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ABSTRACT

Background: The long-term association between preconception maternal hemoglobin (Hb) concentrations and child health and develop-
ment is unclear.

Objectives: We examined associations between maternal preconception Hb concentrations and anemia with 1) birth outcomes (weight,
length, preterm, gestational age, small for gestational age); 2) child Hb at 3 mo, 6 mo, 12 mo, and 24 mo; and 3) motor and mental
development at 12 mo and 24 mo (Bayley scales for infant development) and cognitive functioning at 6-7 y (Wechsler Intelligence Scale for
Children).

Methods: We used data from a randomized controlled trial (PRECONCEPT) conducted in Vietnam. Over 5000 women who were intending
to conceive were recruited, and offspring were prospectively followed from birth (n = 1599) through 6-7 y (n = 1318). Multivariable linear
and logistic regressions were used to assess the association between preconception Hb or anemia (Hb < 12g/dL) on child health and
development outcomes, adjusted by supplementation group (tested for interactions) and confounding at maternal, child, and household
levels.

Results: At preconception enrollment, 20% of the women were anemic. Maternal preconception Hb was positively associated with child Hb
at 3 mo (0.06; 95% CI: 0.01, 0.12), 6 mo (0.08; 95% CI: 0.03, 0.13), 12 mo (0.10; 95% CI: 0.04, 0.15), and 24 mo (0.07; 95% CI: 0.02, 0.12).
Likewise, maternal preconception Hb was associated with reduced risk of child anemia at 6 mo (0.89; 95% CI: 0.81, 0.98), 12 mo (0.81; 95%
CL 0.74, 0.89), and 24 mo (0.87; 95% CIL: 0.79, 0.95). Maternal preconception anemia was negatively associated with cognition (—1.64;
95% CI: —3.09, —0.19) and language development (—1.61; 95% CI: —3.20, —0.03) at 24 mo. Preconception Hb was not associated with
birth outcomes or cognitive outcomes at 6-7 y.

Conclusions: Maternal preconception Hb was associated with child Hb across the first 1000 d of life. However, preconception Hb was not a
significant predictor of birth outcomes or cognitive outcomes at 6-7 y in this cohort from Vietnam.

Clinical Trial Registration: PRECONCEPT study (NCT: 01665378).

Keywords: hemoglobin, preconception, anemia, child development, birth outcomes

Introduction children [1]. Anemia during pregnancy has been recognized as a
key contributor to maternal mortality, poor birth outcomes,
especially preterm births and small for gestational age (SGA),
and subsequent child health and development [2-5]. It is also
estimated that 200 million children across the globe fail to reach

Globally anemia impacts over 571 million women of repro-
ductive age, 32 million pregnant women, and 269 million
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their developmental potential due to inadequate nutrition and
stimulation [6,7]. Further, iron deficiency anemia during early
childhood has been identified as an important risk factor that
adversely affects childhood development especially in devel-
oping countries [7-9].

Emerging evidence indicates the timing of maternal anemia
during pregnancy may have differential implications for the in-
fant [10]; however, the research to date has tended to focus on
the consequences of anemia during pregnancy rather than pre-
conception. There is a growing recognition of the importance of
adolescent and preconception maternal nutrition [11-14]. Evi-
dence from animal and observational studies indicates that the
nutritional and health status of women as they enter pregnancy
can influence placental development and nutrient availability for
fetal growth and development [12,15]. However, few studies
have examined the relationship between preconception hemo-
globin (Hb) and birth outcomes. A systematic review from 2018
[5] identified only 4 studies that assessed the association be-
tween preconception anemia (Hb < 12g/dL) and increased risk
of adverse birth outcomes [16-19]. Furthermore, data were
limited for other outcomes, and the relationship with functional
outcomes such as child development remains unclear [5,20].

We are in a unique position to address this important research
gap, using data from a large micronutrient supplementation trial
(PRECONCEPT, NCT01665378) that was conducted in Vietnam
[21]. Women were randomly assigned to receive weekly pre-
conception supplements containing multiple micronutrients
(MM), iron-folate (IFA), or folic acid (FA) and then all women
received daily prenatal IFA supplements [22]. Although there
were no differences in birth size by treatment group [22], there
were modest improvements in child development at age 2 and
6-7 y in the MM and IFA groups compared with FA only [23,24].
Our current objective was to examine the associations between
baseline maternal preconception Hb concentrations (primary
exposure) and anemia with child health and development from
birth through 6-7 y, namely, 1) birth outcomes (birth weight,
birth length, preterm, gestational age, or SGA); 2) child Hb at 3
mo, 6 mo, 12 mo, and 24 mo; and 3) motor and mental devel-
opment at 12 mo and 24 mo and cognitive functioning at 6-7 y.
We hypothesize that maternal preconception Hb concentrations
will be positively associated with child health and development
outcomes across early childhood.

Methods

Study design, participants, and setting

Children in this study are offspring of women who partici-
pated in the PRECONCEPT study (NCT: 01665378). Details of
the PRECONCEPT study have been published previously [21].
Briefly, the study was a randomized controlled efficacy trial that
included 5011 women of reproductive age who were assigned
randomly to receive weekly supplements containing either 2800
pg FA, 60 mg iron and FA (IFA), or MM containing the same
amount of IFA, from baseline until conception, followed by daily
prenatal supplements containing 60 mg iron and 400 pg FA for
all 3 groups until delivery. Prior reports have documented high
compliance, with nearly 80% of participants consuming >80% of
the supplements both before and during pregnancy [25]. Women
were followed prospectively to identify pregnancies and evaluate
birth outcomes, and the offspring were followed up through age
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6-7 y [24]. From 2012 to 2014, a total of 1813 women
conceived, and 1589 had live births (1599 births, including 10
twins).

Outcome measures

The key outcomes of interest include 1) birth outcomes, 2)
offspring Hb concentration during the first 1000 d, and 3) child
development at 12 mo, 24 mo, and 6-7 y.

Birth outcomes

Birth weight was measured as early as possible, within 7 d after
birth, using electronic weighing scales precise to 10 g. Birth length
was also measured using standard procedures [26] with collapsible
length boards, which were precise to 1 mm. Gestational age was
calculated as the number of days between the first day of the last
menstrual period (obtained prospectively by village health workers
during their biweekly home visits) and the day of delivery. A pre-
term birth was defined as a birth occurring before 37 completed
weeks of pregnancy. SGA was defined as a birth weight below the
10th percentile for gestational age and sex [27].

Offspring Hb concentration during the first 1000 d

Offspring Hb concentration was measured from finger prick
capillary blood samples at 3 mo, 6 mo, 12 mo, and 24 mo of age
using a portable field B-Hb Analyzer (HemoCue 301) (23). Child
anemia was defined as a Hb value <11 g/dL [28].

Child development

Child development at 12 mo and 24 mo of age was assessed
using the Bayley Scales of Infant Development (BSID) III [29],
which includes cognitive, language, and motor subscales. The
BSID-III has been translated and adapted in Vietnam using stan-
dardized methods and has been used in previous studies in Vietnam
[30,31]. The raw summary scores for each of the domains were
then transformed into standardized composite scores (approxi-
mately mean + SD: 100 + 15) to facilitate comparisons across
domains. The BSID-III was administered in a quiet room at com-
munity health centers by well-trained researchers. Data quality was
assessed based on weekly field-based supervision and monthly staff
meetings. Site visits were also carried out regularly by study in-
vestigators, and refresher training sessions were conducted every 6
mo after the initial training to ensure testing was conducted in a
standardized manner [24].

Child intellectual development at 6-7 y was assessed using
the Wechsler Intelligence Scale for Children—Fourth Edition
(WISC-1V) [32]. The WISC-IV consists of 4 specific cognitive
domains [verbal comprehension index, perceptual reasoning
index, working memory index (WMI), and processing speed
index (PSI) and the full-scale intelligence quotient FSIQ)]. The
WISC-IV has been translated, adapted, and validated to be a
standardized test in Vietnam [33]. The WISC-IV was adminis-
tered by trained pediatricians or research assistants with a
master’s degree in public health. Quality control measures were
emphasized in field-based supervision, monthly staff meetings,
and refresher training.

Exposure variables

The primary exposure variable was preconception Hb con-
centration, which was measured at recruitment and prior to
receiving supplements by HemoCue 301 from a capillary blood
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sample obtained by finger prick [34] using standardized training
protocols [35]. In the secondary analysis, maternal anemia was
defined as a Hb concentration <12 g/dL [28]. In addition, an
exploratory posthoc analysis was conducted using a lower Hb
concentration cut-off (Hb < 10.81g/dL), as suggested by a recent
pooled multicountry analysis of the fifth percentile of Hb values
among healthy nonpregnant women [36].

Confounders

Confounding variables were considered at child, maternal, and
household levels. These included child age and sex, infant and
young child feeding practices, childhood illnesses (fever, diarrhea
in the last 2 wk), maternal age, ethnicity, education, intelligence,
and depression, intervention group, and duration of intervention
prior to conception. Infant and young child feeding practices
included early initiation of breastfeeding, exclusive breastfeeding
at 6 mo, and dietary diversity at 12 mo and 24 mo using the stan-
dard WHO/UNICEF indicators [37]. Maternal education was
categorized into 4 groups: primary school (completed 1-5 y),

TABLE 1
Baseline maternal characteristics at preconception enrollment and
child characteristics from birth to 6-7 y*

Variable Total (n = 1579)
Maternal characteristics at preconception enrollment
Age, y 259+ 4.3
Minority ethnic, % 778 (49.3)
Education level, %
Primary school 129 (8.2)
Secondary school 854 (54.1)
High school 400 (25.3)
College or higher 195 (12.4)
Work as farmers, % 1258 (79.7)
Number of children > 1, % 1261 (94.6)
BMI, kg/m? 19.6 + 2.0
Low BMI (<18.5), % 485 (30.9)
Hb, g/dl 12.9 £ 1.3
Anemia, % (Hb < 12 g/dL) 313 (19.9)
Mild anemia, % (11-11.9 g/dL) 215 (13.7)
Moderate anemia, % (8-10.9 g/dL) 98 (6.2)
Duration of time prior to conception, wk 28.5 + 24.8
Child characteristics at birth
Female, % 781 (49.5)
Infant and young child feeding practices
Early initiation of breastfeeding, % 768 (51.4)
Exclusive breastfeeding at 6 mo, % 816 (59.1)
Minimum dietary diversity at 12 mo, % 1060 (82.8)
Minimum dietary diversity at 24 mo, % 851 (70.6)
Child illness
At 3 mo
Fever, % 281 (20.4)
Diarrhea, % 155 (11.2)
At 6 mo
Fever, % 359 (28.1)
Diarrhea, % 187 (14.6)
At 12 mo
Fever, % 503 (39.3)
Diarrhea, % 174 (13.6)
At 24 mo
Fever, % 466 (32.7)
Diarrhea, % 83 (5.8)
At6-7y
Fever, % 177 (12.7)
Diarrhea, % 16 (1.2)

Hb, hemoglobin. yalues are means (SDs) or n (%).
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secondary school (6-9 y), high school (10-12 y), and college or
higher. Maternal depression was measured at baseline using the
Center for Epidemiologic Studies Depression Scale (CES-D) [38].
Maternal intellectual ability was assessed using Raven’s Progres-
sive Matrices IQ Test [39] at the time of enrollment (preconcep-
tion). The intervention group included the FA, IFA, and MM groups.
At household level, the quality of the learning environment at
home was measured using the infant/toddler Home Observation
for Measurement of the Environment (HOME) inventory at 12 mo
[40]; the HOME assesses the quality and quantity of the social,
emotional, and cognitive support available to a child in the home
environment. Household socioeconomic status (SES) index was
calculated using principal component analysis of housing quality
and assets that were assessed at baseline; the first component
derived from component scores was used to divide household SES
into tertiles [41,42].

Statistical analysis

The Kolmogorov-Smirnov test was used for testing the
normality of the continuous outcome variables. Descriptive sta-
tistics were used to report the characteristics of the study pop-
ulation, with frequencies and percentages to describe categorical
variables, means, and SDs to describe quantitative variables.
Multivariable linear regressions (for continuous outcome) and
logistic regression (for binary outcomes) were used to assess the
associations between preconception Hb concentration or anemia
on birth outcomes, offspring Hb concentration during the first

TABLE 2
Child health and development outcomes from birth to 6-7 y*

Variable Total (n = 1579)
Child birth outcomes
Gestational age, wk 39.2 £ 2.0

Preterm, % 155 (9.9)

Birth weight, g 3083.9 + 440.3

Low birth weight, % 73 (4.7)

SGA, % 227 (15.5)
Birth length, cm 49.0 £ 3.0
Child Hb

Hb at 3 mo, g/dl 10.6 £ 1.3

Anemia, % (Hb < 11 g/dL) 820 (61.7)
Hb at 6 mo, g/dl 105+ 1.1
Anemia, % (Hb < 11 g/dL) 812 (65.6)
Hb at 12 mo, g/dl 10.8 + 1.2
Anemia, % (Hb < 11 g/dL) 648 (53.2)
Hb at 24 mo, g/dl 112+ 1.1
Anemia, % (Hb < 11 g/dL) 558 (41.5)

Bayley scales for infant development at 12 mo

Cognitive 112.2 £10.3
Language 97.6 = 11.0
Motor 1029 +£11.5
Bayley scales for infant development at 24 mo
Cognitive 99.6 £ 9.9
Language 102.3 £10.9
Motor 105.7 £ 11.8
Wechsler scale global intelligence, performance, and verbal scores at
6-7y
Verbal comprehension index (VCI) 81.8 + 12.4
Perceptual reasoning index (PRI) 93.1 +14.5
Working memory index (WMI) 101.8 £ 11.5
Processing speed index (PSI) 89.4 +12.3
Full-scale IQ (FSIQ) 88.3 £ 12.1

Hb, hemoglobin; SGA, small for gestational age. 'Values are means
(SDs) or n (%).
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o 1000 d, and child development at 12 mo, 24 mo and 6-7 y.
gs Associations were examined as follows: (1) unadjusted; and (2)
% §§ adjusted for maternal age, ethnicity, education, SES, infant age
% ?; 258 and sex, intervention group and duration of time prior to
L e conception, infant and young child feeding practices and child
5 = illness. Further adjustment for home environment, mother’s IQ,
g 2lan and depression were made in the models with child development
g :% % § o at 12 mo and 24 mo and child intellectual development at 6-7 y
&l15[223¢% as the outcomes. Effect modification by the intervention group
_ was evaluated by including interaction terms in all models. In
g3 addition, effect modification by home environment was also
g5 evaluated by including interaction terms with maternal Hb
13: <L g concentration for models with child development outcomes. All
'52? ;; E k= analyses were conducted using Stata v17 (StataCorp, College
i § Station, TX, USA). The significance level was adjusted for mul-
H gy 5] tiple testing using a Bonferroni adjustment at each domain level,
%" } ;; E including a P value of 0.01 for birth outcomes (0.05/5 out-
e 2 comes), 0.013 for Hb concentration (0.05/4 outcomes), 0.017
% El § é B 3 for development at 12 and 24 mo (0.05/3 outcomes), and 0.01 at
el=r - £ 6-7 y (0.05/5 outcomes).
EE s
el g .
FIER = Ethical approval
2| -2 =
LR 3
2 The study was approved by the Ethical Committee of Institute
g ?E Z of Social and Medicine Studies in Vietnam and Emory Uni-
5 | BeE § versity's Institutional Review Board, Atlanta, Georgia, USA. The
‘g E -§ § zj = ;" trial was registered in the US Clinical Trials registry (identifica-
= gl5|=a2f £ tion number NCT01665378). Written informed consent was
S - g obtained from all study participants.
5 3 5
5 5¢ £
EIRE ; ; . Results
AREIEEE s
g =T E The final analytical sample included 1579 mother-infant pairs
) g5 % women with singleton, live births, and preconception Hb con-
E ﬁS‘ ; ; é centration data (Supplemental Figure 1). Selected maternal
g go g g9 ‘i characteristics at preconception enrollment are shown in
Slz|%|88 2 B Table 1. The mean maternal age was ~26 y, and nearly half of
s[BIST T g the sample belonged to minority ethnic groups. Almost all
§ 3 § women had >1 child at enrollment, and 80% of them were
_g 5 g g farmers. Approximately one-third of mothers had a low BMI, and
g 83 - 20% were anemic. As described in Table 2, 10% of children were
'5 Ch § ;i ,§ born preterm, 5% with low birth weight, and 16% were SGA.
E i;; 24 2 § Child anemia affected 62% of children at 3 mo, 66% at 6 mo,
g <[=~"'- 3 53% at 12 mo, and 42% at 24 mo.
Lg’ 5 g There were no significant interactions with the intervention
2 s § group, so pooled findings for all models are presented. Neither
'i oo &’§ = preconception Hb concentration nor anemia were significantly
k=i f:é: g 27 5 associated with birth outcomes (Table 3). However, the lower Hb
clHE 22 3 E concentration cut-off for anemia (Hb < 10.81 g/dL) was signif-
Flals|aT 2 g icantly associated with nearly 2 times risk of SGA (OR 1.83; 95%
_GEEJ s | = 5 E@O CI: 1.05, 3.21), Supplemental Table 1. Maternal preconception
g » L? S g Hb concentration was positively associated with child Hb con-
B, TR E 2 centration at 3 mo (f = 0.06; 95% CI: 0.01, 0.12), 6 mo (0.08;
g £ |2k 95% CL:0.03, 0.13), 12 mo (0.10; 95% CI: 0.04-0.15), and 24 mo
§ 5 E L W & (0.07; 95% CI: 0.02-0.12) (Table 4). Likewise, a 1 g/dL increase
& = 5 s E in maternal preconception Hb was associated with an 11%-19%
2 TE“ 2 :Eé é % % ;é, reduced risk of child anemia at 6 mo (0.89; 95% CI: 0.81-0.98),
5 % 'E ;‘:; g B} H> N> :: 12 mo (0.81; 95% CI: 0.74-0.89), and 24 mo (0.87; 95% CI:
H = 0.79-0.95). Children born to women who were anemic at
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TABLE 4
Association between preconception maternal and offspring hemoglobin (Hb) concentration and anemia status during the first 1000 d
Variable Child Hb'
Hb 3 mo (g/dL) Hb 6 mo (g/dL) Hb 12 mo (g/dL) Hb 24 mo (g/dL)
Unadjusted Adjusted® Unadjusted Adjusted* Unadjusted Adjusted® Unadjusted Adjusted®
Maternal Hb (g/dL) 0.06* 0.06* 0.09** 0.08** 0.11** 0.10** 0.08** 0.07**
[0.00, 0.11] [0.01, 0.12] [0.04, 0.13] [0.03, 0.13] [0.06, 0.16] [0.04, 0.15] [0.03, 0.12] [0.02, 0.12]
Any anemia (Hb < 12 g/dL) —0.16 —0.14 -0.17* -0.12 —0.25** -0.17 —0.24** —0.24**
[-0.34, 0.02] [-0.32, 0.04] [-0.33, —0.00] [-0.30, 0.05] [-0.41, —0.08] [-0.35, 0.01] [-0.38, —0.09] [-0.42, —0.07]
n 1326 1274 1234 1067 1215 1057 1338 1004
Variable Child Anemia®
Anemia 3 mo Anemia 6 mo Anemia 12 mo Anemia 24 mo
Unadjusted Adjusted® Unadjusted Adjusted” Unadjusted Adjusted® Unadjusted Adjusted®
Maternal Hb (g/dL) 0.92 [0.85, 1.00] 0.93 [0.85, 1.01] 0.89** [0.81, 0.97] 0.89* [0.81, 0.98] 0.82** [0.75, 0.89] 0.81** [0.74, 0.89] 0.87** [0.80, 0.94] 0.87** [0.79, 0.95]
Maternal any anemia 1.37* [1.03, 1.83] 1.30 [0.97, 1.74] 1.10 [0.81, 1.50] 1.03 [0.75, 1.44] 1.54** [1.15, 2.05] 1.48* [1.08, 2.03] 1.68** [1.29, 2.19] 1.72** [1.26, 2.36]
(Hb < 12 g/dL)
n 1326 1274 1234 1067 1215 1057 1338 1004

1 values are B [95% CIJ; *P < 0.05; **P < 0.013.

2 Values are OR [95% CI]; *P < 0.05; **P < 0.013.

3 Adjusted for maternal age, minority status, education, socioeconomic status, infant sex, child age, intervention group, duration of time prior to conception, early initiation of breastfeeding, and
illness symptoms in the last 2 wk at 3 mo.

4 Adjusted for maternal age, minority status, education, socioeconomic status, infant sex, child age, intervention group, duration of time prior to conception, early initiation of breastfeeding,
exclusive breastfeeding at 6 mo, illness symptoms in the last 2 wk at 6 mo.

5 Adjusted for maternal age, minority status, education, socioeconomic status, infant sex, child age, intervention group, duration of time prior to conception, early initiation of breastfeeding,
exclusive breastfeeding at 6 mo, minimum dietary diversity at 12 mo, and illness symptoms in the last 2 wk at 12 mo.

6 Adjusted for maternal age, minority status, education, socioeconomic status, infant sex, child age, intervention group, duration of time prior to conception, early initiation of breastfeeding,
exclusive breastfeeding at 6 mo, minimum dietary diversity at 24 mo, and illness symptoms in the last 2 wk at 24 mo.
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o o preconception were also at higher risk of being anemic 12 mo
= =3 = = (OR 1.48; 95% CI: 1.108-2.03) and 24 mo (OR 1.72; 95% C
3 2 2 2 g § 1.26-2.36). These results remained statistically 31gn1ﬁ.cant w}}en
S 8 o é § using a more stringent P value t.hat accounted for rpultlple t.estmg
NE 7 :‘ ME T ;‘ g2 2 except for child Hb concentration at 3 mo and child anemia at 6
2R o 3 ) 3} 13 mo.
% ET § 2 gT ér g g Maternal preconception Hb concentration was positively
g associated with child motor development at 12 mo in unadjusted
=Y E § models (0.70; 95% CI: 0.23, 1.17), with significant attenuation
g RZ E £ in the fully adjusted model (0.49; 95% CI: 0..0., 0.99), Table 5.
=7 2 g = S = S There was, however, evidence of effect n}odlﬁcatlon by ho-me
= N § AR é E é B environment, where maternal Precogceptlon Hb concentratlc?n
<97 5| & L E o 28 &y was significantly associated with child motor development in
gy SlE|8=¢ § s é s low home environments (1.16; 95% CI: 0.23, 2.09), SuPple—
g g 3 N o =2|e - o E o E mental Table 2. Maternal preconception anemia was negatively
= g 3 T % g ; E ; associated with child cognition (—1.64; 95% 21:263.(3963—)0.3;2
) BE2ES and language development (—1.61; 95% CI: —3.20, —0. a
9 i g% g% mo, Talgle %3 However, these associations at 2.4 mo were not
qe S8 SEZ s statistically significant when a more conservative P value was
i °- 3 o o g o g utilized to take into account multiple testing. Although there
E oS E % s = éi = 5 were no significant interactions with home environment and
'c; g j Z 2 § E 3 g =2 g =2 child cognitive development, stronger associations with
5 =8 2@ 2sT= F::'s 26 maternal preconception anemia and language development
o “|eer § E § E werenoted in high home environments at 24 mo (—4.57.; 95% CI:
E g pogicNbogi-} —7.67, —1.49) compared with those in alow home er.1V1ronment
é = = ? 3 E, S E (—2.24; 95% CI. —4.64,0.17). Maternal pr-econc'eptlon Hb and
) @ 3 S o g T*;; g g anemia were not significantly associated with child cognition at
E =8 oo 3 NN age 6-7 y (Table 6).
3 AR ol 2[2 L £z 87
5| |glg|< H AR 75y §
% é‘: 2 :‘E" é 23 L ﬁ"% £ Discussion
ot g|ElacQ SlI5|sTI| =z
= SISl TA = %’ = E’
E — ;" g ;“ g We find that maternal preconception Hb concen.tration was
.g = = ; g ; E positively associated with offspring Hb.concentratlons during
8 Ny § 9 c" ug g ug S the first 2 y of life. In contr.ast, assogatlons between ma.terneg
k= S 5 °3 5 E & E preconception Hb and anemia and child de.zvelopment durlng-l
= LB L =9 2g52g 1000 d were weak or mixed. Preconception Hb concentratlo.n
% 3|21 :‘ E 0 : f ﬁ f E was also not a significant predictor of birth outcomes or cogni-
g é 8 B § =YY i g ERE R tion at 6-7 y after adjustment for n?aternal and sociodemo-
§ ) <|e - <|° '~ g .té" g _té" graphic variables in our study population. .
8| & g $3¢% Our null findings on maternal prec.<t)}111ceptif)n I;Iib dc.oncseriltraa-
2|7 = | S o R tion and birth outcomes contrast with earlier findings in
F:; :l: g E é S g‘ §~ § i _02 systematic review w-here preconc.eption. anemia was zjlssoiiateq
% E» e =) é P o 2 'q:J % @ with an increased I'lSk. of low blrthwelgfolt (OR 1.72; 95% gI.
Flel a2l |3] |elEy |wEEE% 1.31-2.26) and SGA births (OR 1.79; 95% CI: 1.39-2.31) [5].
512 2 8 ~ .“é g &5)’ T - 37 el T e However, the findings on the lack of asso.c1atlor.1$ with preterm
= % §° E 3 g£ =2 ;,éo Tla ¥ 5 3 gege birth are consistent with the systematic review. The.re are
g ololsfe = §13815|273 A § .?@ -EO several potential reasons for these differences. First, in our
g “ &z § iy E cohort, the prevalence of low birthweight was very low (<5%).
E =) = & § % § i Another factor may be the prevalence, severity, and et1010g¥ of
2 go go ?/ g E g E anemia in our context. The overall prevalence ‘of preconFeptlon
g 9 2 |xgsgs anemia was 20%, and the majority of anemia was mild (Hb
§ 2 = T‘: 8 7‘: 8 concentration 11.0-11.9 g/dL). Recently‘there have been calls
E =) =) L\i g .§ g .§ to revisit global guidelines and re-examine WHO Hb concen-
g g'g S'E 2’3 é = g g tration thresholds [43], and recept multicountry studies in
% %’0 g ?9 g = 5 = 5 =y nonpregnant women of reproductive age [36] and pl;la.grlllar;t
A é 2 2 E‘ =g g; 8“ women [44] have suggested current c.utoffs may be too high. It
gl o = ‘T: v i 8 2 _5 2 _5 may be that lower thresholds to deﬁfle anemia may be more
: g 2 g5 E 5 E 3 ;g’ 8 ‘g‘ g sensitive for detecting relationships with adverse out?omgs. To
5 2 § § S . § Ss. H> f %f -% examine this, we ran an exploratory posthoc analysis using a
H
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= lower Hb concentration cut-off (Hb < 10.81g/dL) as suggested
g by the Addo et al. [36] article wiFh nonpregnant w](;men.
5 ¥ g Although most results remained consistent, the' lower H. con-
3 5 £ & centration cut-off was more sensitive for detecting assoc1at.1ons1
% <388 g = with SGA. Further research is needed to un.derstand optima
| g ) preconception Hb concentration cutoffs for birth outC(.)mes. Ig
£ addition, high compliance (>80%) 'with preconceptl.ol:j1 an
E ": pregnancy supplementation may contribute to our nullfﬁn 1n§:.
g § g E‘ Another potential mechanism could b.e the et%o.logy o anern'te:
T g ¥ 23 In our population, the prevalence of iron deficiency was qui
g § 8 g 2 ;‘ g § gy low, with only 14% of women with low 1ron's.tores (ferritin <
I v 2% 30 pg/L) and <5% with iron deficiency (fe.rrltln <12 pg/L or
é g; transferrin receptor > 8.3 mg/L) [35]. Pl‘lOI.“ reseirc}tl él;l thhnl;
= E S E population has indicated there may be otl.ler m?por and ving
| & 8 ¥ 8= factors for anemia, including hookworm infections tinl pemia
: 858 ¢ £ E tially hemoglobinopathies [45]. Although data on. alass i
% 217l % g ;6; ; or other heredity hematologic diseases Were not dlrect(}y ava1i
Eﬂ £ g« able for the study participants, the prev101'15¥y rep((j)rte as;(r)lcCe
= % g ations between Hb concentration a'nd ethnicity ar'l preva;) e
g g g E of hemoglobinopathies in the region suggest this rnz.iy1 e "
: 2 j E g8 important consideration [45748].. The role of the ?tmuﬁ}{ear
g g 3 é § :‘ g § é g anemia and its associatio?1 with l[aégth outcomes remains
KB B - s important research gap [5]. o
[\T % g% andInaI:)frnthort, we present novel dat? on the as'slc()icEEOEOEf
g £ = g maternal preconception Hb conce.ntratlon and }Clhl > con
|5 :E § 23 centration across the first 2 y of life. Women w 0 are a emie
g NEE ; 5 ; g g E and/or iron deficient before conception are also at 1nc.relzlaseh ris -
E é 51 2‘ I § ‘g E of getting worse during pregnancy because of the hlg pc1 ysilri)
% 5 % £ logic demands of pregnancy [49]: Ma:[ernal anemls‘ }111[‘50g
:g >~ E“ pregnancy can also impact the offsprmg's. 1rc3n s'toresfa;l 1rt1 o )
% 5 ¥ é % g 51], which in turn can affect the o.ffsprmg s risk of deve pulti
g HIEE £ o anemia during infancy and early childhood [52—54].. Outr :ﬁz e
z g f = 3 g 53 § § ;" are in alignment with existing literature on Prospectlye s uWell o
.g FEEeTe Rl e é ;qa) maternal anemia during pregnan.cy .and child anemlat:;l:n el 2
% 'éo E ”;E cross-sectional analyses 'of assoc1at10n; between ma
g § g3 child anemia in early chlldho'od‘ [5575 1. | eoion
: g g B 83 We report significant associations with matana preconcep °
‘5 B oz E: E = Hb concentration on child motor development in the first y of ll.e,
g é g ; 4 [‘:“ s|& EZ particularly in low home environments, but no long-term associa-
% N < g E tions at 24 mo. We also report associations between maternal
% E .g .%8 preconception anemia and child cognit?on and langgage dzzt:sl(;g;
2 g 8 £ 8% ment at 24 mo, which were stronger m.hlgh home environm o
SREER § :" g the latter. The rationale for mixed ﬁndmgs.onhor'ne en\{1r'or11)men is
E :§ 3 E g§ 8 § % § unclear and merits further examination. ItlS.pOSSIIZ.)lethIS is ecau]:e
% - EEEE Tg 5 % of different mechanisms, as t}'le role of stimulation ma;ly I;/:é'yanzlf
g § 3 gﬂ § child age and outcomes, but it c.ould .also be dl.le1 to ct.a o
= % Y g% recommend caution in interpterion given n'lultlp (:1 :les 1111(5);. pert
Té g g :f':\‘*/ % % conceptional nutrition may influence early childhoo evEChpaIS et
£ 12l s.2 i 22 by affecting the growth and deyelopmept ofkey orgkans,f s asth
; é g i : 13 g g § § brain, liver, and pancreas, during the first few. weeks o pre;g an Z
’5 N ESEg [58]. However, very few studies have examined materna s u
g g"'-‘\’*/ % % preconception or the long-term impact of mat.emal anemle}l1 Ooori
“5’ g ”" 5 g functional outcomes beyond birth, such as child IQ orh‘slczl 100
2 2 E ? §° Go g S readiness [59,60]. In a Swedish cohort of over ?00,5)00. t(;I i dre ;
? ‘%’ £28 ¢|5 3 5 g maternal anemia in early pregnancy was.assoc1ate 1 2{1 b.ciit 2
Slgls|22<1 §|E2 = ‘G‘SJ twofold increased risk of development of intellectua 1s:11( ility :
% & f‘; zs the offspring between the ages of 6-29 y, but much weaher1 assor
—2 2 pER § p E § ciations were seen for anemia in late pregnancy [61]: Int edafrfl(iec
: % =2 ‘EE“ ] é é Eo E % ;:7 2 PRECONCEPT trial, children born‘ to womenhlndt}ilrt;:1 11;(())1‘1 ea(;lmotor
5 é E § Bé - z gf : g acid preconception supplementation group ha p
B < = 8=
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development, especially fine motor development (IFA compared
with FA: 0.41; 95% CIL: 0.05, 0.77), but there were no significant
differences in mental or language scores at age 2 y [23]. At 6-7 y,
children born to women in the MM group, compared with the FA
group, had higher FSIQ (f = 1.7; 95% CI: 0.1, 3.3), WMI ( = 1.7;
95% CI: 0.2, 3.2), and PSI (p = 2.5; 95% CI: 0.9, 4.1) [24]. Fetal
brain development begins early in pregnancy, with most structural
features of the brain appearing in the first 8 wk following
conception [62,63]. There are critical windows of opportunity
where health, nutrition, security and safety, responsive caregiving,
and early learning play crucial roles in allowing children to reach
their full potential [64]. Maternal nutrition and the availability of
key micronutrients are required to support optimal brain devel-
opment [65,66]. The preconception time period may be particu-
larly important as many women may not seek antennal care until
the second trimester of pregnancy, when much of the early devel-
opment has already taken place.

Our study provides novel insight into the importance of
maternal anemia during the preconception period and child
health and development. This is one the largest prospective
studies to date to examine the role of maternal preconception
nutrition on long-term child health outcomes. A key strength of
this work is the prospective design and the low rates of attrition
(<10%) over the past decade. Our design and high-quality data
collection allowed for accurate estimation of gestational age
and, thus, calculation of key birth outcome variables such as
preterm birth and SGA [67]. However, there are also a number
of important limitations to consider. It is possible significant
associations are due to chance and a statistical artifact. In
particular, we recommend a conservative interpretation of the
findings with child development, given the mixed findings. It
would be beneficial for future work to examine the quality of
the learning and nurturing environment prospectively across
early childhood. Further examination of the etiology of anemia
would be valuable to better understand the underlying bio-
logical mechanisms of the associations. The limited sample size
of women with iron deficiency anemia or moderate/severe
anemia precludes us from further examination of the role of
etiology of anemia or Hb concentration cutoffs on child health
and development. Furthermore, our study may have limited
generalizability given the overall high preconception and
pregnancy supplementation in the context of an ongoing
research study. Our analysis is observational in nature and thus
cannot establish causality.

In summary, maternal preconception Hb concentration was
associated with child Hb concentrations across the first 1000
d. Modest associations with maternal preconception Hb con-
centration and anemia and child development in early life
merit further examination. However, in this cohort from
Vietnam, preconception Hb concentration was not a significant
predictor of birth outcomes or long-term child development.
Our findings support the need to revisit the use of measuring
Hb concentration in women of reproductive age to predict
later risk of adverse outcomes, and more research is needed in
settings with a greater burden of anemia and iron deficiency as
we support programs and policies to expand maternal anemia
reduction programs to the adolescent and preconception
periods.
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