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Iron deficiency in pregnancy
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Summary: Iron deficiency (ID) and related anaemia (IDA) during pregnancy are highly prevalent worldwide in both developed and

developing nations although the causes are often different. At conception, many women lack sufficient iron stores to meet the

increased requirements of pregnancy, which are calculated at approximately 1200 mg. Appraisal of iron status in pregnant women is

problematic, however the most reliable available diagnostic test is a serum ferritin , 20 mg/L. ID is often associated with other

nutritional disorders, and there is frequently a secondary cause or association. A greater oral intake is usually insufficient to meet the

increased demands of pregnancy, however regular oral supplements (given either daily or intermittently) can often meet maternal

needs and avoid associated neonatal complications of IDA. Over-treatment with iron should be avoided, but intravenous

administration is useful when deficiency is discovered late, is severe, or if the woman is intolerant of oral formulations. This paper

reviews the current literature, and addresses differences in the prevalence and causes of ID betwen developed and developing

nations. It examines gestational iron requirements, distinguishes between ID and IDA, and highlights difficulties in diagnostic testing.

Finally, it appraises the evidence for and against different treatment regimens, ranging from food fortification to intravenous iron

infusions, according to availability and to need.
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INTRODUCTION

Iron deficiency (ID) in women of child-bearing age has been
recognized since at least the 17th century,1 yet it remains a
public health issue in both developed and developing countries
today, with an estimated prevalence of over 3 billion people.2

The condition is aggravated by and may present during preg-
nancy, when the need for iron is increased. Whether iron
deficiency anaemia (IDA) will arise during pregnancy
depends on two factors: the woman’s iron stores at the time
of conception and the amount of iron absorbed during ges-
tation. The fact that anaemia frequently does arise indicates
both that pre-existing stores are often inadequate and that phys-
iological adaptations are insufficient to meet the increased
requirements.

This review will address the nature and extent of iron storage
at conception, and the requirements and adaptive changes that
occur during pregnancy; it will examine inherent difficulties
in the appraisal of iron status, associated and differential
diagnoses, and treatment strategies. Although clearly a global
issue, it is important to acknowledge that the causes of IDA
and available treatment options, whether before, during or
after the pregnancy, frequently differ between developed and
developing nations.

PREVALENCE AND GLOBAL ISSUES

Developing nations

ID and IDA have a high prevalence in the developing world.
Studies of pregnant women from Zimbabwe, China, India
and Mexico between 1996 and 2008 indicated that between
43% and 73% of women are iron deficient (usually diagnosed
as a low ferritin concentration), and between 7% and 33% of
women had IDA.3–6 The Chinese study of 3591 pregnant
women found the prevalence of both ID and IDA to be
highest in the third trimester, with over 85% of women affected.
Of the 3721 non-pregnant premenopausal women in the study,
34% were ID and 15% had IDA. Interestingly, the prevalence
rate of ID (but not IDA) in the first trimester in both pregnant
and non-pregnant women was higher in urban (42% and
36%) compared with rural dwellers (36% and 32%). The preva-
lence of IDA in 746 pregnant women from four provinces in
Zimbabwe was 33%, compared with the overall rate of 24%
of the 3151 study participants (including preschool children,
18%; lactating women, 30%; and adult men, 17%). A study
from Mexico examined 186 adolescents who attended local
health institutions in their first trimester, where only 37% of
prospective mothers displayed normal iron indices and haemo-
globin concentrations ([Hb]).

Sub-communities in developed nations are also prone to a
high prevalence of IDA. Seventy-two percent of women aged
over 14 from an aboriginal population in North-West
Australia had ID, many of whom were also anaemic; and
IDA (serum ferritin ,12 mg/L) developed in 86% of Asian and
40% of black women in another study from South Africa.7,8

Such data are consistent with the findings of de Benoist and
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co-workers, who ascertained the global prevalence of anaemia
in non-pregnant women to be 30.2%, rising to 47.4% during
pregnancy.9

Developed nations

Surprisingly, the prevalence of ID and IDA in more affluent cul-
tures and societies appears to be similar to poorer communities,
without substantial evidence of improvement in the last 60
years. In 1951, a study of 2087 pregnant women from
Manchester, UK, demonstrated higher [Hb] in the 1249
women taking oral iron during the pregnancy.10 The prepreg-
nancy haemoglobin was also attained more quickly in the
treated group postpartum, taking over a year on average in
the non-treated group. A study from London 35 years later
demonstrated that 82% of 669 non-anaemic (Hb �110 g/L)
pregnant women had serum ferritin concentrations ,50 mg/L
at 16 weeks gestation. Ferritin concentrations were below
12 mg/L in 12%, and only 8% had levels above 80 mg/L.11 In
a 1994 study from the USA, 69% of a group of 88 adolescent
teenagers had depleted iron stores refractory to prescribed
treatment (possibly due to poor compliance). At two weeks
postpartum, stores remained depleted in 80%, with 55% still
with IDA. One interesting feature was that all low birth
weight infants (8%) were born to mothers who had ID by 16
weeks. Other studies from the USA and from Europe have
reported similar findings.12–15

Gestational iron requirements (see Table 1
and Figure 1)

The physiology of iron absorption and distribution in humans
is now well understood but beyond the scope of this article to
describe in detail. It has been well summarized elsewhere.2,16,17

During pregnancy, iron requirements are not uniform.16 In the
first trimester, daily needs decrease due to the absence of men-
struation. This represents a saving of approximately 0.56 mg of
iron per day, or 160 mg for the pregnancy.18 Ongoing losses
from the gut, skin and urine (which continue throughout the
pregnancy) are calculated at approximately 14 mg/kg/day
(about 230 mg for the pregnancy).19 In addition, several
studies have suggested that erythropoietic activity might be
reduced during this period.10,20–22

In the second trimester, blood volume increases by 45%, with
an increase in plasma volume of 50%; red cell mass is raised by
35% in iron-replete women. This amounts to approximately
450 mg of iron in a 55 kg woman. Although this represents a
significant demand during the gestation, long-term demands
are substantially less as, apart from fetal requirements, the
iron is redistributed rather than lost.23,24

Fetal demands for iron are maximal during the third trime-
ster. The iron content of a 3 kg fetus has been estimated at
270 mg.25 Parturition presents additional losses, which can be
difficult to quantify in individual cases. However, maternal
losses following a normal delivery average about 150 mg of
iron, with an additional 90 mg from the placenta and umbilical
cord.25 Lactation losses (0.3 mg/day) are usually offset by the
absence of menstruation, except when prolonged.26

Therefore, the mother must be able to mobilize almost
1200 mg of iron during pregnancy, although her net obligations
are approximately 600 mg. Effectively, despite being reduced in
the first trimester, average daily dose requirements rise to
between 4 and 6 mg per day in the second and third trimesters,
respectively.16 Since changes in red cell mass in the second trime-
ster do not begin until relatively late, the actual requirements can
be as much as 10 mg per day in the last 6–8 weeks. Even in well-
educated, nutritionally replete women, it is most unlikely such
requirements can be met through diet alone, a restriction that
has been confirmed in at least one recent observational study.27

RECOGNITION AND DIAGNOSIS

ID versus IDA

Anaemia represents the final stage of ID, and occurs as tissue
and cellular stores are progressively exhausted, yet non-
anaemic ID is under-recognized as a pathological entity.
Animal and human studies have identified reduced exercise
capacity (thought related to mitochondrial dysfunction) and
impaired temperature regulation in such subjects.21–24,28

Substantial cognitive defects have also been identified.29,30

Reductions in both exercise and cognition may be responsive
to treatment.30 Infants with ID have also been reported to
have a reduced mental development index and persistent

Table 1 Average iron requirements and changes during

and after pregnancy for a woman with a pre-gestational

bodyweight 55 kg to 60 kg

Stage Amount (mg)

Pre-partum

Fetus 270

Placenta 90

Expansion of RBC mass 450

Obligatory losses 230

Sub-total 1040

Intra-partum

Maternal blood loss at delivery 150

Overall requirement 1190

Post-partum changes

Contraction of maternal RBC mass 2450

Loss of menstruation during gestation 2160

Sub-total 2610

Net requirement 580

Figure 1 Figurative representation of changes in blood and plasma

volume during pregnancy

................................................................................................................................................
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developmental delay.29,31 However, whether such abnormal-
ities are amenable to iron supplementation during pregnancy
remains contentious, with conflicting reports suggesting the
severity of ID might be important.32,33

Anaemia

The National Health and Nutrition Examination Survey
(NHANES) II study identified 117 g/L (2 SD below a mean of
135 g/L) as the lower normal limit of haemoglobin for non iron-
deficient premenopausal women.34,35 In pregnancy however,
the complex physiological changes that occur progressively
throughout the gestation make it difficult to distinguish
anaemia from physiological adaptation, particularly when a
single test is performed at a specific gestational stage.
Increases in both plasma volume (�50%) and red cell mass
(up to 30%) contribute to a marked increase in total blood
volume; however, the haemoglobin falls because of a greater
increase in plasma volume. The rise in plasma volume is
more marked in multiple gestations and parous women, and
reduced iron stores restrict elevations in the red cell mass, an
effect that becomes more evident later in the pregnancy.36–40

Thus, what [Hb] is normal in a particular woman at a certain
gestational age is inherently problematic. By simple calculation
and with some empirical support, a [Hb] of 105 g/L could be
regarded as an acceptable physiological lower limit at any
stage of gestation.24 A cut-off of 110 g/L has also proved
acceptable and workable for many and has the advantage of
corresponding to the World Health Organization (WHO) and
Centers for Disease Control and Prevention guidelines,16,34,35,41

although both of these guidelines have been criticized because
of inadequate sampling data and statistical flaws.42 In addition,
there are no prospective data to support a worse maternal
outcome from anaemia per se (as opposed to associated compli-
cations), and low birth weight and other morbidities have been
shown to have a U-shaped association with maternal [Hb], most
likely due to associated pathologies.43,44

However, mortality reports do not address changes in symp-
tomatic wellbeing or functional capacity. Poor quality of life is
well recognized in other conditions such as chronic kidney
disease, particularly when the [Hb] falls below 100 g/L.45,46

Furthermore, as discussed above the consequences of ID
(which affect both mother and fetus irrespective of the
[Hb]) are well recognized, prevail for substantial periods
postpartum, and affect subsequent pregnancies and childhood
development.5,30,47

Iron status (see Table 2)

Whatever [Hb] is considered abnormal in a specific patient, iron
studies are usually the first of the relevant investigations that
should be performed. However, these too are not without
inherent difficulties in pregnancy. Early in the gestation there is
an initial fall in serum iron, which stabilizes by mid-pregnancy.48

Increased transferrin concentrations reflect a 50% increase in total
iron-binding capacity, with a corresponding fall in transferrin sat-
uration.48 The serum ferritin rises slightly in response to reduced
erythropoietic activity initially, but then a progressive reduction
by mid-term to about 50% of pre-pregnancy values occurs in
response to haemodilution and iron mobilization, with a nadir
reached by week 32.22,49–52 It is important to recognize also that
plasma ferritin concentrations and transferrin saturation display

significant day-to-day variability, and that substantial rises in fer-
ritin occur concurrently with infection or inflammation as part of
the acute phase reaction.53

Iron parameters that may be more constant in pregnancy
include circulating transferrin receptor (cTfR), reticulocyte hae-
moglobin content, zinc protoporphyrin levels, hypochromic red
cell (or reticulocyte) percentages and bone marrow sampling.
Some studies suggest that cTfR is not subject to the physiologi-
cal changes induced by gestation and rises only in ID. Although
other studies have failed to confirm this, appropriate comp-
lementary changes in cTfR have been identified in marginally
iron-deficient women who were treated with oral iron
supplements.50,51,54

Reticulocyte haemoglobin content has also been shown to be
useful in assessing marginal iron stores,55 but studies in
pregnant women are few. Zinc protoporphyrin assays during
pregnancy demonstrate an enhanced sensitivity compared
with ferritin in the appraisal of iron status, although it has
not been embraced by the majority of clinical laboratories.54,56,57

An elevated percentage (.10%) of hypochromic red cells
and reticulocytes has also been deployed with high success in
diagnosing ID in patients with kidney failure.58 Although the
technique has not been addressed substantially in pregnancy,
there is no reason it could not be. The data can be ascertained
automatically from routine analysis, but a specific analyser
(coulter counter) is required.

In the limited studies performed, bone marrow sampling is
an accurate appraisal of body stores, however at least one
study has suggested this might not always be so.59 Marrow
iron stores can also reduce during pregnancy, making a
‘normal’ marrow difficult to define, especially later in the ges-
tation.48 In addition, its deployment has limitations on several
practical fronts.

The discovery of hepcidin, a 25-amino acid protein processed
from a larger precursor (pro-hepcidin), in 2000 represented
a significant advance in our understanding of iron

Table 2 Tests used to diagnose iron deficiency in pregnancy

Test Advantages Limitations

Standard iron studies

Iron

Transferrin

saturation

Ferritin

Readily available;

widely used in

research studies

Low ferritin diagnostic

of iron deficiency

Parameters are subject

to substantial

physiological change

during pregnancy

Non-standard iron

studies

Circulating transferrin

Likely of value in

determining ID

Probably little change

Not widely available;

limited data in

pregnancy

receptor during pregnancy

Reticulocyte

haemoglobin

content

Zinc protoporphyrin

%hypochromic

RBC

Hepcidin Key determinant in iron

absorption

Difficult to measure and

interpret; very limited

data in pregnancy

Bone marrow Direct measure of iron

presence in bone

marrow

Subject to physiological

change during

pregnancy

Recognised gold

standard

RBC: red blood cells; ID: iron deficient
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homeostasis.60–62 Unable to be measured directly until recently,
reliable assays are still not widely available. Of the few reports
available in pregnant patients, serum pro-hepcidin estimates do
not appear to correlate well with iron status in pregnancy.63

However, a recent study using a urinary assay of hepcidin
by mass spectrometry in pregnant women did suggest a close
correlation with ferritin and transferrin receptor status, but
not with haemoglobin, inflammatory markers or erythropoietin
concentrations.64 Further studies will be of interest.

Many of the tests described above are confined to specialist
laboratories and are unsuitable for routine screening of preg-
nant patients, even in the developed world. In a clinical practice
setting, a low or falling mean corpuscular volume – regardless
of [Hb] – will be the first initial suggestion of ID, and there are
numerous reports of the utility of a low serum ferritin to
confirm the diagnosis at any stage of the pregnancy. The
specific concentration of ferritin used to define ID varies, but
levels between 20 and 50 mg/L have been cited, with convin-
cing specificity particularly for the lower value.22,56,57,65,66

Causes of ID (see Table 3)

Developing nations

The causes of ID in developing populations do depend to some
extent on local factors; however, the primary issues relate to
public health.7 A cross-sectional survey of six villages in rural
India in 2000 and 2001 found that the primary causes of micro-
nutrient deficiency – including iron – were low dietary intake
and food of poor nutrient value.5 Such findings are echoed in
other studies, where food insecurity either in quantity or in
content, and lack of contraception resulting in shorter reproduc-
tive and pregnancy cycles are facts of life.3,67,68 Whenever
studied, ID is but one of several micronutrient deficits ident-
ified in pregnancy.3,8 Reduced serum levels of zinc (73%),
copper (3%), magnesium (44%), folic acid (26%) and iodine
(6%) were identified in one cross-sectional study of rural

pregnant Indian women from various areas; multiple
deficiencies were common.8 At least one other population
study has found similar results.9 Other deficiencies also fre-
quently co-exist with iron, particularly vitamins A and B12,
and should always be considered.59,67,69Although such
deficiencies are widely prevalent, some caution is advised
when extrapolating tissue deficiency of nutrients from low
serum concentrations, particularly in a clinical context. Other
important causes of ID in developing societies include
malaria, HIV infection, parasite infestations and short inter-
pregnancy intervals.5 Haemoglobinopathies (e.g. sickle cell
disease and variants) can contribute to ID through both
chronic and acute haemolysis. In areas of endemic infection
or where there is a high prevalence of disease, particularly
when [Hb] and ferritin concentrations are very low, concurrent
ID is likely.

Developed nations

In comparison to their counterparts in developing nations, and
given iron losses due to menstruation are relatively constant,
the predominant cause of ID in otherwise healthy groups of
women in developed nations most commonly relate to a net
imbalance between iron ingested and iron lost. If iron stores
are reduced at conception (which is common), it is unlikely
progressive deficiency can be averted without specific iron
treatment. A recent observational study from the USA
demonstrated that premenopausal women from mid- to upper-
income brackets were unable to consume sufficient amounts of
iron from food to meet the needs of pregnancy.27 These findings
are corroborated in a recent Australian study, although studies
from the developing world do suggest that substantial gains in
both iron stores and haemoglobin can be achieved.70,71

In an otherwise healthy woman, attention should be paid
firstly to dietary habits. Many women restrict their iron intake
through selective red meat avoidance. Similarly, a vegetarian
or vegan diet and recognized nutritional disorders such as anor-
exia can predispose to ID, which might only be recognized
during pregnancy. In women with severe ID, additional
studies are warranted, particularly to ensure concurrent
deficiencies (such as coeliac disease) are not present. One impor-
tant group of women who can be overlooked are those from
ethnic minority groups, either native or immigrant, within nutri-
tionally replete societies who may well be iron deficient from
causes more commonly associated with developing nations.

TREATMENT

The treatment of ID and IDA in pregnancy relates directly to its
necessity, its effectiveness and its potential to cause harm. As
previously discussed, there are few if any reports to support
deleterious maternal outcomes from ID or IDA. Apart from
symptomatic and functional limitations mentioned earlier,
there are several studies highlighting the risks of low birth
weight and preterm delivery in both developed and developing
countries, particularly as anaemia becomes more marked.72–75

There is also evidence that treatment with iron improves perina-
tal outcome, an effect especially evident in women who are
anaemic early in pregnancy but also seen in women given
small doses of regular iron from 20 weeks gestation.75–78 In
addition, the iron status of children up to 12 months of age is
improved even when iron supplementation is begun late in

Table 3 Causes and important associations of iron

deficiency and iron deficiency anaemia in women of

child-bearing age

Developing nations Developed nations

Food shortage

- Lack of food, either

sustained or cyclic

- Poor nutrient quality

Infestations

- Hookworm

- Giardia

- Other: tapeworm,

schistosomiasis

Concurrent diseases

- Malaria

- HIV

- Haemoglobinopathies

- Coeliac disease

Short inter-pregnancy

intervals

Dietary

- Poor oral intake of red meat

(specifically)

- Nutritional disorders (anorexia,

bulimia)

- Vegetarian or vegan diet

- Excessive ingestion (with meals) of

calcium, teas (including herbal),

coffee

Malabsorption:

- Coeliac disease

- Crohn’s disease

Menorrhagia

High socio-economic status

Blood donation

Low socio-economic status

Ethnic minorities

- Native

- Immigrant

................................................................................................................................................
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pregnancy.72–74 Such data suggest that treatment is both desir-
able and effective.

When taken orally iron replacement can cause gastrointestinal
discomfort (particularly nausea and constipation) and on
occasion may produce iron intoxication from overdose (mostly
in children). There are also reports of elevations of ‘free iron’ in
the plasma and lipid peroxidation, indicative of oxidative
stress.79–81 Numerous reports, with some support from animal
studies,82–84 now also suggest that excessive iron supplemen-
tation can cause increased prematurity, low birth weight and
infant mortality, most likely due to an increase in [Hb] above
physiological levels. Effects appear most marked as haemoglobin
rises above 130 g/L.36,37,85–90 Thus, oral iron supplementation
during pregnancy appears safe and efficacious but is not necess-
arily harmless. As discussed earlier, a woman of 55–60 kg body
weight has to mobilize approximately 1200 mg of iron during the
pregnancy, with a net cost of 600 mg. Based on the NHANES III
study (1988–1994) most women of reproductive age, even in the
industrialized world, have less than 300 mg of iron storage at the
start of pregnancy.91 Therefore, most women will require iron
treatment during the gestation. Evidence from numerous
reports suggests that iron absorption, similar to demand,
increases through pregnancy. Lowest rates are in the first trime-
ster at around 7% of a given dose, rising to between 15% and
35% by 35 weeks gestation. Absorption is markedly affected by
iron dose, total body iron status, food type (high or poor iron
bioavailability) and by other foods (such as calcium and
cereals) ingested at that time.20,92–96

The average weekly absorbed iron dose required for women
during the latter trimesters has been calculated at 3–4 mg/
day.16,42 Assuming an average absorption of 20%, iron needs
could be supplied from a total weekly oral dose of 120–
160 mg/week for women with a starting [Hb] of 90 g/L, less
with higher values. This is achievable in a variety of ways as
will be discussed, but it is important to realize that such a
regimen is unlikely to increase markers of iron stores (such as fer-
ritin) significantly during the pregnancy; rather it will maintain
the [Hb] as iron is diverted into the circulating erythron mass.
Measurement of ferritin and [Hb] on a monthly basis (more reg-
ularly if clinically indicated) is probably the best means of moni-
toring the response to iron therapy. Elevations of 10 g/L per
month can be expected with appropriate dosing. Failure to
respond to treatment usually indicates ongoing iron loss
(usually gastrointestinal) or poor compliance with treatment.

The correct approach to replenishment of iron stores and/or
haemoglobin in ID and IDA is still debated. The options cur-
rently available include iron fortification of foods (either in
food sources or as an additive), intermittent oral iron tablets,
daily oral iron, parenteral iron and blood transfusion.

Food fortification is an attractive option for developing
countries, where the logistics of oral iron supplementation
among the most needy are highly challenging, and the rate of
compliance with treatment is poor.72–75 Iron fortification of
sugar (mean intake 4 mg/day) in non-pregnant women over
three years resulted in a substantial increase in iron stores,
with reserves still increasing by about 40 mg/year after the
third year.97 Importantly, substantial change was evident
even in women with severe hookworm infection. Two
Vietnamese studies showed similar improvements in iron
stores following ingestion of iron-fortified fish sauce for six
and 12 months (in respective studies).98,99 In these studies,
many of the women were anaemic at study commencement.
By study end, prevalence rates of anaemia had decreased

substantially and iron stores had increased in the majority of
the women. However, such replacement alternatives are best
suited to long-term strategies in the public health domain
where they would appear to promise a cost-effective means
of addressing a substantial global problem.

Oral iron, either as iron sulphate or fumarate, with or without
folic acid, is the most commonly used treatment for ID and IDA
in pregnancy. The issues of weekly versus daily supplemen-
tation, timing and duration of treatment, and total weekly dose
are still debated. Arguments for intermittent supplementation
include that it is more physiological by avoiding mucosal
absorption block and excessive pooling of intestinal iron with
associated oxidative stress, it has logistic advantages in distri-
bution particularly in areas of limited supply, that it avoids
many of the gastrointestinal side-effects of daily iron, and that
it works.79,80,82,83,100–102 Apart from logistic advantages, which
may partly explain the enthusiasm shown by the WHO for its
use in developing nations, each of these arguments has been con-
tested.103–109 Proponents of a daily iron regimen suggest instead
that concentrating on compliance (which is arguably easier with
regular dosing) and limiting the daily dose provide a more
sound approach to iron replenishment. Non-compliance is cer-
tainly an ongoing issue, both in the developing and the devel-
oped world, where it has been associated with smoking, low
socioeconomic status and maternal [Hb].110

The timing and dosage of oral iron are also controversial.
Most studies have focused on treatment from mid-pregnancy,
at or before 20 weeks gestation. This accords with screening
tests common to regular clinical practice in many countries. A
randomized, double-blind study from Denmark examined
doses of between 20 and 80 mg of oral iron daily in 427 preg-
nant women. A dose of 40 mg was sufficient to prevent ID in
90% of women (and IDA in at least 95%) both during preg-
nancy and postpartum.15 No difference in gastrointestinal side-
effects was observed. In a more recent Australian study of
anaemic pregnant patients, a similar dosage regimen showed
an improved side-effect profile with no substantial difference
in haemoglobin response compared with higher doses.111

Regular low dosage of oral iron would appear to benefit the
majority of women, preventing ID and IDA and avoiding the
potential problems of raising the [Hb] too high. Furthermore,
the gastrointestinal side-effect profile would appear to be
acceptable in most cases.

Reports of parenteral iron use are predominantly, but not
exclusively, from the developed world. Reports of its use in preg-
nancy have been scant, possibly because of concerns of adverse
reactions; however, intravenous iron sucrose in particular has
been used in several recent studies. Perhaps because of its
immediate bioavailability, it may result in a more rapid rise in
[Hb] in anaemic patients compared with oral iron but probably
does not confer an advantage in preventing anaemia in preg-
nancy.112,113 The side-effect profile of iron sucrose is encoura-
ging, it can be given rapidly (within ten minutes), and it
represents a real alternative to oral iron in refractory patients
or those intolerant of oral formulations. Two small recent
studies have also identified a similar replenishment of iron
stores and haemoglobin with low molecular weight iron
dextran and iron dextrin (polymaltose).114,115 Each of these
agents is able to be given as a total dose infusion. Care must
be taken with the overall dose of parenteral iron that is used,
as saturation of stores and too great a rise in haemoglobin are
considerations. In contrast, iron sucrose can only be given in
smaller aliquots (maximum 200 mg), providing some innate

................................................................................................................................................
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safeguards and allowing for incremental dosing. The use of
intramuscular iron is to be discouraged: it is painful, can cause
permanent scarring, is probably less effective than intravenous
dosing and there are no data to suggest the risk of adverse
events systemically is less than with the intravenous route.116

Postpartum management of ID and IDA is often treated hap-
hazardly. Combinations of observation, oral iron, parenteral iron,
blood transfusion and use of erythropoietic stimulating agents
(ESAs) have been used. It is useful to recall that a substantial
amount of iron will be returned to body stores from the erythron
mass in the first two months postpartum and, together with the
concurrent contraction in plasma volume, there is a substantial
rise in [Hb] over this period. Blood transfusion is probably
used too frequently in many centres; it should be reserved for
patients with acute blood loss and cardiovascular compromise.
Iron infusion with or without an ESA for some weeks will
augment the rise in haemoglobin,117,118 particularly in patients
who received little or no iron pre-partum and who are pro-
foundly anaemic. However, most patients with ID and IDA post-
partum will receive sufficient benefit from regular oral iron not
to require such an escalation in treatment.

SUMMARY AND CONCLUSIONS

† ID is highly prevalent worldwide, is often associated with
other nutritional disorders (particularly folic acid, zinc,
vitamin A), and frequently has a secondary cause or associ-
ation. The prevalence is greater in parous women and in
multiple pregnancies;

† The causes of ID and IDA in the developing world are often
different from those in developed countries;

† Appraisal of iron stores in pregnancy is problematic because
of complex physiological changes. The most reliable avail-
able current diagnostic test for ID is a low serum ferritin.
Concentrations ,20 mg/L are a very good index of ID;

† Dietary intake alone to maintain iron stores in pregnancy is
unlikely to succeed because of the increased requirements
for iron during pregnancy;

† Oral supplements at a low dose (40 mg elemental iron per
day), starting from at least mid-gestation, can ameliorate
ID and IDA and improve neonatal outcome and maternal
wellbeing;

† Intermittent oral treatment regimens (weekly or twice
weekly) are an alternative therapeutic option, particularly
in areas of limited supply or access;

† Over-treatment with iron in pregnancy may be associated
with an increased risk of prematurity and infant mortality;

† Intravenous iron has a role in the treatment and avoidance of
ID and IDA, particularly in women who present late, and/or
display severe deficiency or anaemia, or who are intolerant
of oral iron.
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