
ABSTRACT This review relates nutritional status to
pregnancy-related death in the developing world, where mater-
nal mortality rates are typically ≥ 100-fold higher than rates in
the industrialized countries. For 3 of the central causes of
maternal mortality (ie, induced abortion, puerperal infection,
and pregnancy-induced hypertension), knowledge of the con-
tribution of nutrition is too scanty for programmatic applica-
tion. Hemorrhage (including, for this discussion, anemia) and
obstructed labor are different. The risk of death is greatly
increased with severe anemia (Hb < 70 or 80 g/L); there is lit-
tle evidence of increased risk associated with mild or moder-
ate anemia. Current programs of universal iron supplementa-
tion are unlikely to have much effect on severe anemia. There
is an urgent need to reassess how to approach anemia control
in pregnant women. Obstructed labor is far more common in
short women. Unfortunately, nutritional strategies for increas-
ing adult stature are nearly nonexistent: supplemental feeding
appears to have little benefit after 3 y of age and could possi-
bly be harmful at later ages, inducing accelerated growth
before puberty, earlier menarche (and possible earlier mar-
riage), and unchanged adult stature. Deprived girls without
intervention typically have late menarche, extended periods of
growth, and can achieve nearly complete catch-up growth. The
need for operative delivery also increases with increased fetal
size. Supplementary feeding could therefore increase the risk
of obstructed labor. In the absence of accessible obstetric ser-
vices, primiparous women < 1.5 m in height should be
excluded from supplementary feeding programs aimed at
accelerating fetal growth. The knowledge base to model the
risks and benefits of increased fetal size does not exist.
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INTRODUCTION

Pregnancy-related mortality is an enormous topic that others
have studied comprehensively and well [eg, Loudon (1)].
Despite this, the contribution of nutrition has not been addressed
systematically, and nutrition and public health practice are often
not effectively integrated. Halfdan Mahler, then Director General
of the World Health Organization (WHO), in his keynote address

at the 1987 Safe Motherhood Conference in Nairobi referred fre-
quently to the role of malnutrition in undermining maternal well-
being (2). He pointed out that more girls than boys become
severely malnourished and that the cause of maternal death often
has its roots in a woman’s life before pregnancy—during infancy
or even before her birth—when deficiencies of calcium, vita-
min D, or iron begin. He noted that malnutrition may result in
chronic iron deficiency anemia and death from hemorrhage, and
referred to maternal depletion from pregnancies spaced too
closely together. Yet nowhere in the accompanying conference
conclusions is there an explicit reference to a nutritional compo-
nent in proposed maternal health programs. This omission is
glaring and underscores the absence of unanimity about how best
to serve the nutritional needs of pregnant women. It also suggests
that a next step might be to scrutinize carefully how nutrition is
related to—and possibly how it affects—maternal mortality, and
to identify explicit gaps in knowledge and, where knowledge is
secure, to propose action.

This review will relate the woman’s lifetime nutritional sta-
tus and dietary intake to pregnancy-related death, focusing on
nutrition during pregnancy. One of its main concerns will be
whether the associations between nutrition and maternal mor-
tality may be causal and, if they are, whether amelioration is
plausible.

The analysis will be concerned primarily with the develop-
ing, rather than the industrialized, world. There is no other pub-
lic health statistic in which the discrepancy in risk between the
industrialized and the developing worlds is greater than that for
maternal mortality. In all likelihood, this discrepancy is often
much higher than the usually quoted 100- to 200-fold increased
risk (3). In the developing world, the dominant causes of mater-
nal death are those that prevailed ≥2 centuries ago in Europe
and the United States. Sadly, although ways to reverse most of
the profound differences of risk between poor and affluent
women are widely understood, they are often not available. The
need for intensive and widespread improvements in obstetric
services in the developing world is clear. What remains unclear
is the extent to which improving the nutritional status of
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women, from early in their own lives through the reproductive
years, is important or even essential as an adjunct to improved
health services.

This review must, of necessity, make do with the data avail-
able now. It points, however, to a great need for more longitudi-
nal, community-based studies of reproduction in the developing
world, parallel to those conducted in developed countries in the
past half century, such as the community studies in Aberdeen (4)
or the US Collaborative Perinatal Study (5).

The paucity of comprehensive and accurate statistics makes
it difficult to relate nutritional status directly to maternal
death. This is a consequence of the relative infrequency and
invisibility of maternal death, even at the tragically high rates
prevalent in the developing world. Because of this, the review
deals most often with relations between nutrition and those
health conditions that are the proximal causes of maternal
mortality.

Deaths during gestation do not usually result from malnutri-
tion alone, but from conditions that may be exacerbated by poor
nutrition. The 4 primary causes of maternal mortality are hemor-
rhage (in the intra- and postpartum periods), obstructed labor,
pregnancy-induced hypertension (ie, the toxemias of pregnancy,
preeclampsia, and eclampsia), and puerperal infection. This
review will not address death after induced abortion, the fifth of
the frequent causes of maternal death in the developing world. It
is implausible that a strategy of nutritional improvement would
reduce the danger from unsterile or technically inadequate abor-
tion procedures.

A central tenet of this review is that nutrition and health ser-
vices function interdependently. Setting priorities for nutrition
programs, or allocating resources to support them, is illogical
without interweaving these programs with health services; nutri-
tional programs cannot confer anywhere near maximal benefits
without effective health services. In fact, without such integra-
tion, they could even be dangerous. This danger could occur not
only because of the diversion of resources away from essential

health services, but from direct adverse effects of dietary supple-
mentation, as will be explained below.

HISTORICAL EPIDEMIOLOGY OF MATERNAL 
MORTALITY IN THE DEVELOPED WORLD

Much of this material is drawn from Loudon (1).

Historical trends

The magnitude of the challenge faced by the developing world
is almost unimaginably large: in the industrialized countries, it
took 250 y to reach the current low maternal mortality rates from
rates similar to those in developing countries today. Some
approaches to reducing maternal mortality in developing coun-
tries might be drawn from the experience of the industrialized
countries.

The precipitous decrease in maternal mortality in the West
did not occur evenly or gradually. Instead, maternal mortality
rates followed a pattern of abrupt declines followed by plateaus,
even increases, and then further abrupt declines. This ebb and
flow is illustrated in Figure 1 for Sweden from 1751 to 1980,
during which time the initial ratio of maternal mortality was
<1000/100000 live births, and the most recent ratio was
<4/100000 live births (6).

The declines in infant and maternal mortality rates were not
parallel. Shown in Figure 2 are maternal and infant mortality
ratios in the Netherlands from 1910 to 1960 (7). Infant mortality
ratios fell regularly and steeply until the beginning of World War
II, then rose sharply during the war, and declined after the war.
In contrast, maternal mortality rates were static until the mid
1930s, when they began to fall sharply, but this decline was not
affected by the war. The widespread deprivation associated with
the German blockade late in the war had profound effects on
infant mortality, but no obvious effect on maternal mortality.
This is counterintuitive because antibiotics, the introduction of
which from 1934 was concomitant with the beginning of the
decline in puerperal infection, were likely to have been scarce to
nonexistent during the blockade. Maternal and infant mortality
rates during the 20th century until 1960 in England and Wales
are shown in Figure 3 (8). As in the Netherlands, infant mortal-
ity rates fell sharply and continuously throughout the period,
whereas maternal mortality was unchanged until the 1930s and
only then began to fall precipitously. The underlying reasons for
the decrease in maternal mortality clearly cannot be identical to
those for infant mortality because they came into play at differ-
ent times and under different conditions. How they differed, and
to what extent, is explored in depth by Loudon (1).

Social status and maternal mortality

Infant mortality has long been observed to have an intense
social class gradient (9). Despite this, little if any gradient was
observed for the association between maternal mortality and
social status in England over the past century (10). The early fall
in maternal mortality in Europe from the mid 18th to mid 19th
centuries, such as the halving of maternal mortality rates between
1751 and 1851 in Sweden (6), may be perhaps attributed to
improved social conditions. Social status, however, appears to
have been only minimally related to maternal mortality in the late
19th and most of the 20th century in the European countries.

Social influences are strongly related to maternal mortality in
the contemporary United States. The maternal mortality rate of
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FIGURE 1. Mean annual maternal mortality ratio/100 000 live births
by 5-y periods, Sweden, 1751–1989 (6). Reproduced with permission.



the United States in 1995 was 7.1/100000 live births (11). How-
ever, the rate among black women was 22.1/100000, >5 times
the rate of 4.2/100000 live births among white women. This dis-
parity could have been due to different social conditions, provi-
sion of obstetric care, health-related behaviors, nutritional or
health status, or a combination of these factors.

Antisepsis and maternal mortality

One unequivocal cause of the decline in maternal mortality in
the industrialized world was the introduction of antiseptic tech-
niques into hospital obstetric practice. Högberg et al (12) esti-
mated that after the obligatory introduction of antisepsis into
Swedish lying-in hospitals in 1880, hospital maternal mortality
ratios from sepsis declined from 2701/100000 live births in the
preceding 15 y to 96/100000 births in the subsequent 15 y, a
decline of 96%. The introduction of sulfonamides in the mid
1930s also had a remarkable effect on maternal mortality. Shown
in Figure 4 is the parallel, precipitous decline in death from
erysipelas and maternal mortality due to puerperal fever in Eng-
land and Wales that began in 1934 (1).

Other causes of maternal mortality

From the mid 1930s, as many elements in obstetric care were
improving, deaths from hemorrhage and eclampsia (ie, puerperal
hypertension, albuminuria, and convulsions) also declined (Fig-
ure 5), although not as steeply as the decrease in infection rates
(1). These trends were universal throughout the industrialized
world (Figure 6) and rates have continued to decrease (1).

Current rates of maternal mortality in developed countries

National rates of pregnancy-related deaths have fallen to extra-
ordinarily low levels in many industrialized countries. As of 1991,
mortality rates were 2/100000 live births in Ireland; 3/100000 in
Australia, Belgium, Denmark, and Norway; 4/100000 in Italy and
Switzerland; and 5/100000 in Canada, Germany, Greece, Spain,
and Sweden, with other countries following (13).

An attempt to distinguish the impact of health services from
other factors on US women

Despite low maternal mortality ratios in the surrounding com-
munity, women who were members of a small religious sect were
reported to have aberrantly high maternal mortality ratios. Spence
et al (14) and Kaunitz et al (15) reported the perinatal and mater-
nal mortality rates among Faith Assembly members during
1975–1982. The Faith Assembly became active in northeastern
Indiana from <1973. One of its tenets was that members should
not receive medical care in response to health problems. Pregnant
women, therefore, received no prenatal care and gave birth at
home without obstetric assistance. The group had 6 maternal
deaths between 1975 and 1982, resulting in a maternal mortality
ratio of 872/100000 live births,<100 times that in the surround-
ing community. (Four of the deaths were from hemorrhage and
2 were from infection.) This suggests that the risk of death during
reproduction among women in modern America, who, apart from
medical care, were presumably living in similar social and eco-
nomic conditions others living in the same area was similar to that
in contemporary developing countries or in the West during the
19th century. The nutritional status of the Faith Assembly women
is unknown, and the experience, although dramatic, is not conclu-
sive in identifying which factors might have been involved in their
excess risk of mortality. Nevertheless, the causes of death suggest

strongly that they could have been prevented with adequate obstet-
ric care. The increase in the risk of death among women was much
greater than that among infants: the perinatal mortality rate was
2.7-fold that of surrounding communities compared with the
<100-fold increased risk of maternal mortality.

MATERNAL MORTALITY IN THE DEVELOPING
WORLD

AbouZahr and Royston (13) published an encyclopedic
description of the current state of knowledge of national mater-
nal mortality in both the developing and developed world. In
addition to data on national rates, they presented an invaluable
compendium of smaller and presumably more intensive—and,
therefore, more reliable—community and hospital-based studies.
The authors estimate that 500000 maternal deaths occur each
year, of which 494000 occur in developing countries. The world-
wide maternal mortality ratio is estimated to be 390/100000 live
births, 30/100000 in the developed world and 450/100000 in the
developing countries. Within the developing world, regional
rates are as high as 660–700/100000 live births in east, middle,
and west Africa, and 650/100000 live births in south Asia. Even
at these high levels, the reported rates for the developing world
are probably underestimated.
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FIGURE 2. Maternal mortality ratio, 1905–1950, and infant and
neonatal mortality ratios, 1910–1960, in the Netherlands (7). Repro-
duced by permission of Oxford Press (1).



Underestimates of maternal mortality

Much attention has been paid to the problem of accurately
estimating maternal mortality in the developing world (3, 16).
Despite the best intentions, these estimates are often no more
than educated guesses, probably under- rather than overestimates
because so many deaths are unattended and unregistered. In one
area in India, only one-third of the maternal deaths were
recorded in the health system (17). In another area of India, only
31% of maternal deaths had occurred in the hospital and 64% of
cases had never been referred (18). In a southern district in
Malawi, 56% of maternal deaths occurred outside a health facil-
ity (19). Similarly,<50% of maternal deaths were unreported in
a regional study in Argentina (20). Clearly, the deaths of women
who never reach a hospital are usually omitted from the health
statistics system. Official national statistics are, therefore,
unlikely to reflect the actual severity of the problem of maternal
mortality.

A paradox exists in that some thoughtful students of maternal
mortality have concluded that collecting accurate counts of death
is a distraction. They argue that the problem of maternal mortal-
ity is severe, knowledge exists about what should be done to cor-
rect it, and resources should not be expended to collect data that
in any case are highly suspect. Graham et al (21) concluded that
maternal mortality is not a feasible outcome indicator of the suc-
cess of interventions.

In contrast, Moodley et al (22) reported that structural changes
in the health care system would only be possible with the estab-

lishment of a common information database and if confidential
inquiries were held into all maternal deaths. This opinion probably
reflects that these authors are attempting to lower a maternal mor-
tality ratio in South Africa of <150/100000 live births, which is
already much lower than ratios in most developing countries. Accu-
rate counts and confidential enquiry may be the next appropriate
steps in the South African context.

Clearly, there are conflicting views on the need for routine
collection of data on maternal mortality. Nevertheless, it is not
clear how programs can be refined and how scarce resources can
be allocated without an accurate knowledge of both the extent of
maternal mortality and the quantitative effect of interventions.

Reevaluation of the effect of antenatal care on maternal
mortality

Some commentators have begun to question long cherished
assumptions about the importance of antenatal care. Rooney (23),
in a comprehensive assessment of the issue, concluded that little
is known about the effectiveness of antenatal care. McDonagh
(24) concluded that the evidence justifying antenatal care is
weak. She cited the example of a prospective study in the Gam-
bia that found no relation between antenatal care and maternal
mortality. A subsequent publication, however, showed a more
complex relation between the strengthening of primary health
care and subsequent maternal mortality; maternal mortality rates
did decline, but did so in both the villages with a primary health
care intervention as well as in the control villages (in contrast,
perinatal mortality rates decreased only in villages that received
improved primary health care) (25). This suggests an effect from
participating in the study, even as a control (ie, a Hawthorne
effect), because of improved surveillance, heightened awareness,
or better access to transport. A series of small studies reported the
near disappearance of maternal death after the introduction of rel-
atively uncomplicated health services. These include the experi-
ence of the MRC-Dunn Nutrition Unit in the Gambia (26) and a
pilot program in the rural areas around the city of Fortaleza in
northeastern Brazil (27). One of the best known intervention pro-
grams was the controlled trial in Bangladesh that introduced
improved community-based midwifery services in the Matlab
region (28). Maine et al (29), however, have disputed that the
decline in maternal mortality rates in Matlab was due to improved
primary care services and attribute the rates to improved access to
hospital perinatal services.

The most remarkable localized effort to reduce maternal mor-
tality was probably the Frontier Nursing Service in rural Ken-
tucky, which began in 1925 (1). Only 9 maternal deaths from
direct obstetric causes were recorded among >12000 deliveries
between 1925 and 1965. In the early years of the Frontier Nurs-
ing Service, the mortality rates were <10 times lower than those
in surrounding affluent communities. Which elements of the pro-
gram were most important and whether they can be replicated
remains uncertain, but this experience is a beacon for those who
aspire to create good maternal health services under difficult
conditions.

Maternal mortality and national social and environmental
factors

Only one study was found on cross-national social indices and
maternal mortality. Hertz et al (30) related national social and
environmental indices, including several nutritional ones, to
reported rates of maternal mortality, infant mortality, and life
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FIGURE 3. Secular trends in maternal mortality ratio (MMR),
1905–1960, infant mortality, 1910–1960, and neonatal mortality,
1928–1960 (8). Reproduced by permission Oxford University press (1).



expectancy. Their tentative conclusions were that the indices dif-
fered among the 3 endpoints studied. The published regression
model for maternal mortality included 3 nutritional variables that
were significant; the model was apparently overdetermined,
however, this was due to one variable in the regression model
being mislabeled. The senior author has since clarified this error
(JR Hebert, personal communication, 1999). The corrected final
model showed that maternal mortality was positively and signi-
ficantly related to the percentage of households with sanitation
and total energy intakes, but negatively (and almost significantly,
P = 0.07) associated with the residual of total fat intakes. This
negative relation with energy derived from fat probably reflects
that the latter was relatively expensive and thus may have been
an index of affluence as much as of nutrition. National numbers
of medical personnel, hospital beds, households with safe water,
and literacy were not significantly related to maternal mortality.

Economic disparity, structural adjustment, and maternal
health

Evans (31), reporting on a lecture by Professor Kelsey
Harrison, indicated that the gulf between the richest and poor-
est countries’ gross national product per capita increased
from 8-fold in 1950 to nearly 30-fold in 1995. Although 24 coun-
tries were categorized as poor in 1950, in 1995 there were 47,
of which 29 were in sub-Saharan Africa. The disparity in health
between rich and poor countries was starkly reflected by the
lifetime chance of a woman dying during pregnancy: 1 in
17 000 in Italy compared with 1 in 7 in Mali. Harrison stated
that the cost of an uncomplicated cesarean delivery in the area
where he worked in Nigeria was $274. This was an average 9-mo
salary, and those who needed the operation but could not afford
to pay, died.

The conditions devised by the World Bank or the Interna-
tional Monetary Fund so that developing countries can receive
loans typically require reduced government spending, usually
leading to lower social expenditures, ie, health care expendi-
tures, public education, and the education of women. This is
likely to affect health adversely, both from reduced health ser-
vices and from continued illiteracy; there is a close association
between maternal literacy and health outcomes (32). Thus, these

organizations, which represent the world community, although
doing some well-motivated work to improve public health and
nutrition, are also implementing other policies that are almost
surely making population health and nutrition status worse, at
least in the short run.

Effect of maternal death on surviving children

In their study of maternal mortality in Sweden in the 19th cen-
tury, Högberg and Broström (33) found that 68% of infants born
alive to dying mothers did not survive. Even more striking, sib-
lings aged<1 y at the time of the mother’s death had only a
3% chance of surviving to age 5 y. Similarly, siblings between
ages 1 and 5 y had only a 13% chance of surviving to the same
age. Although the effect in the contemporary developing world
may not be this severe, the death of a mother is likely to be fol-
lowed by the death of <50% of her children under the age of 5 y
(34). Although some of these children may die of causes shared
with their mothers (eg, starvation or AIDS), most will die
directly or indirectly from the lack of maternal care.

ANEMIA AND MATERNAL MORTALITY

Current concepts of the relationship between anemia and
maternal mortality

The problem of anemia during pregnancy, especially in the
developing world, has received much attention during recent
decades (35–40). Anemia is defined as a hemoglobin concentra-
tion <110 g/L (<105 g/L in the second-trimester) and severe
anemia as hemoglobin <70 g/L. These reviews unanimously
concluded that iron deficiency anemia during pregnancy is com-
mon, that it incurs severe adverse consequences, and, there-
fore, that aggressive iron supplementation during pregnancy is
necessary, particularly in the developing world. For example,
Viteri (39) reported that anemic pregnant women are at greater
risk of death during the perinatal period and that anemia is
the major contributory or sole cause of death in 20–40% of the
500000 maternal deaths/y. A high-level international group
recently concluded that high prevalence rates for iron deficiency
anemia in many developing countries constitute a public health
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FIGURE 4. Erysipelas mortality ratio/100 000 people of all ages and maternal mortality ratio/1000 births due to puerperal fever, England and Wales,
1911–1945 (1). Reproduced by permission of Oxford University Press.



emergency equivalent to epidemics of infectious disease and
have more lasting adverse consequences for survivors; the group
recommended that the evidence of the role of maternal anemia
on maternal mortality and other pregnancy outcomes be widely
disseminated to assist in program advocacy (41).

The assumption at the onset of this review was that the knowl-
edge base underlying this apparent consensus would be con-
firmed and the paucity of examples of improved health following
anemia treatment and prevention would be due primarily to the
failure to carry out program protocols adequately. In other
words, although the consequences and the prevention and cure of
anemia would be straightforward, the implementation of pro-
grams to lower iron deficiency would be problematic. This has
turned out not to be true. Upon careful review, the underlying
basis for the consensus is clearly far from secure. The rest of this
section explores why current policies to lower rates of anemia
are unlikely to lower the risk of maternal mortality greatly, why
there still might be appreciable benefit from more effective pro-
grams to deal with anemia, and why a great deal of further
research—both basic and applied—is essential.

A series of linked assumptions underlie current thinking
about the effect of maternal anemia on maternal mortality
(listed below in the section “Responding to severe anemia dur-
ing pregnancy”). None of the assumptions, however, is securely
supported by the available evidence as presented below. This
does not imply that increasing maternal survival by preventing
and treating anemia, particularly severe anemia, may not be
possible. Rather it reveals crucial gaps in knowledge about
whether—and how—this might best be done.

Methodologic problems relating anemia to maternal mortality

The literature on anemia during pregnancy is extensive, but
the available data on the association between anemia and mater-
nal survival are limited. A few key studies are repeatedly
referred to, usually in passing and uncritically, and discussion
quickly moves onto other issues. It has been chastening to scru-

tinize the basic data on which the relation of anemia to maternal
mortality is usually posited.

Ideally, to determine the relation between anemia and subse-
quent mortality, hemoglobin concentration and other hemato-
logic and biochemical indexes of anemia should be measured
prospectively before pregnancy. This would avoid confusion
resulting from the hemodilution of pregnancy. Because anemia is
defined by hemoglobin concentration, rates of anemia during
pregnancy are much higher than those that occur during the non-
pregnant state. Risk estimates calculated from hemoglobin
concentrations measured before pregnancy would be better indi-
cators of the need for prophylaxis or treatment (42). Measure-
ments would be made in a representative population and women
would be followed to the end of pregnancy. Pregnancy outcomes
would be related to the rate and etiology of anemia, whether pro-
phylaxis and treatment were received, and the extent to which
anemia was corrected. Ideally, treatment would be double
blinded (ie, assigned randomly with both recipients and observers
unaware of treatment assignment). Unfortunately, no investiga-
tion has come close to such methodologic rigor.

Few studies even relate hemoglobin concentrations measured
prospectively during pregnancy, usually at unspecified stages of
gestation, to maternal mortality. Only one study reported clearly
that hemoglobin concentration measurements had been recorded
in early pregnancy (43), and all of the studies but one were in
hospital populations. Although the hope that prepregnancy
hematologic status can be related to subsequent risk during preg-
nancy may be utopian, the uncertainty of inference drawn from
hemoglobin concentrations measured at the time of delivery
cannot be overemphasized. Hemoglobin concentration measure-
ments at delivery are confounded in at least 4 ways: by the
hemodilution of pregnancy, the physiologic rise in hemoglobin
concentration in the third-trimester, concurrent illness (espe-
cially hemorrhage or infections that may have been the reasons
for coming to the hospital; the most important confounder), and
the unrepresentativeness of the women (a flaw common to all
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FIGURE 5. Trends in maternal mortality ratios by cause, England and Wales, 1931–1950 (1). Reproduced by permission of Oxford University Press.



studies on patients first encountered at confinement). Population
rates of observed outcomes cannot be inferred from women
enrolled at confinement because the referent population (those
who are cared for in hospitals on an unbooked or emergency
basis) can rarely be described or quantified.

The plea for representativeness in such studies may seem to be
a methodologic nicety—epidemiologic prissiness—but it is a
crucial issue. Women who arrive at a hospital only at the time of
birth rarely do so because of disinterest or laziness. Quite the
contrary: they typically go to the hospital because they are very
sick and often do so after an arduous and unsettling journey.
These sick women are at high risk of dying. It is difficult to jus-
tify comparing survivors with those who die among women who
end up in the hospital and then imputing the results to the larger
population from which they were drawn. Such comparisons are
at best weak approximations and are probably very misleading.
This is especially true because hemoglobin concentration at con-
finement is likely to be measured because of bleeding and may
have been the reason for the transfer to the hospital in the first
place. Most studies have correlated hemoglobin concentrations
in moribund women entering the hospital with their subsequent
death, which does not provide an adequate basis on which to
decide how anemia affects maternal survival. Furthermore, no
available studies have taken into account the effect of anemia
prophylaxis or treatment, other than transfusion in the treatment
of very severe anemia (<40 g/L) on the chance of dying. Fuller-
ton and Turner (55), in Ibadan, Nigeria, reported that there were
no cases of cardiac failure and no maternal deaths when hemat-
ocrit was >0.13. The death rate among severely anemic women
(hematocrit <0.14) decreased from 20% to <3% by using

exchange transfusion. Yet this patently inadequate set of studies
is used as the basis for prophylaxis and treatment programs.

Drawing conclusions from the proportion of all deaths attrib-
uted to anemia rather than to the risk of death given anemia only
adds to the confusion. Ross and Thomas (44), in their review of
maternal anemia and mortality, used the proportion of all mater-
nal deaths attributed to anemia as their central index. Their
analyses were typically based on hospital series data. Such attri-
bution can be highly subjective and is likely to vary widely.
Moreover, estimating whether and to what extent the risk of
death was increased in anemic women, using this approach, is
not possible because the risk of death from anemia cannot be
estimated by considering only those who died. With so many
uncertainties, it is hardly surprising that the percentage of
maternal deaths attributed to anemia, or in which anemia was
considered a contributing factor, varied widely, from as low as
1.9% to as high as 18.6% [not nearly as high as the 20–40%
conveyed by Viteri (39)]. Stokoe (45), in a review of 16 hospi-
tal-based studies of maternal mortality in the developing world,
found that the median percentage of deaths attributed to anemia
was zero (9 of 16 studies). Estimates in the other 7 studies cited
ranged from 3.0% to 7.5%. These were not only lower rates, but
were considerably less variable than those suggested by Ross
and Thomas (44).

There are no universally accepted standards for attributing
death to anemia; even if there were, they would be difficult to
apply consistently from place to place and across time, espe-
cially when clinical information is incomplete, diagnostic cri-
teria are not uniform, and data collection is not standardized.
Not only is it difficult to specify the cause of death consis-
tently and accurately, but bias in attributing cause of death is
possible. A hospital could put itself in a better light by
attributing death to anemia rather than to hemorrhage because
the latter is more likely to be understood to reflect obstetric
mismanagement.

A cohort approach is needed to estimate the risk of death
from anemia: comparison of mortality rates between groups of
pregnant women with and without anemia. If the same propor-
tion of women who die have anemia with the same degree of
severity as surviving women, anemia cannot logically be impli-
cated as a contributory cause of death. (Even the few reports
from which relative risk of death associated with anemia can be
calculated, rarely, if ever, specify the causes of anemia or the
effect of therapy.)

Studies relating anemia to maternal mortality

All studies relating anemia to maternal mortality from which
relative risks could be calculated are presented in Table 1.
Llewellyn-Jones (46) presented one of the rare reports that is
probably entirely prospective, although he makes no explicit state-
ment that all the hemoglobin concentration measurements were
done before confinement. He described 73048 women delivered
at the maternity hospital in Kuala Lumpur between 1953 and
1962, of whom 2250 (3.1%) had severe anemia, with initial
hemoglobin concentrations <66 g/L. The maternal mortality
ratio for those with severe anemia was 1556/100000 live births
(n = 35) compared with 350/100000 live births (n = 248) for (pre-
sumably) all the other women, a relative risk of 4.4.

There are vexing and important uncertainties in this report.
Whether all hemoglobin concentrations were measured before
term is not clear and no data were presented on the specific out-
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FIGURE 6. Trends in maternal mortality in various countries,
1889–1950 (1). Reproduced by permission of Oxford University Press.



come for women with moderate anemia (hemoglobin concentra-
tions >66 g/L). To infer that their outcomes were not remarkable,
ie, that moderate anemia did not confer any increased risk of
mortality, seems both reasonable and logical because the author
did not report otherwise. Nevertheless, interpreting omitted
results is risky, albeit probably unavoidable here. It would also
be of great value to know whether treatment of anemia conferred
any benefit. The author stated that all women with hemoglobin
concentrations of <66 g/L were admitted to the hospital. They
received 2500 mg parenteral iron if, after intensive investigation,
iron treatment was warranted. If administered early enough in
gestation, such an aggressive treatment regimen should have
eliminated iron deficiency as a cause of severe anemia. No data,
however, were presented describing the effect of treatment for
anemia, either on hemoglobin concentrations or on rates of
maternal death. It is also discouraging that the causes of excess
death among severely anemic women, whether from greater risk
of shock after hemorrhage, toxemia, or another cause, were not
presented. What can be concluded from this report is that even
with skilled and intensive antenatal and perinatal care, severe
anemia (probably measured prospectively and treated compe-
tently, including aggressive response to iron deficiency) was
associated with a 4.4-fold increased risk of maternal death. What
remains unresolved is the extent to which aggressive treatment
of iron deficiency eradicated anemia; whether effective treatment
of anemia modified maternal, fetal, and infant outcomes; and
whether the presumably more numerous population of women
with moderate anemia were at greater risk of death than the
nonanemic population. Finally, the applicability of this experi-
ence to the rest of the developing world is uncertain because this

population received specialized obstetric attention, including
prenatal care, operative obstetrics, and access to a blood bank.
The increased risk of death with severe anemia might be far
greater for women without access to this level of health care.

Harrison (47) presented data suggesting that the percentage of
anemia in 12262 mothers delivered in Zaria, Nigeria, was 6.1%,
whereas that in mothers who died was 4.7%. The anemia crite-
rion was not defined. Inferring from the author’s data, it appears
more likely that there were 36 deaths among the 760 anemic
women, a ratio of 4.7%, and 142 deaths in the 11699 other
women, or a ratio of 1.2% and a relative risk of 3.9.

In another publication from the same hospital, Harrison (48)
presented the relation between hematocrit and maternal death for
5178 singleton births in 1976. Whether the hematocrit was meas-
ured before term was not specified. In this series, the maternal
death rate was 20% (5/25) with a hematocrit <0.14, 3% (3/90)
with hematocrit between 0.15 and 0.25, and zero (0/143) with
hematocrit between 0.25 (equivalent, approximately, to a hemo-
globin concentration of 80 g/L) and 0.29. Thus, maternal death
was extremely common with very severe anemia and common
with severe anemia, but nonexistent with moderate anemia. This
is only 1 of 2 reports explicitly reporting the risk of maternal
mortality associated with moderate anemia.

Harrison and Rossiter (49), also in Zaria, Nigeria, observed
maternal mortality ratios of 370/100000 live births for patients
registered for prenatal care (booked) and 2860/100000 live births
for patients who presented at the hospital for the first time at
delivery (unbooked). The 19 deaths among the booked patients
were not arrayed by hematocrit. Only 22% of the unbooked sur-
vivors and 55% of those who died had hematocrit measured.
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TABLE 1
All studies of severe anemia and maternal mortality for which relative risk (RR) could be calculated

Study Site and subjects Level of anemia RR

Llewelyn-Jones1 (46) Hospital, Kuala Lumpur (n = 73048 total, 2250 anemic) Severe 4.4
Harrison2 (47) Hospital, Zaria, Nigeria (n = 12262 total, 760 anemic) Uncertain 3.84
Harrison (48) Hospital, Zaria, Nigeria (n = 5178 total, 258 anemic) Very severe (Hct3 <0.14) 20.0

Severe (0.14–0.25) 3.4
Moderate (>0.25–0.29) 0

Harrison and Rossiter4 (49) Hospital, Zaria, Nigeria (n = 1777 total) Very severe (Hct <0.14) 1.34
Severe (0.14–0.24) 1.05
Moderate (0.25–0.29) 0.75
Polycythemia (≥0.45) 3.3

Chi et al5 (50) 12 teaching hospitals Indonesia, (n = 36062 total) Severe and moderate Urban 2.1
Severe and moderate Rural 5.9

Thonneau et al6 (51) Hospital, Conakry, Guinea, case control study (n = 102 deaths,
338 controls) Uncertain 2.1

Diallo et al7 (52) Hospital, Conakry, Guinea (n = 13191 total, 1408 anemic) All 2.8(?)
Sarin (53) Hospital, Punjab (n = 35565 total, 8348 moderately anemic,

19946 severely anemic) Severe (Hb <70 g/L) 3.13
Moderate  and mild (Hb 70–109 g/L) 1.64

McDermott et al8 (54) Malawi, prospective (n = 3740 total, 233 anemic) Severe 5.99

1Anemia = hemoglobin (Hb) ≤65 g/L, all subjects hospitalized; parenteral iron given (no data on effect); no data on when Hb measured.
2Level of anemia not specified; odds ratio calculated from author’s data.
3Hct, hematocrit.
4Unbooked women who presented at the hospital for the first time at delivery; Hct at delivery; 24% of women had Hct measured.
5Anemia = Hb ≤90 g/L; 92% of deaths admitted as emergencies, 37% of deaths moribund. Numbers of anemic women not given.
6Anemia not defined.
7Anemia = Hb ≤110 g/L, most subjects had severe anemia; authors’ data inconsistent and calculated RR therefore uncertain.
8Anemia = Hct <0.25. If positive for HIV, then RR = 9.8 for sum of maternal plus postmaternal mortality, and RR = 30.8 for postmatermal mortality only.
9Sum of maternal and postmaternal mortality (postmaternal mortality only, RR = 9.9).



Hematocrit values for the 219 unbooked women who died are
compared with those of unbooked survivors in Table 2. Presum-
ably, the women’s hematocrits were not measured until they
arrived at the hospital, and women with antepartum hemorrhage
were not excluded. Although there was no clear relation between
low hematocrit at delivery and either total mortality or mortality
associated with antepartum or postpartum hemorrhage, high
hematocrit was associated with high mortality. This does not,
however, preclude the possibility that anemia might have been
associated with high mortality; a relation could have been masked
by the incompleteness of these data. The inference that can be
drawn from these results is limited for 5 reasons:1) The hemat-
ocrit of only a small number of women was measured, and these
women were almost certainly, on average, sicker than women
whose hematocrit was not measured. Because hematocrit was not
measured universally, presumably measurement would have been
far more likely when clinically indicated (ie, in the presence of
anemia and when transfusion might be contemplated). 2) The at-
risk population from which these women were drawn is
unknown; inferring rates of anemia and estimating risks of death
in the larger population is, therefore, very uncertain. 3) Hemat-
ocrit at hospital entry for delivery may have had a weak relation
with hematocrit earlier in pregnancy. 4) The causes and duration
of anemia in these women are unknown. 5) Iron deficiency was
stated to be an unusual cause of anemia in this region.

Chi et al (50) studied 108 maternal deaths between 1977 and
1980 that had adequate records (out of a total of 135) at 12 teach-
ing hospitals in Indonesia. Anemia was defined as a hemoglobin
concentration ≤90 g/L at confinement. The death ratio among
anemic urban women was 388/100000 live births compared with
184/100000 live births for the nonanemic women, a relative risk of
2.1. For rural women, the mortality ratios were 1348/100000 live
births and 228/100000 live births, respectively, a relative risk of
5.9. All but 9 of the 108 deaths were emergency admissions and
40 were among women who were moribund at admission. Esti-
mating population death rates is not only impossible, because the
background populations from which these women were drawn are
unknown, but the implications of hemoglobin measured at admis-
sion for women who were very sick and often in shock, are uncer-
tain. Death ratios were not presented for women with hemoglobin
concentrations between 90 and 110 g/L. The much higher risk of
death associated with anemia for rural women is provocative and
consistent with anemia being far more dangerous when access to
obstetric care is limited; women who need obstetric services most
are least likely to have access to them. These data strongly suggest
the interdependence between nutritional status and health services
in affecting pregnancy outcome.

Thonneau et al (51) carried out a case-control study of
102 maternal deaths and 338 control women who delivered
between July 1, 1989, and June 30, 1990, in Conakry, Guinea.
The relative risk of death if anemia was present was 2.1 (95% CI:
1.1, 4.1). However, anemia was not defined, hemoglobin con-
centrations were not given, and is it not clear whether hemoglo-
bin was measured prospectively.

In western Kenya, Zucker et al (56) observed 6 deaths among
73 severely anemic pregnant women with hemoglobin concen-
trations <60 g/L at admission, a death rate of 8.2%. The hospital
apparently provided medical but not obstetric services. Of the
279 women in the reference group who were hospitalized but
who did not have severe anemia, 177 of whom were pregnant,
only 4 died. No results were presented for anemic pregnant
women with hemoglobin concentrations >60 g/L, and these
admissions were presumably a mix of both pregnant and non-
pregnant women with either severe medical or obstetric prob-
lems. Neither death rates nor relative risks of death with severe
anemia during pregnancy can be calculated because of the inde-
terminate reference population. Nevertheless, the very high
death rate among the severely anemic is striking.

Diallo et al (52), in a prospective hospital study in Conakry,
Guinea, observed a maternal mortality ratio of 852/100000 live
births for the 10.7% of women who were anemic. Anemia was
defined as <110 g/L hemoglobin. They stated in their summary
that these 12 deaths represented 65% of all maternal deaths but,
in the text, a value of 25% was given, which appears more plau-
sible. If the latter value was correct, by comparing anemic with
nonanemic women, the relative risk of death can be calculated as
2.8. From the data presented, it is not possible to estimate
whether there were different death ratios for severe and moderate
anemia. This population of hospitalized women served as an
unrepresentative sample in which to study anemic women com-
pared with nonanemic women, as reflected by the high frequency
of severe anemia: 56% of all women with anemia had hemoglo-
bin concentrations <80 g/L; only 44% had concentrations
between 80 and 110 g/L, the reverse of what would be expected
in the general population. Thus, this subset of women cared for in
the hospital was skewed to the very sick.

Sarin (53) reported on maternal mortality in a hospital series
(as well as a population survey of the prevalence of anemia
during pregnancy) in Punjab State, India. The author related mater-
nal mortality to hemoglobin concentrations measured at admis-
sion for delivery. For nonanemic women (n = 38), the maternal
mortality ratio was 566/100000 live births, for mildly anemic
women (n = 184) it was 927/100000, and for severely anemic
women (n = 117) it was 1769/100000. These cross-sectional
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TABLE 2
Maternal mortality per 100 births for unbooked women delivered at Zaria Hospital, by hematocrit at delivery1

Hematocrit at delivery

≤0.14 0.15–0.20 0.20–0.25 0.25–0.30 0.30–0.35 0.35–0.40 0.40–0.45 ≥0.45 Total
(n = 122) (n = 185) (n = 241) (n = 331) (n = 346) (n = 346) (n = 170) (n = 36) (n = 1777)

Hemorrhage
Antepartum 2.9 10.0 3.1 8.5 6.7 16.7 0 0 6.5
Postpartum 6.7 5.3 16.1 9.3 15.0 4.0 0 — 12.6

All deaths 9.0 5.4 8.3 4.2 5.5 6.9 8.8 22.2 6.8
1Unbooked women presented at the hospital for the first time at delivery. From reference (49), extracted from authors’ results. Analysis presumably lim-

ited to the minority of women with hematocrit values.



hospital-based data at delivery and those of Harrison (48) are the
only data available that explicitly present the mortality risk asso-
ciated with moderate anemia. The results of the 2 studies, how-
ever, are contradictory. Nevertheless, whether there was increased
risk of mortality associated with moderate anemia, by far the
highest risk of excess mortality was in the severely anemic.

The recent study of McDermott et al (54) in Malawi, which
followed a cohort of 3740 pregnant women prospectively, is
extremely important. Hematocrit concentrations and HIV anti-
bodies were assessed. Of the 6.2% of women with hematocrit
concentrations < 0.25, the odds ratio for maternal death com-
bined with death 3–10 mo after delivery was 5.9, and was 9.9
for later death alone. Among HIV-positive women, the odds
ratios were 9.8 and 30.8, respectively, for the 2 time periods.
The death rate for the 13.2% of women who had a hematocrit
concentration between 0.25 and 0.29 was not reported and was,
presumably, not raised significantly. In this population, severe
anemia was profoundly related to maternal death, but mild-to-
moderate anemia was probably unrelated. The role of nutrition
was likely to be smaller than other factors, such as HIV infec-
tion, in the causation of both anemia and maternal death.

Conclusion

On the basis of the fragmentary evidence available, it seems
reasonable to assume that the risk of maternal mortality is
greatly increased with severe anemia. The data available only
confirm an associative—not a causal—relationship. Neverthe-
less, the strength of this relationship makes it appropriate to pre-

sume that it is causal, all the while trying to collect more defini-
tive data. From available evidence, it seems appropriate to take
immediate action to correct severe anemia during pregnancy,
with the understanding that there is a profound need to simulta-
neously examine key questions about the relationship between
anemia and maternal mortality. The most urgent and most diffi-
cult of these questions is whether intervention during pregnancy
can be shown to affect death rates.

The evidence of a relationship between maternal death and
moderate anemia, however, is both scanty and contradictory.
Until further data are available, it appears that moderate concen-
trations of anemia are probably best considered unrelated to
excess maternal mortality, and correcting moderate anemia
should be given lower priority than correcting severe anemia.
There is an urgent need to clarify the relations between concen-
tration of anemia and maternal survival and pregnancy outcome,
and to estimate to what extent prophylaxis and treatment modify
risk of morbidity and mortality.

Prevalence of anemia

Several extensive reviews of anemia prevalence during preg-
nancy have been published. A World Health Organization (42)
report published in 1992 on anemia prevalence in women contains
an exhaustive survey and is an update of the original summary
compiled by Royston (43). The more recent report estimates that
58.27 million women worldwide are anemic during pregnancy,
of whom 55.75 million live in developing countries and 2.52 mil-
lion live in industrialized countries (Table 3). Anemia is less
prevalent among nonpregnant women, but the absolute number
of anemic nonpregnant women is much greater than that of ane-
mic pregnant women. An estimated 400 million nonpregnant
women are anemic worldwide, of whom >90% are in the devel-
oping world. The most severely affected area is south Asia,
where <75% of women are anemic during pregnancy as are
58% of nonpregnant women. Anemia prevalence is also high in
Southeast Asia, Africa (except southern Africa), and the Caribbean.
The review by Sloan et al (57) summarizes all the reports on the
rates of anemia from developing countries, published in refereed
journals or national or regional reports between 1979 and the
time of their review.

Prevalence of severe anemia

Unfortunately, no available reviews summarize the prevalence
of severe anemia. With some exceptions, rates of severe anemia
are much lower than those of moderate anemia. The exceptions
include India, where there are extremely high rates of severe
anemia among pregnant women. For instance, in a survey in
Gujarat State, the prevalence of severe anemia (hemoglobin
<80 g/L) rose from 23% in the first trimester to 30% in the third-
trimester (for all cases of anemia, the rates were 86% and 93%,
respectively). The parallel rates of severe anemia in Maharashtra
State were 32% and a remarkable 47% in the first and third-
trimesters of pregnancy, and 68% and 94% for all cases of ane-
mia, respectively (58). In another study, in Punjab State, 86% of
pregnant women were anemic and 58% had hemoglobin concen-
trations <70 g/L (55). This very high rate may have partly been
a function of the bias associated with the decision to use the low-
est recorded hemoglobin value for the analysis. In contrast, a
recent survey of urban Indian women showed no women with
hemoglobin concentrations <80 g/L (59). In an area of Papua
New Guinea endemic for malaria, Brabin et al (60) found that
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TABLE 3
Estimated prevalence of anemia in women (<1988)1

Women with Hb concentrations below average

Region Pregnant Nonpregnant All

n (%)

World 58270 (51) 399250 (35) 457520 (37)
Developing countries 55750 (56) 363800 (43) 419550 (44)
Developed countries1 2520 (18) 35460 (12) 37970 (13)
Africa 11450 (52) 47940 (42) 59400 (44)

Eastern 3380 (47) 13540 (41) 16920 (42)
Middle 1290 (54) 5330 (43) 6620 (45)
Northern 2240 (53) 11450 (43) 13690 (45)
Southern 380 (35) 2500 (30) 2880 (30)
Western 4170 (56) 15120 (47) 19290 (48)

Asia2 40140 (60) 294960 (44) 335100 (45)
Eastern2 7290 (37) 105760 (33) 113060 (33)
Southeastern 6300 (63) 47230 (49) 53530 (50)
Southern 24760 (75) 133180 (58) 157940 (60)
Western 1790 (50) 8790 (36) 10570 (38)

Latin America 4030 (39) 28640 (30) 32670 (31)
Caribbean 340 (52) 2790 (36) 3130 (37)
Central 1210 (42) 9550 (39) 10760 (39)
South 2480 (37) 16310 (25) 18790 (26)

Northern America 570 (17) 7050 (10) 7620 (11)
Europe 920 (17) 12100 (10) 13020 (11)
Oceania2 130 (71) 780 (66) 910 (67)
USSR3 640 (15) 7770 (12) 8420 (12)

1From reference 42. 
2Japan, Australia, and New Zealand were excluded from the regional

estimates but are included in the total for developed countries. Figures may
not add up because of rounding.

3Data collected before recent political changes. USSR: former Union of
Soviet Socialist Republics.



44% of primigravidae and 29% of multigravidae had hemoglobin
concentrations <80 g/L in the third-trimester.

Typically, even in the developing world, rates of severe ane-
mia have been much lower than rates of mild and moderate ane-
mia. In rural Zaire, Jackson et al (61) found that although 72% of
women attending an antenatal clinic had anemia, only 3.7% had
hemoglobin concentrations <70 g/L. Zucker et al (56) observed
that 6% of pregnant women in western Kenya had hemoglobin
concentrations <60 g/L. Gyssens and Meheus (62), in Niger,
found that 46.7% of women at their first antenatal clinic atten-
dance had hemoglobin concentrations <110 g/L, but only
1.9% of the women had concentrations <70 g/L. In Mozam-
bique, Liljestrand et al (63) found that 58% of pregnant women
had hemoglobin concentrations <110 g/L, but that only <10% of
the women had values <90 g/L. Bergsjø et al (64) found that
74.5% of women in Moshi, Tanzania, had hemoglobin concen-
trations <110 g/L, but only 7% of the women had concentrations
<70 g/L. Thus, although anemia is extremely common in poor,
pregnant Third World women, the reported rates of severe ane-
mia are, with exceptions such as these reports from rural south
Asia or Papua New Guinea, no more than <10%.

Etiology, prevention, and treatment of anemia

Etiology of anemia

Anemia has multiple causes among Third World women, which
are often concurrent, especially if the anemia is severe. In any
one area there may be a mix of a deficiency of dietary iron
(from low bioavailability and less often from low intakes; low
iron bioavailability is usually caused by dietary phytate or other
dietary iron absorption inhibitors, including tannins in tea, and
malabsorption syndromes such as sprue); folate and vitamin B-
12 deficiency; intestinal bleeding caused by hookworm or other
parasites; vaginal bleeding; malaria, particularly in primigravid
or young women; hemoglobinopathies such as sickle cell dis-
ease and thalassemia; and concurrent infections, especially
HIV. For example, Harrison and Ibeziako (65) noted that in
their area of Nigeria, red cell hemolysis that was indirectly due
to Plasmodium falciparuminfection was the main etiologic fac-
tor of anemia, but that folate deficiency and hemoglo-
binopathies were also found; iron deficiency was rare. Fleming
(66) noted that among 248 consecutive admissions of anemia
during pregnancy or the puerperium in Ibadan, Nigeria, only 2
patients were iron deficient and both had heavy hookworm
infestation. In all the other patients, the anemia was due to P.
falciparum, folate deficiency, hemorrhage, hemoglobinopathies,
and various miscellaneous other causes. Ratten and Beischer
(67) found that 34% of the 202 pregnant women with hemoglo-
bin concentrations <82 g/L in Melbourne had b-thalassemia.
Melbourne has many immigrants from Mediterranean countries
whose populations have high rates of the genetic trait for tha-
lassemia.

Brabin et al (60) found that malaria prophylaxis was impor-
tant for controlling anemia in Papua New Guinea. Atukorala et al
(68) found in an observational study in pregnant tea plantation
workers in Sri Lanka that among women supplemented with iron
and folate, only those who also received anthelminthic treatment
had increased hemoglobin and serum ferritin concentrations.
Olukoya and Abidoye (69) found that hemoglobin concentra-
tions in pregnant women in Lagos, Nigeria, were significantly
lower if the women carried intestinal parasites. Other infections
are also important causes of anemia, and HIV infection has

become the most notorious problem in the developing world
(54). Thus, the causes of anemia vary with dietary practices,
infectious disease and parasite burdens, genetic factors, and
socioeconomic status.

Interrelationships between iron and other nutrients

Grindulis et al (70) found a strong relation between iron and
vitamin D nutrition for Asian toddlers in England. Mejia and
Arroyave (71) found that vitamin A fortification in Guatemala was
associated with increased transferrin saturation and serum ferritin
concentrations. Suharno et al (72) found that although 68% of ane-
mic pregnant Indonesian women responded to iron supplements
alone, 97% responded to a combination of iron and vitamin A.

Prevention: effect of iron supplementation during pregnancy in
community-based programs

Sloan et al (57), Yip (73), and Cook and Reddy (74) com-
mented on the discrepancy between the results of clinical trials
and population-based iron supplementation programs. They
noted that clinical trials have repeatedly shown that iron supple-
mentation increases iron stores and hemoglobin concentrations
in pregnancy. In contrast, there is no convincing evidence that
community-wide or population-based iron supplementation pro-
grams have had much, if any, demonstrable effect on either iron
stores or, more importantly, other indexes of maternal or perina-
tal health. This failure of community programs to reduce the
prevalence of anemia may be due to many factors, including low
compliance, administrative inefficiency, or the use of iron to pre-
vent or treat anemia that is only partially due to iron deficiency.

The Indian Council of Medical Research (75) evaluated the
Indian national program of anemia prophylaxis with iron and
folate supplements. This evaluation, whatever its limitations, is
important because India has more severely anemic women than
any other country. The report presents the distribution of hemo-
globin concentrations by the number of iron tablets received by
pregnant women and the results were interpreted as showing no
significant effect of iron therapy on severe anemia (hemoglobin
concentration <75 g/L). However, on reanalysis, the data show
that there was a highly significant association between ingestion
of iron supplements and the prevalence of severe anemia. The
frequency of severe anemia was 22.7% in those women who
received any tablets compared with 26.3% in those women who
did not. The effect, however, was observed at an improbably low
intake of as few as 15 tablets for the entire pregnancy. Only one-
fifth of the women received tablets, which is a clear indication of
program insufficiency. Although highly significant statistically,
the small effect on the rates of anemia and the low rate of receipt
of iron tablets are discouraging.

Sloan et al (57) did a meta-analysis on 24 randomized trials
published between 1966 and 1989 that met their criteria for ade-
quate study design. Nine of the 24 studies on the effects of iron
supplementation during pregnancy were from developing coun-
tries. The findings are provocative. On average, the increase in
hemoglobin concentration was only 2 g/L greater in subjects
who received a traditional dose of ≤60 mg Fe/d than in control
subjects who received a placebo. An appreciably greater effect
was observed, however, with increasing doses of iron. The mean
hemoglobin response was 16 g/L greater than that of the control
subjects with a dose of ≥120 mg Fe/d (Table 4). These findings
have 4 implications for anemia prevention programs:1) The
results appear to undermine the likelihood that less-than-daily
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supplementation will be optimal. Possibly those who were pre-
scribed ≥120 mg Fe/d took less than that but still consumed
enough to make a measurable difference in hemoglobin concen-
trations, whereas low compliance among those given ≤60 mg
Fe/d could have led to negligible change. 2) Tolerance to oral
iron decreases with increasing dose and, with the observed need
for high doses, there is clearly a narrow therapeutic window
between an effective and a tolerable dose. 3) There was a strong
inverse association between the initial group mean hemoglobin
concentration and the average response to therapy (Table 4). In
the few developing country studies in which the initial mean
hemoglobin concentration was relatively high (110–119 g/L),
iron treatment led to an average increment of hemoglobin con-
centration of only 5 g/L compared with that of control subjects.
This increase was one-half or less the effect of iron in studies in
which the initial mean hemoglobin concentrations were lower. 4)
When mean hemoglobin concentrations were lowest (<100 g/L),
the effect of the intervention was less than that in the trials in
which the initial mean hemoglobin concentrations were between
100 and 109 g/L (mean hemoglobin increase was 10 g/L com-
pared with 13 g/L more than control values, respectively). This
may have been a chance finding, but, without alternative data, it
needs to be addressed with utmost seriousness. From what is
known about the physiology of iron absorption, the opposite
trend would be expected—with lower hemoglobin concentra-
tions and presumably more severe iron deficiency, iron absorp-
tion should be increased. One explanation for this anomaly may
be that in populations with lower hemoglobin concentrations,
anemia was less often due to iron deficiency alone and, there-
fore, less responsive to iron or iron-folate therapy alone.

Without knowledge of both the causes of anemia and the mag-
nitude of the response to iron supplementation of women with
low initial hemoglobin concentrations, planning and testing inter-
vention programs to ameliorate severe anemia will be difficult.
Such estimates must be made in studies that include untreated or
differently treated comparable groups to control for the effects of
both physiologic and measurement regressions to the mean and
for the physiologic changes of hemoglobin concentration over the
course of pregnancy. Regression to the mean has the effect that
even with no intervention, those with the lowest measured values
will have the greatest real and apparent increases in hemoglobin
concentration upon remeasurement. The authors of the trials

reviewed by Sloan et al (57) and those of subsequent trials should
be requested to reanalyze their results, stratifying outcome by
initial hemoglobin concentration or, even better, sharing their
original data, thereby saving valuable time, effort, and resources.
A rational policy to ameliorate the effects of severe anemia in
pregnancy is probably impossible without this information and it
could save years of work to learn from extant data rather than
having to repeat such studies.

Treatment: frequency of iron prophylaxis

Several reports state that weekly iron supplementation is as—
or nearly as—effective in raising or maintaining hemoglobin
concentrations during pregnancy as is daily supplementation.
However, in their trial that showed 120 mg Fe/wk was as suc-
cessful as 60 or 120 mg Fe/d in preventing third-trimester anemia,
Liu et al (76) did not include women with initial hemoglobin
concentrations <80 g/L for legitimate ethical reasons. The same
research team showed that weekly doses of 60 mg/Fe for non-
pregnant women without anemia were effective in preventing
anemia (77). Ridwan et al (78) found that in anemic women
(hemoglobin concentrations <110 g/L), hemoglobin increased to
approximately the same concentrations with weekly or daily iron
supplementation. The increase in serum ferritin, however, was
far greater with daily than with weekly supplementation. The
authors did not report the results for severe anemia separately.
Thus, the issue of weekly prophylaxis is not yet settled. The use
of less-than-daily iron therapy for any level of anemia during
pregnancy seems unlikely to become standard practice because
of the results of the meta-analysis by Sloan et al (57). They
found scant evidence of any effect on hemoglobin concentration
even with traditional doses of 60 mg Fe/d.

The possibility of adverse pregnancy outcome with high or
even normal hemoglobin concentrations or with iron 
supplementation

The scope of this paper precludes a comprehensive assess-
ment of possible dangers of iron treatment other than during
pregnancy. The association between high hemoglobin concentra-
tion and adverse maternal and infant outcomes, the possibility
that oral iron ingestion can cause high hemoglobin concentra-
tion, and the direct evidence that iron-induced increases in
hemoglobin concentration are associated with toxicity will be
discussed and allusions will be made to the controversies about
other possible toxicities of iron. Scrimshaw (79) has comprehen-
sively reviewed the health effects of iron deficiency.

Iron, hemoglobin concentration, and fetal growth

Mahomed and Hytten (80) conducted a meta-analysis on the
effect of routine iron, folate, or iron and folate administration dur-
ing pregnancy. They concluded that supplemental iron prevents, or
greatly reduces, the normal decrease in hemoglobin concentration
during pregnancy, but that no clinical benefit is seen either in the
pregnancy itself or in the infant, only a buildup of a woman’s iron
stores. On the other hand, there are hints that the reversal of the
normal decrease of hemoglobin concentration and iron-induced
macrocytosis may increase blood viscosity to a degree that could
impair utero-placental blood flow. Compared with the concentra-
tion defined as signifying anemia, higher hemoglobin concentra-
tions have consistently been associated with a worse prognosis for
the mother and child. Harrison and Rossiter (49), in Zaria,
observed that hematocrit concentrations of ≥0.45 were associated
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TABLE 4
Meta-analysis of trials of iron supplementation during pregnancy1

Daily dose of elemental iron or Mean change compared
mean initial Hb concentration and effect with control subjects (g/L)

Daily dose (mg Fe/d)2

≤60 2 (217 to 11)
61–90 10 (6–15)
91–120 12 (6–22)
>120 16 (9–26)

Mean initial Hb (g/L)3

≤100 10 (2–17)
<110 13 (23 to 25)
<120 5 (212 to 12)
≥120 — (—)

1Range in parentheses. Hb, hemoglobin. From reference 57.
2All countries.
3Developing countries only.



with a marked increase in maternal mortality (Table 2), but the
number of subjects was very small. Murphy et al (81) found a marked
increase in the incidence of maternal hypertension, as well as
increased perinatal mortality, low birth weight, and preterm birth
associated with higher hemoglobin concentrations early in preg-
nancy. In the US Collaborative Perinatal Study, Garn et al (82, 83)
found steeply increased fetal death rates in white women with a
hematocrit concentration above <0.32 and black women with a
hematocrit above <0.30. The associations were not as strong for
increased premature delivery and low birth weight; they occurred
in white women with hematocrit values >0.35 and in black women
with hematocrit values above <0.32. Sagen et al (84), in Norway,
observed markedly lower birth weights with maternal third-
trimester hemoglobin concentrations >120 g/L, especially >130 g/L.
Steer et al (85) found, in a large area-wide study in England, a
J-shaped relation between midtrimester hemoglobin concentra-
tions and both low birth weight and preterm delivery. The optimal
hemoglobin concentrations were between 96 and 105 g/L, with
moderately worse outcomes at lower and slightly higher hemoglo-
bin concentrations, and much worse outcomes with hemoglobin
concentrations >136 g/L.

There has not been much concern in the public health nutrition
community about potential toxicity from iron treatment or pro-
phylaxis during pregnancy, largely because as iron stores rise, the
absorption of oral iron is usually depressed. For example, in their
meta-analysis, Sloan et al (57) found that there was less response
to oral iron supplementation when initial mean hemoglobin con-
centrations were highest. In developed countries, iron treatment
induced an 8-g/L increase in hemoglobin when initial concentra-
tions were ≥120 g/L, and a 10-g/L increase when initial concen-
trations were between 110 and 119 g/L. In developing countries,
the mean increases were 5 and 13 g/L for initial hemoglobin con-
centrations of 110–119 and 100–109 g/L, respectively. Oral iron
treatment of women with normal hemoglobin concentrations,
however, has been shown to raise hemoglobin to concentrations
associated with adverse pregnancy outcomes. Pritchard and Hunt
(86) randomly gave either a placebo, 1000 mg intramuscular iron,
or 104 mg oral iron/d to term to pregnant women near the end of
their the second-trimester, including those with normal hemoglo-
bin concentrations. They found that although only 8.2% of the
subjects who received a placebo had hemoglobin concentrations
≥130 g/L at term, 39% of those who received intramuscular iron
were at or above this concentration. Oral iron had an effect equiv-
alent to parenteral iron: 40.5% had hemoglobin concentrations
≥130 g/L (Table 5). This study showed that women without overt
anemia who were given either parenteral iron or oral iron supple-

ments had hemoglobin concentrations that were raised to values
associated with maternal and fetal toxicity. Hemminki and
Rimpelä (87) reported essentially identical results, with routine
iron administration having as great an effect on third-trimester
hemoglobin concentrations in women with an initial hematocrit
>0.41, as in women whose hematocrit was <0.36.

The possibility of iron toxicity in pregnant women in developing
countries has received almost no investigative attention. Many
African or south Asian pregnant women do have high hemoglobin
concentrations. For example, Jenkinson (88) found that 59% of the
wives of copper workers in Zambia had initial hemoglobin concen-
trations ≥120 g/L and 17% had concentrations of ≥130 g/L. Most
studies and the reviews collating them, including the one conducted
by WHO (42), do not typically report on the proportion of women
with high hemoglobin concentrations. Sloan and Jordan (89)
reviewed 43 prevalence studies of hemoglobin concentration dur-
ing pregnancy of women living in developing countries. Of these,
studies 3 (7%) reported mean initial concentrations of hemoglobin
>130 g/L and another 17 (30%) reported mean concentrations
between 120 and 130 g/L. Therefore, many women are potential
candidates for adverse consequences from high hemoglobin con-
centrations if such effects can be induced by iron treatment. Know-
ing the differential response to routine iron supplementation in
women with very low initial hemoglobin concentration is impor-
tant. Knowing whether those women with normal or high hemo-
globin concentrations could be tipped into possible high-risk status
by receiving high doses of iron is also important. More important,
however, is to know whether such risks are real.

The practical significance of the observations on adverse out-
comes associated with high maternal hemoglobin concentrations
for both the mother and the infant is unclear for 2 reasons. The
adverse outcomes associated with high hemoglobin concentra-
tions may be due to relative macrocytosis, as suggested by
Mahomed and Hytten (80), or due directly to placental perfusion
problems because of high red blood cell concentration. They could
also have little to do with iron or red cell mass because high hemo-
globin concentrations, like low concentrations, reflect not only red
cell mass, but also plasma volume expansion. A high hematocrit
concentration may reflect inadequate plasma volume expansion
and consequent poor vascular perfusion unrelated to red cell mass.

The studies of Hemminki et al (87, 90–93) are among the few
to contribute to our understanding of whether iron supplementa-
tion can cause harm by increasing hemoglobin concentrations or
by causing other toxicities (discussed below). In Hemminiki et
al’s studies, 2960 pregnant Finnish women were recruited and
randomly assigned to receive either routine or selective iron
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TABLE 5
Initial and final hemoglobin (Hb) concentrations (%) from second trimester to term by type of iron supplement1

104 mg Oral Fe/d 1000 mg Intramuscular Fe Placebo
(n = 74) (n = 49) (n = 49)

Hb concentration (g/L) Initial Final Initial Final Initial Final

%

<100 13.5 0 12.2 0 12.2 16.3
100–109.9 39.2 9.5 53.1 4.1 44.9 30.6
110–119.9 29.7 25.7 20.4 26.5 22.4 24.5
120–129.9 13.5 24.3 12.1 30.6 16.3 20.4
≥130 4.1 40.5 4.1 38.8 4.1 8.2

1From reference 86.



supplementation during pregnancy. Third-trimester hematocrit
values were much higher in the routine group than in the selective
supplementation group. The authors found that iron supplementa-
tion increased hematocrit values but did not influence birth weight.
The relation of high hematocrit values to poor fetal growth is thus
probably caused by factors other than iron. The authors reported
that their results were contrary to controlled trials in pregnant
women and rats that consistently reported lower birth weight in
groups receiving iron, yet also reported that prior studies had
included fewer subjects and that in human studies, no such differ-
ences were significant. Thus, this large study suggests a dissocia-
tion between the effect of iron supplementation on hematocrit con-
centrations and on birth weight. Although more women in the
routinely supplemented group reported adverse side-effects from
the medication, the groups were similar in regard to most other
outcomes, including the incidence of infection. There were several
worse outcomes in the selective supplementation group, such as an
increased likelihood of a cesarean delivery or blood transfusion,
which the authors thought were due to the reactions of midwives
and physicians to the low hematocrit values rather than to actual
need for these procedures. At 7-y follow-up, the one difference in
health outcome among the children, which was an important dif-
ferentiation, was that the children of mothers who received routine
iron supplementation during pregnancy had significantly higher
rates of hospital admission for convulsions (93).

Iron and immune function

There are immunologic deficits associated with both iron defi-
ciency and excess iron stores. Strauss (94) reviewed the litera-
ture on iron deficiency and immune function and concluded that,
although the molecular defect had not been defined, an abnor-
mality of immune function associated with anemia could be
detected by several assays measuring cell-mediated immunity
and that normal function was usually restored after iron reple-
tion. Dallman (95) reviewed the relation between iron and
immune function, including the possible toxic effect of supple-
mental iron. He concluded that the evidence that iron deficiency
caused defects in cell-mediated immunity and bacterial killing
was impressive, although there was little evidence of increased
morbidity from infection. He also referred to several studies of
toxicity from excess iron and concluded that avoiding both too
little and too much iron is best.

Prema et al (96) found significantly lower proportions of T
and B lymphocytes associated with hemoglobin concentrations
<80 g/L but not with moderate anemia in third-trimester Indian
women without overt infection. Concentrations of immuno-
globulin (Ig) G were significantly higher in severely and moder-
ately anemic women than they were in women without anemia.
IgA concentrations were also higher in the severely anemic
women than they were in the nonanemic women and, although
the authors stated that Ig A concentrations were also signifi-
cantly higher in moderate anemia, the tabulated data raise doubts
about this. Kandoi et al (97) found that stimulation indexes of
lymphocytes at 0 and 24 h were abnormally low in both mater-
nal and cord blood of women whose hemoglobin was <80 g/L.
Only the 24-h cord blood stimulation index, however, was signi-
ficantly low when mothers were moderately anemic. Thus, there
is some evidence that severe maternal anemia is associated with
immunologic abnormality in pregnancy.

Although this is a review focused on pregnancy, the results of
the study by Oppenheimer et al (98) raise some serious questions.

They performed a randomized controlled trial of supplementing
478 newborn infants in Papua New Guinea with 150 mg intra-
muscular Fe and following them to age 1 y. Their initial hypoth-
esis was that iron deficiency would increase susceptibility to
infection, but their results were the opposite of their expectations.
Although treatment with iron did lead to increased iron stores and
higher hemoglobin concentrations, it was also associated with a
longer postinjection stay in hospital, increased incidence of
malaria and acute otitis media, and more frequent and longer hos-
pital stays for all causes, especially respiratory infection. Risk of
admission was also higher with higher birth hemoglobin concen-
trations, and there was an interaction such that the worst effects
of prophylactic iron were in infants with the highest birth hemo-
globin concentrations. Because parenteral iron therapy is given
routinely to many pregnant women, it is a matter of some urgency
to assess whether such toxicity is confined to infants.

Adverse metabolic effects of iron also include increased free
radical production (99, 100), a possible explanation for increased
rates of infection among the infants treated with iron in Papua
New Guinea. Hemminki et al (101), however, found no increase
in the rates of infection in mothers after iron supplementation
during pregnancy.

Further possible adverse effects of iron supplementation

Zinc absorption is suppressed by concurrent oral iron intake,
although this effect is probably unimportant if the source of iron
is from food rather than from supplements (102). Solomons and
Ruz (103), in a review of the interrelation between iron and zinc
intakes, advised caution about fortification and supplementation
with iron because individuals who received excessive or even
sufficient amounts of iron appeared to be more susceptible to
some infections than were iron-deficient individuals.

Reactivation of malaria and other latent microbial diseases
such as brucellosis and tuberculosis was observed in Somalian
refugees given iron supplements (104). Dissemination of amebi-
asis caused by Entamoeba histolyticawas ascribed to iron over-
load (105). A study from Indonesia showed a trend toward
slower growth rates in children receiving a daily iron supplement
who were thus made iron replete than in children receiving the
same supplement who remained iron-depleted (106).

Solomons and Ruz (103) concluded that these diverse consid-
erations should raise a note of caution about how aggressively
iron is added to the diet or how iron affects the internal environ-
ment of the human body. The lesson may be that when anemia is
caused by iron deficiency, iron therapy is indicated, but that oth-
erwise iron may exacerbate underlying illness or be toxic.

Such cautions about the widespread need for supplemental iron
represent a minority viewpoint in the public health nutrition com-
munity. A report from a recent high-level working group on iron
deficiency (41) stated the following: “Under the circumstances
observed in children with kwashiorkor or Somalian refugees, par-
enteral or even high dose oral iron can supply iron for pathogen
replication at a time when the individual is highly susceptible to
infection and resulting overwhelming infection. However, in field
studies of iron deficient populations, iron supplementation at lev-
els of 60 mg for an adult or older child has always resulted in
decreased morbidity from infection and the effects of iron fortifi-
cation are far too low to have any adverse effect on resistance to
infection.” This report goes on to say that except for these special
situations, down-regulation of iron is very effective even when the
diet is rich in heme iron and its composition favors absorption.
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This report considered the only potential toxicity from iron sup-
plementation or treatment to be among homozygotes for the gene
blocking iron absorption down-regulation, which increases sus-
ceptibility to hemochromatosis. Thus, there is radical disagree-
ment among experts about the potential toxicity of widespread
iron supplementation. These issues require further investigation.

Iron supplementation, therefore, needs to be considered in
context. Has attention been paid to other causes of anemia,
including infection? It is a matter of great importance to explore
the issue of universal iron supplementation because material
and human resources in developing countries are limited and
particularly because the health of women has in the past often
been a low priority.

Responding to severe anemia during pregnancy

The usual arguments for universal iron supplementation rather
than selective intervention targeted to the severely anemic are
that maternal anemia at all levels of severity is dangerous to the
mother, fetus, and infant; treating anemia can reverse this dan-
ger; clinical screening tests for anemia have low sensitivity and
specificity; assessing the causes and severity of anemia is too
expensive and complex in developing countries to be routine for
screening, diagnosis, or follow-up; effective action can be taken
without knowing the etiology of anemia; rates of iron deficiency
anemia are too high to justify selective intervention targeted to
anemic women; iron (with or without folate) is too inexpensive
to warrant its selective use; and universal iron supplementation
at usual doses (60 mg elemental Fe/d) is effective for both mild
and severely anemic women. After reviewing the evidence avail-
able, these assumptions turn out to be, at best, weakly supported.

Level of anemia

There is a consistent relation between severe anemia and increased
maternal mortality. The evidence to implicate moderate anemia with
excess maternal (or infant) mortality (or morbidity), however, is
scanty and inconsistent. This issue urgently requires further study.

Benefit from amelioration of all levels of anemia

Although there is evidence that severe anemia is associated
with increased risk of maternal mortality and poor fetal growth,
there is almost no evidence that treatment of anemia at any level
lowers the risk of maternal or infant mortality or morbidity. The
single exception is for blood transfusion performed for incipient
cardiac failure in women whose hematocrit is <0.13 (55). Fur-
ther studies to determine the extent of benefit of treatment of
other levels of anemia are urgently needed.

Screening for severe anemia

Although screening for moderate anemia by clinical signs was
judged to be poor, the sensitivity of clinical screening for severe
anemia was judged to be very good to excellent (E Dusch,
unpublished working paper, 1997). Because of the high sensitiv-
ity of clinical detection of severe anemia, it is technically feasible
to identify severely anemic women in the field without complex
or expensive equipment. Furthermore, the relatively few severely
anemic women may make practical the cost of diagnosing, treat-
ing, and following up these women at very high risk.

Impracticality of specifying the cause and level of anemia

Measuring hemoglobin concentrations and specifying the eti-
ology and treatment of anemia in poor rural women presents

real and daunting administrative and logistic problems, espe-
cially when the women live far from medical facilities. The
development of techniques to decide who needs the intervention
and whether intervention has been successful or needs to be
modified is a high priority.

High rates of severe anemia

Except in south Asia and Papua New Guinea, the reported
rates of severe anemia do not appear to exceed 10% of pregnant
women. Focusing resources on those who are most in need of
treatment increases the likelihood of successful diagnosis and
management, even within stringent administrative and fiscal
constraints.

Safety and cost of iron treatment

Iron (and folate) prophylaxis is inexpensive; nevertheless,
there is little evidence that it has been worthwhile. At the popu-
lation level, few if any programs targeted to pregnant women
have been effective in terms of process (amount of prescribed
supplementation taken), physiology (increased iron stores), or
health outcomes (improved health and well-being). Furthermore,
it has not been convincingly shown that iron supplementation is
free of toxicity in those who are either very iron deficient or
those who are iron replete or only mildly deficient. These issues
require further intensive study.

Effectiveness and safety of universal iron supplementation at
usual doses

A policy of universal iron supplementation does not take into
account that the causes of anemia, particularly severe anemia,
are diverse and multiple and, therefore, only partially addressed
with iron treatment. Moreover, the use of iron in women who are
anemic for reasons other than iron deficiency may be harmful.
There is an open question about the safety of iron-induced high
maternal third-trimester hemoglobin concentrations for both the
mother and the child. Finally, where anemia in pregnancy is
caused by iron deficiency, controlled trials have shown that the
doses of iron usually prescribed in programs of universal sup-
plementation are only minimally effective in raising hemoglobin
concentrations in anemic women. Few, if any, large-scale, popu-
lation-based iron supplementation programs have been reported
to be effective in correcting moderate—let alone severe—anemia
during pregnancy.

Critically Needed Research

Research is critically needed to:

1) Clarify the relationship between the level and etiology of ane-
mia and adverse outcomes for both mother and child (ie, are
there  adverse risks associated with mild or moderate iron
deficiency anemia?).

2) Study the responsiveness of women with severe iron defi-
ciency anemia to various doses of oral iron as well as the
need for concurrent antibiotic, antimalarial, anthelminthic,
and folate and other nutritional (eg, folate, vitamins A, C, D,
etc) therapy. Study both the beneficial and adverse effects of
iron supplements on rates and severity of infection in anemic
women.

3) Estimate the effects of iron prophylaxis and treatment on
maternal and rates morbidity and mortality, both adverse and
beneficial.
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4) Determine how to detect, diagnose, and treat severely anemic
pregnant women.

5) Reanalyze past trials of iron supplementation to achieve some
of these goals (eg, determine whether individuals who
responded to supplementation had improved pregnancy out-
comes and assess the hematologic response given initial con-
centration of hemoglobin).

Conclusion

The evidence is strong that severe anemia (hemoglobin con-
centrations <70 or 80 g/L) during pregnancy is associated with
increased maternal mortality. Although further intensive research
is needed, presuming that this association is causal seems rea-
sonable at this time. Routine oral iron supplementation has not
been shown to reverse severe anemia. Although there is some
evidence that moderate concentrations of maternal iron defi-
ciency anemia (hemoglobin concentrations between 70 or
80–110 g/L) are associated with adverse outcomes in infants
(107), there is no evidence that routine iron supplementation dur-
ing pregnancy has been of any benefit other than to increase iron
stores in the mother and infant.

Supplemental iron during pregnancy may cause harm because
high hemoglobin concentrations are associated with increased
maternal morbidity and mortality as well as higher rates of low
birth weight and premature delivery. On the other hand, the
scanty data available suggest that an increased concentration of
hemoglobin directly caused by iron supplementation is not asso-
ciated with increased risk of adverse outcomes; this issue war-
rants comprehensive further investigation.

From the data available, it seems rational to make treatment
programs for women with severe anemia a high priority and to
evaluate the efficacy of iron prophylaxis for younger and non-
pregnant women with marginal iron status. The aim would be
to lower the likelihood of entering pregnancy with severe ane-
mia. Such programs need careful evaluation to assess both their
risks and their benefits.

ANEMIA AND OBSTETRIC HEMORRHAGE

Although it seems logical to assume that the lower the
hemoglobin concentration, the greater the risk that obstetric
hemorrhage will be fatal, I could find no data to support or
refute this association. The incidence of hemorrhage appears
to be minimally related to nutritional factors other than obe-
sity. An exception was the study of MacGregor (108) in
Kenya, who reported that 17 of 30 women (56.7%) with
hemoglobin concentrations < 74 g/L had antepartum hemor-
rhage compared with 51 of 164 women (31.1%) with higher
hemoglobin concentrations. Stones et al (109) found obesity,
placental abruption, placenta previa, multiple pregnancy,
retained placenta, induced labor, episiotomy, and a birth weight
of ≥ 4 kg to be significant risk factors for hemorrhage. Gilbert
et al (110) found primiparity, induction of labor by amniotomy,
forceps delivery, long first and second stages of labor, and the
use of oxytocin, compared with combined oxytocin and
ergometrine maleate as a prophylactic oxytocic, to be associated
with increased risk of hemorrhage.

Postpartum hemorrhage can be treated with prostaglandins
(111) and the secretion of prostaglandin is induced by suckling.
The effect of suckling on prostaglandin secretion is appreciable.
Two reports suggest markedly increased concentrations of

prostaglandins from immediate postpartum breast-feeding or
even manual nipple stimulation (112, 113). Research is needed
to find out whether the incidence and consequences of hemor-
rhage are decreased by the treatment of anemia.

MATERNAL NUTRITION AND OBSTRUCTED LABOR

The data relating a woman’s lifetime nutritional status to
obstructed labor are fragmentary and urgently need to be supple-
mented. The central issues are whether nutritional strategies exist
that could lead to increased maternal stature and how much mater-
nal and fetal risk is increased from nutritionally induced acceler-
ated growth of the fetus, especially among short primiparae.

Obstructed labor has virtually been eliminated as a cause of
maternal death in industrialized countries. With the development
of safe and universally available operative delivery, cephalopelvic
disproportion poses minimal risks to the mother and infant. This
is not, however, true for most of the world’s women, for whom
immediate, universal access to operative obstetrics of reasonable
quality does not exist. Obstructed labor, leading to a ruptured
uterus or severe uterine or perineal trauma, with consequent hem-
orrhage, infection, and soft tissue damage such as a vesicovaginal
fistula, remains one of the leading causes of maternal and infant
morbidity and death in developing countries.

The relative infrequency of maternal (compared with perina-
tal) death and, even more, its occurrence at home and away
from medical attention, makes it difficult to estimate how often
it is the consequence of obstructed labor. There are few studies
on obstructed labor in developing countries, but there are sev-
eral studies of the frequency of operative intervention in sub-
sets of women who reach the hospital for care. Although there
are many causes for operative delivery besides obstructed
labor, estimates of the effect of obstructed labor using opera-
tive delivery as a surrogate measure will be conservative; the
tendency will be to underestimate this relation because the
other reasons for operative delivery, such as preeclampsia and
eclampsia, are most often associated with small offspring and
preterm delivery.

Hospital data invariably include a disproportionate number of
high-risk deliveries and, therefore, maternal and perinatal
deaths. Thus, population-based frequencies or relative risks of
any specific condition, including obstructed labor, cannot be
accurately estimated from hospital data alone. Very young preg-
nant women are especially vulnerable because they are more
likely to be brought to a hospital late in their clinical course
when their chances of being moribund are increased. Although
intimately linked, the maternal and fetal factors that contribute to
obstructed labor are described separately below.

Maternal age and parity

Obstructed labor is strongly related to a woman’s age and
parity. Very young women and women giving birth for the first
time are at much higher risk of obstructed labor, although it is
far more likely that obstructed labor will lead to a ruptured
uterus among multiparae. The young and the primigravid are
more likely to experience both obstructed labor and subsequent
morbidity, such as a vesicovaginal fistula. Kelly and Kwast
(114) noted that 63% of women with a fistula experienced it
after their first labor. Megafu and Ozumba (115) reported that
among 145 consecutive deliveries of babies weighing ≥ 4.5 kg
in Enugu, Nigeria, 90% of the multiparous women achieved
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spontaneous vaginal delivery compared with only 42% of the
primigravidae.

Maternal height

Many studies have related maternal height to obstructed or pro-
longed labor. For example, among primiparae shorter than 1.54 m
in Aberdeen, the cesarean delivery rate for cephalopelvic dispro-
portion was 4.4%, and 82% had difficult labor due to mechanical
causes although no cesarean deliveries were carried out for
cephalopelvic disproportion among women ≥1.64 m tall, and their
rate of difficult labor was <13% (116). The data from developing
countries are similar. In Lagos, Nigeria, the rate of cesarean deliv-
ery was 7.7% in women with a maximum height of 1.54 m and
1.6% among women 1.64 m or taller (117). Mallika (118) reported
on data from Madurai, India, where the cesarean delivery rate was
40.7% for women ≤1.4 m tall and 0.6% for those ≥ 1.5 m in height.
Everett (119), in a hospital series from Tanzania, reported a
cesarean delivery rate of 10% in primigravidae <1.39 m in height
but only 0.3% in those who were 1.49 m or taller. In Zaire, life-
threatening fetopelvic dystocia occurred in 2% of women <1.5 m
tall and in 0.1% of women above 1.6 m tall (120). Abnormal and
prolonged labor occurred in 3.5% of the short women and in 0.6%
of the tall women. Camilleri (121) in Malta, Aitken and Walls (122)
in Sierra Leone, Adadevoh et al (123) in Ghana, Sokal et al (124)
in Burkina Faso, and Tsu (125) in Zimbabwe all found similar,
strong, inverse associations between operative delivery (presum-
ably due primarily to obstructed labor) and maternal height.

Harrison et al (126) related diagnosed cephalopelvic dispro-
portion to maternal height in women registered for prenatal care
(Table 6). Because these were booked patients, who were fol-
lowed prospectively, the denominators are meaningful and rela-
tive risks can be legitimately calculated. Of primigravid women
shorter than 1.5 m, 20% were diagnosed with cephalopelvic dis-
proportion, but of those who were 1.6 m or taller, only 2% were
so diagnosed. This is a 10-fold difference in the rate of
obstructed labor for a 10-cm difference in height. In a study of
adolescent primigravidae, 40% of the 20 girls <1.54 m tall at
entry into the study had operative delivery, compared with 15%
of the 20 girls between 1.54 and 1.57 m tall and none of the
19 girls who were ≥1.58 m tall (127).

A meta-analysis conducted by the WHO reported on 16 stud-
ies relating maternal height to assisted delivery (128). Although
the actual rates were not presented, a combined odds ratio of 1.6
was calculated. This can be interpreted as a 60% greater likeli-
hood of assisted delivery among women in the lowest height
quartile compared with those in the highest quartile. [This study
is summarized by Kelly et al (129).]

Although shorter women are at greater risk of obstructed labor
than taller women, women of the same height may have different
risks across populations. For example, Ecuadoran women may
be at a lower risk of obstructed labor than their short stature
would predict (N Sloan, personal communication, 1997).

Because of the strong relation between height and social sta-
tus, it is not clear what the effect of statistically adjusting these
results for social status would be. Women with higher social sta-
tus will not only typically be taller, but they will have greater
access to interventive obstetrics, better prenatal care and, there-
fore, less need for intervention. Thus, this possible confounding
of height by social status could either exaggerate or partially
suppress the true relation between maternal height and
obstructed labor; the effect, however, is unlikely to be large.

Size of pelvic outlet

Although stature is a reasonable surrogate for the size of the
birth canal through the bony pelvis, the 2 are not equivalent.
Adequate maternal height may mask pelvic deformity resulting
from childhood rickets. Also, Moerman (130) showed that after
menarche, the birth canal lags in maturity compared with
height. Thus, the pelvis is smaller and less mature among girls
around menarche than would be commensurate with their
height, and cephalopelvic disproportion in immediately post-
menarcheal teenaged girls is more likely than might be pre-
dicted from height alone. Moerman’s work was carried out in a
healthy Western population; because of its dependence on ser-
ial radiographs of the pelvis in girls and young women, this
study is unlikely ever to be repeated, at least by using radiog-
raphy. (It is possible that it could be done using sonographic
techniques.) Whether strategies to increase the stature of young
women have comparable effects on growth of the birth canal or
the timing of the maturation of the pelvic outlet is difficult to
ascertain.

Attained height and catch-up growth in nutritionally
deprived women without nutritional intervention

There are 2 thoughtful reviews of growth and stunting in
developing countries (131, 132). In summary, the effect of
adverse environmental conditions and of their amelioration
may be greatest in the first few years of life. In addition, stunt-
ing after early-life deprivation persists in some populations but
almost complete catch-up growth has been reported in other
populations. For example, Kulin et al (133) observed that poor,
rural Kenyan children were <2 SD units shorter than relatively
affluent and well-nourished urban children before puberty.
Nevertheless, by age 16 y, they had experienced complete
catch-up growth. This was associated with a pubertal delay of
2–3 y, which may have been causally related to the catch-up
growth.

Nearly identical results were observed by Dreizen et al (134),
who followed 30 markedly growth-retarded, undernourished,
American infant girls and a well nourished comparison group. At
the age of 12.5 y, there was a 9-cm difference in height between
the 2 groups, but menarche was 24 mo later in the undernour-
ished girls. The attained adult heights of the undernourished,
growth-retarded girls were nearly identical to those of the con-
trol children, almost certainly linked to their period of growth,
which was far longer than that of the control children. There
are other examples of remarkable catch-up growth in deprived
children in late childhood and early adulthood, such as the
experience of American slaves. Steckel (135),using historical
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TABLE 6
Frequency of cephalopelvic disproportion of booked primigravidae by
height1

Maternal height (m) Cephalopelvic disproportion

n (%)

<1.5 166 (19.9)
1.5–1.54 315 (12.4)
1.55–1.59 323 (7.1)
≥1.60 260 (1.9)

1Booked women were those registered for prenatal care. Zaria birth
survey (126).



records (albeit of uncertain accuracy), found that mean heights
of female slaves through age 14 y were at the second percentile
of modern standards. By age 17 y, they were at the 21.5 per-
centile, by age 22 y, at the 29.5 percentile, and after age 25 y, at
the 34.5 percentile. These findings, however, could also partly
reflect selective mortality in shorter women.

Satyanarayana et al (136) reported on a longitudinal growth
study of 197 stunted girls over age 17 y who had attained menar-
che and had almost ceased linear growth. Those who were most
growth-retarded at age 5 y remained most growth-retarded at age
18 y. There was, however, an inverse relation between the incre-
ment of growth between the ages of 5 and 18 y and height at age
5 y such that the extreme intergroup discrepancy of 14.2 cm
decreased to 7.3 cm, an example of catch-up growth.

Riley (137) reported on an important longitudinal study of
Bangladeshi women who were first observed in 1976–1977,
when they were perimenarcheal, and then again a decade later. A
strong inverse relation was found between height and age at
menarche, with the tallest girls having the earliest menarche. On
restudy in early adulthood, however, adult height was essentially
unrelated to age at menarche. In other words, girls with late
menarche grew for a longer period than girls with early menar-
che and achieved almost complete catch-up growth. Thus, catch-
up growth in the undernourished, where it occurs, seems to be
associated with delayed puberty and a much longer period of
growth than in the well nourished.

Late menarche had another profound significance in Riley’s
population (137). For many young women, menarche was the
signal for marriageability and thus exposure to pregnancy. Riley
noted that smaller girls with later puberty also had later mar-
riages; the probability of early marriage was strongly related to
greater height (and weight) in late childhood.

Nutritional supplementation, acceleration of childhood
stature, and attained adult height

Nutritional supplementation has been shown to accelerate the
growth of stunted infants and children, but little is known about
its effects on ultimate adult height. Attained adult height is a
function not only of the velocity but also of the duration and
timing of growth.

Although moderate amounts of data are available—albeit
some of it conflicting—on nutritional rehabilitation and acceler-
ation of linear growth, there is very little relating childhood
nutritional rehabilitation to adult height. One of the best-docu-
mented studies describes the effect of prenatal and early child-
hood nutrition supplementation in 4 villages in Guatemala (138).
Differences in adult height were related to the ages of supple-
ment intake, whether children received a high-protein supple-
ment (atole) or a low-protein and low-energy drink (fresco), and
the incremental energy consumed from these supplements. Ulti-
mate attained linear growth in the 2 villages receiving atole was
0.9 cm greater/y of supplementation in those who took supple-
ments from 3 to 12 mo of age, 1.0 cm greater/y if supplementa-
tion was taken from 12 to 24 mo of age, and 0.4 cm greater/y
when supplementation was taken from 24 to 36 mo of age. No
association was observed between later height and supplementa-
tion from 3 through 7 y of age. Calculated on the basis of supple-
mental energy intakes, during the first year of life each incre-
mental 23.9 kJ/d was associated with 9 mm of additional growth,
5 mm during the second year of life, and 3.7 mm during the third
year of life. A statistically nonsignificant difference of <1 mm

in growth was found for an additional 23.9 kJ/d taken between
36 and 72 mo of age. No effect was observed on growth for sup-
plementation taken between 72 and 84 mo of age.

Martorell et al (139) studied growth in the same Guatemalan
population between ages 5 and 18–26 y. They concluded that the
gain in height from 5 y to adulthood was independent of height
at age 5 y; all the differences in adult height associated with the
preschool nutrition supplementation were in place by age 5 y and
later increments in height were independent of earlier supple-
mentation. Although height increments from 5 y to adulthood in
these poor rural Guatemalan villagers were similar to those
measured in a population study in Berkeley, CA (140), supple-
mentation was stopped in the Guatemalan study after age 7 y;
thus, determining whether nutritional supplementation after that
age might have led to increased adult height was not possible.

Dagnelie et al (141) observed that relatively privileged Dutch
children consuming a macrobiotic diet were, on average,
severely stunted. The investigators therefore counseled the par-
ents to increase the children’s fat intakes to 25–30% of total
energy intake and that they be given 2–3 portions of fish/wk and
plant sources of calcium and riboflavin. After counseling, 3–5-y-
old children had significantly accelerated linear growth. There
was also impressive acceleration of growth in 6–9-y-old girls,
but not boys, with a change of 0.11 SD units per year. No data
were reported on attained adult height.

Several studies have been conducted on deprived children
from developing countries adopted into affluent families. Gra-
ham and Adrianzen (142) observed that stunted Peruvian chil-
dren, after adoption early in life, caught up in height with the
Boston reference standards. Proos et al (143–146) studied Indian
girls aged between 1 and 7 y when they were adopted into
Swedish families. At adoption, the children were, on average,
>2 SD units shorter than National Center for Health Statistics
(NCHS) means, but after adoption, their growth was markedly
accelerated; just before puberty they were only 0.3 SD units
shorter than NCHS means. Their adult heights, however, fell
back to 1.4 SD units below NCHS means. The reason for this
loss of catch-up growth was, most likely, their remarkably young
average age of menarche of 11.6 y (5 of the 107 girls had reached
menarche before age 9). The reported mean age of menarche for
contemporary Swedish girls was 13.0 y and that for rural Indian
girls was 14.4 y. Thus, linear growth was briskly accelerated in
response to adoption, to the point where the adoptees were close
to Western standards by puberty. Age at menarche was also
markedly accelerated and the discrepancy in adult height
between the Indian and Swedish girls was closer to that at the
time of adoption than at puberty.

Prompt growth changes among previously deprived children
after adoption, or marked improvement in social and environ-
mental conditions, have often been observed (147–150). Few
studies, however, have followed the adoptees into adulthood.
What was especially important about Proos’s (143–146) study of
ultimate attained height was the observation that early acceler-
ated growth after improved environmental circumstances was
associated with minimal increases in attained adult height. Fur-
thermore, if these girls had remained in or returned to south Asia
around puberty, their reproductive safety would have most likely
been further compromised. This is because, with earlier age at
menarche, the girls would likely have been exposed to much ear-
lier marriage and pregnancy than if they had not been adopted
and better fed.
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Small-scale interventions compared with wide-scale programs

Taller women have a lower risk of obstructed labor, and the cen-
tral (and as of yet, unproven) strategy to increase adult women’s
height is nutritional intervention in infancy and early childhood
(as well as improved hygiene, infection control, and improved lit-
eracy). However, even if nutritional intervention were shown to be
efficacious, there still remains a wide discrepancy between the
effect of small-scale nutrition studies to promote child growth and
community-based programs (parallel to the problems of program-
matic effects from wide-scale iron supplementation). Beaton and
Ghassemi (151) in their evaluation of supplementary feeding pro-
grams in developing countries concluded that although most pro-
gram evaluations claimed beneficial effects, some major ongoing
programs showed no demonstrable increase in anthropometric
indexes for the program as a whole; some distribution centers
reported positive effects but some did not. Scrutiny of the results
suggested that anthropometric improvement was surprisingly
small, perhaps partly because of the relatively low levels of aver-
age net supplementation. Thus, not only have the carefully moni-
tored small-scale studies provided uneven results but, when they
are scaled-up in the field, there has been only a minimal effect,
probably resulting more from administrative and behavioral con-
straints than from biological ones.

Even if change is biologically possible, it has been achieved
unevenly, if at all, in wide-scale programmatic application. A
possible exception is the Tamil Nadu Integrated Nutrition Pro-
gram (152). By targeting attention to children with demonstrated
growth failure, this program was reported as having achieved
outstanding short-term results in affecting growth among mal-
nourished children. A more recent evaluation is much less opti-
mistic about outcome (153). As of yet, nothing has been reported
about the long-term consequences of this intervention.

Micronutrients and female growth

One of the most provocative reports on growth change in ado-
lescent girls was the iron and folate supplementation study of
Harrison et al (127). Fifty-nine Nigerian girls ages 13–16 y who
were 8–24 wk pregnant were randomly assigned to 1 of 5 groups
in a double-blind format. The groups received either a placebo,
antimalarial medication, or antimalarial medication with iron
(60 mg Fe/d), folate (1 mg/d), or both. Supplementation did not
affect birth weight, and antimalarial medication with folic acid
had no effect on anemia (154). There was, however, an unex-
pected and dramatic response in maternal height with iron or
folate. The iron-supplemented group grew, on average, 3.3 cm
during pregnancy; those who received folate grew 3 cm; and
those who received both iron and folate grew 2.1 cm compared
with an average of 1.1 cm in the placebo group or the group who
received antimalarial medication alone. The treatment groups
were very small, with only 31 girls receiving any of the hema-
tinics, and the equivalent growth response to either folate or iron
is inexplicable. This accelerated linear growth was not hypothe-
sized when the trial was designed, and accelerated growth did
not appear to affect pregnancy outcomes. This research is impor-
tant and needs to be both replicated and extended.

Parasitic infestation and growth

Willett et al (155) and Stephenson et al (156) found that
anthelminthic therapy in preschool Tanzanian and school-age
Kenyan children led to increased weight gain but to no observed
changes in height. Among nutritionally rehabilitated malnour-

ished children, weight change typically precedes accelerated lin-
ear growth and it is possible that these children continued to
attain increased height and weight. If, however, they experienced
only increases in weight, the girls might have had the adverse out-
come of earlier menarche and possibly depressed adult stature.

Micronutrient supplementation and linear growth in children

The situation of micronutrient supplementation is at least theo-
retically different from that of energy supplied by macronutrients.
The limiting micronutrients for linear growth (eg, vitamin A, zinc,
calcium, iron, and folate) are probably less likely than energy and
protein supplementation to lead to fat deposition and earlier
menarche. Although less likely, the possibility is real. Two studies
on growth after iron supplementation in children provide results
that are not reassuring. Latham et al (157) found increased weight
gain after iron supplementation in anemic school children but
found no effect on height. Bhatia and Seshadri (158) included both
nonanemic and anemic children in their trial. With iron supple-
mentation, they observed accelerated weight gain but no increase
in linear growth in both the anemic and nonanemic children.

Prentice and Bates (159) summarized the controlled trials of
zinc and calcium supplementation in growing children. Of the
6 calcium supplementation trials, only 2 had positive effects on
height. Of 13 trials of zinc supplementation in normal children, 4
had no effect on weight or length, 4 had positive effects on length,
2 had positive effects on length in boys only, and 1 had an effect
on length in children with initially low zinc concentrations. In
6 studies of severely malnourished children, zinc supplementa-
tion improved length significantly in only 1 study. This was a
3-mo zinc supplementation trial and the effect on length was
observed only at the end of the first month and not at the end of
the second and third months. One of the 3 studies that reported on
sexual maturity found accelerated sexual maturity with zinc sup-
plementation. Brown et al (160) performed a meta-analysis of zinc
intervention trials to promote growth in children. They included in
the analysis the 25 of 52 trials that met their quality criteria. The
mean age of the 1834 children in the trials was 3.6 y (range:
0–13 y). Zinc supplementation had a greater effect on weight
(0.26 SD units) than height (0.22 SD units) (both highly signifi-
cant), and the effects were greatest in children who were the most
zinc deficient and most growth stunted. It would be of profound
interest to know the long-term effects of trial participation. At this
time, the record does not strongly support initiating programs to
supplement either zinc or calcium to increase childhood stature.

In a randomized supplementation trial in Indonesia, vitamin A
did not affect linear growth in either boys or girls (161). In a ran-
domized trial in the Sudan, an oral dose of 60000 mg retinol
equivalents of vitamin A at 6-mo intervals did not affect growth
(162). However, in the observational component of the study, chil-
dren in the highest quintile of dietary vitamin A intake (measured
by 24-h recall) were taller and heavier than children in the lowest
quintile. Thus, there is no evidence that vitamin A supplementa-
tion had any effect on child growth. The association of better
growth with a history of high dietary vitamin A intake is open to
confounding by both socioeconomic and other factors associated
with better diet, and the possibility that other nutrients that might
affect growth are associated with a history of vitamin A intake. A
large randomized trial of vitamin A and b-carotene supplementa-
tion in childbearing and lactating Nepali women reported no
effect on any perinatal outcomes, but there was a suggestive effect
on infant growth in the first 6 mo of life (163).
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Summary: nutrition and stature

The relation between prenatal, childhood, and adolescent food
intake and attained adult height requires much more study,
including reanalysis of existing data sets. Clearly, greater height
appears to protect against trauma during delivery, both for the
pregnant woman and her offspring, particularly in situations
where operative obstetric help may not be readily accessible.
Adult height can be increased with increased food intakes up to
age 3 y. Macronutrient supplementation among older, but still
premenarcheal, girls seems to lead to short-term accelerated
growth but much younger age at menarche, incomplete catch-up
growth, and little if any change in adult height. No well-docu-
mented and proven interventions exist to increase adult stature
after infancy, and this issue warrants intensive further study.
Early pregnancy may independently contribute to shortening fur-
ther the period of linear growth after menarche and may lead to
shorter attained stature. In addition, early menarche may
increase the likelihood of earlier marriage and thus exposure to
the risks of pregnancy.

Cephalopelvic disproportion, operative delivery, and fetal size

That this simple relation has not been reported more frequently
is remarkable and, on reflection, lamentable. Many data sets from
hospitals in developing countries could be used for such studies.
Estimates of relative risk from hospital data may be uncertain,
given the bias that women with obstructed labor are more likely
to go to a hospital than are those without perinatal obstetric prob-
lems. Using the case-control method, under the assumption that
any particular woman with obstructed labor is as likely to go to a
hospital as any other, independent of her baby’s size, should pro-
duce relatively unbiased estimates of the odds ratio.

A study of anemia among pregnant teenage girls by Harrison
et al (127) reported the rate of operative delivery among 24 prim-
igravidae aged 13–16 y. Only 1 of 12 girls whose infant had a
birth weight of ≤3.0 kg required operative delivery compared
with 6 of 12 girls who delivered babies with birth weights of
>3.0 kg. The operative delivery rates by both birth weight and
maternal height in 4702 primigravidae in the Zaria birth survey
are shown in Table 7 (164). The association between operative
delivery rate and maternal height was, as noted above, strong.
Whatever the birth weight, 23–56% of women with heights
<1.5 m, but no more than 16% of women with heights >1.65 m,
required operative delivery. The association with birth weight
was equally strong. In every height stratum, the frequency of
operative delivery was much higher (typically double) for a birth
weight >3.5 kg compared with lower birth weights. One-half of
the women with heights <1.5 m had operative delivery when
birth weights were >2.5 kg, and one-half of the women with
heights between 1.5 and 1.54 m had operative delivery if birth
weights were >3.5 kg.

Merchant (K Merchant, unpublished report, 1991) related the
probability of intrapartum cesarean delivery to maternal height
and newborn head size in an urban population in Guatemala. The
pattern of the results was essentially identical to those of a
Nigerian population: operative delivery was much more frequent
both with shorter maternal stature and larger infant head size.
Among the shortest quartile of women, mothers with newborns
whose head circumferences were in the smallest quartile had an
incidence of intrapartum cesarean delivery of 23.9%. In contrast,
women of the same height with infants in the largest head cir-

cumference quartile had an intrapartum cesarean delivery rate of
53.2%. Among the tallest quartile of women, those with babies
in the smallest head circumference quartile had a cesarean deliv-
ery rate of 11.1% compared with 29.1% of women whose infants
were in the largest head circumference quartile. Thus, within the
lowest and highest height strata, women with babies having the
largest head circumferences were more than twice as likely to
need cesarean delivery as those with babies having the smallest
head circumferences. The association between cesarean delivery
rate and fetal head size was also present in the 3 intermediate
maternal height strata.

Adadevoh et al (123) found that birth weights of infants born
to women in Ghana with cephalopelvic disproportion were, on
average, 121 g greater than those of infants born to women with-
out cephalopelvic disproportion. In Dar es Salaam, Mtimavalye
et al (165) noted that the rate of cephalopelvic disproportion rose
significantly during a period when birth weight increased.
Unfortunately, they did not relate individual birth weight to the
likelihood of operative delivery.

These few studies unanimously and clearly show a much
increased need for operative delivery associated with larger baby
size. Whether the increased viability associated with higher birth
weight from nutritional supplementation outweighs the danger
of obstructed labor to both mother and child where effective
obstetric care is not readily available remains unknown.

Expected increments in birth weight associated with nutritional
supplementation during pregnancy

With a few exceptions, supplementing pregnant mothers who
are at risk of delivering low-birth-weight infants with foods of
low or moderate protein density has generally been associated
with increases in birth weight of 30–60 g (166). The potential
benefit of such relatively small increments in birth weight must
be weighed carefully against the increased risk of obstructed
labor to both the mother and the child. Gibson (167) reviewed
7 zinc supplementation studies of pregnant women. One trial
found reduced intrauterine growth retardation and another found
a reduction in very early delivery (before the 33rd week of ges-
tation) (168). Goldenberg et al (169) conducted a randomized,
double-blinded, placebo-controlled zinc supplementation trial in
580 African American pregnant women with plasma zinc con-
centrations below the median. They found that zinc supplemen-
tation had a significant effect on birth weight and head circum-
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TABLE 7
Operative delivery rate by birth weight and maternal height among 4702
primigravidae, Zaria birth survey1

Birthweight (kg)

Maternal height (m) ≤2.5 2.5–3.5 >3.5

%

≤1.5 23 46 56
1.5–1.54 17 25 52
1.54–1.59 12 15 27
1.59–1.64 7 11 23
≥1.65 15 8 16

1Rates abstracted from reference 164; totals cannot be estimated from
publication because booked (women who registered for prenatal care) and
unbooked (women who presented at the hospital for the first time at deliv-
ery) patients are combined.



ference, particularly for the offspring of women whose body
mass index (calculated as kg/m2) was <26. If this effect of zinc
supplementation on accelerated fetal growth is replicable, an
intervention with zinc, like those with energy and protein, might
increase the danger of obstructed labor. The data of Harrison
(164) and Merchant (unpublished report, 1991) show regular
increases in risk of need for operative delivery with decreased
height and increased infant size at all levels of these indices. The
problem is conceptually straightforward, but its solution presents
many difficulties.

The benefit of a larger birth weight in situations where infant
mortality is high is theoretically far less than where infant death
rates are low, ie, in the developing world (170). The reasoning
is that perinatal mortality is associated inversely and exponen-
tially with birth weights up to 3.0–3.5 kg. When death rates are
high, this exponential relation is far less steep than when death
rates are low (ie, potentially fewer deaths are prevented by
increasing birth weight if many viable normal-birth-weight
infants are dying from preventable causes).

Participation by the mother in the US national feeding pro-
gram for low-income pregnant women (the Women, Infants, and
Children, or WIC, program) was associated with significantly
increased newborn head size (166). Thus, the possibility of
increased maternal feeding causing an increased risk of
obstructed labor is real.

“Eating down” during pregnancy

There is a widespread belief among women in developing
countries that decreased food intake during pregnancy is safer
for the mother (and possibly the child) because a smaller fetus
will make for an easier delivery (171–173). The international
public health nutrition community has often aimed to override
this folk wisdom, using as a rationale the inverse relation
between perinatal mortality and birth weight in developed coun-
tries. There exist, however, no data with which to estimate the
tradeoffs between large and small fetal size in situations where
competent obstetric care is not available. On the basis of the
very small body of data available for this review, the folk wis-
dom about the danger of birthing large babies is justified in the
absence of comprehensive obstetric care, especially for primi-
gravidae or short women. The belief that a reduction in food
intake during pregnancy contributes to the safety of the mother
needs not only to be studied further but to be honored until bet-
ter data become available.

Summary: fetal size and obstructed labor

Infant survival is more likely with term rather than preterm
delivery. The evidence that intrauterine growth retardation
among term infants has nearly as severe immediate conse-
quences as does preterm delivery, however, is weak. Unless
access to operative obstetrics is good, large babies are far more
likely to traumatize the mother and to be traumatized them-
selves. Where sophisticated obstetric services are not avail-
able, accelerated intrauterine growth should be promoted only
with great caution. This applies to nutrition interventions
including protein-energy or zinc supplementation. Until
proven safe, macronutrient supplementation for primigravidae
< 1.5 m tall should not be offered. If energy supplementation
programs are integrated with adequate obstetric care, the situ-
ation becomes radically different. These issues need further
inquiry.

NUTRITION AND TOXEMIA OF PREGNANCY

Relationship between toxemia of pregnancy and maternal 
mortality

Maternal death from bacterial infection, hemorrhage, and
obstructed labor has been nearly eradicated in the industrialized
countries; preeclampsia, a syndrome of hypertension and protein-
uria, and eclampsia (preeclampsia with grand mal convulsions) are
now the most common causes of maternal mortality (174–176).
Still, maternal death associated with hypertensive disorders of
pregnancy remains far more common in the developing world than
in the developed world (177, 178). The physiology of toxemia
syndromes is complex (179). Although the causes of preeclampsia
and eclampsia have remained elusive, several factors potentially
amenable to intervention, including nutrition, have been proposed.

Parity and age

Pregnancy-induced hypertension and eclampsia are far more
common in first pregnancies than in subsequent ones. The rela-
tion to age is complex (180). Most cases of hypertension and
eclampsia appear in young women because most primiparae are
young. Among primiparae, there is a U-shaped relation between
incidence and age, with far higher rates in older women than in
women between the ages of 20 and 30 y. Teenagers appear to
have a minimally higher risk of hypertension and ecalmpsia than
do women in their 20s. There is also an increase in risk with
increasing age among multiparae.

Race and social status

Although rates of eclampsia and preeclampsia are higher in
blacks than in whites living in industrialized countries (180), the
incidence of these conditions appears to vary little by social class
within ethnic groups (181, 182). In contrast, social class is
clearly related to perinatal outcomes of preeclamptic pregnan-
cies (183). The absence of a relation between incidence and
social class is inconsistent with a nutritional or dietary cause of
preeclampsia and eclampsia.

Seasonality

The extreme geographic variability in toxemia syndromes (184)
and their relation to season (185, 186) suggest that extrinsic fac-
tors may play a large role in their etiology. Agobe et al (186)
reported that in Lagos, Nigeria, the eclampsia rate was between
13.5 and 16 cases/1000 hospital deliveries in the wet months of
June to August. This rate, however, decreased to as low as 4 in Jan-
uary, during the dry season. In Ghana, Obed et al (185) observed
peak rates of eclampsia of 23 and 30 cases/1000 deliveries during
June and July, respectively. This rate decreased to as low as
5/1000 deliveries during some dry months. This remarkable vari-
ability can only be from extrinsic causes, probably either nutri-
tional or infectious. In a study in Dakar, Senegal, Sartelet et al
(187) found a strong relation between malarial infection during
pregnancy and preeclampsia, which could help to explain some
seasonal variability of the syndrome.

Micronutrients and preeclampsia

The search for nutritional factors associated with preeclampsia
is hindered by the lack of data. The review by Green (188) covers
this material through the 1980s. Many nutritional factors have
been suggested as possible causes of preeclampsia and eclampsia,
and there have been many attempts at prevention using dietary or
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nutritional interventions. No dietary interventions have had
much, if any, effect. Many nutrients, including thiamine (189) and
sodium chloride (190), were either not proven to be consistently
related or were not studied thoroughly enough to be nominated
for programmatic testing and application. Calcium, zinc, and
magnesium are 3 micronutrients that seemed very promising,
although their roles in preventing preeclampsia and eclampsia are
now uncertain, as described below.

Calcium

The effects of calcium supplementation on pregnancy-
induced hypertension and preeclampsia were described in 2 meta-
analyses (191, 192). Hamet (193) also performed an extensive
review that related calcium to hypertension in general. Of the
14 randomized trials of calcium supplementation during preg-
nancy reviewed by Bucher et al (192), 13 reported amounts of
supplemental calcium. Eleven of these studies gave 1500 or
2000 mg elemental Ca/d and the other 2 provided 375 mg Ca/d
and 1000 mg Ca/d. The effect of calcium supplementation was
consistent for both the incidence of preeclampsia and hyperten-
sion. The pooled estimate of relative risk for preeclampsia was
0.38, and for hypertension, 0.30, both highly significant. The
authors of the review raised the question of whether calcium
could reduce the rate of mild preeclampsia and not reduce the
morbidity associated with severe preeclampsia and eclampsia:
they speculated that calcium supplementation might reduce the
incidence of only relatively mild preeclampsia that, had it
occurred, would not have led to serious disease. They also
pointed out that supplementation studies do not show whether
dietary modification to increase calcium intakes would have a
comparable effect. As in so many situations where trials have
used similar or identical amounts and types of supplementation,
it is unknown whether lower doses of supplemental calcium
might have achieved comparable results.

These findings were encouraging and strongly suggested that
calcium supplements might lower the incidence of one of the
main causes of maternal morbidity and mortality. This optimism
has now been considerably dampened with the results of the large
multicenter Trial of Calcium for Preeclampsia Prevention
(194–196). In this trial, 4589 pregnant nulliparae between 13 and
21 wk gestation from 5 US university centers were randomly
assigned to receive 2000 mg elemental Ca or a placebo daily. Cal-
cium supplementation did not affect the rate of preeclampsia,
pregnancy-associated hypertension, or perinatal outcome (includ-
ing preterm delivery, intrauterine growth retardation, and perina-
tal death). The use of calcium supplements to prevent toxemia of
pregnancy is, therefore, in limbo and there is no rationale for
large-scale programmatic intervention with calcium at this time.
It is likely that further research will need to be conducted in pop-
ulations whose diets are more likely to be calcium deficient.

A logical next step might be to consider a trial in the devel-
oping world with various rates of calcium supplementation and
with a sample size large enough for assessing the effects on both
maternal and fetal morbidity. An intervention comparing dietary
change with calcium supplementation should also be considered
because of the possibility that under some conditions, dietary
modification might be more practicable than supplementation.

Zinc

In Gibson’s (167) review of 7 zinc supplementation studies of
pregnant women, only one reported a reduced incidence of preg-

nancy-induced hypertension (168). Goldenberg et al (169) in
their large trial of zinc supplementation during pregnancy did not
report rates of pregnancy-induced hypertension.

Overall, the studies of zinc and pregnancy-induced hyperten-
sion have had inconsistent results. They have also been plagued
with methodologic weaknesses, such as inferring that a concur-
rent association between low serum zinc concentration and
hypertension was present before hypertension appeared. Deci-
sions on whether and how to extend the work on prenatal zinc
supplementation to developing countries must await the outcome
of ongoing trials. Like all the interventions under scrutiny in this
review, future studies and programs should not be undertaken
unless good supportive obstetric care is available. Sample sizes
should be large enough to test effects on pregnancy-induced
hypertension as well as fetal growth and might, therefore, best be
carried out in primiparous women.

Magnesium

Spasmodic contraction of umbilical and placental vasculature
was observed in magnesium-deficient laboratory animals (197).
Magnesium deficiency in the pregnant ewe can also cause
increased blood pressure and a reduction in fetal weight and pla-
cental and renal lesions similar to those in preeclampsia. Studies
on magnesium deficiency in pregnant women, however, have
been inconclusive. Melles and Kiss (198) found lower rates of
preeclampsia in areas with high concentrations of magnesium in
the drinking water and a reduction in rates of preeclampsia with
magnesium treatment. Spätling and Spätling (199), although
finding fewer hospitalizations among magnesium-treated women
than placebo-treated women, observed no differences in rates of
preeclampsia. Sibai et al (200) found no significant differences
in either systolic or diastolic blood pressure or incidence of
preeclampsia associated with magnesium supplementation. It
does not appear at this time that magnesium supplementation, or
increased dietary intake of magnesium, can be promoted as an
intervention to control preeclampsia.

Obesity; weight change; energy, protein, and fat intake; and
preeclampsia

The relation between energy and protein intake, preeclamp-
sia, and eclampsia has been debated extensively (188). A pos-
itive relation between obesity and preeclampsia was observed
in several studies (200–202). There is general agreement, how-
ever, that weight gain during pregnancy is not a risk factor for
preeclampsia. Rather, the weight gain of preeclampsia appears
to reflect pathologic water retention that is a physiologic
change associated with, but not a cause of, pregnancy-induced
hypertension. Thus, the strategy to limit weight gain during
pregnancy to avoid pregnancy-induced hypertension has been
discredited (181).

Davies et al (203) found no associations between diet and tox-
emia in an observational study in Israel. Zlatnik and Burmeister
(204) in the United States found that preeclampsia was not
related directly to the amount of dietary protein, a finding simi-
lar to that of Chaudhuri (205).

Sattar et al (206) reviewed the underlying potential patho-
genic roles of lipoprotein and fatty acid metabolisms in
preeclampsia. Unfortunately, the results of studies in humans
have been mixed. Olsen and Secher (207) found a possible pro-
tective effect of low doses of fish oil on preeclampsia. A more
recent trial by Onwude et al (208) found no relation between fish
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oil supplementation and any pregnancy outcome in women at
high risk of developing pregnancy-induced hypertension. This
inconsistency is discouraging because of the strong association
in an observational study between low amounts of erythrocyte
n23 fatty acids and preeclampsia (209).

Other nutritional factors

Other nutritional factors implicated in toxemia of pregnancy
include dietary fiber (210, 211) and leisure-time physical activ-
ity (212). The tenuousness of these associations with pregnancy
toxemia is such that none has progressed beyond speculation.

MATERNAL NUTRITION AND PUERPERAL INFECTION

Deaths from puerperal infection, once a common cause of
maternal mortality, are now rare in the industrialized world
(213). The situation in the developing world, however, remains
dire. For instance, maternal tetanus alone causes between 15000
and 30000 maternal deaths/y (214). There are reports of some
changes in immune status associated with severe iron deficiency
(hemoglobin <80 g/L) (94). Despite this, as Viteri (39) stated,
“The lack of information on the impact of anemia and/or iron
deficiency on rates of severity of different infections during
pregnancy is appalling.” So appalling that, at this time, although
major research initiatives relating various indices of malnutrition
to the incidence and severity of infection would be very valuable,
this issue is nowhere near programmatic application.

West et al (215) recently completed an important trial in Nepal.
Two hundred seventy communities were randomly allocated to 1
of 3 groups, and all women of reproductive age in each commu-
nity were given a placebo, 7000 mg vitamin A, or 42 mg b-
carotene/wk for 3 y. Among the several predicated outcomes, the
only noteworthy effects were on maternal mortality. Overall, the
study found a dramatically lower maternal death rate in supple-
mented than in unsupplemented women (relative risk: 0.56
through 12 wk postpartum; 95% CI: 0.37, 0.84). Nevertheless,
there remain several uncertainties with this study, including the
different outcomes for the 2 different interventions, the results of
serum studies, and—most importantly—the results of the verbal
autopsies, historical attempts to ascertain cause of death. The
lowering of the maternal death rate was greater for b-carotene
(relative risk: 0.51) than for vitamin A (relative risk: 0.60). Serum
retinol and b-carotene values were estimated in a subsample of
women (these results were presented at a scientific conference but
were not included in the publication). It appeared that there were
only minimal effects on serum retinol concentrations from b-
carotene supplementation and that the biochemical profiles of the
2 treatment groups were quite different, findings that were both
inconsistent with the hypothesis that the effect in both groups was
mediated by retinol concentrations. Although these results are
somewhat confusing, the results of the verbal autopsies are dis-
quieting. The authors anticipated that vitamin A would be shown
to reduce the risk of death from severe infection. In fact, the relative
risk of death from infection in women who received vitamin A
was 0.94 (95% CI: 0.42, 2.05) and 0.60 (95% CI: 0.24, 1.51) for
b-carotene; thus, the hypothesized effect of vitamin A did not
occur. There was also no difference in death from hemorrhage,
with the relative risks for all obstetric causes of death (including
hemorrhage, eclampsia, shock, and obstructed labor) being 0.88
and 0.56 for vitamin A and b-carotene, respectively (neither
significant). Thus, vitamin A had a negligible effect on any of the

biologically coherent causes of death. The supplements did suc-
ceed in dramatically reducing maternal mortality from deaths
because of injury (eg, burns, drowning, snakebite, and hanging),
with a combined relative risk of 0.10, and from miscellaneous
causes of death, which included a combination of “uncertain,”
“no information,” asthma, leukemia, and anemia (only one case).
For this group, the relative risk for both groups combined was
0.26 (CI: 0.09, 0.73).

The findings from the Nepal study do not provide an adequate
basis on which to move forward to programmatic application and
certainly should not foreclose further research. These nutrients
need further testing, preferably in an area with at least rudimentary
obstetric services. The meaning of an intervention that lowered
maternal death ratios in a population where the background mater-
nal mortality ratio was 759/100000 live births (the placebo group)
is open to question. A first priority would be to offer obstetric care
to lower this terrible risk and then to judge what the incremental
benefit might be from supplementation with these nutrients. It is
impossible from the results of this trial to predict what the effects
of vitamin A or b-carotene supplementation would be at the lower
levels of maternal mortality after health care has been improved.

Interrelationships between health care and infection

As with all causes of maternal mortality, the effect of any nutri-
tional intervention on rates of infection will depend on the quality
of health care that is available. Simple lessons learned long ago
may need to be relearned. Cronin et al (216) conducted a carefully
structured observational study of midwives and obstetric nurses in
Ghana in which they surveyed selected infection control practices
related to childbirth. They concluded that most personnel did not
practice basic rules of asepsis, including frequent breaks in tech-
nique, inadequate sterilization and disinfection, and repeated
exposure to large amounts of blood and vaginal secretions. Med-
ical supplies were limited and, when available, were not always
used appropriately. Thus, without concurrent attention to both the
availability and quality of health services, attempts to lower the
rate and severity of infection by nutritional interventions alone
would certainly not achieve much in the way of benefit.

Conclusion

Although the relation between nutrition and immunity has
received much attention recently, a strategy of nutritional inter-
vention aimed at decreasing the incidence or severity of mater-
nal infection cannot be justified at this time.

This review has only dealt peripherally with perinatal prob-
lems, but the most promising preventable cause of preterm labor
is probably chorioamniitis and other reproductive tract infections
(217). Any studies on the relations between such infections,
which are often sexually transmitted, and nutritional status need
to take into account the effect of similar concomitant causes of
reproductive problems for both the mother and the infant.

CONCLUSIONS

Maternal mortality is a problem of utmost importance. It is
devastating whenever it occurs, and rates in the developing world
are 100- to 200-fold those in industrialized countries. That this is
true, despite secure knowledge about the principles of prevention,
is not only a human tragedy but an indictment of world priorities.

Past efforts to lower maternal mortality rates through nutritional
strategies have fallen victim to the usual culprits. These include

234S RUSH



lack of resources, lack of interest in women’s health by those who
control resources, and the low status of women throughout much of
the developing world. Another embarrassing factor about which lit-
tle is said also stands in the way of coherent policy and programs:
the knowledge base upon which many programs have been pro-
posed or created is inadequate. Nutrition programs have been
actively promoted to reduce maternal mortality when it is not at all
clear whether they will have any but minimal effects. Such pro-
grams are often based on incomplete or contradictory knowledge
and frequently are not field-tested before being widely dissemi-
nated. It seems there is often an underlying assumption that nutri-
tion programs could not possibly have any adverse consequences
on the health of women, which is not true. Even if they have no
adverse biological effects (and even these cannot be ruled out),
these programs can divert resources from initiatives that might
have succeeded better and can raise expectations too high, disap-
pointing both donors and recipients and undermining the future
credibility of public health nutrition.

Certainly, the amelioration of malnutrition can greatly benefit
women and their children and families. What remains unclear,
however, is what the highest priorities are and how to formulate
them. The public health nutrition community needs to assess its
ignorance forthrightly and confront policymakers and funding
agencies with the reality that lowering maternal mortality and
significantly improving maternal and child health will require far
better information than is now available. Moreover, gathering
such information will require resources and time. Further, priori-
ties should be set and strategies chosen with the full participation
of the women and families whom these efforts are meant to help,
not just by the researchers, health institutions, and governments.

A second overarching administrative reality is that in the
developing world, nutrition programs are often dissociated from
health programs. Even at the experimental level, several massive
trials have tested specific nutrients without attention to the inad-
equacy of the available health and obstetric services. It is nearly
certain that the adjunctive role of nutrition in lowering maternal
mortality and improving maternal and child health will be mini-
mal and marginal unless incorporated into existing and improved
health care delivery. Such trials are likely to confer much less
benefit than they would have had they been integrated with the
health services. In practical terms, any effects observed in the
absence of adequate health care cannot be assumed to be applic-
able once baseline rates of mortality have been lowered after the
establishment of effective health care. This shortfall has a moral
as well as a practical dimension: Is it ultimately important
whether massive death rates were slightly lowered while provi-
sion of decent health care was neglected? The studies would
almost surely be different if the poor people, who are the subjects,
could express their own priorities.

For 3 of the 5 central causes of maternal mortality (except as
possibly influenced by anemia, as discussed below), the knowledge
base for the contribution of nutrition to maternal survival is too
weak for any widespread, systemic programmatic application at
this time. These 3 causes are induced abortion, puerperal infection,
and pregnancy-induced hypertension (preeclampsia and eclamp-
sia). The situation for the other 2 major causes of maternal mortal-
ity, namely hemorrhage (including, for this discussion, anemia) and
obstructed labor, is very different. Large-scale nutritional programs
to prevent and manage both anemia and intrauterine growth retar-
dation, with major investments of resources, are now ongoing in
the field and far more programs are being urged to the world com-

munity. The question is whether these programs, well-intentioned
as they assuredly are, are even close to being as effective as they
are promoted to be. If they are not, what still needs to be learned
before the programs can be revised or refined?

Anemia

Almost every published study has found greatly increased
maternal mortality among severely anemic women, but no study
has addressed whether mortality is lowered by treatment of ane-
mia (other than transfusion therapy for very severe anemia). Of the
2 available studies that relate moderate concentrations of anemia
to mortality, one found moderately increased maternal mortality
(53) and the other found no increase (48). Moreover, most publi-
cations omit data on the severity or etiology of anemia and do not
discuss whether intervention was successful. Except for a recent
study from Bangladesh, which reported markedly lower commu-
nity rates of anemia after a program of routine iron supplementa-
tion during pregnancy and the postpartum period (218), evidence
that these programs have conferred much, if any, benefit at process
(amount of supplementation) or physiologic levels (iron stores
increased) is scanty. Further, no studies show improved public
health outcome (ie, lowered maternal morbidity and mortality,
improved fetal growth, or lowered perinatal and infant mortality).

In nearly all populations, there are far more mildly or moder-
ately anemic women than severely anemic women. Current nutri-
tion programs to combat anemia during pregnancy in the devel-
oping world address all severities of anemia (ie, mild, moderate,
and severe), paying only scant special attention to the severely
anemic woman. Furthermore, iron supplementation programs sel-
dom attempt to specify etiology or level of anemia, and severe
anemia is likely due to complex, multiple causes. Programs usu-
ally distribute supplements universally in amounts that are not
tailored to individual need and typically do not test whether ther-
apy has been successful nor modify the therapy if it is not. Thus,
the problem of severe anemia, as a medical and obstetric emer-
gency, is not being directly nor appropriately addressed.

The next steps for the public health community seem relatively
straightforward. First, the relationship between level and type of
anemia and pregnancy-related morbidity and mortality needs to
be clarified. Second, mechanisms for contending with those
forms and levels of anemia associated with increased risk of
death must be developed in carefully designed and monitored
small-scale studies. Third, after successful strategies are devel-
oped in relatively small-scale studies, these need to be tested and
refined at the population level, and those strategies that prove
valuable need to be made available to all women whom they
might help, all the while taking into account possible adverse
consequences of intervention. These challenges imply changes in
current approaches. Screening and follow-up become obligatory,
with monitoring to judge whether treatment has been successful
and whether action needs to be taken to modify such treatment
accordingly.

The pathways by which severe anemia increases risk of death
also need to be better understood. Right now, no data are avail-
able to address the widely held assumption that severely anemic
women are more susceptible to death from exsanguinating hem-
orrhage. Quite possibly, severe anemia may also impair the
muscular strength needed for labor or it may increase suscepti-
bility to infection. Investigation of these issues is possible,
albeit difficult. Public health nutritionists must be honest in
confronting their ignorance and resolute in correcting these
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massive uncertainties.

Obstructed labor

The risk of obstructed labor is closely related to physical size, ie,
growth of both the mother and the fetus. Obstructed labor is far
more common with short stature and in first births, possibly related
to the lag in maturation of the pelvic outlet compared with the
stature of young mothers. Unfortunately, nutritional strategies for
increasing adult stature are nearly nonexistent. Supplemental feed-
ing appears to have little benefit after age 3 y and there is evidence
that improved nutrition and environmental conditions among short
Third World girls have mixed benefits on reproductive health. For
instance, young Indian girls adopted by Swedish families had
rapidly accelerated growth in height before puberty, markedly ear-
lier menarche (potentially exposing them to earlier marriage), and
ultimate adult stature that was not much greater than might have
been expected before adoption. In contrast, deprived girls without
any special intervention have been observed to have late menarche
and, therefore, greatly extended periods of growth, and have
achieved nearly complete catch-up growth compared with relatively
affluent control subjects. Whether supplementation or increased
feeding after infancy is safe, in terms of precipitation of early
menarche, or effective, in terms of increasing ultimate adult height,
cannot now be predicted. This issue is probably not amenable to
controlled clinical trials and warrants a careful reinvestigation of
past intervention studies and important quasi-experiments.

The same knowledge gaps exist for micronutrient interven-
tions. Iron and zinc supplementation of deficient populations
may lead to weight increases, but few data are available on ulti-
mate height change. This is another issue where follow-up of
past intervention studies could be of enormous value.

Published research on the association between fetal size and
obstructed labor is scanty, but results of the few existing studies are
consistent with the universal clinical understanding that the need
for operative delivery increases sharply with increased fetal size.
This applies not only to macrosomic newborns, but also to those of
moderate size; the risk of obstructed labor of infants whose birth
weight is 3.0 or 3.5 kg is much higher than at 2.5 kg or lower and
is especially severe in women shorter than 1.5 m. The problem is
exacerbated in young and primiparous mothers. Many supplemen-
tary feeding programs currently exist to increase fetal size, partic-
ularly for thin women. Most of these programs identify participants
on the basis of criteria independent of the woman’s height, such as
the body mass index (wt/ht2). This review shows that this strategy
may increase the risk of obstructed labor, with consequent trauma
and possible death of both the mother and child. All primiparous
women shorter than 1.5 m should be excluded from protein-energy
and other supplementary feeding programs aimed at accelerating
fetal growth until these issues are better understood, or unless there
is reasonable confidence that these short and vulnerable young
women will have access to effective operative obstetric care. The
knowledge base necessary to model the competing risks between
the benefits and dangers of increased fetal size does not now exist.
Until it does, protein-energy supplementary feeding programs in
developing countries should be conservative to maximize the pos-
sibility that their benefits outweigh their risks.
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