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Methods

This is an observational cohort study of female and male children (
223,950) born to women (=4,200) with and without pregnancy
complications (pregnancy-induced hypertension, foetal growth
restriction, and premature birth) previously recruited into PREgnancy
Care Integrating Translational Science, Everywhere study with detailed
biological data collected in intrapartum and post-partum periods.
Children will be assessed at six weeks to 6 months, 11-13 months, 23-
25 months and 35-37 months in rural and semi-urban Gambia
(Farafenni, Illiasa, and Ngayen Sanjal) and Kenya (Mariakani and
Rabai). We will assess children's neurodevelopment using Prechtls
General Movement Assessment, the Malawi Development Assessment
Tool (primary outcome), Observation of Maternal-Child Interaction, the
Neurodevelopmental Disorder Screening Tool, and the Epilepsy
Screening tool. Children screening positive will be assessed with
Cardiff cards (vision), Modified Checklist for Autism in Toddlers
Revised, and Pediatric Quality of Life Inventory Family Impact. We will
use multivariate logistic regression analysis to investigate the impact
of pregnancy complications on neurodevelopment and conduct
structural equation modelling using latent class growth to study
trajectories and relationships between biological, environmental, and
psychosocial factors on child development.

Conclusions

We aim to provide information regarding the neurodevelopment of
infants and children born to women with and without pregnancy
complications at multiple time points during the first three years of
life in two low-resource African communities. A detailed evaluation of
developmental trajectories and their predictors will provide
information on the most strategic points of intervention to prevent
and reduce the incidence of neurodevelopmental impairments.

Keywords
Maternal health, child health, neurodevelopment, early child
development, global health, pregnancy complications

2. Matthew Bluett-Duncan =, The University

of Manchester, Manchester, UK

Any reports and responses or comments on the

article can be found at the end of the article.
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1147834 Amendments from Version 1

We have updated the paper now changing the term “placental
complications” to “pregnancy complications”, defined as
Pregnancy Induced Hypertension, Fetal Growth Restriction
and/or Preterm birth. We have also added a dedicated section
in the paper under “Assessment of Risk Factors” that details the
data collection methods for all risk factors. We have also added a
section describing methods of gaining information on maternal
medication, caregiver socio-economic status, intake of folic acid
during pregnancy as well as breastfeeding status. We have also
incorporated additional information in the fourth paragraph of
the background section highlighting the association between
placental complications and neurological conditions such as
epilepsy.

Any further responses from the reviewers can be found at
the end of the article

Background

Over the past decades, there has been significant pressure to
improve maternal and neonatal health, leading to improvements
in both neonatal and maternal mortality'~. Despite these gains,
many children, especially in low- and middle-income coun-
tries (LMICs), are now surviving but not thriving*. Several
studies have focussed on the links between stunting, poverty,
and poor child developmental outcomes®™®; however, many
other factors (particularly those linked to maternal health,
pregnancy, and birth) may also play a significant role in the
developmental outcomes of children living in LMICs.

Pregnancy complications such as pregnancy-induced hyper-
tension (PIH), foetal growth restriction (FGR), and/or pre-
term birth (PTB) are potentially life-threatening and may have
long-term impacts on the mother and child’~'>. These preg-
nancy complications (PIH, FGR, and PTB) are interrelated'*-".
While outcome studies of the long-term effects of pregnancy
complications in children in LMICs are sparse, evidence
from high-income countries (HICs) shows that these com-
plications are associated with adverse neurodevelopmental
and behavioural outcomes'**2.

Brand et al, 2020 followed a Swedish cohort of children
whose mothers had PIH and found that the offspring of these
mothers had significantly lower cognitive scores, as well as
a higher incidence of autism spectrum disorders and intel-
lectual disability”. Behavioural problems are also reported in
children whose mothers had PIH at a 2-year follow-up®”. A
systematic review of 38 studies in FGR reported that children
with FGR born <35 weeks of gestation had cognitive impair-
ment, behavioural problems, vision and hearing impairment
compared with children without FGR*. Several studies in
HICs have shown the poor neurodevelopmental outcome in
PTBZS?ZS.

Although pregnancy complications are linked to adverse neu-
rodevelopmental and neurological outcomes, which may include
cerebral palsy, global developmental delay, and epilepsy, how-
ever, children survive without significant impairment. The
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difference in outcome may be due to the interaction between bio-
logical and environmental influences during prenatal and post-
natal periods. Researchers have highlighted how biological®,
environmental”, and psychosocial factors™***" impact child
development. Additionally, studies have shown sex differences
among offspring of women with pregnancy complications. For
instance, Limperopoulos et al, 2008 and Ldpez-Hernandez
et al., 2021 found that male preterm babies have poorer neu-
rocognitive outcomes than their female counterparts®”.
Therefore, a child’s birth outcomes (e.g., preterm birth) in the
presence of other key risk factors (e.g., maternal health, birth
complications, insufficient stimulation) is likely to affect

developmental outcomes across the lifespan®'.

However, there is much less information regarding factors in
pregnancy that may influence child development—particularly
in low-resource settings. The sparsity of long-term neurode-
velopmental follow-up of babies from pregnancy complica-
tions is due to the difficulty in identifying phenotyped cohorts
of women early in the gestational period and the lack of clear,
detailed information (including biological data on the mother’s
health) throughout these pregnancies in settings where antena-
tal care and documentation of that care, may be more limited.
Furthermore, long-term neurodevelopmental follow-up of chil-
dren is challenging due to the expense of bringing families
regularly back to clinics for detailed standardised testing.

This lack of data makes it hard to estimate the extent to which
pregnancy complications affect child neurodevelopment. It
is imperative to bridge this data gap in settings such as sub-
Saharan Africa, where there may be higher rates of pregnancy
complications and environmental risks than HICs leading to
poorer prognosis of children with neurodevelopmental
difficulties and impairments.

PRECISE-DYAD neurodevelopmental substudy

This neurodevelopmental substudy sits within the more
extensive PREgnancy Care Integrating Translational Science,
Everywhere (PRECISE)-DYAD observational cohort study,
which seeks to provide an epidemiological and mechanistic
understanding of maternal and infant health and development
in relation to in-utero disease pathways in sub-Saharan African
settings”. The PRECISE-DYAD Network members are listed in
Table 1.

Aims and objectives
This substudy aims to understand the pathway and extent of
any impact of in-utero disease on infant neurodevelopment in
The Gambia and Kenya.

Specifically, we aim first to quantify the impact of pregnancy
complications on the likelihood of having a moderate to severe
neurodevelopmental disability, a visual impairment, and/or epi-
lepsy at the age of 2 to 3 years. Second, we aim to understand
the relationship between pregnancy complications and neu-
rodevelopmental outcomes at each time point, but also longitu-
dinally, across multiple developmental domains including fine
and gross motor, language, and social-emotional development.
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Table 1. The PRECISE-DYAD network.

In-country teams

THE GAMBIA: Medical Research Council Unit
The Gambia at the London School of Hygiene
and Tropical Medicine, Fajara

KENYA: Aga Khan University, Nairobi

MOZAMBIQUE : Centro de Investigacdo em
Saude de Manhica, Manhica
Central co-ordinating team

Department of Women and Children’s Health,
School of Life Course Sciences, Faculty of Life
Sciences and Medicine, King's College London

Co-Investigator team
Midlands State University, Zimbabwe
Kings College London

London School of Hygiene and Tropical
Medicine

St George's, University of London

University of British Columbia

Imperial College London

University of Liverpool/Liverpool School of
Tropical Medicine

C-Squared Development

Members

Umberto D'Alessandro, Anna Roca, Hawanatu Jah, Andrew Prentice,
Melisa Martinez-Alvarez, Brahima Diallo, Abdul Sesey, Sambou Suso,
Fatima Touray, Modou F.S. Ndure, Gibril Gabbidon, Yahaya Idris,
Baboucarr Njie, Fatoumata Kongira, Lawrence Gibba, Abdoulie Bah and
Yorro Bah.

Marleen Temmerman, Angela Koech, Patricia Okiro, Geoffrey Omuse,
Grace Mwashigadi, Joseph Mutunga, Isaac Mwaniki, Moses Mukhanya,
Onesmus Wanje, Marvin Ochieng, Amina Abubakar, Agnes Mutua
Esperanca Sevene, Corssino Tchavana, Salesio Macuacua, Anifa Vala,

Helena Boene, Lazaro Quimice, Sonia Maculuve, Ana Ilda Biza, Jovito
Nunes and Charfudin Sacoor

Peter von Dadelszen, Laura A. Magee, Rachel Craik, Hiten D. Mistry,
Marie-Laure Volvert, Anne Rerimoi, Giulia Ghillia, Thomas Mendy

Prestige Tatenda Makanga, Liberty Makacha, Reason Mlambo
Lucilla Poston, Rachel Tribe, Sophie Moore, Tatiana Taylor Salisbury

Hannah Blencowe, Veronique Filippi, Joy Lawn, Jaya Chandna, Joseph
Waiswa

Asma Khalil

Marianne Vidler, Jing (Larry) Li, Jeff Bone, Mai-Lei (Maggie) Woo
Kinshella, Domena Tu, Akshdeep Sandhu, Kelly Pickerill

Ben Barratt

Melissa Gladstone, Dorcas Magai

Chris Clarke

Our third objective is to understand the biological mecha-
nisms that underpin the relationship between intrauterine and
early postnatal risk factors and neurodevelopmental outcomes.
The fourth objective is to explore whether environmental expo-
sures modify neurodevelopmental outcomes (e.g., air and water)
by assessing co-exposures such as nutrition, quality of care,
social-economic status, maternal education, maternal depres-
sion, family care indicators, adversity measures in the home
during pregnancy and perinatal period.

Understanding pregnancy complications and the associated
outcomes and mechanisms through which these associations
occur is critical for research, clinical practice, and policy,
especially in sub-Saharan Africa, to inform the optimisation
of maternal and child health care and enable children to
survive and thrive.

Theoretical framework
According to the recently released Lancet series on optimis-
ing children and adolescents’ health, a child’s birth outcomes

(e.g., preterm birth) in the presence of other key risk factors
(e.g., maternal health, birth complications, insufficient stimu-
lation) will likely affect developmental outcomes across the
lifespan*'. We developed our framework based on this con-
cept - where the interaction of biological, environmental, and
psychosocial factors will affect child development (Figure 1).
Pregnancy complications (PIH, FGR, PTB) are associated
with biological factors (maternal physical health, perinatal
complications, child’s malnutrition, sex). These may also fur-
ther interact with environmental factors (air quality, water
sanitation and hygiene, and exposure to tobacco) as well as
psychosocial factors (quality of maternal care, maternal mental
health, maternal functioning, child stimulation, socioeconomic
status, and home environment), which may then influence
child developmental outcomes (fine motor, gross motor, social,
emotional, and physical) and risk for impairment (neurodevel-
opmental and vision impairment, and epilepsy). Furthermore,
pregnancy complications are associated with psychosocial
factors such as depressive and anxiety symptoms®, which
may influence child development.
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Factors
Maternal Malnutrition
Quality Maternal Care

Infant Factors
Infant Nutrition

Neonatal Complications -Acute Illness/Chronic lliness

OUTCOME
Poor Child
Neurodevelopment (ages

EXPOSURE

Pregnancy Complications
Pregnancy Induced Hypertension
Fetal Growth Restriction
Preterm Birth

Maternal Factors
Maternal Malnutrition

0-3years)

Neurodevelopmental

Environment

WASH, Air Quality, Tobacco Exposure
Poverty

Socio-economic status

Family

Parental Education, Age, Home Environment

Maternal-Child Interaction Domains
Maternal Functioning
Maternal Mental Health Overall
Maternal Medication Neurodevelopment
Motor
Language
MACRO and MICROSYSTEMS Social

Neurodevelopmental
Impairment

Epilepsy

Vision

Pregnancy Delivery O

Figure 1. Neurodevelopmental outcomes in children of mothers with pregnancy complications - a conceptual framework.

Note: WASH- Water Sanitation and Hygiene.

Protocol

Study design

This is an observational study of a cohort of women
(=4,200) and their male and female children (=3,950) in The
Gambia and Kenya. The participants were previously recruited
into the PRECISE study*’ at any time of their pregnancy, and
they will be followed up for three years. It is estimated that the
prevalence of PIH, FGR and PTB in sub-Saharan Africa is
8%", 16.5%"* and 12%%, respectively. Compared with a con-
trol group, a large effect size (0.7) was observed in neurocogni-
tive delay in children whose mothers had PIH*. Small effect
sizes were observed in cognition (0.3) in FGRY. A large effect
size was observed in cognition (0.7), while small effect sizes
were observed in motor (0.4) in PTB'°. We computed the sample
sizes needed in each group based on these effect sizes. Using
G*power 3.1 software calculations®, at least 50 participants
in the PIH group, 250 in FGR and 150 participants in the PTB
are required to give a power of 95% (alpha = .05) to detect
significant differences between these groups and a control.
Therefore, a sample size of at least 300 participants for each
group (a total of at least 900 cases and 900 age-matched con-
trols) will be considered adequate based on the recommended
sample size for SEM considering a 10% loss to follow-up
of the original sample. The consent process, confidentiality,
community engagement, and ethical approval details are
described elsewhere™.

Research setting
As described below, we will conduct this study across our
two linked sites.

The Gambia: The study is at the MRC Unit The Gambia
at the London School of Hygiene and Tropical Medicine
(MRCG at LSHTM). Field research will occur at the Maternal
Newborn Child and Adolescent Health Clinic in Farafenni
(urban primary health centre (PHC)), associated rural PHCs in
[lliasa and Ngayen Sanjal and the Farafenni General Hospital.

Kenya: The study is based at Aga Khan University, Nairobi.
The field research will be conducted in peri-urban Mariakani
Subcounty Hospital and rural Rabai Subcounty Hospital.

Data collection procedures

Data will be collected from mothers and infants across four-
time points to provide information on children’s neurodevel-
opmental trajectories visit 1 (6 weeks to 6 months) visit 2
(11-13 months), visit 3 (23-25 months), and visit 4 (35-37
months). These assessments are on-going and are administered
at each visit as summarised in Figure 2. We outline the
different assessments conducted across these visits below:

Malawi Developmental Assessment Tool (MDAT) (Visit 1,
2, 3, and 4). The primary outcome measure is the MDAT",
which has been used in several LMICs. The MDAT has 157
items (these are age-related items, so only a subset of these
items is asked, depending on the child’s age) that measure four
different domains; gross motor, fine motor, language, and social.
The MDAT gives a total developmental score and individual
domain scores for the four domains. Three of the four domains
are assessed by direct observation of the child, and the
fourth domain (social) is a questionnaire administered to the
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VISIT FOUR
35-37 months

VISIT ONE VISIT TWO
6 weeks -6 months 11-13 months
CONSTRUCTS ALLCHILDREN ALLCHILDREN
Overall Develop . iDeray . g 3 B
Score (cognition, fine A Tool Assessment Tool

motor, gross motor,
language, and social)

Neurodevelopmental
Disorders

Epilepsy

Home Environment and
interactions

Family Care Indicators Tool

Observed Mother Child
Interaction Tool

Mother-child interaction

Prechtls General Movement

Higher neurological
( of A (12-16 weeks)

absent or abnormal
movements)

Malawi Developmental If child screens
Assessment Tool positive on MDAT
or NDST

MCHAT-R (Autism)

Neurodevelopmental

PedsQL lity of
Screening Tool eesntinialitye

life)

Cardiff Acuity and
contrast (Vision)

If child screens
positive on
Epilepsy Screening
tool

Epilepsy Screening Tool

Epilepsy History
Questionnaire

Family Care Indicators
Tool

Figure 2. Data collection process. Note: MDAT- Malawi Developmental Assessment Tool, NDST- Neurodevelopmental Screening Tool,
MCHAT-R -Modified Checklist for Autism in Toddlers Revised, PedsQL Pediatric Quality of Life Inventory Family Impact Module.

caregiver. Assessors fluent in the local language and familiar
with the cultural context underwent virtual and in-person
training and standardisation procedure. The tool has been
used across cultures in LMICS and has good psychometric
properties (reliability with kappa >0.4 in most items; and
excellent diagnostic accuracy - specificity = 82% and
sensitivity = 97%)".

Since the MDAT was originally developed in Malawi (with
almost a similar context to Kenya and The Gambia), almost all
the items were retained for both sites. We made a few changes
in the Gambia; for example, mothers were asked if children
used sand instead of clay to make toys. This is because clay
is not common as the area is situated in the Sahel zone, and
sand is most common.

Prechtls General Movement Assessment (Visit 1). Infants
whose general movements are absent or abnormal are at
higher risk of neurological conditions, particularly cerebral
palsy. The General Movements Assessment is used to iden-
tify absent or abnormal general movements, and depending on
the type of general movements, the abnormality can be highly
predictive of cerebral palsy by about 3 months of age™.

The assessment will be done on children between 12 to 16
weeks after birth and consists of recording a short video of
the baby’s spontaneous movements. General movements are
assessed with the infant awake and lying on their back while
they are calm and alert. The infant should not have toys or

pacifiers; parents could be watching nearby but not interacting
with their baby. The baby is videoed for 3-5 minutes, and
the assessment is scored from the video. The tool has excellent
diagnostic accuracy (sensitivity = 97%; specificity = 89%)”'.

Observervation of Mother-Child Interaction (OMCI) (Visit 1,
3, and 4). Maternal-child interaction is measured by the OMCI
tool”. The OMCI tool is a simple rating scale that is measured
at the time of assessment by a trained local culturally embed-
ded observer. It measures the following: maternal sensitivity,
acceptance and responding, scaffolding, language stimulation
and mutual enjoyment, which are assessed during a short
interaction. The tool includes scoring based on observations
such as the mother touching the child or helping the child build
on their learning, smiling, and interacting with the mother.
In visit 1 the caregiver is offered a few toys (rattle, ball,
book, and doll) and is instructed to play with their child for
3 minutes as they would at home. In visit 3 the caregiver is
offered only a book and is instructed to play with the child for
5 minutes. The scoring is based on a 5-point Likert scale (never,
very few, sometimes, 5 or more times). This tool has high
inter-observer reliability (r = 0.85)* and has been used in
other LMICS settings™.

Given the size of the study and the number of sites, we were
keen to video OMCI assessments to ensure the reliability of
scoring. However, the assessment team noted that video record-
ing did not provide a natural environment for the mother and
the child to interact as they would at home. The cameras made
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the mothers uncomfortable, affecting how they interacted with
their children. Therefore, the video recording was stopped to
provide a comfortable environment for maternal and child
interaction, which instead was done by direct observation
with well-trained assessors. To enhance the accuracy of the
mother-child ratings, every 10" dyad assessment was jointly
evaluated by a senior research officer and a research officer.
They compared their scores and discussed any discrepancies
to ensure high inter-rater reliability.

Additionally, the assessors noted that at visit 3 (23-25 months),
the presence of more than one stimulus (book, ball, doll,
rattle, and toy car) for play confused the mother and the child. It
was decided that only one stimulus (a book) would be used as it
worked better for the mothers and their children. Therefore,
the dyad was presented with only one play item as an option.

Neurodevelopmental Disorder Screening Tool (NDST) (Visit
3 and 4). The NDST* is a 39 question screening tool for vari-
ous neurodevelopmental disorders (NDDs). NDDs are dis-
abilities associated primarily with the neurological system
and brain functioning. NDDs screened by the NDST include
the following: intellectual disability (ID), communication
disorders, autism spectrum disorder (ASD), attention-deficit/
hyperactivity disorder (ADHD) and neurodevelopmental motor
disorders. Other neurological impairments that are assessed
using NDST include visual impairment, hearing impairment,
and epilepsy. The tool has been used in Kenya and has excellent
diagnostic accuracy (specificity = 82.8%; sensitivity = 87.8%)>.

Epilepsy Screening Tool (Visit 3 and 4). The epilepsy screen-
ing tool is a 10-item questionnaire administered to caregiv-
ers to report if their child shows any signs of epilepsy. The
caregiver responds with a “YES” or a “NO”. If a caregiver answers
NO to the first four questions, the rest are not asked, as the
latter six questions are asked further to understand the types of
seizures in a child. If a child screens positive, they receive an
additional set of questions from the Epilepsy History
Questionnaire, a 70-item tool designed to assess further and
classify the type of epilepsy in patients who experienced
epileptic seizures in the past™.

For visits 3 and 4, if a child is screened positive (meeting a
requirement for further testing) on either the NDST or MDAT,
they receive the following additional tests:

Modified Checklist for Autism in Toddlers Revised (M-CHAT-R)
(Visit 3 and 4). M-CHAT-R is a 20-item checklist used to
screen for autism in toddlers aged 18-30 months®. It is a par-
ent report-based ASD screening tool to improve the early detec-
tion of ASD in the general population. The tool has excellent
psychometric properties (sensitivity = 0.97; specificity = 0.95).
Children who score NO on all items except 2, 5, and 12 and
those who score YES on items 2, 5, and 12 screen positive at
risk of ASD.

Pediatric Quality of Life Inventory™ (PedsQL™) Fam-
ily Impact Module (Visit 3 and 4). The (PedsQL™)” is a
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36-item questionnaire that assesses the child’s home environ-
ment and interactions that the child has with other members
of the household, for example, playtime and language devel-
opment. The first questions ask about the child’s environment
and the objects the child can learn and play with (for exam-
ple, toys and books). The last questions ask about the activi-
ties members of the household carried out with the child in the
past three days. This tool has excellent psychometric properties
(00> 0.97)".

Cardiff Tests (visit 3 and 4). We used the Cardiff acuity cards
to measure the ability of a child to distinguish details of and
object at a given distance and the Cardiff contrast sensitiv-
ity cards to measure the ability of the child to detect objects not
clearly defined from the background. The principle of the tests
is that of preferential looking®. In the Cardiff Tests, each target
is positioned either at the top or bottom of the card. If the tar-
get is visible, the child will look towards it, and the examiner,
watching the child’s eye movements, can judge the position
of the target from those eye movements. These Cardiff cards
have been used in LMICS such as Kenya®' and Malawi®.

Assessment of risk factors

For the following risk factors, we will obtain data from PRE-
CISE study® and other sub-studies within PRECISE-DYAD™.
Here, we provide a brief overview of the data collection
methods. Detailed information about these sub-studies is
available in the PRECISE-DYAD protocol .

Demographics: We collected information on child’s sex,
maternal education, and maternal age

Socio-economic status: The caregivers’ socio-economic status
was assessed using the Grameen Progress out of Poverty
Index®, a tool that can quantify the share of program partici-
pants living below the poverty line, assess the performance
of the intervention among the poor, and track poverty levels
over time.

Maternal and child nutrition: The mothers provided informa-
tion on the different foods they consume at home and the types
of diet they follow for their children. Questionnaire-based
data were collected on breastfeeding practices, including
the age of cessation of exclusive breastfeeding and types of
weaning foods given. Mothers were also asked whether their
babies were breastfeeding. Additionally, comprehensive data
on dietary intake and nutritional status was collected on both
mothers and their infants. For women, this included question-
naire-based data on food security and dietary diversity and
physical measures of weight, height and mid-upper arm circum-
ference (MUAC). Biological samples have also been collected
and biobanked for future analyses of biomarkers of micro-
nutrient status, including iron, folate, iodine, and vitamins
A, D and BI12. For infants, this included questionnaire-
based data on infant feeding practices and dietary intake and
measures of weight, length, MUAC and head circumference
at 6 weeks to 6 months, 12 months, 24 months and 36 months
of age.
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Maternal medication: Mothers were asked if they were
taking any medication for blood pressure, diabetes, thyroid
supplements, anti-seizure medication, antiretroviral, antibiotics,
or aspirin during pregnancy.

Quality maternal Care: The quality of care was assessed using
a questionnaire in which mothers reported their experiences
at the facility during delivery, after delivery, during admis-
sion, and after discharge. The mothers were also asked if
they experienced any form of disrespect during delivery and
about the care their children received postdelivery.

Maternal mental health: The Generalised Anxiety Disorder 7
(GAD-7)* was used to assess the mothers’ feelings of nervous-
ness, worry, lack of control, inability to relax, restlessness, and
irritability. The tool assesses the participants’ feelings about
nervousness, worries, anxiousness, loss of control, inability to
relax, restlessness, and irritability. The responses are measured
on a 4-point Likert scale.

Patient Health Questionnaire-9 (PHQ-9). The PHQ-9 is a
depression module based on the Diagnostic Systematic Manual
criteria and assesses participants’ mental health in the previous
two weeks®. The mothers responded to questions regarding
their mental wellbeing by rating them from O to 3, based on how
accurately the statements reflect their current situation.

Posttraumatic stress disorder checklist-civilian version (PCL-C).
The PCL-C is a 17 item self-report measure that assesses
the 20 diagnostic systematic manual (DSM-5) symptoms
of PTSD. The mothers were asked to rate how well the statements
reflected their well-being over the past month.

Maternal functioning: This was assessed using the WHO
Disability ~Assessment Schedule (WHODAS). WHODAS
was designed as a general measure to assess health, function-
ing, and disability. The tool measures 6 domains of function,
including cognition, mobility, self-care, getting along, life
activities, and participation®.

Information on sanitation, hygiene (WASH), and air qual-
ity: In households where women consented to participate,
water samples were collected to assess bacterial contamina-
tion, alongside a comprehensive questionnaire focusing on
the home’s water WASH. The questionnaire covered aspects
such as drinking water, availability of toilet facilities, and
hand-washing experiences. Data on air quality were collected
through personal and fixed environmental measurements,
aiming to quantify the primary sources of sources of ambient
and residential air pollution.

Tobacco exposure: Mothers are asked if they used any tobacco
products. This includes the type of tobacco use, duration,
and frequency of use.

Home environment: The family indicator questionnaire was
used to assess the child’s home environment and interactions
with other household members, such as playtime and language
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development. The first questions ask about the child’s envi-
ronment and the objects the child has access to learn and
play with (for example, toys and books). The last questions
ask about the activities members of the household carried out
with the child in the past three days.

Neonatal complications: Obstetric history was captured using
27 questions centered on labour (e.g duration of labour) and
delivery events (e.g mode of delivery). Additionally, postde-
livery maternal and baby’s health were documented in the
PRECISE study®.

Adaptation of assessments

Although some of the tools used in this study (e.g., MDAT and
NDST) were developed in LMICs, most were developed in
HICs and adapted to suit the cultural differences in these two
LMICs. All tools were forward and back translated to ensure
accuracy. During training, the team also suggested areas on the
neurodevelopmental questionnaires that needed to be revised
or worded differently to bring out the meaning as intended.

Training activities

The teams in both sites were trained to conduct the neurode-
velopmental assessments in two phases. Due to COVID-19-
related travel restrictions, the first phase involved online training
for the neurodevelopmental assessments for visits 1 and 2.
This training involved four participants (two in each site) who
were trained and certified to train the other assessors. The
training was conducted in eight sessions and lasted for four
days. The trainers were experts in child development (child
psychologist and a  neurodevelopmental  paediatrician).
After completing the training and before certification, the train-
ees practised and took videos of how they did the assessments
and scored the MDAT tool. The trainers scored these videos,
and it was only after certification that the trainees were able
to train the rest of the team. The main trainers supervised these
trainings sessions. The second phase of training was in-person.
Psychologist experts in child development conducted this train-
ing. The team was trained on the neurodevelopmental assess-
ments for visits 3 and 4. The training was first done in The
Gambia and then in Kenya.

Quality control

In this study, quality control measures will be implemented
throughout the data process. Three main methods to ensure
quality checks during the assessments are used, including:

o Observation/shadowing: The existing MDAT assess-
ment team invites the newly trained team to observe
the NeuroDev assessment for at least one month before
being certified to conduct the assessments.

o Inter-rater assessments and Double scoring: For each
site, the supervisors complete double scoring for at
least one in every 20 NeuroDev assessments to ensure
an inter-rater agreement between the assessors.

O Monthly meetings: These regularly monthly virtual
meetings ensure that the psychologist expert supports
both teams in any challenges encountered during the
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assessments. Clarifications about any questions arising
from the neurodevelopmental assessments and field
activities are discussed and clarified.

o Maintaining standardisation of items

Throughout the assessments, the team maintained standardi-
sation of items in both sites. Whenever a toy was replaced
(when damaged), the team ensured that the item met the
standards and measurements as needed across all the sites.

Data analysis plans

We will conduct and present descriptive statistics about
the cohort. We will check for multicollinearity between the
independent variables by comparing the pairwise correlation
coefficients. Covariates with a correlation of less than 0.5
will be used in subsequent models and analyses. For the first
general objective, we will compare the trajectories of MDAT
across the four assessments between the exposed and unex-
posed groups using growth curve modelling taking into account
the effects of sex. Specifically, we will use latent class growth
analysis (LCGA) using structural equation modelling. For the
second objective, we will use multivariate logistic regression
analysis to investigate the impact of pregnancy complications
on neurodevelopmental outcomes across the four domains.
At this stage, we will consider all the potential covariates
(independent variables) that might influence the outcome.
These will include variables that we know may influence child
development, such as sex, socioeconomic status, maternal
education and family care indicators (stimulation in the home).

For objectives 3 and 4 we will also use structural equation
modelling to understand the relationships between biologi-
cal, environmental, and psychosocial factors on child devel-
opment at age 3. Specifically, path analysis will be used to
examine the hypothesised relationship and estimate the
significance and magnitude of the hypothesised causal
relationship.

Ethics and dissemination

Approval for the PRECISE-DYAD study was obtained from
King’s College London (Ref HR-20/21-19714), The Gambia
Government/MRC Joint Ethics Committee (Ref 22843), Aga
Khan University, Nairobi Institutional Ethics Review Commit-
tee (Ref 2021/IERC-08), The National Commission for Science,
Technology, and Innovation (license no. NACOSTI/P/22/18706)
and University of British Columbia (Ref H20-02769).
Participants gave written informed consent to take part in the
study. The detailed ethical consideration of this study is
highlighted elsewhere*’.

Impact of COVID-19 on assessments

Most of the research activities were slowed down during the
COVID-19 pandemic. First, travel restrictions made in-person
training impossible. Therefore, the trainings during the first
and second visits were done online. Second, adherence
to COVID standards, e.g., social distancing, meant that only
a few participants could be recruited and assessed, which
slowed down the project.
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Discussion

This cohort of mother-child dyads with and without preg-
nancy complications across two African countries presents a
unique opportunity to further understand neurodevelopment
in the first three years of life. Studies with detailed informa-
tion about antenatal and perinatal periods are sparse, par-
ticularly in mothers with pregnancy complications. The
PRECISE-DYAD neurodevelopment substudy presents an
opportunity to understand the impact of pregnancy complica-
tions on neurodevelopment whilst also considering the many
factors that are known to put children at risk for poor out-
comes, e.g., nutrition, maternal and family psychosocial factors,
sociodemographic and environmental influences.

This rich dataset, which uses measures appropriate for the con-
text, is critical to understanding the underpinning of neurode-
velopment, particularly in the first three years of life. This
substudy offers the opportunity to collect data across multiple
time points to understand developmental trajectories, allowing
for further understanding of the infant’s brain during this period
of rapid development.

As the Sustainable Development Goals(SDG) shift focus from
solely survival to surviving and thriving, this study will pro-
vide important information beyond the perinatal period to
longer terms outcomes of children, inclusive of screening for
neurodevelopmental disabilities for which there is very little
literature.

Study status

The PRECISE-DYAD Neurodevelopmental sub study started
in July 2021, but data analysis has not yet been performed.
This study will continue until July 2024. The neurodevelop-
mental assessments at visits 1, 2, 3, and 4 are still ongoing in
Kenya. In The Gambia, the visits 1 and 2 have been completed,
while follow-ups for visits 3, and 4 are ongoing. However,
before the end of field activities in December 2023 in The
Gambia, there will be a subset of children born to PRECISE
participants who had recently become pregnant and delivered a
second or third time who will be followed.

Data availability
No data are associated with this article.

Author contributions
Dorcas N. Magai and Jaya Chandna have shared first
authorship, while Amina Abubakar and Melissa Gladstone have
shared senior authorship.

Acknowledgements

We are thankful for the support from our research and clini-
cal colleagues in the research sites, and to the national and
regional ministries and departments of health. We are also
grateful to the women and children who have participated in the
study, whom without their co-operation this research would
not be possible.

Page 10 of 21



References

Wellcome Open Research 2024, 8:508 Last updated: 09 AUG 2024

20.

21.

Salam RA, Mansoor T, Mallick D, et al.: Essential childbirth and postnatal
interventions for improved maternal and neonatal health. Reprod Health.
2014; 11 Suppl 1(Suppl 1): S3.

PubMed Abstract | Publisher Full Text | Free Full Text

World Health Organization: Every newborn: an action plan to end
preventable deaths. World Health Organization: Geneva, 2014.
Reference Source

World Health Organization: Improving maternal and newborn health and
survival and reducing stillbirth - Progress report 2023. WHO: Geneva, 2023.
Reference Source

Olusanya BO, Kancherla V, Shaheen A, et al.: Global and regional prevalence
of disabilities among children and adolescents: analysis of findings from
global health databases. Front Public Health. 2022; 10: 977453.

PubMed Abstract | Publisher Full Text | Free Full Text

Olusanya BO, Wright SM, Nair MKC, et al.: Global burden of childhood
epilepsy, intellectual disability, and sensory impairments. Pediatrics. 2020;
146(1): €20192623.

PubMed Abstract | Publisher Full Text | Free Full Text

Roos LL, Wall-Wieler E, Lee |B: Poverty and early childhood outcomes.
Pediatrics. 2019; 143(6): e20183426.
PubMed Abstract | Publisher Full Text

Saleem J, Zakar R, Bukhari GM|, et al.: Developmental delay and its predictors
among children under five years of age with uncomplicated severe acute
malnutrition: a cross-sectional study in rural Pakistan. BVIC Public Health.
2021; 21(1): 1397.

PubMed Abstract | Publisher Full Text | Free Full Text

Victora CG, Hartwig FP, Vidaletti LP, et al.: Effects of early-life poverty on
health and human capital in children and adolescents: analyses of

national surveys and birth cohort studies in LMICs. Lancet. 2022; 399(10336):

1741-52.
PubMed Abstract | Publisher Full Text | Free Full Text

Almerie Y, Almerie MQ, Matar HE, et al.: Obstetric near-miss and maternal
mortality in maternity university hospital, Damascus, Syria: a
retrospective study. BMC Pregnancy Childbirth. 2010; 10(1): 65.

PubMed Abstract | Publisher Full Text | Free Full Text

Neiger R: Long-term effects of pregnancy complications on maternal
health: a review. / Clin Med. 2017; 6(8): 76.

PubMed Abstract | Publisher Full Text | Free Full Text

Panaitescu AM, Popescu MR, Ciobanu AM, et al.: Pregnancy complications
can foreshadow future disease—Long-term outcomes of a complicated
pregnancy. Medicina (Kaunas). 2021; 57(12): 1320.

PubMed Abstract | Publisher Full Text | Free Full Text

Turbeville HR, Sasser JM: Preeclampsia beyond pregnancy: long-term
consequences for mother and child. Am J Physiol Renal Physiol. 2020; 318(6):
F1315-F1326.

PubMed Abstract | Publisher Full Text | Free Full Text

Gemechu KS, Assefa N, Mengistie B: Prevalence of hypertensive disorders
of pregnancy and pregnancy outcomes in Sub-Saharan Africa: a
systematic review and meta-analysis. Womens Health (Lond). 2020; 16:
1745506520973105.

PubMed Abstract | Publisher Full Text | Free Full Text

Grant ID, Giussani DA, Aiken CE: Blood pressure and hypertensive disorders
of pregnancy at high altitude: a systematic review and meta-analysis. Am /
Obstet Gynecol MFM. 2021; 3(5): 100400.

PubMed Abstract | Publisher Full Text

Zhu YC, Lin L, Li BY, et al.: Incidence and clinical features of Fetal Growth
Restriction in 4 451 women with hypertensive disorders of pregnancy.
Maternal-Fetal Medicine. 2020; 2(4): 207-210.

Publisher Full Text

Allotey J, Zamora J, Cheong-See F, et al.: Cognitive, motor, behavioural and
academic performances of children born preterm: a meta-analysis and
systematic review involving 64 061 children. B/OG. 2018; 125(1): 16-25.
PubMed Abstract | Publisher Full Text

Linsell L, Malouf R, Morris J, et al.: Prognostic factors for poor cognitive
development in children born very preterm or with Very Low Birth Weight:
a systematic review. JAMA Pediatr. 2015; 169(12): 1162-72.

PubMed Abstract | Publisher Full Text | Free Full Text

Nuss EE, Spiegelman J, Turitz AL, et al.: Childhood neurodevelopment after
spontaneous versus indicated preterm birth. Am J Obstet Gynecol MFM. 2020;
2(2): 100082.

PubMed Abstract | Publisher Full Text

Palatnik A, Mele L, Casey BM, et al.: Association between hypertensive
disorders of pregnancy and long-term neurodevelopmental outcomes in
the offspring. Am J Perinatol. 2022; 39(9): 921-929.

PubMed Abstract | Publisher Full Text | Free Full Text

Warshafsky C, Pudwell , Walker M, et al.: Prospective assessment of
neurodevelopment in children following a pregnancy complicated by
severe pre-eclampsia. BV/ Open. 2016; 6(7): e010884.

PubMed Abstract | Publisher Full Text | Free Full Text

You J, Shamsi BH, Hao MC, et al.: A study on the neurodevelopment

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

outcomes of late preterm infants. BMC Neurol. 2019; 19(1): 108.
PubMed Abstract | Publisher Full Text | Free Full Text

Zwertbroek EF, Franssen MTM, Broekhuijsen K, et al.: Neonatal developmental
and behavioral outcomes of immediate delivery versus expectant
monitoring in mild hypertensive disorders of pregnancy: 2-year outcomes
of the HYPITAT-II trial. Am J Obstet Gynecol. 2019; 221(2): 154.e1-154.e11.
PubMed Abstract | Publisher Full Text

Brand JS, Lawlor DA, Larsson H, et al.: Association between Hypertensive
Disorders of Pregnancy and neurodevelopmental outcomes among
offspring. JAMA Pediatr. 2021; 175(6): 577-85.

PubMed Abstract | Publisher Full Text | Free Full Text

Murray E, Fernandes M, Fazel M, et al.: Differential effect of intrauterine
growth restriction on childhood neurodevelopment: a systematic review.
BJOG. 2015; 122(8): 1062-72.

PubMed Abstract | Publisher Full Text

Limperopoulos C, Bassan H, Sullivan NR, et al.: Positive screening for autism
in ex-preterm infants: prevalence and risk factors. Pediatrics. 2008; 121(4):
758-65.

PubMed Abstract | Publisher Full Text | Free Full Text

Roescher AM, Timmer A, Hitzert MM, et al.: Placental pathology and
neurological morbidity in preterm infants during the first two weeks after
birth. Early Hum Dev. 2014; 90(1): 21-5.

PubMed Abstract | Publisher Full Text

Rovira N, Alarcon A, Iriondo M, et al.: Impact of histological chorioamnionitis,
funisitis and clinical chorioamnionitis on neurodevelopmental outcome of
preterm infants. Early Hum Dev. 2011; 87(4): 253-7.

PubMed Abstract | Publisher Full Text

Suppiej A, Franzoi M, Vedovato S, et al.: Neurodevelopmental outcome in
preterm histological chorioamnionitis. Early Hum Dev. 2009; 85(3): 187-9.
PubMed Abstract | Publisher Full Text

Lépez-Hernandez AM, Padilla-Mufioz EM, Duque-Sénchez C, et al.: Influence of
perinatal complications on the development of a sample of 36-month-old
premature infants. Infant Behav Dev. 2021; 62: 101507.

PubMed Abstract | Publisher Full Text

Rizzo TA, Ogata ES, Dooley SL, et al.: Perinatal complications and cognitive
development in 2- to 5-year-old children of diabetic mothers. Am J Obstet
Gynecol. 1994; 171(3): 706-13.

PubMed Abstract | Publisher Full Text

Shats M, Fenchel D, Katz G, et al.: Obstetric, neonatal and child development
outcomes following assisted hatching treatment: a retrospective cohort
study. Gynecol Endocrinol. 2021; 37(1): 41-5.

PubMed Abstract | Publisher Full Text

Veena SR, Gale CR, Krishnaveni GV, et al.: Association between maternal
nutritional status in pregnancy and offspring cognitive function during
childhood and adolescence; a systematic review. BMC Pregnancy Childbirth.
2016; 16: 220.

PubMed Abstract | Publisher Full Text | Free Full Text

Delgado CF, Ullery MA, Jordan M, et al.: Lead exposure and developmental
disabilities in preschool-aged children. / Public Health Manag Pract. 2018;
24(2): e10-e7.

PubMed Abstract | Publisher Full Text

Ahun MN, Aboud FE, Aryeetey R, et al.: Child development in rural Ghana:
associations between cognitive/language milestones and indicators of
nutrition and stimulation of children under two years of age. Can J Public
Health. 2018; 108(5-6): e578-85.

PubMed Abstract | Publisher Full Text | Free Full Text

Bradley RH, Corwyn RF: Socioeconomic status and child development. Annu
Rev Psychol. 2002; 53: 371-99.
PubMed Abstract | Publisher Full Text

Cook N, Ayers S, Horsch A: Maternal posttraumatic stress disorder during
the perinatal period and child outcomes: a systematic review. J Affect Disord.
2018; 225: 18-31.

PubMed Abstract | Publisher Full Text

Orta OR, Gelaye B, Bain PA, et al.: The association between maternal cortisol
and depression during pregnancy, a systematic review. Arch Womens Ment
Health. 2018; 21(1): 43-53.

PubMed Abstract | Publisher Full Text | Free Full Text

Ramiro-Cortijo D, de la Calle M, Benitez V, et al.: Maternal psychological and
biological factors associated to gestational complications. J Pers Med. 2021;
11(3): 183.

PubMed Abstract | Publisher Full Text | Free Full Text

Robinson EL, StGeorge J, Freeman EE: A systematic review of father-child
play interactions and the impacts on child development. Children (Basel).
2021; 8(5): 389.

PubMed Abstract | Publisher Full Text | Free Full Text

Rogers A, Obst S, Teague SJ, et al.: Association between maternal perinatal
depression and anxiety and child and adolescent development: a meta-
analysis. JAMA Pediatr. 2020; 174(11): 1082-92.

PubMed Abstract | Publisher Full Text | Free Full Text

Vaivada T, Lassi ZS, Irfan O, et al.: What can work and how? an overview of

Page 11 of 21


http://www.ncbi.nlm.nih.gov/pubmed/25177795
http://dx.doi.org/10.1186/1742-4755-11-S1-S3
http://www.ncbi.nlm.nih.gov/pmc/articles/4145857
https://www.who.int/publications/i/item/9789241507448
https://www.who.int/publications/i/item/9789240073678
http://www.ncbi.nlm.nih.gov/pubmed/36249226
http://dx.doi.org/10.3389/fpubh.2022.977453
http://www.ncbi.nlm.nih.gov/pmc/articles/9554924
http://www.ncbi.nlm.nih.gov/pubmed/32554521
http://dx.doi.org/10.1542/peds.2019-2623
http://www.ncbi.nlm.nih.gov/pmc/articles/7613313
http://www.ncbi.nlm.nih.gov/pubmed/31110161
http://dx.doi.org/10.1542/peds.2018-3426
http://www.ncbi.nlm.nih.gov/pubmed/34266406
http://dx.doi.org/10.1186/s12889-021-11445-w
http://www.ncbi.nlm.nih.gov/pmc/articles/8281691
http://www.ncbi.nlm.nih.gov/pubmed/35489358
http://dx.doi.org/10.1016/S0140-6736(21)02716-1
http://www.ncbi.nlm.nih.gov/pmc/articles/9061872
http://www.ncbi.nlm.nih.gov/pubmed/20959012
http://dx.doi.org/10.1186/1471-2393-10-65
http://www.ncbi.nlm.nih.gov/pmc/articles/2973846
http://www.ncbi.nlm.nih.gov/pubmed/28749442
http://dx.doi.org/10.3390/jcm6080076
http://www.ncbi.nlm.nih.gov/pmc/articles/5575578
http://www.ncbi.nlm.nih.gov/pubmed/34946265
http://dx.doi.org/10.3390/medicina57121320
http://www.ncbi.nlm.nih.gov/pmc/articles/8704070
http://www.ncbi.nlm.nih.gov/pubmed/32249616
http://dx.doi.org/10.1152/ajprenal.00071.2020
http://www.ncbi.nlm.nih.gov/pmc/articles/7311709
http://www.ncbi.nlm.nih.gov/pubmed/33334273
http://dx.doi.org/10.1177/1745506520973105
http://www.ncbi.nlm.nih.gov/pmc/articles/7750906
http://www.ncbi.nlm.nih.gov/pubmed/34023533
http://dx.doi.org/10.1016/j.ajogmf.2021.100400
http://dx.doi.org/10.1097/FM9.0000000000000062
http://www.ncbi.nlm.nih.gov/pubmed/29024294
http://dx.doi.org/10.1111/1471-0528.14832
http://www.ncbi.nlm.nih.gov/pubmed/26457641
http://dx.doi.org/10.1001/jamapediatrics.2015.2175
http://www.ncbi.nlm.nih.gov/pmc/articles/5122448
http://www.ncbi.nlm.nih.gov/pubmed/33345968
http://dx.doi.org/10.1016/j.ajogmf.2019.100082
http://www.ncbi.nlm.nih.gov/pubmed/34753185
http://dx.doi.org/10.1055/a-1692-0659
http://www.ncbi.nlm.nih.gov/pmc/articles/9081295
http://www.ncbi.nlm.nih.gov/pubmed/27388354
http://dx.doi.org/10.1136/bmjopen-2015-010884
http://www.ncbi.nlm.nih.gov/pmc/articles/4947739
http://www.ncbi.nlm.nih.gov/pubmed/31146703
http://dx.doi.org/10.1186/s12883-019-1336-0
http://www.ncbi.nlm.nih.gov/pmc/articles/6542031
http://www.ncbi.nlm.nih.gov/pubmed/30940558
http://dx.doi.org/10.1016/j.ajog.2019.03.024
http://www.ncbi.nlm.nih.gov/pubmed/33749704
http://dx.doi.org/10.1001/jamapediatrics.2020.6856
http://www.ncbi.nlm.nih.gov/pmc/articles/7985818
http://www.ncbi.nlm.nih.gov/pubmed/25990812
http://dx.doi.org/10.1111/1471-0528.13435
http://www.ncbi.nlm.nih.gov/pubmed/18381541
http://dx.doi.org/10.1542/peds.2007-2158
http://www.ncbi.nlm.nih.gov/pmc/articles/2703587
http://www.ncbi.nlm.nih.gov/pubmed/24331826
http://dx.doi.org/10.1016/j.earlhumdev.2013.11.004
http://www.ncbi.nlm.nih.gov/pubmed/21354722
http://dx.doi.org/10.1016/j.earlhumdev.2011.01.024
http://www.ncbi.nlm.nih.gov/pubmed/18996654
http://dx.doi.org/10.1016/j.earlhumdev.2008.09.410
http://www.ncbi.nlm.nih.gov/pubmed/33271470
http://dx.doi.org/10.1016/j.infbeh.2020.101507
http://www.ncbi.nlm.nih.gov/pubmed/8092219
http://dx.doi.org/10.1016/0002-9378(94)90086-8
http://www.ncbi.nlm.nih.gov/pubmed/32338095
http://dx.doi.org/10.1080/09513590.2020.1756248
http://www.ncbi.nlm.nih.gov/pubmed/27520466
http://dx.doi.org/10.1186/s12884-016-1011-z
http://www.ncbi.nlm.nih.gov/pmc/articles/4982007
http://www.ncbi.nlm.nih.gov/pubmed/28257404
http://dx.doi.org/10.1097/PHH.0000000000000556
http://www.ncbi.nlm.nih.gov/pubmed/29356667
http://dx.doi.org/10.17269/cjph.108.5875
http://www.ncbi.nlm.nih.gov/pmc/articles/6972364
http://www.ncbi.nlm.nih.gov/pubmed/11752490
http://dx.doi.org/10.1146/annurev.psych.53.100901.135233
http://www.ncbi.nlm.nih.gov/pubmed/28777972
http://dx.doi.org/10.1016/j.jad.2017.07.045
http://www.ncbi.nlm.nih.gov/pubmed/28942465
http://dx.doi.org/10.1007/s00737-017-0777-y
http://www.ncbi.nlm.nih.gov/pmc/articles/5764810
http://www.ncbi.nlm.nih.gov/pubmed/33807903
http://dx.doi.org/10.3390/jpm11030183
http://www.ncbi.nlm.nih.gov/pmc/articles/8000308
http://www.ncbi.nlm.nih.gov/pubmed/34068176
http://dx.doi.org/10.3390/children8050389
http://www.ncbi.nlm.nih.gov/pmc/articles/8153002
http://www.ncbi.nlm.nih.gov/pubmed/32926075
http://dx.doi.org/10.1001/jamapediatrics.2020.2910
http://www.ncbi.nlm.nih.gov/pmc/articles/7490743

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

evidence-based interventions and delivery strategies to support health
and human development from before conception to 20 years. Lancet. 2022;
399(10337): 1810-29.

PubMed Abstract | Publisher Full Text

Craik R, Volvert M, Koech A, et al.: The PRECISE-DYAD protocol: linking
maternal and infant health trajectories in sub-Saharan Africa [version 1;
peer review: awaiting peer review]. Wellcome Open Res. 2022; 7(281): 281.
Publisher Full Text

von Dadelszen P, Flint-O'Kane M, Poston L, et al.: The PRECISE (PREgnancy
Care Integrating translational Science, Everywhere) network's first
protocol: deep phenotyping in three sub-Saharan African countries. Reprod
Health. 2020; 17(Suppl 1): 51.

PubMed Abstract | Publisher Full Text | Free Full Text

Lee AC, Kozuki N, Cousens S, et al.: Estimates of burden and consequences of
infants born small for gestational age in low and middle income countries
with INTERGROWTH-21+ standard: analysis of CHERG datasets. BMJ. 2017;
358: 3677.

PubMed Abstract | Publisher Full Text | Free Full Text

Chawanpaiboon S, Vogel JP, Moller AB, et al.: Global, regional, and national
estimates of levels of preterm birth in 2014: a systematic review and
modelling analysis. Lancet Glob Health. 2019; 7(1): e37-e46.

PubMed Abstract | Publisher Full Text | Free Full Text

Spinillo A, Iasci A, Capuzzo E, et al.: Two-year infant neurodevelopmental
outcome after expectant management and indicated preterm delivery
in hypertensive pregnancies. Acta Obstet Gynecol Scand. 1994; 73(8): 625-9.
PubMed Abstract | Publisher Full Text

Sacchi C, Marino C, Nosarti C, et al.: Association of intrauterine growth
restriction and small for gestational age status with childhood cognitive
outcomes: a systematic review and meta-analysis. JAVA Pediatr. 2020;
174(8): 772-81.

PubMed Abstract | Publisher Full Text | Free Full Text

Faul F, Erdfelder E, Buchner A, et al.: Statistical power analyses using
G*Power 3.1: tests for correlation and regression analyses. Behav Res
Methods. 2009; 41(4): 1149-60.

PubMed Abstract | Publisher Full Text

Gladstone M, Lancaster GA, Umar E, et al.: The Malawi Developmental
Assessment Tool (MDAT): the creation, validation, and reliability of a tool
to assess child development in rural African settings. PLoS Med. 2010; 7(5):
€1000273.

PubMed Abstract | Publisher Full Text | Free Full Text

Einspieler C, Prechtl HF: Prechtl’s assessment of general movements: a
diagnostic tool for the functional assessment of the young nervous
system. Ment Retard Dev Disabil Res Rev. 2005; 11(1): 61-7.

PubMed Abstract | Publisher Full Text

Kwong AKL, Fitzgerald TL, Doyle LW, et al.: Predictive validity of spontaneous
early infant movement for later cerebral palsy: a systematic review. Dev
Med Child Neurol. 2018; 60(5): 480-9.

PubMed Abstract | Publisher Full Text

Yousafzai AK, Rasheed MA, Rizvi A, et al.: Effect of integrated responsive
stimulation and nutrition interventions in the Lady Health Worker
programme in Pakistan on child development, growth, and health
outcomes: a cluster-randomised factorial effectiveness trial. Lancet. 2014;
384(9950): 1282-93.

PubMed Abstract | Publisher Full Text

Rasheed MA, Yousafzai AK: The development and reliability of an
observational tool for assessing mother-child interactions in field studies-
experience from Pakistan. Child Care Health Dev. 2015; 41(6): 1161-71.
PubMed Abstract | Publisher Full Text

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Wellcome Open Research 2024, 8:508 Last updated: 09 AUG 2024

Silberberg D, Arora N, Bhutani V, et al.: Neuro-developmental disorders in
India - from epidemiology to Public Policy (I10-1.006). Neurology. 2014; 82(10
Supplement): 110-1.006.

Publisher Full Text

Bitta MA, Kipkemoi P, Kariuki SM, et al.: Validity and reliability of

the Neurodevelopmental Screening Tool (NDST) in screening for
neurodevelopmental disorders in children living in rural Kenyan coast
[version 1; peer review: 2 approved]. Wellcome Open Res. 2021; 6: 137.
PubMed Abstract | Publisher Full Text | Free Full Text

Kariuki SM, Ngugi AK, Kombe MZ, et al.: Prevalence and mortality of
epilepsies with convulsive and non-convulsive seizures in Kilifi, Kenya.
Seizure. 2021; 89: 51-5.

PubMed Abstract | Publisher Full Text | Free Full Text

Kleinman JM, Robins DL, Ventola PE, et al.: The modified checklist for autism
in toddlers: a follow-up study investigating the early detection of autism
spectrum disorders. / Autism Dev Disord. 2008; 38(5): 827-39.

PubMed Abstract | Publisher Full Text | Free Full Text

Robins DL, Fein D, Barton ML, et al.: The modified checklist for autism in
toddlers: an initial study investigating the early detection of autism and
pervasive developmental disorders. / Autism Dev Disord. 2001; 31(2): 131-44.
PubMed Abstract | Publisher Full Text

Varni JW, Sherman SA, Burwinkle TM, et al.: The PedsQL™ family impact
module: preliminary reliability and validity. Health Qual Life Outcomes. 2004;
2:55.

PubMed Abstract | Publisher Full Text | Free Full Text

Fariza E, Kronheim J, Medina A, et al.: Testing visual acuity of children using
vanishing optotypes. Jon J Ophthalmol. 1990; 34(3): 314-9.
PubMed Abstract

Carvalho M, Vinayak S, Ochieng R, et al.: Implementation of the
INTERGROWTH-21* Project in Kenya. B/OG. 2013; 120 Suppl 2: 105-10, v.
PubMed Abstract | Publisher Full Text

Beare NAV, Southern C, Kayira K, et al.: Visual outcomes in children in Malawi
following retinopathy of severe malaria. Br / Ophthalmol. 2004; 88(3): 321-4.
PubMed Abstract | Publisher Full Text | Free Full Text

Craik R, Russell D, Tribe RM, et al.: PRECISE pregnancy cohort: challenges
and strategies in setting up a biorepository in sub-Saharan Africa. Reprod
Health. 2020; 17(Suppl 1): 54.

PubMed Abstract | Publisher Full Text | Free Full Text

Alkire S, Santos ME: Measuring acute poverty in the developing world:
robustness and scope of the Multidimensional Poverty Index. World Dev.
2014; 59: 251-274.

Publisher Full Text

Spitzer RL, Kroenke K, Williams JB, et al.: A brief measure for assessing
Generalized Anxiety Disorder: the GAD-7. Arch Intern Med. 2006; 166(10):
1092-7.

PubMed Abstract | Publisher Full Text

Kroenke K, Spitzer RL, Williams JBW: The PHQ-9: validity of a brief depression
severity measure. / Gen Intern Med. 2001; 16(9): 606-613.
PubMed Abstract | Publisher Full Text | Free Full Text

Blevins CA, Weathers FW, Davis MT, et al.: The Posttraumatic Stress Disorder
Checklist for DSM-5 (PCL-5): development and initial psychometric
evaluation. J Trauma Stress. 2015; 28(6): 489-98.

PubMed Abstract | Publisher Full Text

Ustiin TB, Kostanjsek N, Chatterji S, et al.: Measuring health and disability:
manual for WHO disability assessment schedule WHODAS 2.0. World Health
Organization, 2010.

Reference Source

Page 12 of 21


http://www.ncbi.nlm.nih.gov/pubmed/35489360
http://dx.doi.org/10.1016/S0140-6736(21)02725-2
http://dx.doi.org/10.12688/wellcomeopenres.18465.1
http://www.ncbi.nlm.nih.gov/pubmed/32354357
http://dx.doi.org/10.1186/s12978-020-0872-9
http://www.ncbi.nlm.nih.gov/pmc/articles/7191688
http://www.ncbi.nlm.nih.gov/pubmed/28819030
http://dx.doi.org/10.1136/bmj.j3677
http://www.ncbi.nlm.nih.gov/pmc/articles/5558898
http://www.ncbi.nlm.nih.gov/pubmed/30389451
http://dx.doi.org/10.1016/S2214-109X(18)30451-0
http://www.ncbi.nlm.nih.gov/pmc/articles/6293055
http://www.ncbi.nlm.nih.gov/pubmed/7941986
http://dx.doi.org/10.3109/00016349409013455
http://www.ncbi.nlm.nih.gov/pubmed/32453414
http://dx.doi.org/10.1001/jamapediatrics.2020.1097
http://www.ncbi.nlm.nih.gov/pmc/articles/7251506
http://www.ncbi.nlm.nih.gov/pubmed/19897823
http://dx.doi.org/10.3758/BRM.41.4.1149
http://www.ncbi.nlm.nih.gov/pubmed/20520849
http://dx.doi.org/10.1371/journal.pmed.1000273
http://www.ncbi.nlm.nih.gov/pmc/articles/2876049
http://www.ncbi.nlm.nih.gov/pubmed/15856440
http://dx.doi.org/10.1002/mrdd.20051
http://www.ncbi.nlm.nih.gov/pubmed/29468662
http://dx.doi.org/10.1111/dmcn.13697
http://www.ncbi.nlm.nih.gov/pubmed/24947106
http://dx.doi.org/10.1016/S0140-6736(14)60455-4
http://www.ncbi.nlm.nih.gov/pubmed/26350208
http://dx.doi.org/10.1111/cch.12287
http://dx.doi.org/10.1212/WNL.82.10_supplement.I10-1.006
http://www.ncbi.nlm.nih.gov/pubmed/34676305
http://dx.doi.org/10.12688/wellcomeopenres.16765.1
http://www.ncbi.nlm.nih.gov/pmc/articles/8503789
http://www.ncbi.nlm.nih.gov/pubmed/34000517
http://dx.doi.org/10.1016/j.seizure.2021.04.028
http://www.ncbi.nlm.nih.gov/pmc/articles/7611274
http://www.ncbi.nlm.nih.gov/pubmed/17882539
http://dx.doi.org/10.1007/s10803-007-0450-9
http://www.ncbi.nlm.nih.gov/pmc/articles/3612529
http://www.ncbi.nlm.nih.gov/pubmed/11450812
http://dx.doi.org/10.1023/a:1010738829569
http://www.ncbi.nlm.nih.gov/pubmed/15450120
http://dx.doi.org/10.1186/1477-7525-2-55
http://www.ncbi.nlm.nih.gov/pmc/articles/521692
http://www.ncbi.nlm.nih.gov/pubmed/2079775
http://www.ncbi.nlm.nih.gov/pubmed/23680016
http://dx.doi.org/10.1111/1471-0528.12045
http://www.ncbi.nlm.nih.gov/pubmed/14977760
http://dx.doi.org/10.1136/bjo.2003.025924
http://www.ncbi.nlm.nih.gov/pmc/articles/1772055
http://www.ncbi.nlm.nih.gov/pubmed/32354368
http://dx.doi.org/10.1186/s12978-020-0874-7
http://www.ncbi.nlm.nih.gov/pmc/articles/7191687
http://dx.doi.org/10.1016/j.worlddev.2014.01.026
http://www.ncbi.nlm.nih.gov/pubmed/16717171
http://dx.doi.org/10.1001/archinte.166.10.1092
http://www.ncbi.nlm.nih.gov/pubmed/11556941
http://dx.doi.org/10.1046/j.1525-1497.2001.016009606.x
http://www.ncbi.nlm.nih.gov/pmc/articles/1495268
http://www.ncbi.nlm.nih.gov/pubmed/26606250
http://dx.doi.org/10.1002/jts.22059
https://www.who.int/standards/classifications/international-classification-of-functioning-disability-and-health/who-disability-assessment-schedule

Wellcome Open Research Wellcome Open Research 2024, 8:508 Last updated: 09 AUG 2024

Open Peer Review

Current Peer Review Status: ¢

Reviewer Report 09 August 2024

https://doi.org/10.21956/wellcomeopenres.25204.r92166

© 2024 Bluett-Duncan M. This is an open access peer review report distributed under the terms of the Creative
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

v

Matthew Bluett-Duncan
The University of Manchester, Manchester, England, UK

I am grateful for the authors' considered responses to my feedback and have no further concerns
regarding this manuscript.

Competing Interests: No competing interests were disclosed.
Reviewer Expertise: Developmental Psychology, Teratology, Pregnancy Pharmacovigilance.

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard.

Reviewer Report 09 August 2024

https://doi.org/10.21956/wellcomeopenres.25204.r92167

© 2024 Meador K. This is an open access peer review report distributed under the terms of the Creative
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

v

Kimford Meador
Stanford University School of Medicine, Palo Alto, CA,, USA

The revision addresses all my concerns. I fully approve the manuscript.
Kimford | Meador, MD

Competing Interests: Dr. Meador has received research support from the National Institutes of
Health, Veterans Administration, and Eisai, Inc; and the Epilepsy Study Consortium pays Dr.
Meador’s university for his research on the HEP project and consultant time related to Eisai,

Page 13 of 21


https://doi.org/10.21956/wellcomeopenres.25204.r92166
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0002-7539-6746
https://doi.org/10.21956/wellcomeopenres.25204.r92167
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

Wellcome Open Research Wellcome Open Research 2024, 8:508 Last updated: 09 AUG 2024

UCB Pharma, and Xenon.

Reviewer Expertise: Behavioral neurology, epilepsy, and neurodevelopmental effects of
antiseizure medications and other factors

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard.

Reviewer Report 13 May 2024

https://doi.org/10.21956/wellcomeopenres.21809.r80149

© 2024 Bluett-Duncan M. This is an open access peer review report distributed under the terms of the Creative
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

v

Matthew Bluett-Duncan
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This study addresses an important gap in our understanding of the antenatal factors that may
influence infant neurodevelopment in low- and middle-income countries (LMICs). The authors
correctly highlight that while there have been huge improvements in reducing neonatal and
maternal morbidity in LMIC settings, there is still a long way to go to understand and improve the
long-term neurodevelopmental outcomes that have a significant impact on an individual's quality
of life. This study aims to begin to address this gap by recruiting and following-up a large sample
of pregnant women and their children in two resource constrained settings. Importantly, the
study will consider the interaction between antenatal and postnatal factors and their association
with a variety of neurodevelopmental outcomes across the first 3 years of life. The results from
this study are likely to provide key insights into those children who are at higher risk of
neurodevelopmental impairments and to identify key opportunities for early intervention to
ameliorate these effects.

The authors set out a clear framework and evidence base from which their protocol has been
developed. Consideration has been given to the sample size and the study appears to be
adequately powered to answer the research questions posed. The protocol itself provides a good
level of detail regarding the study processes, including an overview of the assessment tools
utilised and how they have been/will be adapted for use in these specific contexts. It is clear that
considerable consideration has been given to which tools are appropriate for use in these settings
and what adaptations are required to ensure that data collected are reliable and valid.

I only have some minor suggestions/concerns:
o The phrasing of the second sentence of the abstract "the impact of prenatal factors then
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influenced by postnatal environmental factors..." is not very clear. Maybe something
along the lines of "prenatal factors and their interaction with postnatal environmental
factors..." would be better.

> In the third paragraph of the background section the sentence "lower cognitive scores,
autism, and intellectual disability" reads as if autism and ID were lower in children of
mothers with PIH, which I assume isn't what is intended?

o In aims and objectives, the inclusion of Epilepsy as a condition to study seems to come out
of the blue. While I agree it is an important disorder to include, it may be helpful to include
some justification as to why it is included specifically.

> Although it is clarified later on, it was not immediately clear to me how Aim 2 is distinct from
Aim 1. It may be helpful to clarify further at this point.

For the observed mother-chid interaction the authors state that due to concerns regarding
the validity of the data when using cameras to film the assessments they instead chose to
rate the interactions in the moment. In my experience, rating these interactions takes quite
a bit of time and requires re-watching the interactions multiple times as part of the process
and so I am a little concerned about the quality of these ratings done during the
assessment. It may be that this specific rating scale is more simple than the scales I have
experience with and my concern is unfounded. However, I think it would be helpful to
further clarify how the team have ensured that these ratings are valid and reliable beyond
the statement that the assessors were "well-trained".

o Iwas also a bit unclear as to whether the follow-up element of the study was already
ongoing or not. I recognise that this is clarified at the very end of the protocol but it may be
helpful to have a comment earlier on in the document stating this very briefly.

Overall, I believe this is a well-designed study addressing an important and under-researched area
that will be of huge benefit pregnant women, their children, and their healthcare professionals.

Is the rationale for, and objectives of, the study clearly described?
Yes

Is the study design appropriate for the research question?
Yes

Are sufficient details of the methods provided to allow replication by others?
Yes

Are the datasets clearly presented in a useable and accessible format?
Not applicable

Competing Interests: No competing interests were disclosed.
Reviewer Expertise: Developmental Psychology, Teratology, Pregnancy Pharmacovigilance.

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard.
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Melissa Gladstone

Q1: The phrasing of the second sentence of the abstract "the impact of prenatal
factors then influenced by postnatal environmental factors..." is not very clear. Maybe
something along the lines of "prenatal factors and their interaction with postnatal
environmental factors..." would be better.

Response: We acknowledge the reviewer's suggestion to enhance the clarity of this
paragraph. We have now revised the sentence to read: “The impact of prenatal factors and
their interplay with postnatal environmental factors....”

Q2: In the third paragraph of the background section the sentence "lower cognitive
scores, autism, and intellectual disability" reads as if autism and ID were lower in
children of mothers with PIH, which I assume isn't what is intended?

Response: We thank the reviewer for bringing this to our attention. We have addressed this
concern by refining the sentence as follows: ....Jlower cognitive scores, as well as a higher
incidence of autism spectrum disorders and intellectual disability.

Q3: In aims and objectives, the inclusion of Epilepsy as a condition to study seems to
come out of the blue. While I agree it is an important disorder to include, it may be
helpful to include some justification as to why it is included specifically.

Response: We thank the reviewer for his valuable feedback. In response to this concern, we
have now incorporated additional information in the fourth paragraph of the background
section highlighting the association between placental complications and neurological
conditions such as epilepsy as indicated below: Although pregnancy complications are linked
to adverse neurodevelopmental and neurological outcomes, which may include cerebral palsy,
global developmental delay, and epilepsy, however, children survive without significant
impairment.

Q4: Although it is clarified later on, it was not immediately clear to me how Aim 2 is
distinct from Aim 1. It may be helpful to clarify further at this point.

Response: We have addressed this concern by revising the aims and objectives sections as
follows: Specifically, we aim first to quantify the impact of pregnancy complications on the
likelihood of having a moderate to severe neurodevelopmental disability, a visual impairment,
and/or epilepsy) at the age of 2-3 years. Secondly, we aim to understand the relationship
between pregnancy complications and neurodevelopmental outcomes at each time point and
longitudinally across multiple developmental domains, including gross and fine motor
development, language development, and social-emotional development.

Q5: For the observed mother-child interaction the authors state that due to concerns
regarding the validity of the data when using cameras to film the assessments they
instead chose to rate the interactions in the moment. In my experience, rating these
interactions takes quite a bit of time and requires re-watching the interactions
multiple times as part of the process and so I am a little concerned about the quality
of these ratings done during the assessment. It may be that this specific rating scale is
more simple than the scales I have experience with and my concern is unfounded.
However, I think it would be helpful to further clarify how the team have ensured that
these ratings are valid and reliable beyond the statement that the assessors were
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"well-trained".

Response: We thank the reviewer for the insightful comment. We agree that rating mother-
child interaction can be time-consuming and may require scrutiny to ensure accuracy. In
response to the reviewer's query, we incorporated measures to address these concerns. To
ensure the quality and reliability of our ratings, we employed a thorough process involving
double scoring for every 10t assessment. Specifically, a senior research officer and the
assigned research officer jointly rated the mother-child interaction and compared their
scores. Any discrepancies were carefully discussed to ensure high inter-rater reliability. We
believe that this rigorous quality check process enhances the validity and reliability of our
ratings. We have now included this information under the Observation of mother-child
interaction as indicated below: ...The OMCI tool is a simple rating scale that is measured at the
time of assessment by a trained local culturally embedded observer. It measures maternal
sensitivity, acceptance and responding, scaffolding, language stimulation, and mutual
enjoyment, which are assessed during a short interaction....... ..... To enhance the accuracy of the
mother-child ratings, every 10t dyad assessment was jointly evaluated by a senior research
officer and a research officer. They compared their scores and discussed any discrepancies to
ensure high inter-rater reliability.

Q6: I was also a bit unclear as to whether the follow-up element of the study was
already ongoing or not. I recognise that this is clarified at the very end of the protocol
but it may be helpful to have a comment earlier on in the document stating this very
briefly.

Response: We have now added this information under “data collection procedures” as
indicated below: These assessments are on-going and are administered at each visit as
summarised in Figure 2.

Competing Interests: No competing interests were disclosed.

Reviewer Report 29 April 2024

https://doi.org/10.21956/wellcomeopenres.21809.r78607

© 2024 Meador K. This is an open access peer review report distributed under the terms of the Creative
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

?

Kimford Meador
1 Stanford University School of Medicine, Palo Alto, CA,, USA
2 Stanford University School of Medicine, Palo Alto, CA,, USA

Magai et al. describe a neurodevelopmental substudy protocol for the Precise-DYAD Network. This
is an observational cohort study of female and male children (=3,950) born to women (=4,200)
with and without placental disorders (pregnancy-induced hypertension, fetal growth restriction,
and premature birth) previously recruited into Pregnancy Care Integrating Translational Science
(PRECISE)-DYAD. Children will be assessed at six weeks to 6 months, 11-13 months, 23-25 months
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and 35-37 months in rural and semi-urban Gambia and Kenya. The aim to provide information
regarding the neurodevelopment of infants and children born to women with and without
placental complications at multiple time points during the first three years of life in two low-
resource African communities.

The Precise-DYAD Neurodevelopmental sub study is a well-designed prospective observational
study with a very large cohort which will provide robust statistical power. Factors in pregnancy can
affect child neurodevelopment, but our information in this regard remains incomplete. The very
large majority of studies in this regard have been conducted in high income countries as opposed
to low- and middle- income countries where differences in important factors and the population
may influence fetal outcomes. The prospective collection of detail factors that might affect
neurodevelopmental outcomes will provide the opportunity to examine the factors which can
affect neurodevelopment. The measures for neurodevelopmental outcomes are well described
and validated. Thus, the Precise-DYAD Neurodevelopmental sub study is a unique and important
study.

Several comments and suggestions to improve the protocol are respectfully offered.

The first aim seeks to quantify the measurable impact of placental complications on physical and
neurodevelopmental health trajectories, and the second aim seeks to understand the relationship
between placental complications and neurodevelopmental outcomes across multiple
developmental domains. Examples of placental complications are noted as pregnancy-induced
hypertension (PIH), fetal growth restriction (FGR), and/or preterm birth (PTB). PIH can cause
placental dysfunction while FGR and PTB are complications of placental dysfunction. Further, FGR
and PTB can be caused by other factors than placental complications. Although placental
complications can certainly affect the fetus and ultimate neurodevelopment, there does not
appear to be a plan to directly examine the placentas. Given these issues, I would recommend
measuring the impact of “PIH, FGR and PTB" rather than “placental complications” in aims 1 & 2.

From the protocol, it is unclear how several factors are handled in data collection and analyses.
1. There is no mention of maternal medications; these should at least include known potential
teratogens.
2. Are major congenital malformations, miscarriages and fetal death collected and assessed in
the analyses?
3. How are socio-economic status and home environment measured?

4. How is maternal malnutrition determined? In this regard, folate is one of the important
factors. I am not knowledgeable as to whether folic acid is routinely supplemented in
women of childbearing age or if folic acid is routinely given once a woman is pregnant in
Gambia and Kenya. It appears that folic acid intake in the first 12 weeks of pregnancy is
important in child neurodevelopmental outcomes.

5. Breastfeeding can positively affect both maternal and child outcomes which affect
neurodevelopment. Is this factor assessed?

Minor: Suggest rewording this sentence “Brand et al., 2020 followed a Swedish cohort of children
whose mothers had PIH and found that the offspring of these mothers had significantly lower
cognitive scores, autism spectrum disorders and intellectual disability.”

To read: “Brand et al., 2020 followed a Swedish cohort of children whose mothers had PIH and
found that the offspring of these mothers had significantly lower cognitive scores, and increased
autism spectrum disorders and intellectual disability.”
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Minor: On page 8 in the Discussion, the abbreviation “SDG" is used which has not been previously
defined.

Is the rationale for, and objectives of, the study clearly described?
Yes

Is the study design appropriate for the research question?
Yes

Are sufficient details of the methods provided to allow replication by others?
Partly

Are the datasets clearly presented in a useable and accessible format?
Not applicable

Competing Interests: Dr. Meador has received research support from the National Institutes of
Health, Veterans Administration, Eisai, Inc, and Suno Medtronic Navigation, Inc; and the Epilepsy
Study Consortium pays Dr. Meador's university for his research on the HEP project and consultant
time related to Eisai, UCB Pharma, and Xenon.

Reviewer Expertise: Behavioral neurology, epilepsy, and neurodevelopmental effects of
antiseizure medications and other factors

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard, however I have
significant reservations, as outlined above.

Melissa Gladstone

Q1. The first aim seeks to quantify the measurable impact of placental complications
on physical and neurodevelopmental health trajectories, and the second aim seeks to
understand the relationship between placental complications and
neurodevelopmental outcomes across multiple developmental domains. Examples of
placental complications are noted as pregnancy-induced hypertension (PIH), fetal
growth restriction (FGR), and/or preterm birth (PTB). PIH can cause placental
dysfunction while FGR and PTB are complications of placental dysfunction. Further,
FGR and PTB can be caused by other factors than placental complications. Although
placental complications can certainly affect the fetus and ultimate
neurodevelopment, there does not appear to be a plan to directly examine the
placentas. Given these issues, I would recommend measuring the impact of “PIH, FGR
and PTB” rather than “placental complications” in aims 1 & 2.

Response: We thank the reviewer for the insightful suggestions; we have now changed
“placental complications” to “pregnancy complications”, defined as PIH, FGR, or PTB. We
have incorporated this change throughout the paper and in the objective section as
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outlined below: Specifically, we aim first to quantify the impact of pregnancy complications on
the likelihood of having a moderate to severe neurodevelopmental disability, a visual
impairment, and/or epilepsy at the age of 2-3 years. Secondly, we aim to understand the
relationship between pregnancy complications and neurodevelopmental outcomes at each time
point and longitudinally across multiple developmental domains, including gross and fine motor
development, language development, and social-emotional development.

Q2: From the protocol, it is unclear how several factors are handled in data collection
and analyses.

Response: We have added a dedicated section in the paper under “Assessment of Risk
Factors” that details the data collection methods for all risk factors. At this stage, we will
consider all the potential covariates (independent variables) that might influence the
outcome. These will include variables that we know may influence child development, such
as sex, socioeconomic status, maternal education, and family care indicators (stimulation in
the home). For the analysis of risk factors, we have outlined the specific type of analyses we
will conduct below: For objectives 3 and 4 we will also use structural equation modelling to
understand the relationships between biological, environmental, and psychosocial factors on
child development at age 3. Specifically, path analysis will be used to examine the hypothesised
relationship and estimate the significance and magnitude of the hypothesised causal relationship

Q3: There is no mention of maternal medications; these should at least include known
potential teratogens.

Response: We thank the reviewer for these suggestions; we have now added a section
describing information on maternal medication in the protocol as follows: Mothers were
asked if they were taking any medication for blood pressure, diabetes, thyroid supplements, anti-
seizure medication, antiretroviral, antibiotics, or aspirin during pregnancy. We have also
included maternal medication in the conceptual framework (Figure 1).

Q4: Are major congenital malformations, miscarriages and fetal death collected and
assessed in the analyses?

Response: In the initial study (PRECISE), during delivery, we collected information on
stillbirth and perinatal causes of death, including congenital malformation, birth trauma,
low birth weight, infection, meconium aspiration, respiratory distress, convulsions and
disorders of cerebral status, prematurity, or cardiorespiratory disorders. This will all be
clearly outlined in the CONSORT diagrams to make clear the number of miscarriages,
stillbirths and children who were born with congenital in relation to certain pregnancy
complications. However, we, of course, could not ascertain the neurodevelopment
outcomes of stillbirth babies.

Q5: How are socio-economic status and home environment measured?

Response: The caregivers' socio-economic status was assessed using a questionnaire
administered to the mothers. This information is now provided in the paper as indicated
below: The caregivers' socio-economic status was assessed using the Grameen Progress out of
Poverty Index, a tool that can quantify the share of program participants living below the
poverty line, assess the performance of the intervention among the poor, and track poverty levels
over time '. The information collected included household income, household expenditures,
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antenatal care expenses, antenatal admission costs, pregnancy admission costs, delivery
expenses, postnatal care expenses, and health expenditures.

Q6: How is maternal malnutrition determined?

Response: In this regard, folate is one of the important factors. I am not knowledgeable as
to whether folic acid is routinely supplemented in women of childbearing age or if folic acid
is routinely given once a woman is pregnant in Gambia and Kenya. It appears that folic acid
intake in the first 12 weeks of pregnancy is important in child neurodevelopmental
outcomes. We collected information on the intake of folic acid during pregnancy in the
PRECISE study. We have now added this information to our paper as follows: ....
comprehensive data on dietary intake and nutritional status was collected on both mothers and
their infants. For women, this included questionnaire-based data on food security and dietary
diversity and physical measures of weight, height and mid-upper arm circumference (MUAC).
Biological samples have also been collected and biobanked for future analyses of biomarkers of
micronutrient status, including iron, folate, iodine, and vitamins A, D and B12. For infants, this
included questionnaire-based data on infant feeding practices and dietary intake and measures
of weight, length, MUAC and head circumference at 6 weeks to 6 months, 12 months, 24 months,
and 36 months of age.

Q7: Breastfeeding can positively affect both maternal and child outcomes which affect
neurodevelopment. Is this factor assessed?

Response: Yes, we collected information on breastfeeding. We asked the mother whether
the child was breastfeeding, and this information is now added to the paper as indicated
below: ... Questionnaire-based data were collected on breastfeeding practices, including the age
of cessation of exclusive breastfeeding and types of weaning foods given. Mothers were also
asked whether their babies were breastfeeding.

Q8: Minor: Suggest rewording this sentence “Brand et al., 2020 followed a Swedish
cohort of children whose mothers had PIH and found that the offspring of these
mothers had significantly lower cognitive scores, autism spectrum disorders and
intellectual disability.” To read: “Brand et al., 2020 followed a Swedish cohort of
children whose mothers had PIH and found that the offspring of these mothers had
significantly lower cognitive scores, and increased autism spectrum disorders and
intellectual disability.”

Response: We have revised this part as follows: Brand et al., 2020 followed a Swedish cohort of
children whose mothers had PIH and found that the offspring of these mothers had significantly
lower cognitive scores, as well as a higher incidence of autism spectrum disorders and intellectual
disability.

Q9: Minor: On page 8 in the Discussion, the abbreviation “SDG" is used which has not
been previously defined.

Response: We have spelt SDG in full as follows: As the Sustainable Development Goals (SDG)
shift focus from solely survival to surviving and thriving....

Competing Interests: No competing interests were disclosed.
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