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Abstract

Introduction: It is estimated that about 18% of pregnant women suffer
from iron deficiency anemia throughout their whole pregnancy. In twin
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pregnancy, owing to the relatively greater feto-placental requirements and
greater expansion in maternal plasma volume and red cell mass, iron re-
quirements are magnified 1.8 times compared to singleton pregnancies.

However, for prevention of iron deficiency in twin pregnancy, only sparse
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mentation dose used in singleton pregnancies to meet the increased iron de-
mand. In this study, we investigate the effect of single and double dose iron
supplementation for prevention of iron deficiency anemia in twin pregnancy.
Methods: A randomized controlled clinical trial was conducted at our center
in the period between February 2019 and October 2020, and included 450 eli-
gible healthy non-anemic women aged 18 - 35 years, with twin pregnancy at
12 - 16 weeks of gestation. After informed consent, eligible women were ran-
domized to receive either single dose 27 mg, or double dose 54 mg elemental
iron supplementation. Monitoring of hemoglobin concentration was done at
fixed time points during gestation: at enrollment, 24 weeks, 32 weeks and be-
fore delivery. The primary outcome of the study was the incidence of iron de-
ficiency anemia during follow up until delivery. Results: The incidence of
iron deficiency anemia in the two groups did not differ significantly between
the single dose group (19.1%) and the double dose group (24.0%). In women
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who did not develop Iron Deficiency Anemia, hemoglobin concentration va-
ried significantly along the different gestational ages during the follow up pe-
riod. In contrast, they did not show an overall statistically significant difference
in the hemoglobin concentrations between the single or double dose groups.
Conclusion: This clinical trial did not demonstrate an added benefit for
doubling prophylactic iron supplementation dose in non-anemic women with
twin pregnancy.

Keywords

Iron Supplementation, Iron Deficiency Anemia, Twin Pregnancy, Hepcidin,
Mucosal Block

1. Introduction

It is estimated that about 18% of pregnant women suffer from iron deficiency
anemia (IDA) throughout their whole pregnancy; with about 29% of women af-
fected during the third trimester [1]. This is attributed, in part, to the substantial
increase in iron demands (estimated to add up to ~1 gm of elemental iron
throughout the pregnancy [2]) required for normal feto-placental development
and maternal physiologic adaptation to pregnancy [3]. These iron requirements
are normally met by increasing dietary absorption and efflux of iron from its
stores [2]. Maternal iron deficiency anemia is associated with some adverse
pregnancy outcomes, including intra- and postpartum blood transfusion, pre-
term birth, low birth weight [4] [5] and affection of prenatal neurodevelopment
and neuropsychological functions in children [6].

In twin pregnancy, owing to the relatively greater feto-placental requirements
and greater expansion in maternal plasma volume and red cell mass, iron re-
quirements are magnified 1.8 times compared to singleton pregnancies [7]. This
translates to a further 2.4- to even 4-fold increase in the incidence of IDA among
women with twin pregnancy [8]. However, for prevention of iron deficiency in
twin pregnancy, only sparse data exist regarding the sufficiency of the standard
antenatal iron supplementation dose used in singleton pregnancies to meet the
increased iron demand [9]. Some expert-based recommendations advocate
doubling the dose of supplemental iron in twin pregnancies to a daily dose of 60
mg elemental iron [10]. This goes with the straightforward logic of “more de-
mand - more supplementation”. However, this recommendation was not adopted
by many international authorities. The World Health Organization (WHO) [11]
and the American College of Obstetricians and Gynecologists (ACOG) [12]
made no recommendations regarding additional iron supplementation in twin
pregnancy. The British Society of Hematology (BSH) in its described as “the
most aggressive approach to the diagnosis and management of iron deficiency in

any national guideline” [13] identified multiple pregnancy as high risk for iron
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depletion. However, for non-anemic women with twin pregnancy, the guideline
recommended either selective supplementation for those with serum ferritin <
30 pg/L only, or empirical supplementation with a once daily 40 - 80 mg of ele-
mental iron [14]. Besides not recommending one dose over the other, the rec-
ommended dose range is nearly comparable to the 30 - 60 mg dose recom-
mended by the World Health Organization for supplementation to all pregnant
women [11].

The uncertainty behind the optimum supplemental iron dose in the prevention
of iron deficiency in twin pregnancies stems in part from the scarce well-designed
randomized controlled trials. However, a major impact stems from the paradigm
shift over the last decades in iron supplementation from a high-dose (100 - 200
mg of ferrous iron) [15] [16] [17] [18] [19] approach to a low-dose [11] [20] or
even selective [14] [21] one.

In this study, we investigate the effect of single and double dose iron supple-

mentation for prevention of iron deficiency anemia in twin pregnancy.

2. Materials and Methods
2.1. Participants

A randomized controlled clinical trial was conducted in the antenatal care clinics
of A in Shams Maternity Hospital, Cairo, Egypt in the period between February
2019 and April 2020 after approval of the hospital Ethical Review Board (ERB)
in January 2019 and registration under NCT03836703 on February 19, 2019 on
clinicaltrials.gov.

450 eligible healthy non-anemic women, aged 18 - 35 years, with twin preg-
nancy at 12 - 16 weeks of gestation were enrolled in this study. Based upon the
WHO [11], National Institute of Clinical Excellence (NICE) [21] and Centre of
Disease Control and Prevention (CDC) [22] guidelines (and also adopted by the
latest BSH guidelines [14]), a cut-off hemoglobin concentration > 10.5 gm/dL
was used for exclusion of anemia at enrollment. Women with persistent vomit-
ing with pregnancy, mal-absorptive disorders, autoimmune diseases, chronic use
of proton pump inhibitors and antacids, hypothyroidism or suspected hemoglo-
binopathies were excluded from the study. In addition, the prior use of any other
multi-vitamin supplementation containing iron excluded the women from par-
ticipating in the study.

After informed consent, eligible women were randomized to receive either
single dose 27 mg, or double dose 54 mg elemental iron supplementation. Sup-
plementation was started at enrollment till time of delivery using Feroglobin®
capsules (Vitabiotics® Egypt for Pharmaceutical Industries, Egypt), each con-
taining ferrous fumarate (corresponding to 27 mg elemental iron), zinc sulphate
(equivalent to 10 mg elemental zinc), 2 mg Vitamin B6, copper Sulphate (equiv-
alent to 900 mcg of elemental copper), 2 mcg Vitamin B12 and 500 mcg folic

Acid. Women were instructed to take the capsules preferably on empty stomach
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in the morning, and 2 hours apart from dairy products, calcium supplements
and tannates. Women receiving double dose supplementation were instructed to

take one capsule at once, 12 hours apart.

2.2. Follow up during Antenatal Care

Follow up visits were arranged every 2 weeks until delivery. Besides routine an-
tenatal care, compliance was checked by counting the empty pill packages dur-
ing each follow up visit. The participant was considered non-compliant if more
than three doses were missed during any two-week interval, and excluded from
completing the trial thereafter. In addition, surveillance for the incidence of
possible adverse drug effects was conducted at every visit, including vomiting,
abdominal pain, constipation (defined as bowel motions fewer than her regular
habit over a one-week period or hard dry stools causing painful and difficult de-
fecation), and black staining of the stools.

Monitoring of hemoglobin concentration was done at fixed time points dur-
ing gestation: at enrollment, 24 weeks, 32 weeks and before delivery. Women
who developed iron deficiency anemia in either groups (defined as hemoglobin
concentration below 10.5 gm/dL or 11 gm/dL during second and third trimesters
respectively [11], together with serum ferritin < 30 pg/L [23]) were excluded
from completing the study and converted to therapeutic iron supplementation
or intravenous iron therapy. Women who developed preeclampsia (due to asso-
ciated volume contraction and hemoconcentration), or had recurrent and/or
significant hemorrhage (either antepartum or due to any other etiologies) were
also excluded from the study.

The primary outcome of the study was the incidence of iron deficiency ane-
mia during follow up until delivery. Secondary outcomes include the hemoglo-
bin concentration in non-anemic women throughout the follow up period and

the incidence of adverse drug reactions.

2.3. Statistical Analysis

Data were analyzed using SPSS version 24.0 (SPSS Inc, Chicago, IL, USA). Data
were analyzed on intention-to-treat basis. Parametric numerical data were pre-
sented as mean + standard deviation; whereas non-parametric numerical data were
presented as median with interquartile range. Categorical data were presented as
number and percentage. Two-group comparisons for numerical data were done
using the Student t test for parametric data and using the Mann-Whitney test for
non-parametric data. Categorical data were compared using Chi-square test or
Fisher exact test. Repeated measure analysis of follow-up data of hemoglobin
concentration was done using repeated measure factorial analysis of variance
(ANOVA) with post-hoc analysis using Sidak’s multiple comparisons test. Effect
sizes were estimated for continuous variables using mean difference and its 95%
confidence interval (CI), and for categorical data using relative risk, its 95%CI

and number needed to treat/harm (if significant), with the latter being expressed
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according to the terminology proposed by Douglas Altman. [24] Significance

level was set at p < 0.05.

2.4. Sample Size Justification

Up to our knowledge, scarce data exist regarding the impact of single vs. double
dose prophylactic iron supplementation in twin pregnancy for prevention of IDA.
Also, no data exist regarding the prevalence of IDA among Egyptian women with
twin pregnancy. However, according to Abu Salem et al [25], the prevalence of
iron deficiency anemia among Egyptian pregnant women was estimated to be
52.5%. Assuming that Egyptian women with twin pregnancy would have at least
a comparable prevalence of IDA, a minimal sample size of 366 women is needed
to detect at least 15% reduction in this prevalence by double iron supplementa-
tion. Sample size was calculated using G*Power® version 3.1.9.2, setting the
power at 0.8 and the significance level (a) at 0.05. Assuming a drop-out rate of
20%, a total drop-out inflated sample size of approximately 450 women will be

needed to be randomized into the two groups.

3. Results

A total of 450 non-anemic women with twin pregnancy were randomized to ei-
ther single or or double dose iron supplementation. 72 women in the single dose
group and 91 women in the double dose group were excluded during the course
of the study, as shown in the CONSORT flow diagram (Figure 1). However,
they were included in the statistical analysis as per intention-to-treat principle. A
summary of basic demographic and clinical properties of the two groups, in-
cluding age, body mass index, parity, and gestational and hemoglobin concen-
tration age at enrollment, are shown in Table 1.

The incidence of iron deficiency anemia in the two groups did not differ
significantly between the single dose group (19.1%) and the double dose group
(24.0%), with a risk ratio of 1.26 and a 95% confidence interval ranging from
0.88 to 1.79 (Table 2 and Figure 2). In women who did not develop IDA, he-
moglobin concentration varied significantly along the different gestational
ages during the follow up period (in consistence with the maternal hematolog-
ical adaptation during pregnancy). In contrast, they did not show an overall
statistically significant difference in the hemoglobin concentrations between the
single or double dose groups. On post hoc analysis, no significant differences
were found between both groups at any of the follow up points except before de-
livery (mean difference: 0.10 gm/dL, 95%CI: 0.002 - 0.20). However, in addition
to the doubtful clinical importance of such difference, the fact that it is con-
founded by the variable time of delivery should be taken in consideration (Table
3).

Adverse drug effects were more common with the double dose supplementa-
tion compared to single dose supplementation, including noncompliance, con-

stipation and black staining of the stools (Table 4).
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Non-anemic women with twin
pregnancy assessed for eligibility
[n = 552]

Excluded [n = 102]

Persistent vomiting with pregnancy [n = 4]
Chronic use of PPIs and antacids [n = 20]
Autoimmune disease [n = 9]
Hypothyroidism [n = 8]

Suspected hemoglobinopathies [n = 6]
Prior use of multivitamins [n = 23]
Refused to participate [n = 32]

Enrolled non-anemic women with
twin pregnancy [n = 450]

Single Dose Group

Double Dose Group

[n =229] [n = 225]
Excluded [n = 72]' Excluded [n = 91]'
Non-compliance [n = 29] | Follow up during | Non-compliance [n = 48]
Preterm delivery before 32 weeks [n = 14] pregnancy Preterm delivery before 32 weeks [n = 11]
Spontaneous/missed miscarriage [n = 9] Spontaneous/missed miscarriage [n = 8]
Preeclampsia [n = 13] Preeclampsia [n = 10]
Antepartum hemorrhage [n = 9] Antepartum hemorrhage [n = 8]
Single fetal demise [n = 2] Single fetal demise [n = 1]
Sepsis complicating pyelonephritis [n = 1] Recurrent epistaxis [n = 1]
Lost during follow up [n = 13] Lost during follow up [n = 19]
[ 1 [ 1
Developed Didn’t develop Developed Didn’t develop
IDA IDA IDA IDA
[n=43] [n=110] [n =54] [n=280]

Figure 1. CONSORT 2010 flow diagram showing the recruitment and handling of the study population during the course of the
study. 'It should be noted the considerable overlap in the causes of exclusion in the recruited women, e.g. some women were ex-
cluded due to preeclampsia that was complicated by placental abruption and single fetal demise necessitating preterm delivery.
Abbreviations. PPIs proton pump inhibitors, IDA iron deficiency anemia.

Table 1. Basal demographic, clinical and laboratory characteristics of both groups.

Single Dose Group Double Dose Group
Age (Yrs) 28.73 £2.77 28.61 + 3.02
BMI (Kg/m?) 24.05 + 3.44 25.47 +3.35
Parity
Nulliparous 104 (46.2%) 112 (49.8%)
Multipara 121 (53.8%) 113 (50.2)

Gestational age at enrollment (wks)

Hemoglobin concentration at enrollment (gm/dL)

14*1 (13 - 14*9)

12.16 £ 0.51

14+3 (13*2 - 15)

12.09 £ 0.54
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Figure 2. Line graph showing the mean hemoglobin concentration in the non-anemic women at the different gestational ages
with single and double dose iron supplementation.

Table 2. Comparison between the two groups regarding incidence of iron deficiency anemia during the follow up period.

Single Dose Group Double Dose Group P RR (95%CI)

IDA 43/225 (19.1%) 54/225 (24.0%) 0.21 1.26 (0.88 - 1.79)

Abbreviation IDA: iron deficiency anemia.

Table 3. Comparison between the non-anemic women in the two groups regarding mean hemoglobin concentration (gm/dL) at
different gestational ages.

Single Dose Group Double Dose Group Post-hoc analysis

Time =110 =80 ?
[n=110] [n = 80] Mean difference (95%CI)* Adjusted P
Enrollment 12.22 £ 0.37 12.16 £ 0.49 —-0.054 (-0.22 - 0.11) 0.89
K Group effect: 0.26
+ + - -
24 weeks 11.53 £ 0.52 11.58 £ 0.62 Time effect: <0.001 0.051 (=0.17 - 0.27) 0.96
32 weeks 11.55 + 0.26 11.59 + 0.45 Group x Time 0.039 (<0.10 - 0.18) 0.93
interaction: 0.36
Before delivery 11.38 £0.19 11.48 £0.29 0.10 (0.002 - 0.20) 0.04
*Reported as mean hemoglobin concentration in double dose group, single dose group.
Table 4. Comparison between the two groups regarding incidence of adverse drug effects.
Single Dose G Double Dose G
Hngle Tose Lrotp ouble Fose Lrotp P RR (95%CI) NNT st (95%CI)
[n =225] [n = 225]
Noncompliance 29 (12.9%) 48 (21.3%) 0.02 1.66 (1.09 - 2.53) 11.8 (65.4 - 6.51)
Nausea/Vomiting 7 (3.11%) 11 (4.89%) 0.34 1.57 (0.62 - 3.98) -
Constipation 24 (10.7%) 41 (18.2%) 0.03 1.71 (1.07 - 2.73) 13.2 (91.1(tarm) - 7.13(Harm))
Abdominal pain 9 (4.0%) 14 (6.2%) 0.29 1.56 (0.68 - 3.52) -
Black staining of the stools 36 (16.0%) 68(30.2%) <0.001 1.89 (1.32 - 2.71) 7.0 (15.2(Harm) - 4.56(Harm))
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4. Discussion

Paradoxically, this study failed to demonstrate a dose-response relationship be-
tween prophylactic iron supplementation dose and incidence of IDA in twin
pregnancies. Compared to the single dose, the double supplemental iron dose
did not significantly lower the incidence of IDA, nor increase the hemoglobin
concentration in pregnancies not complicated by IDA. Comparable results were
reported in the setting of both non-anemic twin [26] and single pregnancies [27]
[28], and also in the setting of iron deficiency with [29] or without pregnancy
[30].

Estimates of iron demand during pregnancy range from 4 mg/day in the
second trimester to 6 mg/day in the third trimester [31] that might reach in the
last 6 - 8 weeks of gestation to as much as 10 mg/day [32]. These demands are
further magnified 1.8 times in twin pregnancies [7]. In this study, we used 27 mg
and 54 mg of supplemental elemental iron in single and double dose groups re-
spectively, in accordance with the recommendations of the World Health Or-
ganization that all pregnant women should be supplemented with 30 - 60 mg of
elemental iron daily, that is increased to 120 mg daily if anemia is diagnosed
during pregnancy [11]. It is evident that these prophylactic supplementation
doses are higher than the highest estimated daily iron demand by at least three-
or six-folds respectively, disregarding any contribution from maternal iron stores.
However, over the decades, these mega doses were used relying on the fact that
treatment with oral iron salts is far from ideal. [33], with only a small fraction
(not exceeding 10% - 20%) of the whole ingested elemental iron is absorbed [34]
[35] [36]. Hence, the prevailing philosophy of increasing the ingested dose in
order to increase the absolute amount of absorbed iron into the circulation.

However, a paradigm shift in iron therapeutics was set up by the discovery of
the role of the hepcidin-ferroportin axis in iron homeostasis. It was established
that bioavalability of oral iron therapy depends not only on dietary factors and
integrity of the intestinal mucosa [37], but also on hepcidin levels. [33] Typical-
ly, in iron deficiency anemia, hepcidin levels are very low or even undetectable.
Appropriately suppressed hepcidin levels prevent internalization and degrada-
tion of ferroportin from the basolateral membrane of enterocytes, thus allowing
maximal ferroportin activity with resulting maximal iron flux into the plasma. In
contrast, in iron replete states, rising hepcidin binds to ferroportin, promoting
its internalization and degradation, culminating in preventing iron flux into
plasma [38]. In short, our understanding of intestinal handling of iron changed
from being a poorly permeable barrier, which we can overcome by increasing
the iron dose; to a dynamically permeable barrier that can regulate iron absorp-
tion regardless of the iron dose. In fact, it seems that the commonly used sup-
plemental iron doses cover well and much exceed the requirements of non-anemic
singleton and twin pregnancies, and even anemic pregnancies. The latter is evi-
dent in the declining recommended therapeutic iron doses for IDA in pregnancy
from 120 mg in the 2016 WHO recommendations [11] to only 40 - 80 mg in the
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2020 BSH guidelines [14]. Actually, in most cases, failure of oral iron therapy is
not due to low supplementation dose, but rather due to other causes, including
primary gastrointestinal disorders (e.g. Helicobacter pylori infection and celiac dis-
ease), ongoing blood loss, concomitant inflammation leading to hepcidin-mediated
restriction of iron flux into plasma, and genetic iron-refractory iron deficiency
[39]. During pregnancy, the increased iron demand is likely offset by the en-
hanced intestinal absorptive capacity mediated by pregnancy-induced hepcidin
suppression [2]. This makes better use of the portion of the supplemented iron
that is unabsorbed under normal circumstances, without the need for increasing
supplementation dose.

In fact, double iron dosing might be detrimental to the process of iron sup-
plementation. Beside remaining unabsorbed in the face of tight hepcidin regula-
tion and absence of added clinical efficacy, it is thought that higher iron dosing
might paradoxically interfere with intestinal iron absorption. It is well estab-
lished that hepcidin is regulated by at least three basic stimuli: circulating and
stored iron levels, erythropoietic activity and pro-inflammatory stimuli [2]. The
theory argues that absorption of a large-dose of iron will increase plasma iron
levels and subsequently hepcidin levels, which will interfere with absorption of
next dose(s) [34]. Radioactive iron absorption studies in iron-depleted dogs
demonstrated relative mucosal block of iron absorption following iron adminis-
tration [40]. Also, in the study of Moretti and his colleagues [41], daily iron sup-
plementation to non-anemic iron-depleted young women at doses 60, 80, 160
and 240 mg of elemental iron resulted in a statistically significant elevation in
hepcidin level for at least 24-hours, which translated to a 35% - 45% decline in
the absorbed fraction of the next dose. This effect was less evident with daily
supplementation of 40 mg of elemental iron (only 20% decline). Thus, despite
the increase in the absolute iron absorption with increasing the supplementa-
tion dose, fractional absorption is markedly decreased. A six-fold increase in
iron dose (from 40 mg to 240 mg) resulted in only three-fold increase in iron
absorption (from 6.7 mg to 18.1 mg), with the consequent marked increase in
the unabsorbed fraction with dose escalation. This paradoxical interference
might further be augmented during pregnancy due to the physiological preg-
nancy-induced suppression of maternal hepcidin during the second and third
trimesters [2], which entails, at least theoretically, a higher initial influx of iron
into the blood leading to a subsequent more profound hepcidin elevation and
mucosal block.

Being a cheap drug, determining the least effective iron supplementation dose
might not be valuable in terms of cost-effectiveness; however, the impact on the
adverse effects profile might be substantial. First, the higher the iron dose, the
greater the remaining unabsorbed portion contributing to its direct toxic free
radical effect on the intestinal mucosa [33] [42]. As reported in this study and
others [26], the incidence of gastrointestinal adverse effects increases with the
increase in iron dose. Second, excess unabsorbed iron reaching the colonic lu-

men causes intestinal stress [43], restraining the growth of the colonizing gut
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microbial community except for the virulent pathogens that can tolerate this
iron-richoxidatively stressful mileu [44] [45]. Third, with high iron doses, the
faster elevation in serum iron rapidly saturates circulating transferrin, and en-
hances the formation of non-transferrin bound iron (NTBI) with the subsequent
increase in the labile iron pool, which may induce oxidative and nitrosativestress
with their pregnancy complications [46]. Fourth, iron supplementation, espe-
cially at high doses, might negatively affect the absorption of some essential di-
valent cations, e.g. zinc, copper, magnesium, manganese, chromium and mo-
lybdenum [47] [48]. Fifth, accumulating evidence postulate a possible link be-
tween elevations in circulating iron and the development of gestational diabetes
[49] [50] [51] [52] and pregnancy-induced hypertension [53] [54] [55], and also
a possible link between prenatal supraphysiologic iron exposure and the risk of
development of childhood type 1 diabetes mellitus [56].

In spite of the comparable results reported by Ali and his colleagues [26] for
the effect of single vs. double dose iron supplementation on the incidence of IDA
and hemoglobin concentrations, they noted larger increase serum ferritin levels
in the double dose group (54.58 pg/L) compared to the single dose group (39.69
ug/L) before delivery. Despite that serum ferritin levels of both groups are well
within the normal range, two points are noteworthy. First, in our study, we
opted not to rely on serum ferritin levels, as the physiological rise in acute phase
proteins [57] and alterations in iron homeostasis [2] associated with pregnancy
might confound the effect of iron supplementation dose on changes in serum
ferritin levels. Second, it is not known whether this increment in serum ferritin
is beneficial or not. Several studies noted the association between high serum
ferritin levels and adverse pregnancy outcomes [58] [59] [60].

The strengths of our study include: 1) its randomized design; 2) evaluation of
efficacy using a clinical outcome, rather than biochemical markers of iron status
that might be affected by other confounders. However, our study is limited by
the lack of standardization of maternal diet, which might have affected the out-
come. However, the lengthy follow up duration rendered tracking the daily die-
tary iron content unrealistic. Another limitation is conferred by not differentiat-
ing between non-anemic iron-deficient women from those with adequate iron
stores. However, we postulated that this would keep the trial design and results
more clinically oriented, as assessment of iron stores during antenatal care is not
recommended in routine clinical practice by most regulatory bodies to date [11]
[14] [20] [21].

5. Conclusion

In conclusion, this clinical trial did not demonstrate an added benefit for doubl-
ing prophylactic iron supplementation dose in non-anemic women with twin
pregnancy.
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