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ABSTRACT

Background: Iron deficiency anemia (IDA) is common in preg-
nant women, but previous trials aimed at preventing IDA used
high-dose iron supplements that are known to cause gastrointesti-
nal side effects.

Objective: The objective was to assess the effect on maternal IDA
and iron deficiency (ID, without anemia) of supplementing pregnant
women with a low dosage (20 mg/d) of iron. Effects on iron status
were assessed at the time of delivery and at 6 mo postpartum. Gas-
trointestinal side effects were assessed at 24 and 36 wk of gestation.
Design: This was a randomized, double-blind, placebo-controlled
trial of a 20-mg daily iron supplement (ferrous sulfate) given from
20 wk of gestation until delivery.

Results: A total of 430 women were enrolled, and 386 (89.7%)
completed the follow-up to 6 mo postpartum. At delivery, fewer
women from the iron-supplemented group than from the placebo
group had IDA [6/198, or 3%, compared with 20/185, or 11%; rel-
ative risk (RR): 0.28; 95% CI: 0.12, 0.68; P < 0.005], and fewer
women from the iron-supplemented group had ID (65/186, or
35%, compared with 102/176, or 58%; RR: 0.60; 95% CI: 0.48,
0.76; P < 0.001). There was no significant difference in gastroin-
testinal side effects between groups. At 6 mo postpartum, fewer
women from the iron-supplemented group had ID (31/190, or
16%, compared with 51/177, or 29%; RR: 0.57; 95% CI: 0.38,
0.84; P < 0.005). The rate of IDA between the groups did not dif-
fer significantly at 6 mo postpartum.

Conclusion: Supplementing the diet of women with 20 mg Fe/d
from week 20 of pregnancy until delivery is an effective strategy
for preventing IDA and ID without side effects. Am J Clin
Nutr 2003;78:145-53.
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INTRODUCTION

Pregnant women can be at risk of developing iron deficiency
(ID) because of the extra iron required by the growing fetus, the
placenta, and the increased maternal red cell mass (1, 2). The
exact prevalence of ID without anemia and of iron deficiency
anemia (IDA) during pregnancy in women in industrialized
countries is not well documented but is thought to be high on
the basis of pregnancy surveillance data (3) and the results of
randomized trials (4).

IDA is characterized by impaired heme synthesis and hypoplas-
tic erythropoiesis (5). In industrialized countries, the postulated risks

of IDA to pregnant women are increased fatigue and decreased work
performance, cardiovascular stress due to inadequate hemoglobin
and low oxygen saturation, impaired resistance to infection, and
poor tolerance to heavy blood loss and surgical interventions at
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TABLE 1

Definitions of iron status for women during pregnancy and the postpartum period’

Tron sufficiency

Iron deficiency without anemia

Iron deficiency anemia

Pregnancy: 20 wk to delivery
Postpartum: 6 mo

Hb =110 g/L and ferritin > 12 pg/L
Hb > 120 g/L and ferritin > 15 pg/L

Hb = 110 g/L and ferritin < 12 pg/L
Hb > 120 g/L and ferritin < 15 pg/L

Hb < 110 g/L and ferritin < 12 pg/L
Hb < 120 g/L and ferritin < 15 pg/L

!The more conservative cutoffs reflect the physiologic hemodilution that occurs in pregnancy. Hb, hemoglobin. From reference 16.

30-60 mg Fe/d (6). Despite these practices, we could find no pub-
lished randomized trial that assessed the benefits and risks of low-
dose iron supplementation during pregnancy.

The Australian recommended dietary intake (RDI) for iron dur-
ing pregnancy is 22-36 mg/d, compared with 12—16 mg/d for non-
pregnant women, and these recommendations are not dissimilar to
those of other industrialized countries (12). Given that the average
iron intake of Australian pregnant women is estimated to be 12 mg/d
(13), we designed a trial to assess the effect of iron supplemen-
tation at a level (20 mg/d) that would ensure that most women in
the intervention group at least met the RDI. Primary outcomes
were the incidence of maternal IDA at delivery, maternal iron
status at 6 mo postpartum, and gastrointestinal side effects at 24
and 36 wk of gestation. Secondary outcomes were the propor-
tion of women requiring high-dose iron treatment during preg-
nancy, maternal indexes of well-being as measured by a self-
administered questionnaire at 36 wk of gestation and at 6 wk and
6 mo postpartum (14), and maternal serum zinc status at deliv-
ery and at 6 mo postpartum.

SUBJECTS AND METHODS
Participants

Eligible women attending antenatal clinics at the Women’s &
Children’s Hospital, Adelaide, were enrolled according to the pro-
tocol approved by the Research Ethics Committee. Eligible
women had singleton or twin pregnancies. Women were excluded
if they had preexisting anemia (defined as a hemoglobin concen-
tration < 110 g/L), had thalassemia, had a history of drug or alco-
hol abuse, or were taking vitamin and mineral preparations con-
taining iron. After obtaining informed consent, we collected
baseline sociodemographic information such as age, parity, race,
smoking habits, level of education, and usual occupation for the
women and their partners (15).

Randomization and blinding

A computer-generated randomization schedule, with balanced
blocks and stratified for parity (first pregnancy to reach 20 wk of
gestation or second or subsequent pregnancy to reach 20 wk of
gestation), was generated by an independent consultant. Opaque
bottles with childproof lids were marked with a sequential, numer-
ical code and were filled according to the randomization schedule
by the Pharmacy Department at Women’s & Children’s Hospital.
Trial participants and the research team were unaware of the group
assignment. At 6 wk postpartum, the women were asked to guess
their assigned treatment group. The trial was unblinded after the
analysis of primary outcomes.

Treatments

Active supplements were ferrous sulfate tablets, each contain-
ing 20 mg elemental iron. Placebo tablets, which were identical
in color, size, and shape, contained only excipients. Both the iron
and the placebo tablets were manufactured and donated by Soul

Pattinson Manufacturing, Kingsgrove, New South Wales, Aus-
tralia. Soul Pattinson Manufacturing had no involvement in the
design or conduct of the study or in the analysis or interpretation
of the data.

Women were asked to take one tablet daily between meals (2)
from week 20 of gestation until delivery. Monthly telephone calls
(at 24, 28, 32, 36, and 40 wk of gestation) were made to encour-
age compliance and assess the average number of tablets not
taken during the previous month. Women were supplied with
excess tablets, and the number of tablets returned served as a
measure of compliance.

If anemia was detected in the routine 28-wk blood sample or if
the woman’s clinician considered her hemoglobin concentration
to be too low, the woman was advised to purchase and take a high-
dose iron supplement (containing = 80 mg/tablet) until the end of
pregnancy. This was part of standard obstetric care provided by
the woman’s clinician independent of the trial. However, the
women were encouraged to continue taking their assigned trial
supplements. Thus, the women allocated to the iron-supplemented
group received a total of 100 mg Fe/d if they were found to have
anemia at 28 wk of gestation.

Assessments

Maternal hemoglobin concentrations at <20 and at 28 wk of
gestation were obtained from hospital records. At delivery and at
6 mo postpartum, a S-mL nonfasting blood sample was collected
from the women to measure hemoglobin and serum ferritin as
primary markers of iron status.

Hemoglobin concentrations were measured spectrophotometri-
cally by using a Cell Dyn 4000 analyzer (Abbott Laboratories, Santa
Clara, CA), and serum ferritin was determined by a microparticle
enzyme immunoassay on an AxSYM Automated Analyzer (Abbott
Laboratories, Abbott Park, IL). Analyses were completed within 3 h
of collection by the Department of Hematology at Women’s and
Children’s Hospital. The precision (CV) of the hemoglobin meas-
urement was 0.9% and that of the serum ferritin measurement was
5.4%. Quality controls were used to check the accuracy of the ana-
lytic methods. Mean (+ SD) quality-control values for hemoglobin
(Cell Dyn 26 tri-level hematology control, lot CD091; Abbott Lab-
oratories) and ferritin (Biorad Immuno Plus Control; Biorad Labo-
ratories, Irvine, CA) were 135+ 0.96 g/L and 53 +3.4 ng/L, respec-
tively, compared with the certified values of 137 £ 3.2 g/L and
57 £ 5.0 pg/L, respectively. Definitions of iron status were based
on the criteria determined by the Centers for Disease Control and
Prevention, as summarized in Table 1 (16). Maternal gastrointesti-
nal side effects, such as nausea, heartburn, abdominal discomfort,
constipation, and diarrhea, were assessed at 24 and 36 wk of gesta-
tion by use of a structured telephone questionnaire (7, 8).

Maternal serum zinc was assessed at delivery and at 6 mo post-
partum. Blood was collected at the time of sampling by using
trace-element-free evacuated containers (Becton Dickinson,
Rutherford, NJ). Trace-element techniques were used during col-
lection and analysis. After centrifugation (500 X g, 20 min, 4 °C),
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serum samples were stored at —20 °C. Serum zinc was analyzed
by flame atomic absorption spectrophotometry (model 800;
Perkin-Elmer, Norwalk, CT) with use of a modification of the
method of Smith et al (17). Serial replication of aliquots from a
pooled serum sample and quality-control sera were used to check
the precision and accuracy of the analytic method. The within-
run CV for zinc in the pooled serum sample was 2% (n = 67 in
each of the 7 runs). The mean (+ SD) and CV for the quality con-
trol (bovine serum reference material no. 1598; National Insti-
tute of Standards and Technology, Gaithersburg, MD) were
13.8 £ 0.2 pwmol/L and 1.62% (n = 37), respectively, compared
with the certified value of 13.6 £ 0.1 wmol/L.

Maternal indexes of well-being were assessed by use of a self-
administered questionnaire, the SF-36, at 36 wk of gestation and
at 6 wk and 6 mo postpartum (14, 18). Maternal dietary iron intake
was assessed by use of an iron-specific validated food-frequency
questionnaire at 20 and 36 wk of gestation (19).

Pregnancy outcomes were obtained from each woman’s med-
ical records. These included type of birth, blood loss at delivery,
gestational age, birth weight, birth length, birth head circumfer-
ence, placental weight, Apgar scores, and level of nursery care.

Sample size

From a systematic review of previous trials that treated women
with high doses of iron (4) and local pregnancy surveillance data
(3), we estimated that the rate of IDA in our population of preg-
nant women would be =11.5%. We hypothesized that 20 mg Fe/d
(aimed at meeting the RDI) would reduce the rate of IDA from
11.5% to 3%, requiring 166 women per dietary group with 85%
power, a = 0.05. Similarly, treatment with high-dose iron is
reported to decrease the proportion of women with ID from 73%
to 22% at the end of pregnancy (4). We conservatively estimated
that we could detect a reduction in the rate of ID from 30% to 15%
with 138 women per group with 85% power, o = 0.05. Gastroin-
testinal symptoms are reported to occur in 25-40% of persons
treated with high-dose iron supplements compared with 10% of
persons treated with placebo (7, 8). With 199 women per group,
we could detect a minimum increase in gastrointestinal side
effects from 10% to 20%, with 80% power and a = 0.05. We thus
planned to recruit 215 women per group to allow for withdrawals.

Statistical methods

The effect of iron supplementation on maternal iron status,
SF-36 indexes of well-being, and maternal zinc status was
assessed by 7 test. Ferritin data were log transformed for analysis.
Chi-square tests were used to compare the proportions of IDA, ID,
and gastrointestinal side effects between women allocated to iron
treatment and those allocated to placebo. Hemoglobin data at each
of the 3 postbaseline assessment times were analyzed by analysis
of covariance with a Bonferroni adjustment to the significance.
All available data were used for intention-to-treat analyses. All
analyses were conducted by using SPSS for WINDOWS, version
10.0 (SPSS Inc, Chicago).

RESULTS

Participant flow and data for intention-to-treat analysis

A total of 498 eligible women were approached to enter the
trial between December 1997 and April 1999. As shown in
Figure 1, 68 (14%) women declined to participate; 430 (86%)

women were randomly allocated to either iron (n = 216) or
placebo (n = 214) tablets. During the supplementation phase of
the trial, 14 (6%) women from the iron-supplemented group
and 18 (8%) women from the placebo group withdrew their
consent for blood sampling and completing the questionnaires
and stopped taking their allocated supplements. Two (1%)
women from the iron-supplemented group and 3 (1%) from the
placebo group gave birth before 35 wk of gestation, which left
200/216 (93%) women from the iron-supplemented group and
193/214 (90%) women from the placebo group to complete the
36-wk assessment for gastrointestinal side effects.

At the time of delivery, 200/216 (94%) and 193/214 (90%)
maternal hemoglobin samples were available from the iron-
supplemented and placebo groups, respectively, and 186/216
(86%) and 176/214 (82%) ferritin samples were available from
the iron-supplemented and placebo groups, respectively. Preg-
nancy outcome data were available for all women and all infants
(n=220 in the iron-supplemented group and n =215 in the placebo
group). At the 6-mo postpartum follow-up, 189/216 (88%) mater-
nal hemoglobin samples and 190/216 (88%) maternal ferritin
samples were available for analysis from the iron-supplemented
group and 177/214 (83%) maternal hemoglobin and ferritin sam-
ples were analyzed from the placebo group.

Baseline characteristics, dietary iron intake, and compliance

The sociodemographic characteristics of the women in the 2
groups were not significantly different (Table 2). Most women were
white and were, on average, 28 y of age at study entry. About one-half
of the women and their partners had completed secondary education
and about one-fifth of the women were smokers. The body mass index
of the women at the time they first attended the antenatal clinic was
not significantly different between the groups. Iron intake from food
at 20 and 36 wk of gestation also did not differ significantly between
the groups [13.0 £ 5.4 mg/d in the iron-treated group (n = 198) com-
pared with 13.6 + 5.4 mg/d in the placebo group (n = 192) at 20 wk,
and 14.6 £ 6.5 mg/d in the iron-treated group (n = 189) compared
with 14.3 £ 6.4 mg/d in the placebo group (n = 184) at 36 wk]. There
were no significant differences in social or demographic character-
istics between the women who successfully completed the trial and
those with missing data for primary outcome measures.

The back-count of tablets collected from 174 women in the
iron-supplemented group and 164 women in the placebo group
showed that 86% of women in the iron-supplemented group and
85% of women in the placebo group took their allocated supple-
ment daily. There was a strong correlation between the noncom-
pliance data based on the tablet back-count and that based on the
number of tablets the women reported not taking during the
monthly telephone calls (r = 0.86, P < 0.001, n = 338).

At 6 wk postpartum, 374 women responded to our question
regarding the success of blinding. A total of 91 of 191 (48%)
women correctly identified that they had received iron, and 94 of
183 (51%) identified that they were in the placebo group.

Primary efficacy outcomes: maternal iron deficiency and
iron deficiency anemia

At the end of pregnancy, fewer women in the iron-supplemented
group than in the placebo group had IDA (3% compared with
11%; P < 0.005; Table 3). Similarly, the rate of ID was lower in
the iron-supplemented group than in the placebo group (35% com-
pared with 58%; P < 0.001). Interestingly, the differences in iron
status occurred even though fewer women in the iron-supplemented
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FIGURE 1. Trial profile. Hb, hemoglobin. “The 200 women from the iron-supplemented group and the 193 women from the placebo group with
hemoglobin measurements at the time of delivery are not the same women who responded to the tolerance questions at 36 wk of gestation. Two women
from the iron-supplemented group and 3 women from the placebo group were different at 36 wk of gestation and at the time of delivery.
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TABLE 2
Characteristics of the women participating in the trial at entry’

Iron-supplemented

group Placebo group
Variable (n=216) (n=214)
Maternal age (y) 28.5 + 57 280%5

<20y [n (%)] 6 (2.8) 6 (2.8)

20-29 y [n (%)] 128 (59.3) 132 (61.7)
30-39 y [n (%)] 77 (35.6) 72 (33.6)
240y [n (%)) 5(2.3) 4(1.9)
Race of mother [ (%)]
White 206 (95.4) 204 (95.3)
Aboriginal 2(0.9) 7(3.3)
Asian 5(2.3) 3(1.4)
Other or unknown 3(1.4) 0 (0.0)
Nulliparous [n (%)] 103 (47.7) 100 (46.7)
Multiparous [n (%)] 113 (52.3) 114 (53.3)
Maternal BMI (kg/m?) 26.0£5.7 255+£52
Maternal smoking [n (%)] 41 (19.0) 43 (20.1)
Occupational score of mother’ 53+0.8 53+09

Occupational score of partner’ 4.8+ 1.1 [208]
Highest education level of

mother [n (%)]

4.9+ 1.2[204]

Year 10 or less 26 (12.0) 33 (15.4)
Year 11 58 (26.9) 59 (27.6)
Year 12 71 (32.9) 60 (28.0)
Trade certificate or diploma 11 (5.1) 16 (7.5)
Tertiary degree 45 (20.9) 44 (20.6)
Unknown 5(2.3) 2(0.9)
Highest education level of
partner [n (%)]
Year 10 or less 28 (13.0) 36 (16.8)
Year 11 38 (17.6) 44 (20.6)
Year 12 61 (28.2) 47 (22.0)
Trade certificate or diploma 39 (18.1) 25 (11.7)
Tertiary degree 37 (17.1) 53 (24.8)

Unknown 13 (6.0) 9(4.2)
!There were no significant differences between the groups.
’¥ + SD.
3Ranked according to the scale published by Daniel (15).
“n in brackets.

group than in the placebo group were prescribed and treated with
high-dose iron tablets containing 80-105 mg elemental iron
(relative risk: 0.59; 95% CI: 0.41, 0.84; P < 0.001; Table 3). The
effectiveness of low-dose iron supplementation was highlighted
by the change in hemoglobin concentrations during the latter half
of pregnancy. At both 28 wk of gestation and at delivery, hemo-
globin concentrations were higher in the iron-supplemented group
than in the placebo group, even after adjustment for the baseline
(20 wk of gestation) hemoglobin value.

At 6 mo postpartum (ie, 6 mo after the end of supplementation),
fewer women in the iron-supplemented group than in the placebo
group had ID (16% compared with 29%; P < 0.005; Table 3). The
rates of anemia and of IDA did not differ significantly between
groups at 6 mo postpartum.

Primary tolerance outcomes

The prevalence of nausea, stomach pain, heartburn, vomiting,
rash, and hard stools and the frequency of bowel actions was not
significantly different between women in the iron-supplemented
group and those in the placebo group at both 24 and 36 wk of ges-
tation (Table 4).

Because there were no significant differences in any side effects
between the iron-supplemented and the placebo groups, we con-
ducted a secondary exploratory analysis to assess the effect of
high-dose iron supplements on tolerance outcomes at 36 wk of
gestation. Women who took high-dose iron supplements reported
a higher prevalence of black stools (10/93, or 10.8%, compared
with 1/298, or 0.3%; P < 0.001) and hard stools (21/93, or 22.6%,
compared with 38/298, or 12.7%; P < 0.05) than did the women
who received only low-dose iron or placebo treatment.

Secondary outcomes

SF-36 health concepts

There were no significant differences in any of the 8 health con-
cepts measured by the SF-36 between the women in the iron-
supplemented group and those in the placebo group at 36 wk of
gestation, 6 wk postpartum, or 6 mo postpartum (Figure 2).
Women in week 36 of gestation had lower (worse) scores overall
for health concepts related to physical functioning and role, bodily
pain, vitality, and social functioning than the age-standardized pop-
ulation norms for women (20). By 6 mo postpartum, the women in
the trial reported better scores than the population norms for phys-
ical functioning and role, bodily pain, and general health.

Maternal serum zinc status

There were no significant differences in serum zinc concentra-
tions between the women in the iron-supplemented group and
those in the placebo group at delivery or at 6 mo postpartum
(Table 4). At the end of pregnancy, 40/79 (51%) women in the
iron-supplemented group and 46/78 (59%) women in the placebo
group had a serum zinc concentration <9.18 wmol/L, which is
indicative of suboptimal status (21). At 6 mo postpartum, 11/160
(7%) and 15/146 (10%) women in the iron-supplemented and
placebo groups, respectively, had low serum zinc status on the
basis of a cutoff for nonfasting blood samples from nonpregnant
women of 9.95 wmol/L (22).

Pregnancy outcomes

Most women had a normal vaginal birth. Mode of delivery or
the amount of blood loss at delivery did not differ significantly
between the groups (Table 5). There were 2 stillbirths caused
by an abruption with a severe antepartum hemorrhage (iron-
supplemented group) and a termination for trisomy 21 (placebo
group). The single neonatal death (infant born at 22 wk with bilat-
eral intrauterine pneumonia) occurred in the iron-supplemented
group. Most infants were born at term with birth weights >2500 g.
There were no significant differences in gestational age at birth,
birth weight, birth length, birth head circumference, Apgar
scores, or the level of neonatal care required between the iron-
supplemented and placebo groups (Table 5). The pregnancy out-
come data for women participating in our trial were not dissimi-
lar to outcome data of all births reported in South Australia over
the period of the trial (23).

DISCUSSION

Our trial showed that routine supplementation of well-nourished
pregnant women with only 20 mg Fe/d is highly effective at pre-
venting ID and IDA. In fact, the prevalence of IDA at the end of
pregnancy was reduced from 10.8% to 3%. This result occurred
against a background of all women being screened for anemia at
28 wk of gestation and being treated with high-dose iron if the
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TABLE 3
Iron status of women’

MAKRIDES ET AL

Variable

Iron-supplemented group

Placebo group

RR or MD (95% CI)?

Maternal status at baseline
Hb at < 20 wk of gestation (g/L)
Maternal status at 28 wk of gestation

Hb (/L)
No. with anemia

No. treated with high-dose iron
because of low Hb at 28 wk
Maternal status at delivery

Hb (g/L)

Serum ferritin (ug/L)

No. with ID
No. with anemia
No. with IDA

Maternal status at 6 mo postpartum

Hb (g/L)

Serum ferritin (ug/L)

No. with ID
No. with anemia
No. with IDA

131 £ 8 [215)°

120 + 8 [206]
20/206
38/216

127 + 13 [200]

21+ 18 [186]
65/186
14/200
6/198

135 +9 [189]
34 £ 24 [190]
31/190
7/189
5/190

130 £ 8 [213]

116 +9 [205]
51/205
64/214

120 + 12 [193]

14 £ 10 [176]
102/176
30/193
20/185

134 + 8 [177]
26 =19 [177]
S51/177
8/177
3/177

1.0 (—0.6, 2.6)

3.4(1.7,5.3)*
0.39 (0.24, 0.63)*
0.59 (0.41, 0.84)*

6.9 (4.4,9.3)*
7.1 (4.0, 10.2)*
0.60 (0.48, 0.76)*
0.45 (0.25, 0.82)°
0.28 (0.12, 0.68)°

1.6 (—0.1,3.3)
7.9 (3.5, 12.3)*
0.57 (0.38, 0.84)°
0.82(0.30, 2.21)
1.55 (0.38, 6.40)

''RR, relative risk; MD, mean difference; Hb, hemoglobin; ID, iron deficiency; IDA, iron deficiency anemia.
2 Statistical analyses represent comparison between groups at the specific assessment time periods with Bonferroni adjustments to the significance.

3% + SD; n in brackets.

4P <0.001.
P <0.01.
°P < 0.005.
TABLE 4
Potential adverse effects of iron supplementation’
Variable Iron-supplemented group Placebo group RR or MD (95% CI)
Tolerance at 24 wk of gestation (n/total n)
Nausea 51/204 45/204 1.13 (0.80, 1.61)
Stomach pain 47/204 39/204 1.21 (0.83, 1.76)
Heartburn 100/204 100/204 1.00 (0.82, 1.22)
Vomiting 21/204 27/204 0.78 (0.45, 1.33)
Rash 14/204 14/204 1.00 (0.49, 2.04)
Black stool 0/204 0/204 —
Hard stool 36/204 32/204 1.12 (0.73, 1.74)
Bowel actions
Daily 146/204 148/203 0.98 (0.87, 1.11)
Every other day 40/204 43/203 0.93 (0.63, 1.36)
<3 times/wk 18/204 12/203 1.49 (0.74, 3.02)
Tolerance at 36 wk of gestation (n/total n)
Nausea 58/200 54/193 1.04 (0.76, 1.42)
Stomach pain 70/200 57/193 1.19 (0.89, 1.58)
Heartburn 136/200 133/193 0.99 (0.86, 1.13)
Vomiting 24/200 26/193 0.89 (0.53, 1.50)
Rash 15/200 12/193 1.21 (0.58, 2.51)
Black stool 3/200 8/191 0.36 (0.10, 1.33)
Hard stool 25/200 34/191 0.70 (0.44, 1.13)
Bowel actions
Daily 139/200 149/192 0.90 (0.79, 1.01)
Every other day 53/200 40/192 1.27 (0.89, 1.82)
<3 times/wk 8/200 3/192 2.56 (0.69, 9.51)

Serum zinc (pmol/L)
At delivery

At 6 mo postpartum

9.58 £2.48 [79F
12.43 £2.32 [160]

9.06 £2.13 [78]
12.06 £ 2.17 [146]

0.52 (—0.21, 1.4)
0.37 (—0.13, 0.88)

'RR, relative risk; MD, mean difference.
2X + SD; n in brackets.

There were no significant differences between the groups.
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FIGURE 2. Mean (£ 1 SEM) scores on the 8 health concepts of the
SF-36 questionnaire (14) for women in the iron-supplemented (@) and
placebo (V) groups. Phys Fun, physical functioning, which measures lim-
itations in physical activities because of health problems; Role Phys, role-
physical, which measures limitations in usual role activities because of
physical health problems; Bod Pain, bodily pain; Gen Hlth, general health;
Vital, vitality, which measures energy and fatigue; Soc Fun, social func-
tioning, which measures limitations in social activities because of physi-
cal or emotional problems; Role Emot, role-emotional, which measures
limitations in usual role activities because of emotional problems; Ment
Hith, general mental health, which measures psychological distress and
well-being. Higher scores indicate better well-being on each health con-
cept. The dashed line represents the mean age-standardized values for Aus-
tralian women determined from the National Health Survey, which
included responses on the SF-36 from 9612 women (20).

screening result was positive. This indicates that the practice of
screening and treating is inadequate for maintaining good iron
nutrition during pregnancy because an intervention applied against
this background was clearly effective at improving iron status and
preventing deficiency. Our trial also showed that routine low-dose
supplementation is well tolerated and is not associated with side
effects. Collectively, these data provide some of the first high-
quality evidence required to support the safety and efficacy of low-
dose iron supplementation during pregnancy.

Few investigations of the effects of low-dose iron supplemen-
tation during pregnancy have been carried out (24-26). Eskeland
et al (24) reported that women randomly allocated to supplements

containing 27 mg elemental iron had better iron status throughout
pregnancy than did women in the placebo group. However, stud-
ies that compared low-dose with high-dose supplementation have
reported contrasting results. Thomsen et al (26) suggested that
supplementation with 18 mg Fe/d was less effective than 100 mg
Fe/d at maintaining serum ferritin and hemoglobin, whereas Cha-
narin and Rothman (25) reported that pregnant women given
30 mg Fe/d maintained their hemoglobin concentrations as effec-
tively as did women supplemented with 60 or 120 mg Fe/d.
Although these intervention studies were small (24-26) and not
always randomized (25), they provide some clues that routine,
low-dose supplementation may be efficient and effective at ensur-
ing optimal iron nutrition during pregnancy. In our trial, the mean
differences in hemoglobin and serum ferritin between the iron-
supplemented and placebo groups at the end of pregnancy [hemo-
globin: 7 g/L (95% CI: 5, 9 g/L); ferritin: 7 pg/L (95% CI: 4,
10 pg/L)] were remarkably similar to the weighted mean differ-
ences reported in a systematic review of randomized trials, most
of which provided 100 mg elemental iron/d [hemoglobin: 8 g/L
(95% CI: 7, 10 g/L); ferritin: 11 wg/L (95% CI: 10, 12 pg/L)] (4).
Collectively, these data indicate that routine supplementation with
as little as 20 mg Fe/d offers a viable public health strategy for
preventing IDA during pregnancy in industrialized countries.

Six months after the end of supplementation, women in the pres-
ent study who had been treated with iron during pregnancy had higher
serum ferritin concentrations and a lower rate of ID than did placebo-
treated women. These findings agree with those of other randomized
trials of iron supplementation during pregnancy that assessed mater-
nal iron status in the postpartum period (24, 27-30). Thus, maintain-
ing good iron nutrition during pregnancy may be an important mech-
anism for achieving restoration of maternal iron stores.

The commonly cited risks of iron supplementation include gas-
trointestinal symptoms and interference with the absorption of
other trace minerals, notably zinc. Our data indicated that taking
iron at a dosage of 20 mg/d does not induce gastrointestinal side
effects. In fact, only the women prescribed a high dosage of iron
(=80 mg/d) as part of the obstetric care offered by their clinicians
reported an increased prevalence of black stool and hard stool.
These findings are consistent with studies of male blood donors
that suggested that side effects are dose related and usually occur
at higher doses (7, 8). Similarly, supplementing with <30 mg Fe/d
is thought to not affect serum zinc concentrations (2, 9, 31). Ours
is the first randomized trial in an industrialized country to show
that low-dose iron supplementation has no adverse effect on the
serum zinc concentrations of pregnant women. In summary, there
were few side effects of low-dose iron supplementation during
pregnancy, which may facilitate compliance. It is also timely to
reassess the safety of routine iron supplementation with the higher
doses that may be received through standard clinical practice.

The general health effects of iron deficiency in pregnant women
have been identified as an area of research priority (32). We found
no significant differences in the 8 health concepts of the SF-36
between iron-treated and untreated women. Hemminki and
Rimpela (33), who compared routine and selective iron supple-
mentation (100 mg/d) in a large randomized trial in Finland, also
reported no differences in self estimates of well-being and fatigue
and in the number of sick days between groups. It may be that the
effects of iron deficiency on general health and well-being are sub-
tle and are not apparent until more severe anemia is present or that
standardized quality-of-life questionnaires such as the SF-36 are
not sensitive enough to measure the effects of iron deficiency (20).

6002 ‘Tz Arenuer uo Aq 610 usle’mmm woly papeojumoq


http://www.ajcn.org

@ The American Jowrnal-of Clinical Nutrition

152

TABLE 5
Pregnancy outcomes of the trial participants’

MAKRIDES ET AL

Iron-supplemented group

Placebo group

All births in

Variable (n=216) (n=214) SA for 1999°
Mode of birth [n (%)]
Normal vaginal 131 (60.6) 144 (67.3) 11353 (62.3)
Instrumental vaginal 34 (15.7) 23 (10.7) 2336 (12.6)
Caesarean delivery 51 (23.6) 47 (22.0)

Blood loss at delivery (mL)
Plurality [n (%)]

366 + 272 [204]°

324 +233[201]

4544 (24.5)

Singleton 212 (96.4)

Multiple 8 (3.6)
Condition at birth [n (%)]

Live birth 219 (99.5)

Stillbirth 1(0.5)
Neonatal death [n (%)] 1(0.5)
Sex [n (%)]

Male 113 (51.4)

Female 107 (48.6)
Gestational age at birth (wk) 394+22
Birth weight [ (%)]

<2500 g 12 (5.4)

2500-3499 g 105 (47.7)

3500-4499 g 101 (45.9)

>4500 g 2(0.9)
Birth weight (g) 3406 + 597
Birth length (cm) 499+3.2
Birth head circumference (cm) 344+£22

Apgar score < 7 at 5 min [n (%)] 3(1.4)
Level of nursery care (used by all live births) [n (%)]

Level I only 185 (84.5)
Level I 39 (17.8)
Level 11T 6(2.7)

213 (99.1) 17949 (96.9)
2(0.9) 570 (3.1)
214 (99.5) 18404 (99.4)
1(0.5) 115 (0.6)
0 (0) 88 (0.5)
105 (48.8) 9472 (51.1)
110 (51.2) 9047 (48.9)
392423 —
9 (4.2) 1218 (6.6)
106 (49.3) 9435 (50.9)
96 (44.7) 7518 (40.6)
4(1.9) 348 (1.9)
3449 + 580 —
50.0£2.8 -
347+2.1 -
4(1.9) —
176 (82.2) 15312 (83.2)
43 (20.1) 3055 (16.6)
7(3.3) 481 (2.6)

'There were no significant differences between the groups.
2Pregnancy outcomes in South Australia (SA) in 1999 (23).
’X + SD; n in brackets.

We also found no significant differences in pregnancy outcomes
between the iron-supplemented and placebo groups. Although this
is not surprising given the low prevalence of infants born with a
low birth weight (<2500 g), it does raise the question of whether
the cutoffs used for iron deficiency reflect a true deficiency that is
associated with functional changes in health outcomes. It may be
that we need to reevaluate the definitions of iron deficiency dur-
ing pregnancy or that changes in health outcomes associated with
iron deficiency are more obvious in population groups with less
healthy pregnancies and poorer pregnancy outcomes.

The women included in this trial were typical of Australian
pregnant women. Their demographic characteristics and preg-
nancy outcomes were not significantly different from women in
South Australia who gave birth during the course of the trial
(Table 5). Furthermore, the iron intakes from food during weeks
20 and 36 of gestation were remarkably similar to those reported
by pregnant women as part of the 1995 National Nutrition Survey
(13) as well as in other dietary surveys of women in industrialized
countries (34). It is therefore likely that the results observed in
this trial are applicable to broader populations of women in indus-
trialized countries.

The Australian RDI for iron during pregnancy (22-36 mg/d)
has been estimated as the range of iron intake needed to achieve
iron balance and prevent 97% of healthy, well-nourished women

from developing IDA (12). Our trial showed that low-dose sup-
plements aimed at “topping-up” intake from food to the RDI
resulted in 3% of women with IDA (low ferritin and low hemo-
globin) at the end of pregnancy. This finding validates the RDI
for iron during pregnancy, which to our knowledge has not been
previously tested in a randomized controlled trial. Although we
do not yet fully understand the clinical consequences of prevent-
ing IDA for pregnancy outcomes and the long-term health of
mothers and children, the importance of our findings are under-
scored by the fact that the supplement intervention resulted in
both short- and long-term changes in iron status. It therefore
seems prudent to implement public health strategies aimed at pre-
venting the most common micronutrient deficiency worldwide,
while further investigations aim at quantifying the clinical effects
on mothers and children. ]

‘We thank Mandy O’Grady, Jo Collins, Heather Garreffa, Sarah Russell, Lyn
Pullen, Helen Blake, Glenda Dandy, Bronwen Paine, David Ellis, Steve Tiszavari, the
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Children’s Hospital for their administrative, clinical, and technical support.
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