
Twin Research and Human Genetics
Volume 20 Number 5 pp. 419–424 C© The Author(s) 2017 doi:10.1017/thg.2017.43

Iron Supplementation in Twin Pregnancy — The
Benefit of Doubling the Iron Dose in Iron Deficient
Pregnant Women: A Randomized Controlled Trial
Shiri Shinar, Avital Skornick-Rapaport, and Sharon Maslovitz
Lis Maternity Hospital, Department of Obstetrics and Gynecology, Sourasky Medical Center, Tel Aviv University, Tel Aviv,
Israel

Objective: To assess the efficacy of doubling the daily dose of iron supplement in iron-deficient women with
twin pregnancies. Study design:Using a prospective randomized controlled trial, iron-deficient women with
twin gestations were randomized to receive a single or a double dose of daily iron from 16 weeks of ges-
tation until 6 weeks postpartum. The primary outcome was hemoglobin at 32 weeks. Secondary outcomes
included ferritin at 32 weeks, hemoglobin during pregnancy and postpartum, birth weights, preterm birth
rate, gastrointestinal side effects, intravenous iron administration, and compliance with treatment. Results:
Eighty-five and 87 women were randomized to receive one capsule (group A) or two capsules (group B) of
34 mg of ferrous sulfate, respectively. Mean hemoglobin (9.6 g/dL and 9.7 g/dL) and ferritin (8.6 ng/ml and
8.5 ng/ml) were similar in both groups A and B, respectively, at allocation. Hemoglobin in group B was sig-
nificantly higher from 32 weeks onward, until 6 weeks postpartum. There were no significant differences in
any of the secondary outcomes examined. Conclusions: In twin pregnancies complicated by iron deficiency
anemia, doubling the dose of iron increases hemoglobin and ferritin without worsening gastrointestinal
side effects.
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Iron deficiency anemia (IDA) is a very prevalent condi-
tion in pregnancy, affecting nearly 18% of all pregnant
women during all three trimesters, with as many as 29%
of women affected during the third trimester (Bailit et al.,
2007). In twin pregnancies, the maternal iron demands are
magnified, estimated at 1.8 times more than in singleton
pregnancies (Mares & Casanueva, 2002), due to greater
maternal red blood cell mass and plasma volume expan-
sion as well as increased fetal and placental requirements.
Thus, maternal hemoglobin (Hgb) in multiple pregnancies
is lower in all trimesters compared with singleton gesta-
tions, with a rate of IDA estimated to be 2.4 to even 4 times
higher (Blickstein et al., 1995). Adverse outcomes of IDA,
including low birth weights (Cogswell et al., 2003; Scholl
et al., 1992), intra-uterine growth restriction, preterm birth
(Scholl et al., 1992), delayed neurodevelopmental status,
and residual neonatal IDA are therefore also more com-
mon in twin pregnancies than in singletons.With the grow-
ing incidence of multifetal gestations this problem becomes
even more pertinent.

The recommendation of the US Institute of Medicine
(IOM) is that women bearingmore than one fetus consume
a daily supplement containing 30mg of elemental iron from
the 12th week of gestation onward (National Academy of
Sciences, 1990). Expert opinion relying on the increased
risk for micronutrient deficiency in twin pregnancies rec-
ommends supplementation of iron beyond that contained
in a typical prenatal vitamin. Moreover, some experts sup-
port doubling the dose of multivitamins containing 30 mg
of elemental iron during the second and third trimesters
of a twin pregnancy, regardless of maternal Hgb and fer-
ritin concentrations (Institute of Medicine, 1990; Moos
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et al., 2008). With a lack of randomized controlled trials
assessing the adequacy of iron supplements on twin preg-
nancy, various recommendations are based on level 3
clinical expert opinions at most.

The purpose of our study was to assess the efficacy of a
single versus a double daily iron supplement dose in iron
deficient women with twin pregnancies. Determining the
effect of this intervention on maternal iron stores and im-
mediate neonatal outcome measures will assist in defining
evidence based recommendations for prenatal care.

Materials and Methods
This study was a prospective randomized controlled trial
performed at a single women’s health center in the center of
Israel, which treats a population of high-risk as well as low-
risk pregnant women, from April 2015 to March 2016. All
twin pregnancies are classified as high risk in Israel. A ma-
jority of thewomen treated at the center are young, religious
multiparous women. Most twin pregnancies were achieved
by assisted reproductive technology (ART). IDA during the
second trimester of pregnancy was defined as a Hgb con-
centration <10.5 g/dL and ferritin levels <15 ng/mL, in
lieu with the definition by the American Committee of Ob-
stetrics and Gynecology (ACOG). Inclusion criteria for the
studywere healthywomen aged 18–42 yearswith twin preg-
nancies, meeting a diagnosis of IDA at 16 weeks of gesta-
tion. All pregnant women with a twin gestation had blood
drawn for a complete blood count and ferritin concentra-
tion at allocation. Exclusion criteria were continuous hy-
peremesis gravidarum lasting beyond 20weeks of gestation,
thalassemia minor (alpha or beta), abnormal blood smears,
vitamin D deficiency (as there is a reported association be-
tween suboptimal vitamin D status and IDA in pregnancy;
Thomas et al., 2015), malabsorption disorders (such as in-
flammatory bowel diseases, Crohn’s disease, ulcerative col-
itis, previous bowel resection), anemia from chronic illness,
and any use of multi-vitamin supplements containing iron.

All women with a twin gestation diagnosed with IDA
fulfilling the inclusion criteria were randomized by Ran-
domizer (http://www.randomizer.org) to receive either one
(group A) or two (group B) capsules of Aktiferrin F (con-
taining DL-serine 129 mg, elemental iron (ferrous sulfate)
34mg, folic acid 0.5mg) or Foliferrin (containingDL-serine
120 mg, iron (ferrous sulfate) 34 mg; folic acid 0.5 mg), ac-
cording to the supply at hand in the pharmacy where the
supplements were provided. No crossover was permitted
between groups.

Iron supplementation was initiated at allocation at 16
weeks of gestation until 6 weeks postpartum. Participants in
group A were instructed to take one capsule at least 2 hours
after consumption of dairy products or two capsules if be-
longing to group B, 12 hours apart and at least 2 hours after
consumption of dairy products. Validation of compliance
to medical protocol was performed by a count of empty

pill packages every 2 weeks during regular check-ups. All
participantsweremonitored forweight, blood pressure, and
urine dipstick measurements every 2–3 weeks. Episodes of
vomiting, constipation, and diarrhea were recorded. Con-
stipation was defined as fewer than three bowel movements
a week or bowel movements consisting of hard, dry, and
small stool, making it painful or difficult to pass. Fetal
biophysical profile (BPP) and estimated weight were per-
formed every 2–3 weeks. Fetal monitor was performed ev-
ery 2weeks from 32weeks of gestation. As this is a high-risk
clinic, we perform close fetal and maternal follow-up rou-
tinely, regardless of the course of pregnancy.

Laboratory follow-up was performed by measurements
of ferritin and Hgb concentrations at fixed time intervals
during gestation: 16 weeks, 24 weeks, 32 weeks, and also
within 24 hours after delivery, as well as 6 weeks postpar-
tum. All laboratory work, except for that obtained on the
day of delivery, was performed in a single central labora-
tory. Postpartum Hgb concentrations within 24 hours af-
ter delivery were extracted from the computerized medical
files from the labor and delivery rooms where delivery took
place.

Data extracted included demographic data, obstetrical,
and non-obstetrical complications, vaginal versus cesarean
delivery, gastrointestinal side effects, and immediate neona-
tal outcome. Complications and gastrointestinal side effects
were reported in real time to the principal investigator. Ad-
ditional parameters examined during the trial included de-
terioration in Hgb levels mandating intravenous iron su-
crose (venofer) administration and compliance with drug
protocol (defined as nomore than three doses missed at the
2-week check-ups in either group).

The primary outcome was mean Hgb concentration at
32 weeks of gestation. We chose this outcome as opposed
to Hgb concentration at delivery, since the women treated
at our health center frequently deliver in different medical
centers and complete blood counts are not performed rou-
tinely at delivery andmay be subject to laboratory variance.
Due to the likely possibility of preterm delivery in twins, 32
weeks was deemed representative of Hgb at or near deliv-
ery. Secondary outcomes weremean ferritin concentrations
at 32 weeks, mean Hgb concentration during the course
of the study and until 6 weeks postpartum, need for in-
travenous iron sucrose (venofer) administration during the
course of the study (administered in cases of Hgb <9 g/dL
with ferritin<8 ng/mL at 24 weeks of gestation of beyond),
blood products at delivery or postpartum (administered
in cases of Hgb <7 g/dL or symptomatic anemia), inci-
dence of gastrointestinal side effects, compliance with drug
regimen, newborn birth weights, and preterm birth rate
(<37 weeks).

Statistical Analysis

Analysis was by intention to treat. The trial was designed
to detect a 10% increase in Hgb levels from allocation to
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FIGURE 1
From allocation to randomization into treatment arms.

32 weeks of gestation. In order to obtain a power of 80% at
a significance level of 0.05 (two-sided), 64 patients needed
to be enrolled in the trial in each arm. We aimed to recruit
at least 110% to account for possible drop-outs during the
course of the study. All analyses were conducted using SPSS
15 (SPSS Inc). Numerical data are shown as means ± stan-
dard deviations. Comparison between the two groups was
performed using an unpaired Student’s t-test for continu-
ous variables and a chi-square test for non-continuous vari-
ables. Analysis with Yates’ correction and Fisher’s exact test
were used where appropriate. A p value < .05 was consid-
ered statistically significant.

Results
During the study period, 2,086 pregnant women were
treated at our health center. Of these 446women, had a twin
pregnancy, with 371 presenting with IDA (as previously de-
fined). Two hundred and six patients were eligible for par-
ticipation, having met inclusion criteria. Thirty-four pa-
tients declined to participate, leaving 172 patients available
for randomization to either group A (receiving 1 capsule of
iron) or group B (receiving 2 capsules of iron). Eighty-five
and eighty-seven womenwere randomized to groups A and

TABLE 1
Demographics and Clinical Characteristics of Patients With Iron
Deficiency Anemia and Twin Gestation

Maternal characteristics
Group A: one
capsule

Group B: two
capsules

p value
(CI 95%)

Age years Mean ± SD 25.8 (6.6) 26.3 (6.4) 0.3
BMI kg/m2 Mean ± SD 24.0 (4.6) 23.8 (4.5) 0.5
Parity 0 n (%) 19 (22.3) 20 (23) 0.9
Parity 1–3 n (%) 44 (51.7) 44 (50.5) 0.8
Parity > 3 n (%) 22 (25.8) 23 (26.4) 0.9
Bichorionic biamniotic

twins n (%)
(83.5) 71 71 (81.6) 0.7

Note: Note: BMI = body mass index.

B respectively. Figure 1 describes the flow chart of partici-
pants in the study from allocation to randomization.

Table 1 represents the clinical characteristics of the
women in the study. Maternal age at allocation, pregesta-
tional BMI, and parity were similar in both groups. More
than 75%of thewomen participating in the studyweremul-
tiparous. Gestational age at the time of allocation was also
comparable. Hgb concentrations and red blood cell param-
eters at the time of allocation were of no significant differ-
ence. At the time of allocation, mean Hgb concentrations
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TABLE 2
Red blood Cell Indices of Patients at Allocation and at 32 Weeks

RBC indices
Group A: one
capsule Mean (SD)

Group B: two capsules
Mean (SD) p value (CI 95%)

Gestational age at allocation (weeks) 16 + 4 (0.64) 16 + 3 (0.68) 0.6
Hgb at 16 weeks, g/dL 9.6 (1.8) 9.7 (2) 0.7
Ferritin at 16 weeks, ng/L 8.6 (2.1) 8.5 (2.3) 0.8
Mean corpuscular volume (MCV) at 16 weeks, femtoliters 74.2 (5.1) 73.9 (4.9) 0.6
Corpuscular Hgb (MCH) at 16 weeks, pg/cell 24.4 (2.7) 24.9 (2.8) 0.7
Corpuscular Hgb concentration (MCHC) at 16 weeks, g/dL 26.6 (3.4) 26.4 (3.3) 0.8
Hgb at 32 weeks, g/dL 10.0 (2.1) 10.6 (2.3) 0.04
Ferritin at 32 weeks, ng/L 10.3 (2.2) 14.1 (1.98) 0.03
Mean corpuscular volume (MCV) at 32 weeks, femtoliters 81.1 (5.8) 85.2 (4.9) 0.08
Corpuscular Hgb (MCH) at 32 weeks, pg/cell 28.4 (3.1) 30.3 (2.9) 0.2
Corpuscular Hgb concentration (MCHC) at 32 weeks, g/dL 28.6 (3.1) 30.3 (3.4) 0.07

TABLE 3
Hgb Concentrations During the Course of the Study, from Allocation Until Six Weeks Postpartum

Gestational age (weeks) Group A: one capsule g/dL mean (SD) Group B: two capsules g/dL mean (SD) p value (CI 95%)

17 9.6 (1.8) 9.7 (2) 0.7
24 9.8 (1.7) 9.9 (1.6) 0.2
32 10.1 (2.1) 10.6 (2.3) 0.04
Within 24 hours postpartum 9.5 (2.2) 10.0 (2.2) 0.05
6 weeks postpartum 11.8 (2.5) 12.6 (2.2) 0.02

TABLE 4
Obstetrical, Neonatal and Maternal Outcome Measures in Patients

Outcome Group A: one capsule Group B: two capsules p value (CI 95%)

Gestational age at delivery, weeks Mean (SD) 36.1 (2.1) 36.2 (1.9) 0.5
Cesarean delivery n (%) 31 (36.5) 30 (34.5) 0.9
Birth weight (g) Mean (SD) 2,505 (182) 2,534 (194) 0.6
Preterm birth < 35 weeks n (%) 24 (28) 25 (28) 0.9
Blood product units n (%) 3 (3.5) 3(3.4) 0.9
Gastrointestinal complaints∗ n (%) 4 (4.7) 4 (4.6) 0.9
Abdominal pain n (%) 4 (4.7) 5 (5.7) 0.7
Non-compliance n (%) 1 (1.2) 2 (2.3) 0.5
Intravenous iron administration n (%) 2 (2.3) 2 (2.3) 0.9

Note: *Nausea, vomiting, and diarrhea.

were 9.6 g/dL and 9.7 g/dL, with ferritinemia of 8.6 ng/L
and 8.5 ng/L, in groups A and B, respectively (Table 2).

Values of Hgb and ferritin under treatment with iron
rose gradually in both groups, and were comparable, un-
til the third trimester. At 32 weeks of gestation, 16 weeks
after initiation of treatment, group B exhibited significantly
higher Hgb concentrations than group A (10.6 g/dL and 10
g/dL respectively, p = .04). Ferritin levels were also signif-
icantly higher in group B than in group A (14.1 ng/L and
10.3 ng/L respectively, p = .03, Table 2). From this week,
onward values of Hgb were significantly higher in group B,
a difference that persisted throughout pregnancy, remained
marginally significant in the immediate postpartum period
(p = .05), and continued until the end of the puerperium 6
weeks later (p = .02, Table 3).

Immediate neonatal outcomes, including gestational age
at the time of delivery, mode of delivery and neonatal birth
weights, were similar in both groups. Maternal reports of
gastrointestinal side effects were also comparable. Rates of
intravenous iron administration during pregnancy as well

as blood product transfusion rates during delivery were
alike (Table 4).

Discussion
Twin pregnancies are at risk for iron deficiency due to sig-
nificant maternal, fetal, and placental demands. Recom-
mendations regarding the optimal iron dose in twin preg-
nancies are based on clinical expert opinions, advocating
doubling the dose of iron from 30 mg of elemental iron to
60 mg routinely during the second and third trimester, re-
gardless of maternal iron stores (Goodnight et al., 2009).
The purpose of our trial was to experimentally validate or
refute this clinical practice in iron-deficient women bearing
twin pregnancies.

The results of our trial show that doubling the dose of
iron from 34 mg of elemental ferrous sulfate to 68 mg
is beneficial for iron-deficient women with twin pregnan-
cies, with no added gastrointestinal side effects. These find-
ings are contradictory to a recent study that found no
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difference in Hgb levels when the daily iron dose was dou-
bled in pregnant women with twin pregnancies (Ali et al.,
2016). Nonetheless, that trial was conducted in non-anemic
women, with possibly different duodenal iron absorption
thresholds. We have previously shown that in singleton
pregnancies, doubling the dose of 34mgof elemental iron in
iron-deficient pregnant women does not increase Hgb and
ferritin concentrations significantly (Shinar et al., 2017).
We presume that our findings showing a clear advantage to
doubling the iron dose in twin pregnancies could stem from
several possibilities.

First, greater gastrointestinal absorption in twin, as op-
posed to singleton, gestations: In a typical singleton preg-
nancy cardiac output increases by 50%, whereas in twin
pregnancies it is 20% higher, peaking during the 30th week
(Kametas et al., 2003). As a result, the absolute blood
volume distributed to the gastrointestinal tract is propor-
tionately greater in twins. Moreover, pregnancies are char-
acterized by increased gastrointestinal transit times (affect-
ing both the small bowel and colon), due to a rise in the
progesterone and estrogen concentration (Lawson et al.,
1985; Ryan & Bhojwani, 1986; Wald et al., 1982). A pos-
sible decline in motilin in pregnancy, due to inhibition by
progesterone, may further contribute to this prolongation
(Christofides et al., 1982). Lastly, the growing uterus, par-
ticularly in the third trimester, may mechanically impede
small bowel transit. With higher progesterone and estrogen
concentrations in twin pregnancies, a greater suppression
of motilin secretion (Gür et al., 2011; Hiraku et al., 2002;
Matsuyama et al., 2012) and a larger uterus placing greater
pressure on the gastrointestinal tract, the transit time may
be prolonged to an even greater extent in twin pregnancies,
resulting in greater iron absorption.

Second, significantly lower concentrations of Hgb in
women bearing twins, in comparisons to those with a sin-
gleton gestation (Hall et al., 1979): A greater deficit of iron,
already evident in the beginning of the second trimester,
may explain why in twins it is worthwhile to double the iron
dosage, whereas in singletons, the maximum absorptive ca-
pacity may already be reached with one capsule of 34 mg of
elemental iron.

Gastrointestinal side effects in our study were unaffected
by dosage of iron supplements. This finding is supported by
a previous meta-analysis that evaluated the effect of ferrous
sulfate on gastrointestinal side effects in IDA in adults and
did not find an association between iron dose and side effect
frequency or severity (Tolkien et al., 2015).

The strengths of our trial are in its elaborate study de-
sign, potentially accounting for a variety of possible con-
founders and in evaluating the highly prevalent condition
of IDA in twin pregnancies in the form of an RCT. The
main limitation of our trial was lack of standardization
for diet. We did not track the daily diet of the women in
our trial, and thus Hgb and ferritin concentrations could
have been affected by differences in nutrient consumption

unaccounted for in the trial. Nonetheless, the participants
in the trial received dietary recommendations from dieti-
cians at the medical center, so one can assume that if they
indeed complied with these recommendations, their daily
diets were largely similar. Also, since this trial was random-
ized, one can assume that dietary habits were equally dis-
tributed between both groups. An additional limitation is
that of generalization. The trial was performed at a single
women’s health center, one that treats mostly multiparous
Jewish orthodox women. These women traditionally have
short inter-pregnancy intervals, a fact that could contribute
to more profound IDA (Conde-Agudelo & Belizán, 2000)
but remains debatable (Singh et al., 1998). Moreover, due to
the high rate of multiparous women in the study, our results
are applicable mostly to non-primiparous pregnant women
with twin pregnancies. Lastly, though an effort was made to
ascertain compliance, particularly since this may be com-
promised in women taking a double iron dose, the pack-
age count method relies on patient credibility, making it
non-ideal.

In conclusion, our study suggests that in women bearing
twin pregnancies and exhibiting IDAdespite daily iron sup-
plementation, it is beneficial to double the dosage of ferrous
sulfate. This practice may result in higher Hgb and ferritin
concentrations without worsening gastrointestinal side
effects.
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