight.7-9 Unfortunately, whether
these features are related solely to wom-
en's childbearing patterns or whether they
result from a combination of childbearing
and lifelong poverty and inadequate diet
remains unclear, especially as most stud-
ies in human subjects and animal models
have been unable to demonstrate MDS.

Two testable hypotheses have been
proposed for use in investigating the ex-
istence of MDS: (1) women of high parity
have poorer nutritional status than do
women of low parity, and (2) short inter-
birth interval is associated with poor ma-
ternal health as well as poor pregnancy
outcome. A few studies have found an
association between high parity and low
maternal weight,0-'12 but of these only one
controlled for the possible confounding ef-
fect of maternal age.'2 Many studies have
instead found an association between high
parity and improved nutritional status, or
no association at all.5,13-'6 It may be that
parity is not an accurate indicator of re-
productive stress-parity does not pro-
vide information about miscarriages,
abortions, or stillbirths, and the spacing of
pregnancies as well as the length ofbreast-
feeding are not taken into account. Also,
ifwomen of poor health are unable to bear
more children, high-parity women may in-
clude only the healthiest individuals.4
Clearly, the first hypothesis does not ad-

equately account for the multitude of fac-
tors related to MDS.

Plausible associations of short inter-
birth interval with increased infant mortal-
ity and morbidity have been reported.2'17-21)
However, such associations provide only
indirect evidence for the existence of MDS,
because, in this conceptualization, mater-
nal nutrition is simply assumed to be a me-
diating variable. A few studies have inves-
tigated the effect of short interbirth interval
on maternal nutrition. One study found an
association between long periods of
nonpregnancy/nonlactation (NPNL) and
low subsequent prepregnant weight2t1; an-
other study, using a stricter definition of
NPNL, found an association between long
periods of NPNL and large subsequent
prepregnancy thigh fat-folds as well as de-
creased intake of a nutritional supple-
ment.20,21

MDS is obviously more complex
than previously perceived. Inasmuch as
most existing studies lack a clear defini-
tion of the syndrome and its outcomes, it
is possible that the correct outcome vari-
ables have not been measured. We offer a
new definition of MDS that is both bio-
logically and practically meaningful. This
definition of MDS goes beyond the exist-
ing concepts of malnutrition and birth
spacing and hence can improve our ability
to design cost-effective interventions to al-
leviate poor maternal and infant health
worldwide.
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Hypothsis
Men, infertile women, and fertile

women are treated differently in most so-
cieties; hence, the weight patterns of the
former two groups will not reflect the pat-
tern of weight change that might have
been observed among childbearing
women had they not experienced preg-
nancy and lactation. Therefore, we have
no "control group" available for studying
the isolated effect of childbearing on wo-
men's health. Instead, we define four
groups of fertile women, each represent-
ing one pattem of weight change in rela-
tion to diet and childbearing. We hypoth-
esize that only one pattern represents
MDS. The four patterns cover all fertile
women except those who experience
weight gain between pregnancies, be-
cause these women are not of interest to
this discussion.

A reproductive cycle is made up of
four phases: pregnancy, full lactation, par-
tial lactation, and NPNL. Depending on
many factors, including caloric intake and
workload, women may experience a pos-
itive or negative energy balance during
these four phases. Women may become
pregnant again while lactating, and these
"overlapping" cycles2.22 certainly increase
the nutritional stress of childbearing.

Weight change is used here as an in-
dicator ofchange in energy stores. Weight
change may be a less accurate indicator

for stores ofother nutrients; therefore, we
restrict this discussion to energy stores.
Overall weight change for one reproduc-
tive cycle is referred to as AW. Theoreti-
cally, AWcould be measured between any
two corresponding points in time, but
points such as conception or childbirth of-
fer precise definitions; the latter also offers
a convenient time for measurements.

Well-nourished women who change
their food intake and activity appropri-
ately will maintain energy equilibrium
throughout the reproductive cycle, and
AW = 0 (see Figure 1, pathway A). Many
women in the Western world actually
experience positive energy balance across
pregnancy and full lactation; for these
women partial lactation and NPNL are
periods ofconsciousweight loss (Figure 1,
pathway B). We categorize women fol-
lowing either of these pathways as non-
depleteL

Many studies have found thatwomen
who cannot substantially increase their
food intake give birth to surprisingly
healthy infants and produce adequate
amounts of milk without losing weight
over time (AW = 0).23-26 These women
may gain less weight during pregnancy
and lose moreweight during lactation than
do women in the nondepleted group, but
may still maintain AW = 0 if the potential
repletion phase (PRP)-consisting of the
periods ofpartial lactation, NPNL, and, in

some cases, early pregnancy-is used for
repletion (Figure 1, pathway C). Rats sub-
jected to chronic food restriction before
and during the reproductive cycle have
been shown to become replete during
NPNL and early pregnancy,27 and recent
studies indicate thatwomen may metabol-
ically adapt to low energy intake during
pregnancy.23'28 Hence, as a result of in-
creased metabolic efficiency, repletion
may be possible among women during
PRP without extra food intake. We cate-
gorize such women as repletedL

The third pattern is characterized by
a marginally inadequate diet combined
with a very short PRP, too short to allow
for full weight recovery; as a result,
AW < 0 (Figure 1, pathway D). In this
case, the childbearing pattern is the pri-
mary cause of the weight loss and these
women,whomwe refer to asincompletely
repleted, have experienced MDS. As we
mentioned above, negative effects of short
interbirth interval on infant mortality and
morbidity have been plausibly demon-
strated; the effects on maternal mortality,
morbidity, and future fecundability have
yet to be investigated.

Women with extremely inadequate
diets gain even less weight during preg-
nancy than do those we categorize as in-
completely repleted; they lose more

weight during lactation and, because of
food shortage, are unable to become re-

plete during the PRP even with lengthy
interbirth intervals. For these women,
AW < 0 (Figure 1, pathway E). These
women suffer from malnutrition but not
from MDS, because their childbearing
pattern is not the primary cause of their
overall weight loss. If they had had even

marginal diets, they could have accom-
modated the cost of childbearing by
means of weight fluctuations similar to
those of repleted women. Instead, their
weight loss is primarily the result of poor
intake, and it is likely to parallel that ofthe
rest of the population. Their children are

likely to be affected in utero (prematurity
and intrauterine growth retardation) as
well as after delivery (poor survival and
growth). We categorize these women as

nonrepletable. It is possible for these
women also to have a very short PRP;
however, because repletion does not oc-
cur during this period, AW will not im-
prove with length of PRP. It is important
to note that the term nonrepletable refers
strictly to repletion through changes in
childbearing pattern; if provided with ad-
equate dietary intake these women would
most certainly replenish their stores as
well.
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In short, we have defined four mutu-
ally exclusive groups with different levels
of energy balance. The relationship be-
tween length ofPRP and AW, given these
different levels of energy balance, is illus-
trated in Figure 2. Only for incompletely
repleted women does AW increase with
increased PRP.

Discussion
Traditionally, the term "maternal de-

pletion syndrome" has been used to ex-
plain the weight loss ofboth nonrepletable
women andwomen with MDS. However,
to distinguish between the different mech-
anisms for weight loss in the two groups,
we suggest that the term not be used for
women in the nonrepletable group. The
term "maternal malnutrition" applies to
both groups, but its failure to distinguish
between mechanisms should be recog-
nized. Also, the term "short interbirth in-
terval" is inadequate in characterizing
women with MDS because it does not ac-
count for prolonged breast-feeding fol-
lowed by a short PRP, or for whether or
not repletion actually occurs in any
women during PRP. The latter point is
supported by the observation that short
interbirth interval among Malaysian
women had a negative effect on infant
mortality only when maternal nutritional
status was inadequate.29

The original definition of MDS re-
ferred to the cumulative effect of succes-
sive pregnancies and lactations7; hence a
pronounced effect at higher parities was
expected. However, MDS is not neces-
sarily either absent or present during a
woman's lifetime, and therefore the cor-
relation between parity and maternal
weight might be low. Only if MDS has
persisted throughout many reproductive
cycles for all women who ever experi-
enced MDS would parity be a sensitive
lagged indicator. Instead, we should iden-
tify women who experience reproductive
stress or inadequate diet or both across a
reproductive cycle, and the correct out-
come variable is change in nutritional sta-
tus, for example, AW.

Interventions to prevent maternal
malnutrition among nonrepletable and in-
completely repletedwomen will differ. An
increased PRP alone will not affect AW
(see Figure 1) for nonrepletable women,
whereas increased food intake will help
them to accommodate the cost of preg-
nancEy and lactation without an overall
weight loss. Thus, interventions are
needed to improve their nutrition (e.g., by
increasing income, changing intrahouse-
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hold food distribution, or improving wo-
men's prestige in the society). On the
other hand, women with MDS have the
potential to become replete if their PRP is
lengthened. However, these women now
experience repletion periods too short to
make up for depletions as a result of
changes associated with modernization
(e.g., the breaking down of traditional ta-
boos against sexual intercourse during
breast-feeding, and the trend toward
shortened breast-feeding) that lead to an
earlier return of fecundability and a sub-
sequent pregnancy.30 This situation is ex-
acerbated by a high infant mortality rate,
which also results in curtailed breast-feed-
ing. Effective interventions are the pro-
motion of breast-feeding and family plan-
ning, as well as interventions to increase
infant survival, such as improved prenatal
care and, again, the promotion of breast-
feeding.

Finally, our aim in developing this
new definition of MDS was to enable the
testing of its actual existence in the devel-
oping world. A nutritional effect of repro-
ductive stress has been indicated by some
studies20'21; however, it remains uncertain
whether this really represents a "syn-
drome" in the clinical sense. Hence, we
support the use of the term "maternal de-
pletion," rather than the term "matemal
depletion syndrome," at this stage.

Conciwion
We suggest a new conceptual frame-

work for the study of maternal depletion.
Within this framework, maternal deple-

tion is defined as follows: (1) It is a con-
dition that should be evaluated over one
reproductive cycle at a time. (2) It is char-
acterizedby a negative change in maternal
nutritional status during the reproductive
cycle, and the change is more negative the
longer the periods of potential depletion
and/or the shorter the periods of potential
repletion. (3) It most likely occurs only
among women with marginally inade-
quate food intake, because these are the
women forwhom the balance between the
potential depletion and potential repletion
phases has an important functional role.

With this new definition, maternal
depletion finaLly has both a biological and
a practical meaning, and we can concep-
tually distinguish between childbearing
pattern and inadequate diet as causes of
poor maternal health. The empirical ap-
plication of this approach should permit
the practical identification of populations
in which family planning will alleviate ma-
ternal depletion, and in which only the
provision of more food will alleviate mal-
nutrition among the women. O
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