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1 | INTRODUCTION

Abstract

We examined the effect of three types of prenatal supplements containing different
amounts of iron on haemoglobin (Hb) and iron status (zinc protoporphyrin [ZPP] and
soluble transferrin receptor [sTfR]) in late pregnancy among 1,379 women in rural
Malawi. Participants were recruited at <20 gestational weeks (gw) and randomly
assigned to consume daily (1) 60-mg iron and folic acid (IFA); (2) 20-mg iron plus
17 micronutrients in a capsule (MMN); or (3) lipid-based nutrient supplement (LNS;
118 kcal) with 20-mg iron plus 21 micronutrients, protein, and fat. We analysed
differences between intervention groups in mean Hb, ZPP, and sTfR at 36 gw, and the
proportion with anaemia (Hb < 100 g L™2) and iron deficiency (ZPP > 60 umol mol™* haem
or sTfR > 6 mg L) at 36 gw. Women in the IFA group had higher Hb at 36 gw than
women in the LNS group (P = 0.030) and higher iron status (lower ZPP and sTfR) than
women in both the LNS (P < 0.001 for both ZPP and sTfR) and MMN (P = 0.025 and
P =0.046) groups. Results for anaemia and iron deficiency showed similar trends. Further
research is needed to elucidate the appropriate amount of iron to improve Hb and iron

status, while improving birth outcomes.
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New & Wirth, 2015). The global prevalence of anaemia among

pregnant women is estimated to be 19.2% (World Health Organization

Anaemia during pregnancy is a risk factor for preterm birth and low
birthweight, in addition to maternal and infant death (Allen, 2000;

Abbreviations: AGP, a-1-acid glycoprotein; CRP, C-reactive protein; Hb,
haemoglobin; IFA, iron-folic acid; LNS, lipid-based nutrient supplement; MMN,
multiple micronutrient; sTfR, soluble transferrin receptor; ZPP, zinc
protoporphyrin

[WHO], 2015), whereas in sub-Saharan Africa, an estimated 57% of
pregnant women are anaemic (Soares Magalhaes & Clements, 2011).
Although there are multiple etiologies for anaemia, including micronu-
trient deficiencies, haemoglobinopathies, and acute and chronic
infections, one of the most prevalent causes of anaemia is iron
deficiency (Crawley, 2004).
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Iron supplementation during pregnancy is helpful in preventing

iron deficiency. A recent Cochrane review reported a 70% reduction
in maternal anaemia and a 57% reduction in iron deficiency at term
among women who received preventive iron supplementation during
pregnancy (Pena-Rosas, De-Regil, Garcia-Casal, & Dowswell, 2015).
However, the optimal dose of iron is still not known. The WHO rec-
ommends 30-60 mg of elemental iron per day, with a preferred daily
dose of 60 mg day ™! in areas where anaemia among pregnant women
is a severe public health problem (WHO, 2012). The UNICEF/WHO/
UNU international multiple micronutrient preparation for pregnant
and lactating women provides the Recommended Dietary Allowance
(RDA) of 15 vitamins and minerals, including 30 mg of iron. A daily
supplement with 30 mg (rather than 60 mg) of iron was chosen for
multiple reasons (lower side effects with a daily dose of 30 vs.
60 mg; other vitamins in the supplement enhance iron absorption;
the need for higher doses of zinc with higher doses of iron would fur-
ther exacerbate side effects; and the ability to use higher doses of iron
in conjunction with the supplement for cases of more severe anaemia;
Adu-Afarwuah et al., 2016; UNICEF/UNU/WHO, 1999). However,
even supplementation with only 30 mg of iron has been associated
with side effects (Pena-Rosas, De-Regil, Dowswell, & Viteri, 2012).
The International Lipid-based Nutrient Supplement (iLiNS) Project
(www.ilins.org) was designed to study the impact on maternal and
infant health of supplementation with a small-quantity lipid-based
nutrient supplement (SQ-LNS) provided to pregnant and lactating
women and their children from 6 to 18 months of age. LNS differ from
micronutrient supplements or fortificants because they are food prod-
ucts and contain energy, protein, and essential fatty acids, as well as a
wider range of micronutrients than most micronutrient supplements
or fortificants, including several macrominerals required for growth.
The iron content per daily dose of 20 g of the SQ-LNS used in this
study was set at 20 mg, as described previously (Arimond et al.,
2015), which is lower than the 30 mg in the UNICEF/WHO/UNU
international multiple micronutrient preparation supplement. Supple-
mentation with 20 mg day ! had been shown to be adequate to
prevent iron deficiency anaemia during pregnancy (even among
women who were anaemic at entry into prenatal care), while not caus-
ing gastrointestinal upset commonly associated with higher doses of
iron (Milman, Byg, Bergholt, Eriksen, & Hvas, 2006; Zhou, Gibson,
Crowther, & Makrides, 2009). The RDA for iron during pregnancy is
27 mg day ™%, which drops to 9 mg day™! during lactation (Food and
Nutrition Board Institute of Medicine, 2002). Pregnant women in the
Mangochi District in Malawi consume an estimated 16-18 mg of iron
per day (Hjertholm et al., 2018; Ndekha, 1998). Although this is higher
than the median intake among pregnant women in the United States
(approximately 15 mg day™%; Food and Nutrition Board Institute of
Medicine, 2002), it is still well below the RDA. We estimated that con-
suming a supplement with 20 mg day ™2, combined with iron from the
diet, would provide sufficient iron during pregnancy (without greatly
exceeding the RDA during lactation), based on data indicating that iron
absorption in the third trimester of pregnancy is high—25-66% when
a modest dose of iron (6-18 mg) is consumed daily with food (Barrett,
Whittaker, Williams, & Lind, 1994; Whittaker, Barrett, & Lind, 2001).
Women in the second trimester need approximately 4-5 mg day !

of absorbed iron, which increases to 5-6 mg day™! in the third
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Key messages

e Pregnant Malawian women who consumed 60-mg iron
per day in an iron-folic acid supplement from <20
gestational weeks had higher Hb and markers of iron
status at 36 gestational weeks than did women who
consumed 20 mg day™! as a lipid-based nutrient
supplement or a multiple micronutrient capsule.

e There were no differences in prevalence of anaemia or
iron deficiency anaemia between the three groups at
36 gestational weeks.

o Further research is needed to elucidate the optimal dose
of supplemental iron during pregnancy in this

population.

trimester (Food and Nutrition Board Institute of Medicine, 2002).
Assuming at least 10% absorption of iron from food (the estimated
bioavailability from vegetarian diets; Food and Nutrition Board Insti-
tute of Medicine, 2002), we calculated that at least 1.5-mg iron per
day would be absorbed from the diet. Assuming 25% of the iron in
LNS is absorbed, 20 mg of iron in LNS would provide at least
5 mg day ™! of absorbed iron, which together with at least 1.5 mg of
dietary iron would be sufficient to meet the needs in late pregnancy
when demand is highest.

The primary aim of the iLiNS Project was to examine the effect of
SQ-LNS on birth outcomes and infant growth. Additionally, we have
examined a wide range of secondary outcomes among pregnant women
and infants, including haemoglobin (Hb) and iron status among pregnant
Ghanaian women (Adu-Afarwuah et al., 2016). In the present study, we
examine the effect of three iron-containing supplements (iron and folic
acid [IFA], multiple micronutrient [MMN] capsule, and SQ-LNS) on Hb
and markers of iron status (zinc protoporphyrin [ZPP] and soluble trans-

ferrin receptor [sTfR]) among pregnant Malawian women.

2 | METHODS

The iLiNS Project DYAD Malawi trial was a randomized, controlled,
outcome assessor-blinded supplementation trial of mother-child
dyads in the Mangochi District of rural Malawi (iLINS-DYAD-M). The
study has been described in detail elsewhere (Ashorn et al., 2015).
The primary study focused on the effect of intervention on newborn
outcomes and child growth. We have published or plan to publish
various articles on other nutrient biomarkers and other outcomes.
The focus of the current study is iron deficiency and anaemia. Briefly,
study nurses explained the study to women who came to one of the
study clinics for antenatal care and who were greater than 15 years
of age and no more than 20 gestational weeks (gw). Interested women
signed or thumbprinted an informed consent and were enrolled in the
study if eligible. Women who had chronic medical conditions, preg-
nancy complications at enrolment (moderate to severe oedema, blood

Hb concentration <50 g L2, systolic blood pressure >160 mmHg, or
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diastolic blood pressure >100 mmHg), previous enrolment in iLiNS-
DYAD, or concurrent enrolment in another clinical trial were excluded.
We enrolled 1,391 women.

Women were randomly assigned to one of three intervention
groups in blocks of nine by selecting an opaque envelope that
contained one of nine letters. Each intervention group had three
letters that corresponded to it. Women in the IFA group were
instructed to consume each day from enrolment until delivery a cap-
sule that contained 60 mg of iron and 400 pg of folic acid and from
delivery to 6 months post-partum a placebo capsule. IFA during preg-
nancy (but not post-partum) is considered the standard of care in
Malawi. Women in the MMN group were instructed to consume each
day from enrolment to 6 months post-partum a capsule that contained
20 mg of iron, in addition to folic acid and 16 additional micronutrients
(Table S1). The IFA/placebo and MMN capsules were identical in
appearance. Women in the SQ-LNS group were instructed to con-
sume each day from enrolment to 6 months post-partum a 20-g dose
of LNS that contained the same 18 micronutrients as the MMN cap-
sule, as well as four additional minerals, protein, and fat, and also pro-
vided 118 kcal of energy. Fifteen supplement doses were delivered by
study staff every 14 days. Women in the IFA and MMN groups were
instructed to consume the capsules with water after a meal, whereas
those in the LNS group were instructed to mix one sachet of LNS with
a small amount of food consumed as one dose in the morning. The
LNS used in this study was deemed acceptable in the study catchment
area (Phuka et al., 2011). On the same days that supplements were
delivered, any remaining supplements from the previous delivery were
counted and collected. The capsules were manufactured by DSM
Nutritional Products South Africa (Pty) Ltd (Isando, South Africa). The
LNS was produced and packed by Nutriset S.A.S. (Malaunay, France).
The capsules and LNS were stored in a dark environment at 20-40°C.
Field workers who delivered supplements were the only study staff
who knew which women received LNS (but they did not know the differ-
ence between MMN and IFA), and participants were instructed not to
disclose information about their supplements to anyone other than the
field workers. Besides field workers who delivered supplements, all study
staff, laboratory staff, and statisticians were blinded to group allocation.
A statistician not involved in iLINS-DYAD-M maintained the intervention
code, which was stored sealed and not broken until all laboratory and sta-
tistical analyses were performed.

At the enrolment visit, sociodemographic information was col-
lected by trained study staff. Trained anthropometrists measured the
participants' weight and height in triplicate using high-quality scales
(SECA 874 flat scale, Seca GmbH & Co., Hamburg, Germany) and
stadiometers (Harpenden stadiometer, Holtain Limited, Crosswell,
Crymych, UK). Peripheral malaria parasitaemia was measured with a
rapid test kit (Clearview Malarial Combo, Alere, South Africa), and HIV
was analysed using a whole-blood antibody rapid test (Alere Determine
HIV-1/2, Alere, South Africa) and using another whole-blood antibody
rapid test (Uni-Gold HIV, Trinity Biotech plc, Bray, Ireland).

At the enrolment and 36 gw planned study visits, clinic nurses col-
lected blood from the antecubital vein into a 7.5-ml trace mineral-free
polypropylene syringe (Sarstedt Monovette, NH4-heparin, Sarstedt
Inc., Newton, NC, USA). The blood tube was immediately inverted

10 times to mix the heparin anticoagulant with the blood to prevent
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clotting. A small aliquot of the whole blood was pipetted out and used

to analyse Hb on the Hemocue 201+ system (Hemocue, Brea, CA,
USA). The tube containing the remaining whole blood was then placed
in an insulated cooler with ice packs until processing. Trained lab staff
then aliquoted whole blood into microcuvettes and washed the red
cells 3 times. The washed red cells were used for ZPP analysis (Aviv
hematofluorometer, Aviv Biomedical Inc., Lakewood, NJ, USA).
Trained lab staff then centrifuged the whole blood at 3,000 RPM for
15 min and separated plasma into storage cryovials. The storage vials
were placed upright in freezer boxes in a —20°C freezer for temporary
storage at the satellite clinics. Within 48 hr, drivers transported the
plasma to the main laboratory for long-term storage at -80°C.

Plasma was shipped to UCD on dry ice (World Courier) for analy-
sis. We analysed sTfR from those samples by immunoturbidimetry on
the Cobas Integra 400 system autoanalyser (F. Hoffmann-La Roche
Ltd., Basel, Switzerland). We analysed all the samples in singlet, except
for 5%, which we randomly selected to be analysed in duplicate. None
of those samples had a coefficient of variation greater than 5%.

ZPP and sTfR are commonly used markers of iron status. There is
an inverse correlation between iron status and ZPP, as during iron
deficiency, zinc, instead of iron, is incorporated into protoporphyrin
IX, resulting in the formation of ZPP (Braun, 1999). The concentration
of sTfR is also inversely proportional to total body iron status, as cells
upregulate TfR when iron is needed in cells. Soluble TfR is proportional
to the concentration of cellular TfR (Beguin, 2003). Ferritin is a com-
monly used marker of iron status. However, we did not analyse serum
or plasma ferritin because we expected a high prevalence of inflamma-
tion in the study population, which complicates the interpretation of
ferritin measurements.

Anaemia was defined as Hb <100 g L™, which has been
suggested as an appropriate cut-off for pregnant women of African
descent (Cao & O'Brien, 2013; Chang, O'Brien, Nathanson, Mancini,
& Witter, 2003; Johnson-Spear & Yip, 1994). In exploratory analyses,
we also examined differences between groups in proportion of
women with anaemia and iron deficiency anemia (IDA) using an Hb
cut-off of 110 g L™* (WHO, 2011). High Hb was defined as >130 g L2
(Pena-Rosas et al, 2015). Iron deficiency was defined as ZPP
>60 umol mol™ haem (Walsh et al., 2011) or sTfR >6.0 mg L™. An sTfR
cut-off of 8.5 mg L™ has been used previously when analysing sTfR by
the enzyme-linked immunosorbent assay (ELISA) method (Carriaga,
Skikne, Finley, Cutler, & Cook, 1991; Rusia et al., 1999; Vandevijvere,
Amsalkhir, Van Oyen, Egli, & Moreno-Reyes, 2013). However, Pfeiffer
et al. (2007) compared the ELISA and autoanalyser methods and found
that the autoanalyser gives sTfR estimates approximately 30% lower than
the ELISA method. Therefore, we decreased the 8.5 mg L™* cut-off by
approximately 30%, to 6.0 mg L™%. IDA was defined as Hb <100 g L™*
and either ZPP >60 pumol mol™* haem or sTfR >6.0 mg L™2.

The trial was performed according to Good Clinical Practice
guidelines and the ethical standards of the Helsinki Declaration. The
protocol was approved by the College of Medicine Research and
Ethics Committee, University of Malawi, Institutional Review Board
at UC Davis, and the Ethics Committee of Pirkanmaa Hospital District,
Finland. Key details of the protocol were published at the clinical trial
registry of the National Library of Medicine, Bethesda, MD, USA
(http://www.clinicaltrials.gov/, trial identification NCT01239693).
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2.1 | Details of statistical analysis

Details of the sample size calculation are described in detail elsewhere
(Ashorn et al., 2015). Briefly, assuming an effect size of 0.3 (difference
between groups, divided by the pooled SD) for each continuous
outcome, assuming 80% power and a two-sided Type | error rate of
5% would require 216 participants per group, for a total of 648 partic-
ipants. Allowing for up to 25% loss to follow-up, we would have
needed to recruit 864 subjects. A secondary aim of the primary study
was to study the interaction between the maternal intervention and
several potential effect modifiers, which required that we increase
the sample size. The final sample size of 370 per group provided the
study with 80% power to detect main effects of >0.23 SD.

We performed statistical analysis with the SAS version 9.3 software
package (SAS Institute Inc., Cary, NC, USA). We conducted the statistical
analysis according to the analysis plan written and published before the
intervention code was opened (www.ilins.org). We based the analysis
on the principle of modified intention to treat. That is, we included in
the analyses all participants who were randomized, except that those
with missing data on an outcome variable were excluded from the analy-
ses of that outcome. Two participants whose group allocation was incor-
rectly transcribed and assigned during enrolment were included in the
group corresponding to the actual intervention they received throughout
the trial. Outcome variables were inspected for conformance to normal
distribution and were transformed where necessary. Soluble TfR, ZPP,
C-reactive protein (CRP), and a-1-acid glycoprotein (AGP) were
log-transformed before analyses were performed.

We analysed differences between those included and excluded
from the current analysis by Student's t test (comparison of means)
or Fisher's exact test (comparison of proportions). We analysed the
differences between groups in mean Hb, ZPP, and sTfR at 36 gw, with
the main effect being intervention group with and without controlling
for baseline status of each variable and chosen covariates. Unadjusted
analyses were performed using analysis of variance models, whereas
analysis of covariance (ANCOVA) was used for unadjusted models. We
then performed pairwise comparisons with a Tukey-Kramer adjustment.
We compared the differences between groups in the proportion of women
who had low or high Hb, high ZPP or sTfR, or who had IDA (i.e., low Hb and
either high ZPP or sTfR) at either the baseline or the 36 gw visit by log-
Poisson regression. We examined values at 36 gw with and without con-
trolling for the baseline status for each variable and chosen covariates.

The covariates in the ANCOVA and log-Poisson regression
models were included based on whether these variables (a) have been
shown in prior work to influence the outcome and (b) were associated
(P < 0.10) with the outcome in bivariate analyses. The following
baseline variables were selected a priori and were examined as poten-
tial covariates: maternal body mass index (BMI) at enrolment, malaria
status, HIV status, primiparity, maternal educational achievement, site
at enrolment, season of enrolment, maternal Hb (for ZPP and sTfR
analyses), and ZPP and sTfR (for Hb analyses).

To examine effect modification, variables were selected a priori
based on their expected associations with Hb, ZPP, and sTfR. Two-way
interactions between group assignment and Hb, ZPP, sTfR, CRP, AGP,
and BMI at enrolment; maternal educational achievement, HIV status,
malaria status at enrolment, and season of and site at enrolment were
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included separately in the ANCOVA models (for continuous outcomes)
or logistic regression (for bivariate outcomes) for Hb, ZPP, and sTfR at
36 gw. Significant interactions (P < 0.05) were further examined by
stratifying participants into high or low categories for continuous effect
modifiers or presence or absence of a predictor for bivariate effect
modifiers, in order to understand the nature of the effect modification.

Because of the known effect of inflammation on Hb (Weiss &
Goodnough, 2005), we conducted a sensitivity analysis to compare
the groupwise differences in mean Hb at 36 gw (by ANCOVA) and
proportion of women who were anaemic at 36 gw (by log-Poisson
regression) after excluding cases with elevated CRP or AGP at
36 gw. Both models controlled for baseline Hb, CRP, and AGP.
Elevated CRP was defined as CRP >5 g L%, and elevated AGP was
defined as AGP >1 mg L™ (Thurnham et al., 2010).

3 | RESULTS

Women were enrolled at the four antenatal clinics between February
2011 and August 2012. Of the 9,310 women approached by iLiNS
Malawi team members, 1,391 were successfully enrolled and random-
ized to one of the three intervention groups, with a mean gestational
age at enrolment of 16.8 weeks (Figure 1). Twelve of those enrolled
carried twins and were excluded from the analyses. Of the remaining
1,379 included in the analyses, we analysed Hb at enrolment from
1,377 (99.9%), ZPP from 1,325 (96.1%), and sTfR from 1,371
(99.4%). At the 36 gw visit, we analysed Hb from 1,040 (75.4% of
the original 1,379 women who completed the enrolment visit), ZPP
from 1,008 (73.1%), and sTfR from 1,067 (77.4%). There were 352,
363, and 352 participants in the IFA, MMN, and LNS groups, respec-
tively, who were included in the analyses at 36 gw. There were no
differences between intervention groups in the proportion of women
from whom Hb, ZPP, and sTfR at 36 gw were not available (P > 0.8 for
all). There were no differences between groups in the mean (SD)
percentage of days supplements were consumed (IFA, 84.2 [16.6];
MMN, 83.4 [18.1]; LNS, 85.6 [16.9]; P = 0.170), severe adverse events
(IFA, 9.1%; MMN, 9.7%; LNS, 11.9%; P = 0.353), or preterm delivery
(IFA, 11.3%; MMN, 9.5%; LNS, 9.1%; P = 0.528).

The baseline characteristics of the participants included in the
current analyses at 36 gw are shown in Table 1. Compared with those
included in the current analyses at 36 gw, those not included in the
current analyses were on average younger and of higher socio-
economic status (P < 0.001 for both) and had a higher proportion of
primiparity and anaemia (P < 0.001 for both; Table S2).

At enrolment, the mean (SD) Hb level of all participants included in
these analyses was 111.5 (16.3) g L™%. The prevalence of anaemia
(Hb <100 g L™1) was 20.8%, whereas 11.1% had high Hb (>130 g L™%).
The mean (SD) ZPP at enrolment was 54.5 (41.6) umol mol™* haem, with
24.5% of participants having high ZPP (>60 pmol mol~* haem). The mean
(SD) STfR was 4.8 (2.7) mg L™, with 19.7% having high sTfR (>6 mg L™%).

At 36 gw, the mean (SD) Hb was 110.8 (15.2) g L™%, 20.4% of
women were anaemic, and 8.5% had high Hb. The mean (SD) ZPP at
36 gw was 60.2 (40.9) umol mol™* haem, with 34.0% of participants
having high ZPP. The mean (SD) sTfR was 5.6 (3.0) mg L%, with
33.5% of participants having high sTfR.
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Assessed for eligibility (7=9310)

Excluded (n=7919)
Not interested (n=3470)
Out of area (n=2760)
> 20 gestational weeks or
unknown duration (n=1333)
Not available (n=310)
Underage (n=9)
Earlier participation (n=1)
Medical condition (n=30)

\4

Other (n=6)
A\ 4
Enrolled (n=1391)
Allocation
\ 4 \ 4 A\ 4

Allocated to IFA at
enroliment (n=463)

Allocated to MMN at
enrollment (n=466)

Allocated to LNS at
enroliment (n=462)

Lostto < Lostto < Lostto <—
follow up follow up follow up
(n=26) (n=32) (n=26)

FIGURE 1 Schematic representation of v 4

recruitment, enrolment, and follow-up of
Malawian women who participated in the
iLiNS Project. IFA: iron-folic acid; MMN:
multiple micronutrient; Hb: haemoglobin;
ZPP: zinc protoporphyrin; sTfR: soluble
transferrin receptor

Hb analyzed (n=342)
ZPP analyzed (n=330)
sTfR analyzed (n=352)

Hb analyzed (n=353)
ZPP analyzed (n=343)
sTfR analyzed (n=363)

HMO analyzed (n=345)
ZPP analyzed (n=335)
sTfR analyzed (n=352)

Table 2 shows that there were differences in mean Hb, ZPP,
and sTfR between the intervention groups at 36 gw. Results were
generally similar whether or not they were adjusted for the baseline
value of the outcome variable, and further adjustment for other
covariates did not change the findings. After adjusting for baseline
Hb, the mean Hb at 36 gw in the IFA group was significantly greater
than in the LNS group (P = 0.030) and tended to be greater than in
the MMN group (P = 0.058). Adjusting for baseline ZPP, mean ZPP
at 36 gw was lower in the IFA group than in both the LNS group
(P < 0.001) and the MMN group (P = 0.025). Similarly, mean sTfR
at 36 gw was lower in the IFA group compared with either the
LNS (P < 0.001) or MMN group (P = 0.046) in models adjusted for
baseline sTfR.

Table 3 shows that there were no differences in the prevalence of
anaemia, high Hb, high sTfR, or IDA (using a cut-off of 100 g L™%)
between groups after adjusting for the baseline status. There were
differences between intervention groups in prevalence of iron
deficiency when defined by high ZPP but not when defined by high
sTfR. Specifically, there was a greater risk of high ZPP among women
in the LNS group compared with both the IFA (RR [95% CI]: 1.86
[1.22, 2.83]) and MMN (RR: 1.69 [1.12, 2.56]) groups after adjusting
for baseline ZPP.

When using a cut-off of 110 g L™ to define anaemia and IDA,
there continued to be no differences in the prevalence of anaemia
between intervention groups (global P = 0.158; data not shown), but

the risks of IDA among women in the LNS and MMN groups were
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TABLE 1 Baseline characteristics of pregnant Malawian women included in analyses at 36 gestational weeks, by intervention group

Characteristic

Number of participants

Mean (SD) age (years)

Mean (SD) gestational age at enrolment (weeks)
Mean (SD) education (completed years)

Mean (SD) socio-economic score

Proportion of nulliparous women

Mean (SD) body mass index (BMI; kg m™?)
Proportion of women with a low BMI (<18.5 kg m™2)
Proportion of anaemic women (Hb <100 g L™?)
Proportion of anaemic women (Hb <110 g L™?)
Proportion of women with a positive HIV test

Proportion with a positive malaria test (RDT)

IFA MMN LNS
352 363 352
25.1 (5.9) 25.4 (6.1) 25.3 (6.3)
16.8 (2.1) 16.8 (2.1) 16.9 (2.2)
4.0 (3.4) 4.0 (3.4) 4.1 (3.5)
-0.06 (1.0) -0.04 (0.9) -0.02 (1.0)
19.4% 19.1% 20.7%
22.1(2.6) 22.2 (3.0) 22.1(2.8)
5.4% 5.0% 6.6%
18.2% 18.0% 19.6%
45.0% 43.8% 43.4%
14.7% 10.3% 13.1%
21.3% 24.0% 23.1%

Note. Hb: haemoglobin; IFA: iron-folic acid; MMN: multiple micronutrients; LNS: lipid-based nutrient supplement.

significantly higher than in the IFA group (RR [95% Cl]: 1.43 [1.11,
1.85] and 1.31 [1.02, 1.70], respectively; Table 3).

There were no significant interactions (P < 0.05) between group
assignment and potential effect modifiers when the outcome was
mean ZPP or sTfR or proportion with elevated ZPP or sTfR at 36 gw.
There were significant interactions between group assignment and
baseline Hb or sTfR when the outcome was mean Hb or the proportion
of women with high Hb at 36 gw (Table 4). However, in stratified anal-
ysis, there were no differences in mean Hb or probability of elevated
Hb between groups among women who were or were not anaemic
at enrolment. There were no differences in mean Hb among those
without elevated sTfR at enrolment, but among those with elevated
sTfR at enrolment, Hb was greater at 36 gw in the IFA group compared
with both the MMN and LNS groups (P = 0.020 and P = 0.005, respec-
tively). There were no differences in probability of elevated Hb among
those with or without high sTfR at enrolment. There was also a signif-
icant interaction between group assignment and presence of malaria
infection with regard to the proportion of women with low Hb at
36 gw. Specifically, among those with malaria at enrolment, the prob-
ability of low Hb at 36 gw was lower in the IFA and MMN groups than
in the LNS group (P = 0.028 and P = 0.014, respectively), but there
were no differences among women without malaria at enrolment.

We also examined differences in mean Hb and proportions of
women with low or high Hb among women without inflammation
(CRP <5 mg L™ and AGP <1 g L™). Of the 1,026 women from whom
Hb, CRP, and AGP data were available at 36 gw, 318 had inflammation
and were excluded. We found no differences between intervention
groups in mean Hb at 36 gw (P = 0.112; Table 2) or prevalence of
anaemia (P = 0.104; Table 3) after adjusting for baseline Hb, CRP,
and AGP. There were no differences between the intervention groups
in the proportion of women with elevated Hb (P = 0.358) after exclud-

ing women with inflammation in adjusted models.

4 | DISCUSSION

Among pregnant Malawian women enrolled in the iLiINS-DYAD study,
those who were provided with IFA (60 mg of iron per day) from

enrolment (<20 gw) to 36 gw had higher Hb and markers of iron sta-
tus at 36 gw compared with those provided with LNS or MMN (20 mg
of iron per day). Furthermore, the prevalence of anaemia tended to be
lower in the IFA group compared with the MMN and LNS groups,
which corresponds with greater iron deficiency (high ZPP) in the
LNS and MMN groups compared with the IFA group, although there
were no apparent differences in high sTfR.

These results are similar to those of the sister iLINS-DYAD trial in
Ghana that had the same study design and interventions as the study
in Malawi (Adu-Afarwuah et al., 2016). In both sites, Hb and iron sta-
tus were higher among those provided with IFA, compared with LNS
and MMN. However, in Ghana, the prevalence of anaemia (Hb
<100 g L™Y) decreased during pregnancy and was quite low (2-8%)
by 36 gw, whereas in Malawi, the prevalence of anaemia was similar
at enrolment and 36 gw and was higher at 36 gw (~20% at 36 gw)
than in Ghana. At the same time, the prevalence of high Hb increased
during pregnancy in Ghana, yet decreased in Malawi. There were a
number of differences between the Ghana and Malawi populations
that may have contributed to the differences in prevalence of low
and high Hb. At enrolment, the Ghanaian women had higher Hb, lower
prevalence of anaemia and iron deficiency, lower prevalence of
malaria, younger age, higher BMI, higher education level, and higher
socio-economic status, and were more likely to be nulliparous.

One obvious explanation for the higher mean Hb and iron status
in the IFA group compared with the LNS and MMN groups at 36 gw
is that the dose of iron in the IFA was 3 times greater than in the
MMN or LNS. Other studies in a variety of populations have shown
no differences in Hb or iron status between women who consumed
30 mg of iron in MMN compared with those who consumed 60 mg
of iron together with folic acid (Allen, Peerson, & Maternal Micronutri-
ent Supplementation Study, 2009; Mei et al., 2014; Roberfroid et al.,
2011). It is possible that the extra 10 mg of iron (30 mg in the latter
studies vs. 20 mg in the LNS and MMN used in the current study)
accounts for the difference in results. In Australia, Zhou et al. (2009)
found that a 20-mg daily dose of iron was adequate to prevent iron
deficiency during pregnancy, but in Denmark, pregnant women who
consumed 20 mg of iron per day had a higher prevalence of iron defi-

ciency and IDA compared with those who consumed 40 mg day™!



7 of 11

Wi LEY‘I ‘

JORGENSEN ET AL.

'ZGE = UISNT ‘€9€ = U INIWIN ‘ZGE = U V4| ‘M8 9€ 18 ¥J1IS '€G1 = U 'SNT ‘T9% = U INIWIN ‘9SG = U V4| :duljaseq Je ¥J1s "GEE = U :SNT ‘EFE = U NN

‘0€€ = U V4| :M3 9€ e ddZ "¥EY = U :SNT ‘Gl = U INIWIN ‘9F = U 1| :Buljaseq 18 ddZ '9¥€ = U :SNT ‘€5E = U INININ ‘TPE = U V4l :M3 9€ 18 GH "#Gt = U SNT ‘€9 = U NININ ‘09% = U V4| :duljaseq e gH :sazis ajdwies,
"Sjopowl pajsnipe 1o} uesw salenbs }sea| pue sjppow pajsnipeun Joj ueaw ale pajiodal sanjeA,

'dOV PUe ‘dyD ‘GH Sulaseq 104 paisnipe a1am UOKBWIWENU] INOYHM USWOM Suowe sdnoid UORUSAISIUI USBMID] SsuostiedwoD),

4415 pue ddz7 pawlojsues3-8o| Suisn

POUIWID}OP DJOM SOUDIHIP Y} 104 SAN|EA 4 ‘JSASMOH "EIEP PIWIOSUBIIUN SUISN PAUIWIDIOP DIOM ¥4 1S PUE ddZ 104 (1D %S 6 PUB) SeoUIIp asimiied ‘Sa|qerieA pauliojsues-So| Jo aduerieA Suize|ndjed ul AYnduip ay3
JO asnedag ‘pawlopiad aIam sasAjeue 2109 pPawlIo)suel)-80| 21aM ¥} ]S pue ddz 104 ereq (VAODINY) 92UBLIEAOD JO SiSA[eue Suisn paje|ndjed a4am sanjeA 4 paisnipe SYAQNY Suish pajejndjed aJam sanjeA 4 pajsnipeun,

'9]BLIBAOD B SE 9|(elIeA SWO02IN0 3y} JO aNjeA aul[dseq ay} Ajuo Sulpnjaul S|Ppow uey3 s3nsad Juatapip Ajjuediyiudis piaiA jou pip
INQ PAUILIEXD OS[e 2I9M |CelieA SWODINO S} 0} Paje|ds AJUEdIUSIS SSIELIEAOD JSYIO PAPN|IUL Jey} S[9POIA "d|qelieA SWODIN0 dU} JO aNjeA duljaseq 3y} 104 AJuO pajsnipe a1am ulaIay UMOYS Ss|opow pajsnipe 1oj sanjeA d,

‘lopow paisnipeun,
‘uAydiodojoud
JUIZ :ddZ ‘403dadal uLaSUel) 3|GNIOS 1Y¥4]S ‘SpualiInuosIw djdiynw NININ ‘Quawalddns jusaunu paseqg-pidi] (SN {pIoe dljoj-Uoll 14| ‘ulqojSowaey qH ‘u1jold aAIOEaI-D) id¥D UID30IdOdA|S pIoe-T-D :{dOV 9I0N
90'0 [60 ‘T0l S0 ¢ee0 [S0 ‘v0-1500 TO0O0O> [60°T01S0 T000> [Ss‘Tcles [esoclTs [0S LVl 8 qlopouw pajsnipe ‘M3 9¢
9% Tyl vv [y Tyl ey [Svzyiery yedUl|aseg (51 8w) ¥iLs
G200 06 ‘0e-]10€ ¥Z1'0 [£er‘20-129 TOOO> st L€l L6 TOOO> [T'6S ‘T'¥S] §'95 [evs ‘g'6v] 0'CS [T'TS ‘L9v] 68 qlopow pajsnipe ‘M3 9¢ (waey
'8y ‘8'€v] 0'9F [c6v ‘9vv] 89% [c8y ‘6'EV] 09V yedUl[9SEg -low jowr) ddz
pr-1 3w 1< dov Jo
118 G< ddD Yyum asoyy
6410 [£0°TS-1TC- 2660 [8C‘Te-1z0- 6¥T0 [90 ‘v'S-]1¥'C- 2IT0 [8CIT ‘€60T] OTIT [6CTT ‘S60TI CTIT [2GTT ‘9T ¥'ETT Sulpnjoxa Jaye ‘M3 9¢
8500 [TO‘6v-1vC- 0960 [cTc'Lz-1€0- 000 [C0-"TS-1£2- 0200 [FTTT°G80TI00TT [£TTT ‘8'80TI €0TT [THTIT ‘TTITILTIT  oql@POW pajsnipe ‘m3 9¢
[T€T1 ‘TOTTl LT1T [6TTT ‘66011 ¥ 11T [67CTT ‘86011 €TTT sedUlldseg (t-18) aH
,anjeA ,sueaw _anjeA ,sueaw _anjeA ,sueaw _anjeA SN1 NN V4l jutod awi | awo21no
d ul 9duaJaIq d ul 92uaJiayIq d ul 9duaJaIq d
dnous y4] pue dnouS8 NININ dnou8 NIAIW pue dnoi8 N7 dnous 4] pue dnois SN pdnois uonuaniul Aq Insay
usamiaq uostiedwo) usaMm}aq uostiedwo) usamiaq uostiedwo)

dnous uonuanIalul Aq ‘USWIOM UelME[e|A JueuSald Suowe s3oaMm [euoije)sas 9g pue auljaseq e Yils pue ‘ddzZ ‘qH [ID %S6] UesiN  Z 31aVL



JORGENSEN ET AL.

gofdl WILEY1 \

JUIZ :ddZ ‘103dodal ULLIBJSUeI} J|GN[OS Y4 [S ‘SpuaLNUoIW J|dinw :

[0£T 20Tl T€T
[1ZZ 7601 v'T

8€0°0
9600
‘z80] T’

€0 [£8'T

G/80 [89T ‘T£0] 60°T

‘8601 80'T
‘€01 0£°0

1080
G8€0

[eoC
[cet

[0¥'T ‘6601 ¥S'T
YT ‘98701 6£°T

LS00
[4740

soNnjeA d [12 %56l

>S4 SAIREIRY

Yer'0 [PT'T‘€L0] 260
Ges0 [19T82012TT
6240 [T€T ‘65°0] 880
£000 [9S5C CT'T] 69T
690 [60'C +9°0] ST'T
€660 [C6T ‘6%7°0] L610
9150 [0€°T 65°0] 880
£€8°0 [O¥'T °£5°0] 060
SoN[eA d [12 %56l
MSi aAiRe|I9y

9000
6200

61T°0

¢000

£L9V'0
1214

€61°0
6400

JaNeA ¢

L7 8W 0°9< Yls 1o waey _jow joum 09< ddZ J3YHL pue 0oT> qH,
"S|9POW UOISS21834 U0SSI0d-80] Suisn pajendjed 1M sanjeA d paisnipy,

‘S|opow uoIssa4824 213sI30] Buisn pajendjed 3JoM SSN[eA ¢ PRJSNIpe 13533 JIeXD SI3ysl4 Buisn pajenNdjed 4om sanjea 4 paisnipeun,

‘dOV pue ‘d¥D ‘qH auljaseq Joj pajsnipe a1om uoljewlweljul JnoyIM uswom Suowe sdnois Uo[USAIDIUI UaMI(] SuosLedwoD)

"9)e1IeAOD B SE J|(ELIEA SWODINO 3Y} JO NjeA auljaseq aY} Ajuo Suipnjdul s|pow ey} s}Nsal Jualayip Ajpuediyiusdis pjaiA jou pip
INQ POUILEXS OS|E SI9M S|qeLIEA SWOIIN0 3y} 0} Pajejo. AJUBdIUSIS S3IBIIEAOD JOUI0 PPN|DUI Jey} S[SPOIA "3|qelEA SWOIIN0 3Y3 JO SN[EA SUI[SSE] 2} 404 AJUO PR3SNIpe 319M UlSI3Yy UMOYS S[apow pa3snipe 1o} sanjeA d,

NN ‘Juswajddns juaunu paseq-pidi| :SNT ‘PIoe d1joj-Uodl 4]

[S8T TT Tl e¥'T
[8¥Z ‘S0TI 29T

[eTC ‘Y60l T¥'T

[e8C TTTl 981

[62°C ‘890l ST'T
[£eT ‘8€°0] 2£°0

[eT'C ‘98°0] S€'T
[87°C ‘96°0] SS'T

[1D %56l
sl SAIRE|RY

8000
6400

6€T°0

T100°0>

85€0
6¢€0

Y010
£80°0

,ON[eA d

(%T°0€) €vE/€0T
(%£°ST) EVE/VS
(%C°CT) TSP/SS
(%¥'9€) ¢5e/8¢2T
(%6°6T) €57/06
( )

( )

%9°0%) SEE/9€T
%6'1C) ¥E¥/80T

(%98) ¥€2/0C
(%S°2) 9¥€/9¢
(%0°TT) ¥S¥/0S

(%TTT) YET/TS
(%1°€2) 9¥€/08
(%Y12) ¥SP/L6

SN1

%E'82) 05€/66
%9¥T) 0GE/TS
%9°CT) 19/8S

(

(

(

(%L¥€) €9€/92T
(%6°6T) T9V/T6
(

(

%8CE) EVE/TTT
%9°GC) SYY/v1T

(%8°6) 9vC/¥T
(%¥'L) €5€/9C
(%¥°0T) €97/8%

(%S°6T) 9vC/8%
(%5°12C) €5€/9L
(%6°61) €97/26

NAW

‘lapow pajsnipeun,

‘uiAydiodojoud

‘uiqojSowaey :qH ‘u1ajodd aAI3eaI-D) (dYD ‘UI304dodA|3 pIoe-T-D (dOV ‘210N

(%S5°02) 6£€/69
(%0°0T) 6£€/¥€

(18 0TT = 4o-3d) ;M3 9¢
(18 00T = 440-12) ;M3 9¢

(%L°0T) 85¥/61 Luljaseg
(%€'62) TS€/€0T oM8 9¢
(%E€°6T) 95177/88 L2uleseg
(%5'82) 0E€/¥76 M3 9¢
(%1°€2) 9v¥/€0T Luleseg

511 8W T< dOV 40
118 G< ddD uyum
asoy) Suipnpoxa Jaye

(%€8) 82¢/6T ‘M3 9¢
(%5°0T) Z¥€/9€ M3 9¢
(%0°ZT) 09%/5S Luljaseg

511 8W T< dOV Jo
1-18 G< ddD yum
asoy} uipnpaxa

(%9°€T) 8CC/1€ Jaye ‘M3 9g
(%¥"9T) TVE/9S M3 9¢
(%T°T2) 09%/L6 L2uleseg

V4l juiod awi |

dnous y4| pue dnou8 NININ
uaam}aq uosuedwo)

dnoi8 NININ pue dnoas SN
usamiaq uosiiedwo)

dnous y4| pue dnou8 SN
usamiaq uosiedwo)

e}Ep SWO2IN0 YHM USWOM/SIWOIINO0 JO JIqWINN

Jelwseue Aduapiyap uol|
11 8W 0'9< UJlS

woey ,_jow jowr 09< ddzZ

118 0€T< aH

1-18 007> aH

awo2NQ

sdnoJ3 usamiaq

(YY) S aAIe|aa asiMmUled pue ‘dnoJ3d uoljuaAIalul Ad UOIIRISIS JO SH9aM Q¢ pue aulldseq 1e snjejs uodl pue ulqojsowaey |ewoude Yylim uswom ueimelell Jueudaid Jo (s8ejuadiad) ssqunN € 3719VL



JORGENSEN ET AL.

Wi LEY‘I ‘

9 of 11

TABLE 4 Significant interactions with effect of intervention on mean Hb and proportions with low or high Hb among Malawian women at 36
gestational weeks, by baseline level of the effect modifiers

Estimated least squares mean [95% Cl] or estimated probability of outcome® P value P value
for the for the difference
Outcome Effect modifier IFA MMN LNS interaction between groups
Hb at 36 gw  Anaemic at enrolment 0.026
L™ No 115.2 [113.5, 116.9] 112.6 [111.0, 114.3] 113.0 [111.3, 114.6] 0.062
Yes 104.7 [101.2, 108.3] 102.5 [99.1, 105.9] 100.9 [97.5, 104.3] 0.297
High sTfR at enrolment 0.003
No 113.7 [112.0, 115.4] 112.1 [110.3, 113.8] 112.2 [110.5, 113.9] 0.325
Yes 112.4 [108.5, 116.3], 105.4 [102.0, 108.8],, 103.9 [100.2, 107.6], 0.004
Low Hb Malaria at enrolment 0.023
(<100 g LY No 0.17 [0.13, 0.22] 0.23 [0.18, 0.28] 0.20 [0.15, 0.25] 0.290
Yes 0.15 [0.08, 0.25], 0.13 [0.08, 2.22],, 0.32 [0.23, 0.43], 0.005
High Hb Anaemic at enrolment 0.024
(>130g L™} No 0.11 [0.07, 0.15] 0.08 [0.05, 0.11] 0.09 [0.06, 0.13] 0.444
Yes 0.04 [0.01, 0.13] 0.01 [<0.01, 0.09] <0.01 [<0.01, >0.99] 0.599
High sTfR at enrolment 0.019
No 0.09 [0.06, 0.13] 0.06 [0.04, 0.10] 0.05 [0.03, 0.09] 0.101
Yes 0.10 [0.05, 0.21] 0.07 [0.03, 0.15] 0.06 [0.02, 0.14] 0.101

Note. The models for Hb at 36 gw were adjusted for log-AGP at enrolment, the season when enrolled, and site of enrolment. The models for low Hb were
adjusted for log-ZPP at enrolment. The models for high Hb were adjusted for the season when enrolled. AGP: a-1-acid glycoprotein; Hb: haemoglobin; IFA:
iron-folic acid; LNS: lipid-based nutrient supplement; MMN: multiple micronutrients; sTfR: soluble transferrin receptor; ZPP: zinc protoporphyrin. Sub-

scripts with nonmatching letters are significantly different (P < 0.05).

?Estimated least squares mean (95% confidence interval) Hb at 36 gw, or estimated probability of low or high Hb among those with and without anaemia,
elevated sTfR, or malaria. Analyses are based on ANCOVA (SAS PROC GLM, with SLICE option) for continuous outcomes or logistic regression (SAS PROC

GLIMMIX, with SLICE option) for binary outcomes.

(Milman et al., 2005), which is in line with our findings. Given the high
intake of plant-based foods in Malawi (Ndekha, 1998), it is possible
that 20 mg day ™ is not an adequate supplement for this population,
as the phytate in certain plant-based foods inhibits iron absorption.

There was a greater prevalence of IDA in the LNS and MMN
groups compared with the IFA group when a cut-off of 110 g L ™!
was used instead of 100 g L™. This could signify that a higher cut-
off is better able to detect IDA among women who have moderate
IDA. Or it could falsely diagnose healthy women as having IDA. Our
original plan was to use 100 g L™? as the cut-off, as has been sug-
gested by WHO and International Nutritional Anemia Consultative
Group for adequate sensitivity and specificity in screening for IDA
among pregnant women of African descent (Nestel & INACG Steering
Committee, 2002; WHO, 2007; WHO/UNICEF/UNU, 2001). Without
analysis of functional outcomes associated with IDA, the best cut-off
to use in this population is not known.

There were no apparent differences between the LNS and MMN
groups in mean values of Hb or markers of iron status, but there was a
higher prevalence of elevated ZPP (but not sTfR) at 36 gw in the LNS
compared with the MMN group. Some substances in the LNS but not
present in the MMN may have inhibited iron absorption from the LNS,
such as calcium (280 mg per serving) and phytic acid (from peanuts). In
nonpregnant, multiparous Chilean women, average (+1 SD) absorption
of iron from iron sulfate alone was 25.0% (11.9% to 52.2%), compared
with 13.2% (7.1% to 24.6%) when consumed with calcium and phytic
acid (Jaramillo et al., 2015).

Although there was no apparent main effect of intervention group
on prevalence of anaemia at 36 gw, there were interaction effects that
were significant. Among women who were iron deficient at enrolment
(as indicated by high sTfR), Hb was higher at 36 gw among women in
the IFA group compared with both the LNS and MMN groups. This

suggests that iron deficient women may benefit more from the higher
dose of iron in the IFA supplements. Among those with malaria at
enrolment, the probability of anaemia at 36 gw was greater in the
LNS group compared with either the IFA or MMN group. Although
this may be a spurious finding, it is possible that malaria-induced
inflammation inhibited iron absorption, which was already potentially
an issue for the LNS group.

Strengths of the study include random allocation of participants,
blinding of group assignment among staff involved in data collection,
laboratory analyses, and statistical analyses, and rigorous quality
control during sample collection and laboratory analysis. Given the dif-
ference in participant characteristics between those who were lost to
follow-up and completed follow-up, these study findings may not be
generalizable to all individuals in the study catchment area. However,
there were no differences between intervention groups in the propor-
tion lost to follow-up that may have altered the interpretation of the
effect of intervention on Hb and iron status. Because we excluded
women with Hb <50 g L™%, the results may also not be generalizable
to women with severe anaemia. Another limitation of the study is that
we relied on participant reporting of supplement consumption rather
than direct observation. We were also limited by the inability to blind
study staff and participants from knowing who was in the LNS group.
However, field workers did not know the difference between MMN
and IFA capsules, and all other study staff, laboratory staff, and statis-
ticians were blinded to group allocation until after all laboratory and
statistical analyses were performed. Because of the study design,
women did not start taking supplements until almost 17 gw, on aver-
age. Finally, although we considered various maternal and environmen-
tal factors as potential effect modifiers, we did not have information on
other factors, such as preconceptional iron status or genetic variation

among this population that may have limited iron absorption.
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In summary, in this population of pregnant Malawian women,

provision of 60 mg of iron in IFA increased mean Hb and markers of
iron status but did not appear to reduce the prevalence of anaemia
in comparison with provision of LNS or MMN containing 20 mg of
iron. Further research is needed to determine (a) why there was no
evidence of a reduced prevalence of anaemia at 36 gw with iron
supplementation in this population and (b) if higher Hb or iron status
later in pregnancy is beneficial with regard to health outcomes of
the mother or infant. With regard to the latter issue, although Hb
status among these women at enrolment (<20 gw) was positively
associated with birth outcomes (duration of gestation, birthweight,
length-for-age z-score, and head circumference), there were no associ-
ations between Hb at 36 gw and birth size (Dewey & Oaks, 2017). In
similar trials in Ghana and Bangladesh, higher iron status at 36 gw, as
indicated by low sTfR, was associated with lower birthweight, length-
for-age z-score, and head circumference (Dewey & Oaks, 2017), and
evidence from other studies also suggests that elevated Hb and iron
status in later pregnancy are associated with adverse birth outcomes
(Dewey & Oaks, 2017; Steer, Alam, Wadsworth, & Welch, 1995).
Therefore, further evaluation of the optimal dose of supplemental iron

during pregnancy is warranted.
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