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Abstract

Universal prenatal daily iron—folic acid (IFA) and multiple micronutrient (MM) supplements are
recommended to reduce the risk of low birth weight, maternal anemia, and iron deficiency (ID)
during pregnancy, but the evidence of their effect on iron status among women with mild or no
anemia is limited. The aim of this study was to describe the iron status [serum ferritin (SF),
serum soluble transferrin receptor (STfR), and body iron (BI)] before and after micronutrient
supplementation during pregnancy. We examined 834 pregnant women with hemoglobin > 100
g/L at enrollment before 20 wk of gestation and with iron measurement data from a subset of a
randomized, double-blind trial in China. Women were randomly assigned to take daily 400 1g of
folic acid (FA) (control), FA plus 30 mg of iron, or FA, iron, plus 13 additional MMs provided
before 20 wk of gestation to delivery. Venous blood was collected in this subset during study
enrollment (before 20 wk of gestation) and 28-32 wk of gestation. We found that, at 28—-32 wk
of gestation, compared with the FA group, both the IFA and MM groups had significantly lower
prevalence of 1D regardless of which indicator (SF, sTfR, or BI) was used for defining ID. The
prevalence of ID at 28-32 wk of gestation for IFA, MM, and FA were 35.3%, 42.7%, and 59.6%
by using low SF, 53.6%, 59.9%, and 69.9% by using high sTfR, and 34.5%, 41.2%, and 59.6%
by using low BI, respectively. However, there was no difference in anemia prevalence (hemoglobin
<110 g/L) between FA and IFA or MM groups. We concluded that, compared with FA alone,
prenatal IFA and MM supplements provided to women with no or mild anemia improved iron
status later during pregnancy but did not affect perinatal anemia. This trial was registered at
clinicaltrials.gov as NCT00137744.
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Introduction

The WHO recommends that pregnant women take daily oral iron—folic acid (IFA)°
supplementation as part of antenatal care to reduce the risk of low birth weight, maternal
anemia, and iron deficiency (ID) (1). Meta-analyses of randomized controlled trials indicate
that daily prenatal IFA supplementation prevents ID and anemia (2). Multiple micronutrient
(MM) supplements had the same effect on hemoglobin and iron status indicators as iron with
or without folic acid (FA) (3). However, the evidence is limited on the effect of prenatal IFA
or MM supplementations among women without anemia or those with mild anemia.

A meta-analysis conducted by Pefia-Rosa et al. (2) found that, among 7 trials that included
iron indicators as the outcome (1256 women), women in groups receiving iron as part of
their supplements were less likely to have ID at term (RR: 0.43; 95% CI: 0.27, 0.66). Five
of the 7 studies recruited women who did not have anemia at the start of supplementation.
However, all 7 studies on iron status had small sample sizes (<150 in the iron group),

and all had only 2 treatment groups (iron group and non-iron placebo group). In the same
meta-analysis, Pefia-Rosa et al. included 14 trials with hemoglobin measured; 13% of those
(among 2199 women) who received daily iron supplements during pregnancy had anemia at
term compared with 36% who did not take iron (RR: 0.30; 95% ClI: 0.19, 0.46).

A pooled analysis conducted by Allen and Peerson (3) found that, among 13 studies, women
who received MM supplements had increased hemoglobin concentration and ferritin to the
same extent as those supplemented with iron with or without FA. However, all the 13 studies
were conducted in developing countries with a high prevalence of anemia at the start of
supplementation.

A large randomized control trial of prenatal supplementation with FA, IFA, and MM in
China conducted among an educated population with good access to health care and low
amounts of anemia at enrollment (~5-6%) (4) allowed us the opportunity to explore the
effect of iron-containing micronutrient supplementation on the iron and hemoglobin status
of women later during pregnancy. This study examines the iron status before and after
iron-containing micronutrient supplementation during pregnancy among the 3 treatment
groups, in a population without anemia or only mild anemia.

Participants and Methods

Study population and sample selection.

The trial took place in 5 rural counties in Hebei Province, China. Eligible pregnant women
were enrolled from May 2006 to April 2009 and individually randomly assigned in a 1:1:1
ratio to take a daily supplement containing FA (400 /g) (control), IFA (FA plus 30 mg

of iron), or MM formula from the United Nations International Multiple Micronutrient
Preparation (FA, 30 mg of iron, plus 13 additional MMs) provided before 20 wk of gestation
to delivery. Women were followed monthly from early pregnancy through delivery and

S Abbreviations used: BI, body iron; CRP, C-reactive protein; FA, folic acid; ID, iron deficiency; IFA, iron—folic acid; MM, multiple
micronutrient; SF, serum ferritin; sTfR, serum soluble transferrin receptor.
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at 4-8 wk postpartum. Their infants were followed monthly from birth until 1 y of age.
The following were inclusion criteria for the pregnant women: Z) recorded dates of their
menstruation for =2 mo before they became pregnant; 2) nulliparous; 3) aged =20 y; 4)
<20 wk of gestation; 5) legally competent; 6) had not consumed iron supplements or other
micronutrient supplements (other than FA) in the previous 6 mo; 7) hemoglobin = 100 g/L;
8) resided in and received prenatal care in 1 of 5 counties; and 9) consented to participate.
Randomization of individual women was stratified by county and random block sizes of

3, 6, and 9 to ensure geographical balance with an approximately equal distribution of
treatments within and across study counties. A statistician external to the study randomly
assigned 10 4-digit lot numbers to each of the 3 types of supplements and generated the
assignment list for each county proportional to the expected number of participants. Within
each county, within each block, lot numbers were randomly assigned using RANUNI in
SAS statistical software. Aside from the statistician and a pharmaceutical engineer who
ensured allocation of lot numbers to the correct supplement formulations, all others were
masked to the identity of the supplements. The Data Safety Monitoring Board met 4

times during the study and reviewed the results according to supplement group, masked

to supplement allocation.

In this study, 18,775 nulliparous pregnant women with hemoglobin > 100 g/L were enrolled
and randomly assigned before 20 wk gestational age and followed monthly through delivery
and at 4-8 wk postpartum (4). The primary outcome of this trial was perinatal mortality.
Secondary outcomes included neonatal and infant mortality, preterm delivery, birth weight,
birth length, gestational duration, and maternal hemoglobin concentration and anemia
(hemoglobin < 110 g/L). Mean compliance was >91% for all 3 treatment groups. Detailed
information on this trial was published previously (4).

To understand the physiologic mechanisms underlying any beneficial or deleterious
treatment effects observed during the trial, venous blood was collected from a subsample
of mothers at 2 points during pregnancy during enrollment of the study before 20 wk of
gestation and at 28-32 wk of gestation. This subsample of mothers was only enrolled in 2
of the 5 study sites (Mancheng and Xianghe counties). A modified consent form was used
during the enroliment of the subsample from March 2008 to February 2009, and the study
protocol was approved by the Institutional Review Boards of the U.S. CDC and the Peking
University Health Science Center, China.

Standardized training including cold chain procedures was conducted. The blood samples
were centrifuged [3000 rpm (1500 x g); 10 min], and serum was separated from the RBCs
within 2 h after collection, then portioned into frozen tubes, and stored at —20°C for 1 wk at
field sites. Serum samples were shipped on dry ice to the laboratory of the National Center
of Maternal and Infant Health, Peking University, and then stored at —80°C until analysis
could be performed. Blood samples were collected from 1145 women at enrollment and
834 at 28-32 wk of gestation. For this analysis, we only included women with both blood
samples collected (/7= 834). Details on sample size by study groups are shown in Figure 1.
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Laboratory analysis and anthropometric measurement.

Serum ferritin (SF) (in micrograms per liter) was measured by an electrochemiluminescence
immunoassay (Roche Elecsys-E 170; Roche Diagnostics). Aliquots from a pool of

quality control samples were prepared from serum samples with low, medium, and high
concentrations of SF. The CVs of 3 concentrations for SF in these quality control specimens
were 3.5%, 2.7%, and 3.2%, and the biases of 3 concentrations were 0.2%, 7.8%, and 1.2%,
respectively. The abnormal value for SF was defined as <12 (g/L (5).

Serum soluble transferrin receptor (STfR) (in micrograms per liter) was determined by
using a sandwich ELISA (Labsystem Multiscan MS type 352). The following antigen

and antibodies were used as purchased: sTfR (catalog No. 8Tr56; Hytest), monoclonal
mouse anti-human sTfR (catalog No. 4Tr26; Hytest), and monoclonal mouse anti-human
HRP-conjugated sTfR (catalog No. 4Tr26-c; Hytest). Aliquots from a pool of quality control
samples were prepared from serum samples with a low, medium, and high concentration

of sTfR. The CVs of 3 concentrations for sSTfR in these quality control specimens were
8.7%, 6.0%, and 8.6%, respectively, and the biases were not given for analyses for which

a standard reference material is not available. The abnormal value for sTfR was defined as
>4.4 g/l (6).

Body iron (BI) was calculated from sTfR and SF concentrations by using a formula from
Cook and colleagues (7,8) after converting Roche sTfR concentrations to those equivalent to
the assay by Flowers et al. (9) used in the development of the BI model (7,8):

Body iron(mg/kg) = — [logl1O(sTfR x 1000/ferritin) — 2.8229]/0.1207.

To convert the Roche sTfR concentrations to that equivalent to the assay by Flowers et al.
(9), we applied a conversion equation derived from a previous comparison (10) of the 2
assays (7= 40):

Flowers sTfR = 1.5 X Roche sTfR + 0.35 mg/L.

We used the original Roche ferritin concentrations for the Bl calculation because a previous
comparison of the Roche ferritin assay with the ELISA method used to develop the BI
model (7,8) indicated that these 2 methods generated similar values (11). An abnormal value
for Bl was defined as <0 mg/kg (7,8).

Serum C-reactive protein (CRP) (in milligrams per liter) was determined by using a
sandwich ELISA (Labsystem Multiscan MS type 352). The antigen and antibodies were
as follows: CRP (catalog No. 8C72; Hytest), monoclonal mouse anti-human CRP (catalog
No. 4C28; Hytest), and monoclonal mouse anti-human HRP-conjugated CRP (catalog No.
4C28C; Hytest). Aliquots from a pool of quality control samples were prepared from
serum samples with a low, medium, and high concentration of serum CRP. The CVs of

3 concentrations for serum CRP in these quality control specimens were 5.5%, 4.8%, and
6.0%, and the biases of 3 concentrations were 14.6%, 9.0%, and 1.0%, respectively. The
abnormal value for CRP was defined as >5 mg/L (12).
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Hemoglobin concentration was measured from venous whole blood by using the HemoCue
system at enroliment and at 28-32 wk of gestation. Maternal anemia was defined as an
hemoglobin concentration < 110.0 g/L (5).

Maternal weight was measured at enrollment using an electronic scale (BW 150; UWE) with
precision to the nearest 50 g, and height was measured at enrollment by a collapsible height
board to the nearest 0.1 cm.

Statistical analysis.

Results

First, we explored whether inflammation status measured by CRP may have contributed
to differences in the 3 treatment groups by comparing the inflammation status across the
treatment groups.

Second, we log-transformed SF [In(ferritin)] and sTfR [In(sTfR)] to normalize the
distributions, because SF and sTfR concentrations were positively skewed (13,14). We then
plotted the log-transformed sTfR and SF distributions for pregnant women for both baseline
and follow-up values. Finally, we calculated the SF and sTfR geometric means and the
percentages of abnormal value at baseline and follow-up. For the distribution of Bl and
hemoglobin, arithmetic means were used because both total Bl and hemoglobin were not
skewed distributed, unlike sTfR or SF (7,8). The percentage of abnormal values for Bl and
hemoglobin were also calculated.

We used SAS statistical software (version 9.3; SAS) for all analyses, and all analyses were
stratified by 3 treatment groups (FA, IFA, and MM). To compare baseline demographic
and maternal characteristics at enrollment by study group, XZ tests were used to examine
statistical differences in categorical variables and ANOVA to examine differences in means
among study groups. Also, the same tests were used to compare differences in the refusal
by treatment group. For biochemical indicators, we used generalized linear models to test
the difference at follow-up for the means, and we used generalized estimating equation
models to examine the difference at follow-up for the prevalence adjusted by baseline
amount of each indicator and gestational age. McNemar’s test was used to test the difference
in the percentages between baseline and follow-up, and paired #tests were used to test
differences in means. Study participants’ baseline characteristics are reported as means +
SDs or percentages. All iron biomarkers are reported as means (95% CIs) or geometric
means (95% Cls). Significance was set at £< 0.05.

Among the 1994 pregnant women enrolled from March 2008 to February 2009, 851
remained in the main study but refused to participate in venous blood collection at
enrollment. Of the 1143 women who had a venous blood sample collected at enroliment,
309 refused venous blood collection at 28—-32 wk of gestation (Fig. 1). Refusal rates were
not statistically different by treatment group at enrollment or at 28-32 wk of gestation (P>
0.1). There were no differences in basic characteristics (maternal age, education, ethnicity,
occupation, BMI, height, gestational age, and baseline hemoglobin) between women who
participated and refused (P> 0.05).
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The geometric means of CRP by 3 treatment groups at baseline and follow-up are shown

in Table 1. All the participants included in our final analyses as the mean CRPs by 3
treatment groups were comparable at both baseline and follow-up, although the mean CRPs
at follow-up were significantly higher than at baseline (Table 1).

The baseline characteristics between groups were balanced across supplement groups (Table
2). The mean maternal age was 23.3 £ 2.4 y, gestation at enrollment was 11.6 £ 4.5 wk, and
hemoglobin was 121.8 + 8.3 g/L. In addition, 97.8% of the women were Han ethnicity, 1.9%
had primary or less education, and 91.1% were farmers. Only 5.6% of women had mild
anemia (hemoglobin of 100-109 g/L) at baseline. No serious adverse effects were reported.
The adverse effects were nausea, vomiting, or other mild gastrointestinal discomfort: 7
women in the FA group (2.5%) reported gastrointestinal discomfort, 6 (2.2%) in the IFA
group, and 23 (8.4%) in the MM group (£ < 0.001).

At baseline (<20 wk of gestation), SF geometric means were comparable among the 3
treatment groups. However, at 28-32 wk gestational age, although SF geometric means
among all the 3 groups were significantly lower than at baseline, the SF geometric means in
both the IFA and MM groups were significantly higher compared with the FA group even
after adjusting for baseline SF and gestational age (Table 3). Consistent with these findings,
the prevalence of ID defined by low SF was significantly lower in the IFA or MM groups
compared with the FA group (Table 4). This indicates that it was not only a shift in the mean
but also the entire distribution as seen in Figure 2A.

Similar to SF, the sSTfR geometric means among the 3 groups did not differ at baseline. At
follow-up, only the mean for the IFA group was significantly lower than the FA group (Table
3). However, both the IFA and MM groups had a significant reduction in the prevalence of
ID defined by high sTfR (Table 4) even after adjustment for the baseline sTfR concentration
and gestational age. The sTfR distribution also showed a shift of the entire distribution
before and after the intervention (Figure 2B).

The patterns of Bl from baseline to follow-up by 3 groups were similar to those of SF. The
means in both the IFA and MM groups were significantly higher than that of the FA group
(Table 3) after adjustment for baseline amounts. As shown in Figure 2C, the shift was a shift
of the entire distribution before and after the intervention. In addition, the prevalence of ID
defined by low BI from the FA group was significantly higher than that of the IFA or MM
groups (Table 4).

In contrast to the patterns observed for SF, sTfR, and BI, the mean hemoglobin of the 3
treatment groups was not significantly different at baseline and was also not significantly
different at follow-up. However, each group had an increased mean at follow-up compared
with baseline (Table 3). There were no significant changes in the prevalence of anemia
from baseline to follow-up for any of the 3 groups. However, at follow-up, although the
prevalence of anemia did not significantly differ between the FA and IFA or MM groups,
the prevalence of anemia was higher in the IFA group compared with the MM group after
adjustment for baseline amounts (Table 4).
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Discussion

In this primarily rural population without anemia living north of Beijing, we found that,
compared with FA alone, prenatal supplementation with IFA or MM improved iron status in
later pregnancy but did not affect perinatal anemia.

Our trial was designed to address differences in perinatal outcomes among women who did
not have anemia or only mildly anemia. Although we excluded women with moderate or
severe anemia (<100 g/L), we did not exclude women with high hemoglobin concentrations,
which is consistent with international guidelines for universal iron supplementation in
pregnant women as recommended by the WHO (1). Although we did not have any
biomarker on iron toxicity, trial participants were monitored monthly for compliance and
side effects. The Data Safety Monitoring Board, formed by 4 well-known iron experts and
1 statistician, met 4 times during the study to review the preliminary results, including

side effects. Although no serious adverse effects were reported in our study, women who
participated in MM group reported significant higher gastrointestinal discomfort compared
with the IFA or FA group. In future studies, it would be better to include a biomarker for
iron toxicity or overload in women who are not anemic at baseline but are receiving iron
supplementation.

In contrast to most previous trials of MM supplementation during pregnancy (3), our study
population was primarily without anemia (>93%) or had only mild anemia. Although
predominantly rural (91% were farmers), nearly all women had at least a secondary
education, and few were undernourished as measured by anthropometry. In addition, having
monitored their menstrual cycle for =2 mo before enrollment to calculate the exact gestation
age, women were cognizant of their last menstrual period and prenatal health. Once enrolled,
women were followed monthly and delivered in the hospital. This large trial found that
adding iron, with or without MMs, made little difference to perinatal deaths, neonatal
deaths, infant deaths, birth weight, and preterm births but reduced the risk of anemia in

late pregnancy compared with FA alone (4). However, the effect of reducing anemia was
small in absolute terms (7.7% of women anemic by the third trimester who took FA alone
compared with 5.5% of women who were anemic who took IFA or MMSs) because women
with hemoglobin < 100 g/L at baseline were excluded from this study (4). This analysis,
which is a subset of the large trial with biochemical measurement, found no difference in
anemia among the 3 groups at baseline but at follow-up, and although the 2 treatment groups
(IFA and MM) were not different from the control group (FA), they were different from

each other (Table 4). However, mean hemoglobin increased at follow-up for all the groups
compared with baseline (Table 3).

Our results are similar to the findings from the review by Pefia-Rosas et al. (2), who reported
that women receiving iron as part of supplements are less likely to have ID at term. Five

of the 7 studies included in the review (2) excluded women with anemia at the start of
supplementation, but all the studies only had 2 study arms (iron group and non-iron placebo
group). Our study, which excluded women with hemoglobin < 100 g/L from the beginning
but randomly assigned to 3 study arms (FA, IFA, and MM groups) with large sample size,
confirmed with both SF and sTfR measurements that, even in a population without anemia
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or one with mild anemia, women taking IFA or MM during pregnancy will still improve
their iron status in their late pregnancy compared with FA alone.

The review by Allen and Peerson (3) found that women receiving MM supplements
increased hemoglobin concentration and ferritin to the same extent as supplementation with
iron with or without FA. However, most of the previous studies included in the reviews

had only 1 iron measure, and, in most cases, it was SF. SF is an acute-phase protein and
could be affected by inflammation or infection. This is problematic for comparisons when
the inflammation or infection rates are different among treatment groups. In contrast to SF,
sTfR is not influenced or is only marginally influenced by the inflammatory response to
infection (15). Our study measured CRP to account for the inflammation and measured
both SF and sTfR and then calculated Bl based on SF and sTfR. All 3 iron indicators
confirmed that, compared with the FA group, both the IFA and MM groups had significantly
lower prevalence of ID at 28-32 wk of gestation even after taking the baseline amount and
gestational age into account (Table 4).

In summary, to the best of our knowledge, our study is the first large-scale double-

blind individually randomized controlled trial to directly assess the impact of prenatal
supplementation on perinatal iron status and anemia in population without anemia or with
only mild anemia. The improvement in iron status with IFA and MM supplements among
women without anemia or those with mild anemia provides additional support for universal
iron supplementation to prevent maternal 1D during late pregnancy.
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FIGURE 1.
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Flowchart of participants in a randomized, double-blind study of pregnant women in China,
2008-2010, by intervention groups.
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FIGURE 2.

Distributions of log-transformed serum ferritin (A), log-transformed serum soluble
transferrin receptor (B), and body iron (C) calculated from serum ferritin and serum soluble
transferrin receptor in Chinese pregnant women by intervention groups and timeline, from a
randomized, double-blind trial in China, 2008-2010.
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TABLE 1
Serum CRP and the prevalence of elevated CRP at baseline (4-19 wk gestational age) and follow-up (28-32
. 1
wk gestational age) by study group

1duosnuey Joyiny

Group n Baseline Follow-up p 2
CRP, mg/L
Folic acid 282 1.53(1.33,1.77) 3.41(3.04,3.81) <0.001
Iron—folic acid 278  1.60(1.39,1.86) 3.52(3.15,3.94) <0.001
Multiple micronutrient 274 1.72(1.49,1.99) 3.36(3.01,3.77) <0.001
CRP >5 mg/L, %
Folic acid 282 17.7(13.3,22.2) 36.5(30.9,42.2) <0.001
Iron—folic acid 278 18.7(14.1,23.3) 38.1(32.4,43.9) <0.001
Multiple micronutrient 274 21.9 (17.0, 26.8) 33.9(28.3,39.6) <0.001

1 . . Lo .

Values are geometric means (95% Cls) or percentages (95% Cls). At baseline, means or prevalence across groups were not significantly different
(P> 0.05, 2-tailed #test). At follow-up, means or prevalence across groups were not significantly different after adjustment by baseline CRP
amount, gestational age, and interaction term (2> 0.05, generalized linear model). CRP, C-reactive protein.

2 . . .
Within each row, 2-tailed #tests were used for testing the means, and McNemar’s test was used for the prevalence.

1duosnuey Joyiny 1duosnuen Joyiny

1duosnuen Joyiny

J Nutr. Author manuscript; available in PMC 2022 April 25.



Page 13

Mei et al.

'sdnoJB Apnis Buowe sueaW Ul S82UBIALIP SUILIEXS 0} PasN SemM WYAONY Pue s3|qelieA [82110631e0 Ul S30USISIIP [eD1ISITEIS BUILEXS 0} Pasn a4am s1sal asenbs-1yD

[4
'sabejuadlad 1o sQs F sueal ale m%_m>N
0'TE '8¢ S0e 0€T<
Ty L'Sy 0'6€ 6¢1-0CT
9'8T L'8T 414 6TT-0TT
€¢e 'L €9 60T—00T
0T'0 (71/6) uigojBowisH
61y 0'Sy 9'6Y [4%S
198 0SS 05 [4%4
ev'o Y99M [BUOIIRISeS)
g0 6V + 71097 V'S + 09T 8V + L'6S9T wo 'WbreH
9¢ €y 8¢ 0°0e<
vl ovT 09T 6'6¢—0'9¢
¢'SL 8vL 8vL 617¢—G'8T
08 69 9 S'8T>
180 (Gw/Bx) Ing
4 89 9'6 »BY10
8'68 A% 06 Jaulred
€e0 uonednaop
TT Vi 6°€ Y10
6'86 9'86 196 ueH
900 Aoy
SET TST TET anoge 10 jooyds ybiH
6'¢8 T'E8 G'G8 Arepuooag
9¢ 8T 7'T ss9] 1o Alewiid
€80 uoryeonp3
€10 SCFGEC geFTEee SCFVEC A ‘obe [eussieN
d  (riz =u)sunuosniw sdyniN - (822 = u) proe d1joy-uoa|  (z8z = u) proe d1jod sonsiIsloRIRYD

4

N%Em Apms Ag 1uawW||0Jua Te SONSLIaloRIBYD [RUISTRW Buljase]

¢ 3149vL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Nutr. Author manuscript; available in PMC 2022 April 25.



1duosnuey Joyiny

Mei et al. Page 14

1duosnuen Joyiny

TABLE 3
SF, sTfR, BI, and hemoglobin at baseline (4-19 wk of gestation) and follow-up (28-32 wk of gestation) by
study group1
Group n Baseline Follow-up p 2
SF, ug/L
Folic acid 282 51.4 (46.6, 56.8) 11.3 (10.4, 12.1)° <0.001
Iron—folic acid 278 54.8 (49.8, 60.4) 16.7 (15.3, 18.1)2 <0.001
Multiple micronutrient 274 55.6 (50.7, 61.0) 15.0 (13.7, 16.5)2 <0.001
STIR, ug/L
Folic acid 282 4.07 (3.88,4.27) 4.79 (4.29,5.34)2 0.006
Iron—folic acid 278 4.16 (3.97, 4.35) 3.99 (3.52, 4.53)° 0.547
Multiple micronutrient 274 4.06 (3.86, 4.27) 4.34 (3.84, 4.89)2P 0.309
BI, mg/kg
Folic acid 282 5.98 (5.55, 6.42) -0.22 (-0.62,0.17)°  <0.001
Iron—folic acid 278 6.15 (5.75, 6.54) 1.72 (1.29, 2.15)2 <0.001
Multiple micronutrient 274 6.28 (5.88, 6.67) 1.10 (0.65, 1.55)2 <0.001
Hemoglobin, g/L
Folic acid 282 121.5(120.5,122.5) 124.5(123.2,125.7)* <0.001
Iron—folic acid 278 121.5(120.6,1225) 124.4(123.2,125.6)* <0.001
Multiple micronutrient 274 122.4 (121.4,123.4) 126.0 (124.8, 127.2)2  <0.001

1duosnuey Joyiny

1duosnuen Joyiny

JData are geometric means (95% Cls) for SF and sTfR and arithmetic means (95% ClIs) for Bl and hemoglobin. Within each indicator at baseline,
means across groups are not significantly different (P> 0.05, 2-tailed ¢test). Within each indicator at follow-up, means across groups with different
superscript letters were significantly different (a > b, £< 0.05) after adjustment by group baseline amount of each indicator and gestational age and
interaction term (generalized linear model). BI, body iron; SF, serum ferritin; sTfR, serum soluble transferrin receptor.

2. .. . . .
Within each row, means between baseline and follow-up were tested by 2-tailed paired #test.
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TABLE 4
SF, sTfR, BI, and hemoglobin at baseline (4-19 wk of gestation) and follow-up (28-32 wk of gestation) by
1
study group
Group n Baseline Follow-up =) 2
% abnormal % abnormal
SF
Folic acid 282 46(22,7.1) 59.6 (53.8, 65.3)  <0.001
Iron—folic acid 278 54(2.7,8.1) 35.3(29.6,40.9)° <0.001

Multiple micronutrient 274 3.7(1.4,5.9) 42.7 (36.8, 48.6)° <0.001

sTfR
Folic acid 282 40.4(34.7,46.2) 69.9 (64.5,75.2)2 <0.001
Iron—folic acid 278 43.2(37.3,49.0) 53.6 (47.7,59.5)° 0.008

Multiple micronutrient 274  39.8 (34.0,45.6)  59.9 (54.0, 65.7)°  <0.001
Bl

Folic acid 282 6.0 (3.3,8.8) 59.6 (53.9, 65.3)  <0.001

Iron—folic acid 278 54(27,8.1) 34.5(28.9,40.1)>  <0.001

Multiple micronutrient 274 3.7(1.4,5.9) 41.2 (35.4,47.1)> <0.001

Hemoglobin
Folic acid 284 6.9 (3.9,9.8) 5.3(2.7,7.9)2b 0.317
Iron—folic acid 278 6.2 (3.4,9.1) 7.2 (4.2,10.2)2 0.655
Multiple micronutrient 274 3.7(15,5.9) 3.3(1.2,5.4)0 0.782

lData are percentages (95% Cls). Abnormal values for SF, sTfR, BI, and hemoglobin were <12 (g/L, >4.4 1g/L, <0 mg/kg, and <110 g/L,

respectively. Within each indicator at baseline, percentages across groups are not significantly different (£> 0.05, XZ test). Within each indicator
at follow-up, percentages across groups with different superscript letters were significantly different (a > b, £< 0.05) after adjustment by group
baseline amount of each indicator and gestational age and interaction term (generalized estimating equations). Bl, body iron; SF, serum ferritin;
sTfR, serum soluble transferrin receptor.

2 . .
Within each row, percentages between baseline and follow-up were tested by McNemar’s test.
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