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Abstract. Anemia in pregnancy, defined by a hemoglobin level (Hb) of less than 110 g/L, contributes to infant mortality
and morbidity in sub-Saharan Africa. Maternal Hb changes physiologically and pathologically during pregnancy. However,
the impact of these changes on long-term child neurocognitive function is unknown. This study therefore investigates the
association between Hb at specific antenatal care visits and prenatal Hb trajectories during pregnancy and long-term child
neurocognitive function. We analyzed data from a prospective cohort study that included 6-year-old singleton children born
to women enrolled before 29 weeks of gestation into an antimalarial drug clinical trial. Hemoglobin level was analyzed from
venous blood collected at least twice during pregnancy and at delivery. We used group-based trajectory modeling to iden-
tify distinct prenatal Hb trajectories. In total, 478 children (75.1% of eligible children) had assessment of cognitive and motor
functions at 6 years of age. Three distinct Hb trajectories were identified: persistently anemic (Hb ,110 g/L throughout the
second and third trimesters), anemic to nonanemic (Hb ,110 g/L at second trimester with increasing Hb toward the third
trimester to Hb.110 g/L), and persistently nonanemic (Hb .110 g/L throughout the second and third trimesters). Children
of women in the persistently anemic and anemic-to-nonanemic groups had significantly lower neurocognitive scores than
children of women in the persistently nonanemic group (b 5 26.8, 95% CI: 211.7 to 21.8; and b 5 26.3, 95% CI: 210.4
to 22.2, respectively). The study shows that maintaining an elevation of Hb above 110 g/L from the second to third trimes-
ter may be associated with optimal long-term child neurocognitive function.

INTRODUCTION

About 14% of children experience poor cognitive function
globally.1 However, sub-Saharan Africa (SSA) accounts for
the highest prevalence of poor child cognitive function, with
44% of children failing to meet the threshold for good cognitive
function.1 Although a multitude of factors relating to the post-
natal environment, such as malnutrition, infections, and pov-
erty, may partly explain the disproportionately elevated levels
of poor neurocognitive function, exposure to some of these
insults may occur even earlier, from the onset of conception
throughout the prenatal period, for many SSA children.2,3

The prenatal period is a phase of rapid neurological devel-
opment that sets the foundation for the core cognitive and
social skills needed to achieve an individual’s potential. The
precarity of extensive serial neurological processes during
this period, including synaptogenesis and hippocampal forma-
tion, makes the brain vulnerable to insults that could alter its
development and function.4 Existing literature shows that expo-
sure to prenatal insults, such as nutrient deficiencies, infections,
and anemia, may impair neurocognitive functions in the first
2 years postpartum.5–7 Few studies have investigated potential
neurocognitive consequences of prenatal insults beyond those
found 2 years postpartum.8–10 However, the influence of ane-
mia or changes in prenatal hemoglobin concentration (Hb) on
long-term neurocognitive outcomes remains unclear.

Anemia in pregnancy (AiP), defined as Hb below 110 g/L,
remains prevalent in SSA, affecting around 17 million women.11

Although a decline in Hb may be indicative of a pathological
condition or nutrient deficiency, physiological changes in
plasma volume during pregnancy also result in a decline in Hb

during the second trimester.12 These physiological changes are
necessary to permit adequate supply of oxygen, iron, and
essential nutrients to the fetus, especially during the second
and third trimesters of pregnancy.13 Indeed, in a birth cohort in
Benin, we found that children of mothers with elevated and
extremely low Hb levels during the second antenatal care
visit (ANC) had poor motor function.14 Thus, for the present
study, we sought to investigate whether observed associa-
tions between prenatal Hb and early child development at
1 year persist later in childhood, at 6 years, in the Beninese
cohort. Furthermore, we aimed to identify distinct Hb trajec-
tories over the second and third trimesters of pregnancy in
this cohort using a trajectory-based approach and to assess
the relationship between Hb trajectory groups and long-term
cognitive and behavioral child cognitive development.

MATERIALS AND METHODS

Population.
Participants are singleton 6-year-old children born to preg-

nant women enrolled in a malaria clinical trial called Malaria in
Pregnancy Preventive Alternative Drugs (MiPPAD; clinical trial
no. NCT00811421) in Benin, West Africa. The MiPPAD trial was
set up to investigate the efficacy of sulfadoxine-pyrimethamine
(SP) and mefloquine (MQ) as intermittent preventive treatment
of malaria in pregnancy (IPTp).15 Briefly, HIV-negative pregnant
women attending their first ANC were recruited into MiPPAD.
Surviving singleton children born to MiPPAD mothers were
then followed until 1 year of age16 and subsequently at 6 years,
when they were assessed for neurocognitive and behavioral
development.17

Prenatal hematological and other biological
assessments.

Four-milliliter venous blood samples taken from pregnant
women at inclusion into the MiPPAD trial, hereinafter referred

* Address correspondence to Florence Bodeau-Livinec, UMR 261-
MERIT, Institut de Recherche pour le D�eveloppement (IRD), Universit�e
Paris Cit�e, 75004 Paris, France. E-mail: florence.bodeau-livinec@
ehesp.fr

1

ACCEPTED MANUSCRIPT / CLEAN COPY



to as the first ANC, underwent biological analysis. After sam-
ple collection at the first ANC, each pregnant woman received
either IPTp-MQ or IPTp-SP, anthelmintic therapy, oral ferrous
sulfate (200 mg daily), and folic acid (5 mg daily) as part of the
ANC package in Benin. Pregnant women received micronutri-
ent supplements throughout pregnancy without charge. We
analyzed a 10-mL aliquot of blood samples for Hb by using a
Hemo-Control photometer. Blood sample collection and Hb
analysis were repeated during the second scheduled ANC
and at delivery.

Blood samples collected at the three visits were also
assessed for ferritin concentration, inflammation, and malaria
infection by using standard protocols18,19; details of these
assessments are explained elsewhere.14,16 The presence of
Plasmodium falciparum was determined from thick and thin
blood film stains as well as placental biopsy specimens
according to standard, quality-controlled procedures at each
ANC and at delivery.15 A selection of paired peripheral and
placental blood stains was analyzed for P. falciparum density
using quantitative polymerase chain reaction tests. Plasmo-
dium falciparum parasitemia was quantified by extrapolation
of cycle thresholds from a standard curve.20 Samples with no
cycle thresholds were considered to have negative malaria
status, whereas those with a density of at least 2 parasites/mL
were positive for malaria status.
Neurocognitive and motor function assessments at

6 years.
The principal outcomes in the present study are neurocog-

nitive function and motor proficiency assessed when chil-
dren were 6 years old. Detailed neurocognitive and motor
function assessments were carried out by trained research
nurses and psychologists using the Kaufman Assessment
Battery for Children, second edition (KABC-II),21 and the
Bruininks-Oseretsky Test of Motor Proficiency Edition 2
(BOT-2),22 respectively.

The KABC-II is an individualized test that measures cogni-
tive and processing ability of 3- to 18-year-olds.21 The French
version of the KABC-II test (Pearson, France) was used in
this study. The construct validity of the translated version
was assessed in a sample of Beninese children before being
approved for use in this study.17 In this study, we used the
age-standardized mental processing index (MPI) score, a
composite measure of global cognitive ability. The normative
mean of the standardized MPI score is 100 (SD 5 15), with
higher scores indicating higher cognitive ability.

The BOT-2 is a standardized, individually administered test
of 53 items for measuring motor functions of 4- to 21-year-
olds.22 We computed the total motor composite (TMC),
which combines age-standardized scores of all items to gen-
erate an overall motor proficiency for statistical analysis.
Higher TMC scores indicate greater motor proficiency.
Sociodemographic characteristics.
Maternal sociodemographic characteristics, including occu-

pation, level of education, age, gestational age, gravidity,
weight, and height, were collected during the first ANC. Family
socioeconomic status was determined by scores generated
from familial possessions and amenities using computation
explained elsewhere.23 Gestational age was determined using
fundal height, and child sex was recorded at delivery. Child-
hood environment was assessed using the Home Observatory
Measurement of the Environment (HOME) inventory,24 and
postnatal depression (using the Edinburgh Postnatal Depres-
sion Scale [EPDS])25 was measured at 1 year postpartum.

STATISTICAL ANALYSES

We used linear regression analysis to investigate the rela-
tionship between prenatal anemia (and Hb) at each of the
ANCs and at delivery and the MPI and TMC scores, sepa-
rately. To investigate whether earlier findings of inverted
U-shaped relationships between prenatal Hb concentration
and motor functions at 1 year14 were replicable at 6 years,
we applied quadratic terms to the Hg concentration variable
at each ANC in linear regression models. We adjusted for
maternal age, educational level, gravidity, prepregnancy
body mass index (BMI), HOME scores, and EPDS scores in
multiple linear regression models.

To identify prenatal Hb trajectory groups, we selected
women with complete Hb assessments at the second and
third trimesters. We then used a group-based modeling
approach for longitudinal data using the Stata traj function to
identify distinct Hb trajectories during pregnancy.26 We have
outlined details of the statistical approach in Supplemental
Appendix 1. Briefly, each trajectory was statistically identi-
fied on the basis of the similarities of Hb changes over the
second and third trimesters considering the gestational age
at assessment. We used the Bayesian information criterion
to determine the optimal number of trajectory groups and
shape. After identifying distinct trajectories, we estimated
the posterior predicted probability for each woman to belong
to each trajectory, after which they were assigned to the
group to which they had the highest posterior probability.

We then used multiple linear regression models to establish
the associations between Hb trajectory groups and MPI and
TMC scores with adjustment for earlier-mentioned confoun-
ders. To ensure robustness of results, we performed sensitivity
analysis by further adjusting for common risk factors for pre-
natal anemia, i.e., malaria infection, helminth infection and
identification, and child’s cognitive/motor assessment.

RESULTS

Of 636 children eligible for cognitive assessment at 6 years,
158 (24.8%) were lost to follow-up. Of the remainder, we
excluded 5 from analyses due to severe neurological disorder
or fever (temperatures $37.5 C) during assessment (Figure 1).
As shown in Supplemental Table 1, maternal and child charac-
teristics were similar between those lost to follow-up between
the ages of 1 and 6 years and those assessed for neurocogni-
tive functions at 6 years, except for gravidity, where the pro-
portion of children lost to follow-up to primigravida mothers
(28.5%) was significantly higher than that of children retained
in the study 6 years after childbirth (15.1%). Thus, most
women of eligible children entered the MiPPAD study as multi-
gravida (85.2%) and during the second trimester (93.4%) of
pregnancy (Table 1). Table 1 describes the sociodemographic
characteristics of mother-child dyads. One-third of mothers
were administered SP during the MiPPAD trial. Mean (SD) ges-
tational age at first ANC was 21.8 (4.0) weeks. The prevalence
of AiP was highest at the first ANC (65.3%) and declined at
delivery to 37.9%. Likewise, the mean Hb was lowest at the
first ANC (104.5 g/L) and highest at delivery (112.2 g/L), as
shown in Supplemental Table 2.

Maternal anemia status at both ANCs and at delivery was
not associated with MPI score or TMC score (Table 2).
Whereas Hb concentrations at the first and second ANCs
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were crudely associated with MPI score (b 5 0.1, 95% CI:
0.0 to 0.2 for both), the association was no longer significant
after adjustment for confounders. Likewise, there were no
statistically significant quadratic relationships between pre-
natal Hb at any of the ANCs and offspring MPI scores or
TMC scores at 6 years (Table 2).

Through group-based trajectory modeling, we found three
distinct Hb trajectories from the second to third trimester, as
shown in Figure 2. After visual inspection, we labeled the
three trajectory groups as “persistently anemic” (anemic at
second trimester with minimal to no change by the third
trimester, representing 14.9% of women), “anemic to non-
anemic” (anemic at second trimester with increasing Hb
toward the third trimester to nonanemic levels, 76.3%),
and “persistently nonanemic” (never anemic from second
to third trimester, 8.8%). Participants’ individual trajectories
for the three groups are shown in Supplemental Figure 1.

Supplemental Table 3 shows the estimated mean Hb levels
in grams per liter for each of the groups at the second and
third trimesters. Supplemental Table 4 shows the relation-
ships between Hb trajectory groups and sociodemographic
characteristics of mother-child dyads. Overall, the persis-
tently nonanemic group had the highest family possession
score and HOME score. The anemic-to-nonanemic group
had the lowest proportion of employment and the lowest
family possession score.

Although the TMC scores of children of women in the
anemic-to-nonanemic group were significantly lower (b 5 22.8,
95% CI: 26.0 to 20.5) than those of children of women in
the persistently nonanemic group in the crude analysis, the
association attenuated and was no longer significant after
adjustment for confounders (Table 3). However, there was a
statistically significant relationship between Hb trajectory
groups and MPI scores, which remained significant after

Pregnant women recruited at 1st ANC 
visit into MiPPAD trial 

N = 1005 

Singleton births to pregnant women 
in MiPPAD trial 

N = 863 

64 women lost to follow-up by delivery 
78 women excluded for multiple 
pregnancies (n = 30), stillbirths (n = 40), 
abortions (n = 8) 

Children assessed for 
neurocognitive function at 1 year 

old 
N = 636

 

Children assessed for 
neurocognitive function at 6 years 

N = 478 

Children assessed for 
neurocognitive function at 6 years 

N = 473 

35 deaths by age 1 year 

192 lost to follow-up by age 1 year  

 

158 lost to follow-up by age 6 years 

5 children excluded  
 2 due to severe neurodisorder 
 1 due to genetic disorder  
 2 due to fever at assessment 

FIGURE 1. Flow chart of study participants’ follow-up. ANC 5 antenatal care; MiPPAD 5 Malaria in Pregnancy Preventive Alternative Drugs
(clinical trial).
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adjustment for confounders. Specifically, in the adjusted
model, children of women in the persistently anemic and
anemic-to-nonanemic groups had significantly lower MPI
scores than children of women in the persistently nonanemic
group (b 5 26.8, 95% CI: 211.7 to 21.8, and b 5 26.3,
95% CI: 210.4 to 22.2, respectively). The associations
remained statistically significant albeit attenuated after
adjustment for prenatal iron deficiency anemia status, malaria
status and helminth infection status at baseline, and neuro-
cognitive function scores of children at 1 year in a sensitivity
analysis (Table 3).

DISCUSSION

This study set out to investigate the relationship between Hb
trajectories of pregnant women and neurocognitive and motor
functions of children at 6 years of age. Using a trajectory-
based approach, we identified three distinct trajectory groups
when considering Hb changes from the second to third tri-
mester: persistently anemic, anemic to nonanemic, and per-
sistently nonanemic. We found that children of mothers in
both the anemic-to-nonanemic and persistently anemic tra-
jectory groups had worse cognitive function than those of
mothers in the persistently nonanemic group, although there
were no differences in motor proficiency between the Hb
trajectory groups. We also found no relationships, linear or
quadratic, between anemia or Hb at any of the ANCs and
long-term neurocognitive functions of the children. These
findings show that the observed inverted U-shaped relation-
ship between prenatal Hb at specific ANCs and infant gross
motor proficiency at 12 months14 was no longer present when

TABLE 1
Sociodemographic characteristics of mother-child

dyads, N 5 473

Characteristics Number (%)

Age at 1st ANC visit (years)* 26.4 (5.6)
Family possession score*† 5.6 (2.7)
Prepregnancy BMI (kg/m2)* 21.2 (3.2)
Gravidity

Primigravida 70 (14.8)
Multigravida 403 (85.2)

Education
Never schooled 322 (68.1)
Primary or more 151 (31.9)

Occupation
Housewives 246 (52.0)
Used 227 (48.0)

Gestational age at 1st ANC (weeks)* 21.9 (4.0)
1st trimester (0–13) 5 (1.1)
2nd trimester (14–27) 442 (93.4)
3rd trimester (28–43) 26 (5.5)

Hemoglobin genotype
AA 345 (72.9)
AS 97 (20.5)
AC 26 (5.5)
CC/SC/SS 5 (1.1)

Sex
Boy 233 (49.3)
Girl 240 (50.7)

HOME score,*† N 5 471 26.9 (2.3)
EPDS score,*† N 5 471 8.1 (4.0)
MiPPAD trial treatment

Mefloquine 322 (68.1)
Sulfadoxine-pyrimethamine 151 (31.9)

ANC 5 antenatal care; BMI5 body mass index; EPDS 5 Edinburgh Postnatal Depression
Scale; HOME 5 Home Observatory Measurement of the Environment; MiPPAD 5 Malaria in
Pregnancy Preventive Alternative Drugs (clinical trial).

* Displayed as mean (SD).
† N 5 471.

TABLE 2
Relationship between prenatal anemia/Hb concentration and child neurocognitive function and motor proficiency scores at 6 years

Anemia or Hb
Concentration

KABC-II MPI Score BOT-2 TMC Score

Crude b (95% CI) Adjusted b (95% CI)* Crude b (95% CI) Adjusted b (95% CI)*

Anemia
1st ANC visit

No anemia Reference Reference Reference Reference
Anemia 21.0 (23.3 to 1.3) 20.6 (22.8 to 1.7) 20.6 (22.4 to 1.1) 0.0 (21.6 to 1.7)

2nd ANC visit
No anemia Reference Reference Reference Reference
Anemia 21.1 (23.4 to 1.2) 20.7 (23.0 to 1.5) 0.1 (21.6 to 1.9) 0.7 (20.9 to 2.4)

Delivery
No anemia Reference Reference Reference Reference
Anemia 21.4 (23.7 to 0.9) 21.0 (23.4 to 1.3) 20.8 (22.6 to 0.9) 0.2 (21.5 to 1.8)

Hb concentration†

1st ANC visit 0.1 (0.0 to 0.2) 0.1 (20.0 to 0.2) 0.1 (20.0 to 0.1) 0.0 (20.0 to 0.1)
2nd ANC visit 0.1 (0.0 to 0.2) 0.1 (20.0 to 0.2) 0.0 (20.1 to 0.1) 20.0 (20.1 to 0.1)
Delivery 0.1 (20.0 to 0.1) 0.1 (20.0 to 0.1) 0.0 (20.0 to 0.1) 20.0 (20.1 to 0.1)

Hb concentration‡

1st ANC visit 3 3 1024

(25 3 1023 to 5 3 1023)
6 3 1024

(26 3 1023 to 4 3 1023)
2 3 1024

(24 3 1023 to 4 3 1023)
23 3 1024

(24 3 1023 to 3 3 1023)
2nd ANC visit 21 3 1023

(28 3 1023 to 5 3 1023)
22 3 1023

(29 3 1023 to 4 3 1023)
23 3 1024

(25 3 1023 to 5 3 1023)
24 3 1024

(25 3 1023 to 4 3 1023)
Delivery 2 3 1023

(21 3 1023 to 4 3 1023)
1 3 1023

(22 3 1023 to 4 3 1023)
26 3 1024

(23 3 1023 to 2 3 1023)
28 3 1024

(23 3 1023 to 1 3 1023)
ANC5 antenatal care; BOT-25 Bruininks-Oseretsky Test of Motor Proficiency Edition 2; Hb5 hemoglobin; HOME5 Home Observatory Measurement of the Environment; KABC-II5 Kaufman

Assessment Battery for Children, second edition; MPI5mental processing index; TMC5 total motor composite.
* Adjusted for maternal education, maternal occupation, gravidity, family possession score, postnatal depression, child sex, HOME score, and gestational age at Hb assessment.
† b refers to change in neurocognitive scores for 1-g/L increase in maternal Hb concentration.
‡ Values are for b (95% CI) of the squared/quadratic term for Hb.
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children were 6 years old. Further, there were no associations
between prenatal Hb or anemia at any ANC and neurodeve-
lopment at 6 years.

Several studies, including a meta-analysis, appear to sup-
port associations between prenatal Hb concentration and birth
outcomes and early child development by 24 months.7,27–31

However, the association between prenatal Hb and long-term
neurocognitive development beyond 2 years postpartum is
understudied. To our knowledge, the limited literature on long-
term neurodevelopmental or cognitive correlates of prenatal
Hb has emerged from high-income countries.10,32 One of
these found that a prenatal anemia diagnosis was associated
with increased odds of autism spectrum disorder between 6
and 29 years in a Swedish population.10 Another found Hb in
the ninth gestational month to be consistently associated with
poor academic performance and education achievement of
offspring from 14 to 31 years.32 In contrast, the only study
from SSA found no association between prenatal Hb or ane-
mia (at least once) and cognitive or motor functions at 5 years
in Uganda.33 This finding is consistent with the lack of associ-
ation we observed for Hb or anemia during specific ANCs and
cognitive or motor function in our sample.

The timing of Hb assessment during pregnancy may
account for inconsistent findings of associations between
prenatal Hb and maternal and child health outcomes.31,34

Thus, identifying and comparing outcomes by distinct Hb
trajectory groups may provide a better assessment of the
relationship between Hb during pregnancy and offspring
health. Of the three Hb trajectory groups, the persistently
anemic and anemic-to-nonanemic groups were both associ-
ated with poor offspring neurocognitive function at 6 years
of age in comparison with those in the persistently nonane-
mic group even after accounting for known risk factors of
anemia and child neurocognitive scores at 1 year. Although
the biochemical mechanism of prenatal Hb trajectory and
neurodevelopment is understudied, a structural neuroimag-
ing study of 2- to 3-year-old children in South Africa showed
significant linear relationships between prenatal Hb and cau-
date, right hemisphere, putamen left hemisphere, and cor-
pus callosum brain volumes.35

The present study takes advantage of an ongoing longitu-
dinal study with multiple biological assessments (including
Hb) during pregnancy and child neurocognitive assessments,
which is rare in SSA, a region that accounts for the highest
prevalence of prenatal anemia11 and the highest burden of
poor child cognitive function.1 Although about a quarter of
children were lost to follow-up between ages 1 and 6 years,
the characteristics of the children lost to follow-up did not
notably differ from those assessed at age 6 years. In addition,
we accounted for relevant confounding variables in the analy-
sis, including known risk factors of anemia and cognitive
function scores in sensitivity analysis. In this cohort, prevent-
able factors such as nutrient deficiencies (folic acid, iron, vita-
min B12) and parasitic infections (malaria and helminths)
were associated with anemia at the first ANC when they were
newly recruited in the clinical trial.36 However, during the trial,
only iron and folic acid deficiencies were associated with an
increased risk of anemia at the second ANC after intermittent
preventive malaria and anthelminthic treatments.36,37

The present study has limitations. Although we identified
distinct Hb trajectories in this sample, they were limited to
the second and third trimesters of pregnancy. The Hb in the
first trimester was missing for most women because the first
ANC for most women in this region was later, given that the
inclusion criteria of the parent study, MiPPAD, permitted
women of gestational age of 29 weeks or less to participate.
Also, the three group-based trajectories of Hb from the sec-
ond to the third trimester identified in this study may be limited
to the size of the study sample. Thus, minor possible trajecto-
ries that may have not been detected in this Beninese cohort
may be visible in a study with a larger sample size. Since
MiPPAD was a clinical trial, pregnant women were carefully

FIGURE 2. Hemoglobin (Hb) concentration trajectories of pregnant
women (95% CI) from the second to third trimester. The y axis shows
gestational age in weeks estimated by trajectory models. Values
represent the mean Hb concentrations at delivery for each trajec-
tory group. This figure appears in color at www.ajtmh.org.

TABLE 3
Relationship between Hb trajectories from second to third trimester and child neurocognitive development scores at 6 years*

Hb Trajectory Classes

KABC-II MPI Score BOT-2 TMC Score

Model I Model II Model III Model I Model II Model III

Persistently anemic 27.9
(212.9 to 22.9)

26.8
(211.7 to 21.8)

26.0
(211.0 to 21.0)

22.5
(26.4 to 1.3)

21.9
(25.4 to 1.6)

22.1
(25.6 to 1.3)

Anemic to nonanemic 28.0
(212.2 to 23.8)

26.3
(210.4 to 22.2)

25.8
(210.0 to 21.6)

22.8
(26.0 to 20.5)

21.9
(24.8 to 1.0)

22.0
(24.9 to 0.9)

Persistently nonanemic Reference Reference Reference Reference Reference Reference
BOT-25 Bruininks-Oseretsky Test of Motor Proficiency Edition 2; Hb5 hemoglobin; HOME5 Home Observatory Measurement of the Environment; KABC-II5 Kaufman Assessment Battery for

Children, second edition; MiPPAD5Malaria in Pregnancy Preventive Alternative Drugs (clinical trial); MPI5mental processing index; TMC5 total motor composite.
* All values are presented as regression coefficient (95% CI). Model I 5 crude/unadjusted model. Model II 5 adjusted model, i.e., model I adjusted for maternal education, maternal occupation,

gravidity, family possession score, postnatal depression, child sex, HOME score, and gestational age at Hb assessment. Model III 5 sensitivity model, i.e., model II further adjusted for iron
deficiency status, malaria status and helminth infection status at baseline, MiPPAD clinical trial treatment, and neurocognitive function scores at 1 year (for KABC-II mental processing index score)
or child motor score at 1 year (for BOT-2 total motor composite score).
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monitored, including at least three ANCs, and provided iron
supplementation, preventative treatment for malaria, and treat-
ment for helminths. These interventions may have improved
maternal health and subsequently child health beyond what is
available for most women and may explain the small propor-
tion of women in the persistently anemic group. Further, the
absence of Hb assessment at the first trimester limits the
appreciation of the starting Hb of pregnant women in each of
the three trajectories.

This study does not confirm the hypothesis that the
inverted U-shaped relationship between prenatal Hb at spe-
cific ANCs and offspring neurocognitive development at
1 year persists in late childhood. However, the study shows
that maintaining an Hb above 110 g/L between the second
and third trimesters may be associated with long-term neu-
rocognitive function in offspring.
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