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A B S T R A C T

The human brain undergoes rapid development during the first years of life. Beginning in utero, a wide array of
biological, social, and environmental factors can have lasting impacts on brain structure and function. To un-
derstand how prenatal and early life experiences alter neurodevelopmental trajectories and shape health out-
comes, several NIH Institutes, Centers, and Offices collaborated to support and launch the HEALthy Brain and
Child Development (HBCD) Study. The HBCD Study is a multi-site prospective longitudinal cohort study, that
will examine human brain, cognitive, behavioral, social, and emotional development beginning prenatally and
planned through early childhood. Influenced by the success of the ongoing Adolescent Brain Cognitive Devel-
opmentSM Study (ABCD Study®) and in partnership with the NIH Helping to End Addiction Long-term®
Initiative, or NIH HEAL Initiative®, the HBCD Study aims to establish a diverse cohort of over 7000 pregnant
participants to understand how early life experiences, including prenatal exposure to addictive substances and
adverse social environments as well as their interactions with an individual’s genes, can affect neuro-
developmental trajectories and outcomes. Knowledge gained from the HBCD Study will help identify targets for
early interventions and inform policies that promote resilience and mitigate the neurodevelopmental effects of
adverse childhood experiences and environments.

1. Introduction

The brain undergoes rapid development from early gestation

through childhood, and that development continues through adoles-
cence and into young adulthood, supporting cognitive and emotional
maturation. This early rapid growth represents a highly vulnerable
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period when a variety of biological, social, and environmental factors
influence physical growth and brain development and exert a large and
potentially enduring impact on developmental trajectories and future
health outcomes. Factors affecting development can include substance
exposures, emotional and physical neglect, pollutants and toxins,
neighborhood disadvantage, structural racism, education quality, access
to healthcare, among many others, and often these factors are
interrelated.

Thus far, it has been difficult to disentangle the effects of different
early exposures and influences, as well as their interactions with each
other or with the genome. Our understanding has been limited by the
paucity of research on normative brain development from birth through
adolescence across diverse social and environmental contexts. A large
prospective study of pregnant participants and their offspring followed
through early childhood could dramatically advance the science and
have immediate and substantial implications for healthcare practice and
policy.

The HEALthy Brain and Child Development (HBCD) Study was
conceived to address this need through a nationwide multi-site, longi-
tudinal, prospective study that aims to enroll over 7000 pregnant par-
ticipants and follow them, along with their children, for up to ten years.
The study is designed to address two main objectives. First, to provide a
comprehensive characterization of early life brain development starting
in the first month of life using neuroimaging and EEG, along with ge-
netic, biological, behavioral, social, and environmental contextual as-
sessments. Second, to identify and understand the developmental
impacts of various risk and resilience factors, including substance or
polysubstance exposure during pregnancy. The HBCD Study will recruit
participants from diverse populations from across the country to
determine variability in child development and identify factors that may
be protective or disruptive.

This report elaborates on the scientific and policy rationale for this
study, explains why the time is right for such a landmark collaborative
project, and recounts the process of developing the scientific framework
needed to guide its implementation, including tackling the study’s
unique methodological and ethical challenges.

2. Scientific and policy rationale

Families, healthcare providers, policymakers, and researchers
increasingly want to understand the implications of prenatal exposures
for subsequent brain development and growth trajectories. We know
that in utero, neonatal, and early childhood experiences, such as expo-
sure to substances, have the potential to negatively affect child devel-
opment in a variety of ways (Nunez et al., 2011; Peterson et al., 2020;
Ross et al., 2015; Thompson et al., 2009).

It is equally or perhaps more important to identify prenatal and early
life resilience factors, given the neuroplasticity during the first decade of
life, to help guide and implement evidence-based policies and in-
terventions that could have long-lasting and cumulative benefits. For
example, environments rich with parental social support (Lähdepuro
et al., 2023), good nutrition (Prado and Dewey, 2014), access to
greenspace (McCormick, 2017), and participation in social welfare
benefits and services (i.e., WIC, Venkataramani et al., 2022) lead to
greater well-being during child, adolescent, and young adult develop-
ment. Parenting interventions, such as prenatal and early-life home
visits, have been shown to provide positive impacts on child cognitive
outcomes, including school readiness, and brain development in pop-
ulations residing in different regions of the United States (Bick et al.,
2019; Brody et al., 2017; Ho et al., 2020; Michalopoulos et al., 2017).
Characterization of a broad array of early-life experiences and exposures
and childhood outcomes, mapped to neurodevelopmental trajectories,
can help identify which resilience factors may be the most amenable to
intervention to promote and advance healthy child development.

To effectively leverage knowledge gained about risk and resilience,
we need to understand typical neurodevelopmental trajectories and how

much they vary from person to person from birth through childhood.
Detailed characterization of a diverse cohort and inclusion of participant
populations that are commonly excluded from research is critical to this
process. People of color are systematically underrepresented in research,
and changes in recruitment and retention strategies as well as data an-
alytic methods are needed to address exclusionary practices (Hansen
et al., 2020; Ricard et al., 2023). Similarly, individuals with a history of
substance use during pregnancy face myriad barriers to participating in
research, including stigma and fear of legal repercussions (Beasley et al.,
2020; Davis et al., 2019). Fully understanding the scope of variation in
neurodevelopmental trajectories across diverse populations is needed to
understand how prenatal and early life experiences can alter these tra-
jectories to shape health outcomes.

The HBCD Study will include deep phenotyping of the parent-child
dyad using multi-modal data collection (Fig. 1) across the first decade
of life to provide the duration and scope necessary to detect potential
impacts that may manifest as the child develops (See Nelson et al., this
issue, for an overview of the HBCD Study protocol). Whereas other
studies may have focused on specific child outcome domains, or inves-
tigated risk and resilience factors separately, the deep phenotyping of
the HBCD Study will allow for researchers and policy makers to identify
the impact of risk factors, including social and environmental de-
terminants of health, in combination with mitigating factors, on a wide
array of child outcomes, including neurodevelopmental trajectories and
physical, behavioral, cognitive, and mental health. The longitudinal
design of the HBCD Study, including brain imaging, will also enable
investigators to study for the first time how risk and resilience factors
influence an individual’s brain neurodevelopmental trajectory. Knowl-
edge gained from these data may help identify targets for personalized
early interventions and inform policies that promote resilience and
mitigate detrimental effects of adverse childhood experiences and
environments.

Advances in neuroimaging, bioinformatics, and genomic sequencing
(among others) will enable data collection and ongoing data sharing
with the wider research community for hypothesis testing and explor-
atory data analyses. Similar to the success of the ABCD Study®, with
over 1000 peer-reviewed publications to date, open access to HBCD
Study data in annual data releases can greatly expand the range of
questions and utility of the data in ways that we may not even be aware
of at this time. Data generated from this study will be a long-term
resource for studying neurodevelopment and a wide variety of positive
and negative health outcomes.

3. Why now?

Ultimately, four key factors contributed to the decision to embark on
the HBCD Study at this time. First, the increase of perinatal opioid use in
the United States as well as the increasingly widespread use of alcohol
and other substances, especially cannabis, during pregnancy have
created an urgent need to understand the short- and long-term health
outcomes of early exposures. Second, there is growing recognition of
economic and social determinants of health and their influences on
multiple developmental outcomes. Geocoded data and direct assessment
now give us the ability to acquire detailed information about an in-
dividual’s dynamic environment, enabling us to identify modifiable
social and economic factors for promoting healthy child development.
Third, the successes of other nationwide, multi-site, multi-modal, lon-
gitudinal cohort studies that combine genetics, genomics, neuro-
imaging, and big data analytics, such as the ongoing Adolescent Brain
Cognitive DevelopmentSM Study (ABCD Study®), have paved the way
for large-scale data collection and harmonization with an open-science
model of data release on an ongoing basis for timely analysis. Fourth,
the confluence of support and interest among several NIH Institutes,
Centers, and Offices (ICOs), including The Helping to End Addiction
Long-term® Initiative, or NIH HEAL Initiative®, has facilitated the
launch of such an ambitious study.

N.D. Volkow et al.
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3.1. Substance use during pregnancy

The opioid crisis has created an urgent need to better understand the
short- and longer-term impacts of perinatal opioid exposure. The num-
ber of individuals presenting with opioid use disorder (OUD) at labor
and delivery increased fourfold between 1999 and 2014 (Haight et al.,
2018), and the number of infants born with neonatal opioid withdrawal
syndrome (NOWS) increased fivefold between 2004 and 2014 (Win-
kelman et al., 2018). Recent estimates indicate that approximately
8.8/1000 in-hospital births are affected by NOWS or neonatal absti-
nence syndrome (NAS; Leech et al., 2020).

The rising rates of other substance exposures during pregnancy are
also worrisome. Reports of cannabis use during pregnancy nearly
doubled between 2002 and 2017 (Volkow et al., 2019). This may be
driven in part by perceptions that cannabis is a ‘natural’ remedy for
nausea during pregnancy and that prenatal exposure does not negatively
affect child health outcomes (Raifman et al., 2024). Stimulant use dur-
ing pregnancy has also been rising over the last two decades (Smid et al.,
2019; Young-Wolff et al., 2022), as has alcohol misuse. The prevalence
of binge drinking during pregnancy increased by 8.9 % per year and
heavy alcohol consumption increased by 11.6 % per year between 2011
and 2022 (Howard et al., 2022). According to 2022 data from the Na-
tional Survey on Drug Use and Health (NSDUH), 11.0 % of pregnant 15-
to 44-year olds in the United States used alcohol in the past month
(Center for Behavioral Health Statistics, 2023), while other studies
suggest that nearly 14 % (or 1 in 7) of pregnant 18- to 49-year olds
report current drinking in the past 30 days (Gosdin et al., 2022). While
recent reports from the Centers for Disease Control and Prevention
(CDC) indicate that cigarette smoking during pregnancy declined by
approximately one-third in the United States from 2016 to 2021 (Martin
et al., 2023), use of e-cigarettes and other Electronic Nicotine Delivery
Devices (sometimes used for smoking cessation) is increasingly common
(Wen, Chung, et al., 2023; Wen, Liu, et al., 2023).

Many studies have documented the negative impact of alcohol on
development in the context of fetal alcohol spectrum disorder, and other
studies have documented the negative impacts of prenatal drug and
environmental exposures on child health outcomes. New findings also
suggest that tobacco use during pregnancy is associated with alterations
in brain development in preadolescents (Zou et al., 2022). However, the

relatively small sample sizes in most studies limit the ability to disen-
tangle the many factors (including polysubstance use, mental illness,
and environmental adversity) that may cause or contribute to the
measured outcomes (Boggess and Risher, 2022; Metz et al., 2023;
Nygaard et al., 2020; Yeoh et al., 2019). Large longitudinal studies are
needed to answer the many open questions about the impacts of peri-
natal substance exposures.

The HBCD Study plans to enroll 25 % of its cohort, pregnant par-
ticipants whose babies were exposed pre- or perinatally to substances
(prescription and/or illicit opioids, cannabis, stimulants, alcohol, and
tobacco/nicotine) and another 25 % will be those with comparable
characteristics, who did not use substances during pregnancy (Si et al.,
this issue). The remaining 50 % will be from the general population,
matched as closely as possible to the racial, ethnic, and socioeconomic
demographics of the American Community Survey (ACS) for individuals
of reproductive age, to allow for the careful assessment and measure-
ment of the heterogeneity in child development. The cohort will be
enriched for participants with substance exposures during pregnancy
compared to the general population, which can range on average be-
tween 8 % and 11 % (Center for Behavioral Health Statistics, 2023). The
social and environmental characteristics of participants who use sub-
stances during pregnancy are also expected to vary from that of the
general population, thus the need for a “matched” sample to better
understand how demographic factors and other determinants of health
may impact associations between prenatal exposures and child health
outcomes.

3.2. Economic and social determinants of health

A growing body of evidence suggests that economic disadvantage
and racial inequalities, including discrimination and structural racism,
childhood adversity, environmental toxins, occupational exposures can
have dramatic effects on birth outcomes (Chantarat et al., 2022), and
child health (Shonkoff et al., 2021; Trent et al., 2019), including brain
development (Dumornay et al., 2023; Tooley et al., 2021). Determining
how high-risk environments and experiences can influence child health
and brain development is critical for identifying strategies that could
mitigate adverse impacts. For example, adverse childhood experiences
are a known risk factor for later psychopathology, acting on a variety of

Fig. 1. Overview of the HBCD Study protocol starting from the prenatal visit (Visit 1) to 17 months of age (Visit 5). The study protocol contains assessments across a
wide range of domains (Nelson et al., this issue) including pregnancy exposures (e.g., substance use, mental health; Gurka et al., this issue), social and environmental
determinants of health (Cioffredi, Yerby, et al., this issue), physical health (Cioffredi, Garner, et al., this issue), child behavior and child-caregiver relationships
(Edwards et al., this issue), and neurocognition and language development (Kable et al., this issue). Biospecimens are collected from both the birth parent and child to
identify biomarkers and classify exposures (Sullivan et al., this issue) and wearable biosensors calculate infant movement and heartbeat (Pini et al., this issue).
Measures of brain structure and function begin with collection of MRIs starting in the first month of life (Dean et al., this issue) and EEGs starting at 3 months of age
(Fox et al., this issue). Protocol development is ongoing for additional visits through 10 years of age.

N.D. Volkow et al.



Developmental Cognitive Neuroscience 69 (2024) 101423

4

neurodevelopmental mechanisms, including threat-related social infor-
mation processing, emotional reactivity and regulation, and reward
processing, that could be targeted for novel interventions that optimize
youth development (McLaughlin et al., 2019).

Environmental pollutants and toxins are often more prevalent in
communities with greater socioeconomic disadvantage and in commu-
nities of color (Mikati et al., 2018); their impact can include reduced
motor, cognitive, and language function and increased behavioral
problems (Ni et al., 2022) among other outcomes. Similarly, racial and
ethnically minoritized communities and groups that have been eco-
nomically/socially marginalized are more likely to experience adverse
occupational exposures (Asfaw, 2022; Landsbergis, 2010; Schnake-Mahl
et al., 2021).

Underlying racial and socioeconomic inequities can also exacerbate
the burden of substance use during pregnancy on already marginalized
populations due to limited access to care and treatment, fear of criminal
punishment or penalties, and other social barriers such as stigma (Vol-
kow, 2023). The intersectionality, or the cumulative overlap, of these
factors highlights the importance of directly investigating the associa-
tions of adverse environments, structural racism, and socioeconomic
disadvantage with the development of both brain and behavior
throughout early childhood. Recruitment sites for the HBCD Study are
expected to engage diverse populations including participants from
urban and rural communities, from varying racial, ethnic, and socio-
economic backgrounds to enable us to better understand such associa-
tions and to ensure that the findings from the study will be relevant to
everyone.

3.3. Advances in technology and large-scale data including genetics and
genomics

Until recently, we have lacked the technical ability to conduct large,
prospective, longitudinal neuroimaging studies; to integrate neuro-
imaging, electrophysiological data (EEGs), genomics, and behavioral
data; or to analyze the massive quantities of multi-modal data that
would be necessary to understand normative development and the im-
pacts of adverse exposures. Over the past decade, technological im-
provements have greatly increased our ability to conduct large-scale
studies and harmonize data collected across multiple platforms.

The ABCD Study® was launched in September 2015 as the largest
long-term study of brain development and child and adolescent health in
the United States (Volkow et al., 2018). ABCD has successfully demon-
strated the feasibility of conducting large multi-site neuroimaging
studies starting at 9 or 10 years of age, including maintaining high
retention rates (>90 % at 7 years) and leveraging the cohort to collect
data related to unexpected events (e.g., COVID). Additionally, advances
in genetics and genomics provide the basis for studying how genetic
backgrounds influence brain development trajectories as a function of
diverse settings as was demonstrated by the Pediatric Imaging, Neuro-
cognition, and Genetics study (PING, Jernigan et al., 2016). Banked
biospecimens collected from HBCD participants (birth parents and
children) will allow researchers to assess the contribution of genetics,
environmental exposures and other factors on neurodevelopment and
child health. Similarly, advances in non-invasive neuroimaging, most
notably in functional magnetic resonance imaging (fMRI) have facili-
tated safe and effective studies of the developing brain. Notably, the
Baby Connectome Project (BCP, Howell et al., 2019) and the NIH MRI
Study of Normal Brain Development (Evans, 2006), have shown that it is
possible to address the limitations and difficulties inherent in scanning
very young populations.

The field has advanced in terms of MRI protocols, processing pipe-
lines, and the creation of standardized tools and atlases (Pollatou et al.,
2022). Real-time in-scanner motion detection is possible using software
such as FIRMM (framewise integrated real-time MRI monitoring), which
allows for more efficient data acquisition and reduction of costs asso-
ciated with repeat scanning sessions (Dosenbach et al., 2017). Equally

importantly, advances have been made in our understanding of best
practices that aid in high-quality MRI data acquisition in infants and
young children, including extensive pre-visit planning with families,
creating environments conducive to sleep during MRI scans, and the use
of a mock scanner training environment to acclimate children before
awake MRI scans (Howell et al., 2019; Raschle et al., 2012).

Similarly, other large-scale projects such as the Human Connectome
Project (HCP, Van Essen et al., 2012); the UK Biobank (Sudlow et al.,
2015); IMAGEN (Mascarell Maričić et al., 2020); and Environmental
Impacts of Child Health Outcomes (ECHO, Knapp et al., 2023) have
demonstrated the utility and importance of collecting (and releasing)
multi-modal data. Advances in bioinformatics data platforms have
resulted in increased capabilities of secure data storage, harmonization,
and sharing that enable effective communication of detailed research
findings, tools for data access and analysis, supporting documentation,
and necessary training materials (Elam et al., 2021). Furthermore, these
platforms can house data from various sources (i.e., MRI, EEG, wearable
sensors, surveys, genetics, etc.), harmonize with existing large-scale
neurodevelopmental research efforts, and interface with
high-performance computing infrastructure, enabling researchers to
easily access and analyze anonymized data with state-of-the-art
analytical tools and pipelines.

3.4. Broad institutional interest and support

Even as the ABCD Study® was being planned in 2014/2015, it was
clear that an impactful developmental window, beginning prenatally
and lasting through birth and early childhood, was still being missed,
and discussions had started among several NIH Institutes on the
importance of such a study. When funds were allocated to the NIH HEAL
Initiative®, the opportunity emerged to initiate a new cohort study
beginning during pregnancy that would clarify the impact of opioid use
during pregnancy on infant and child outcomes. Together the ABCD
Study® and the HBCD Study will provide a rich and comprehensive set
of complementary data on brain development from birth through young
adulthood that is unparalleled in scope and depth.

The NIH HEAL Initiative aims to speed up the development and
implementation of cross-cutting scientific solutions to the national
opioid public health crisis, which is increasing mortality in all age
groups, including individuals who are pregnant (Han et al., 2023). One
of its strategic goals was to improve postpartum outcomes in individuals
with OUD during the postpartum period, enhance treatments for infants
with NAS/NOWS, and find the best approaches to address the medical
and social needs of children living with a family member with OUD. An
understanding of brain and cognitive development in infants exposed to
opioids (and/or to other substances) is critical and will rely on a careful
characterization of typical neurodevelopmental trajectories in diverse
populations to enhance our understanding of how and when in-
terventions may be necessary to yield optimal long-term health out-
comes. Thus, the initial planning and establishment of the HBCD Study
involved the partnership of several NIH Institutes, Centers, and Offices
(ICs), which have invested in the HBCD Study, and are providing key
contributions to the study’s development, design, and goals (see
Table 1).

4. Laying the groundwork for the HBCD Study

Early on, it was recognized that the HBCD Study would be a highly
complex project, even more so than projects with other developmental
cohorts such as the ABCD Study®. Since development occurs at a very
rapid rate in the first few years of life, frequent assessments are required
to fully characterize brain and behavioral growth. However, assessment
frequency must be balanced with participant burden to ensure appro-
priate retention and data quality across the sample. Individuals with a
history of substance use during pregnancy may face significant barriers
to research that may be exacerbated by the demands of high-frequency

N.D. Volkow et al.
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Table 1
Broad HBCD Study Interest and Contributions from Multiple NIH Institutes.

NIH Institute Contributions and Interest in the HBCD
Study

National Institute on Drug
Abuse

(NIDA) • Understand how substance exposure
during pregnancy affects maternal
and child outcomes

• Inform preventative interventions
for children and adolescents to
mitigate future substance use risk

• Identify and develop approaches to
reduce stigma surrounding
substance use and substance use
disorder during pregnancy that
affects their access to care

• Identify modifiable resilience factors
that can be enhanced through policy
or practice to improve maternal and
child health outcomes

National Institute of Mental
Health

(NIMH) • Understand trajectories of brain,
cognitive, affective, and behavioral
development in diverse populations,
including the identification of
sensitive periods in development

• Determine early risk and protective
factors, and related mechanisms,
that may serve as novel targets for
early interventions to prevent
mental illness and to improve long-
term mental health outcomes

• Inform evidence-based policies and
interventions aimed at improving
the lives of those impacted by
mental health conditions

National Cancer Institute (NCI) • Understand the impact of early life
exposures and experiences on child
health outcomes such as obesity that
serve as risk factors for multiple
cancer sites

• Identify developmental trajectories
from early life through childhood
that help explain increasing
prevalence of certain cancers (e.g.,
colorectal cancer) at relatively
younger ages

• Investigate how changes in product
use during pregnancy (e.g.,
transitions from combustible
cigarettes to electronic nicotine
delivery devices) affect long term
health outcomes

• Understand close dyadic
relationships and their influence on
the emergence of health behavior
phenotypes related to cancer risk
and prevention

• Improve methods for measurement
and analysis of complex social,
digital, and physical environments
over the early life course to better
identify opportunities for primary
prevention

National Eye Institute (NEI) • Early life vision screening to better
understand the importance of early
screening and the association of
prenatal and early life exposures on
the development of vision problems

National Institute on Alcohol
Abuse and Alcoholism

(NIAAA) • Understand the consequences of
prenatal alcohol exposure on child
health and development

• Understand the social, cultural, and
environmental factors that may
accompany maternal alcohol use
and its impact on child health and
development

Table 1 (continued )

NIH Institute Contributions and Interest in the HBCD
Study

• Better understand how prenatal
poly-substance use along with
alcohol impacts brain and behav-
ioral development

• Inform the development of novel
evidence-based prevention ap-
proaches to reduce prenatal alcohol
exposure

National Institute of
Biomedical Imaging and
Bioengineering

(NIBIB) • Develop bioengineering and
bioimaging technologies to assess
how developmental trajectories may
inform disease development and
inspire new strategies for disease
prevention, detection, diagnosis and
treatment

Eunice Kennedy Shriver
Institute of Child Health
and Human Development

(NICHD) • Further understand mechanisms by
which the antenatal, postnatal, and
early childhood environments
impact child development including
the interactions between
environmental and biological factors
and brain development

• Inform the understanding of risk and
protective factors in physical
development and
neurodevelopment and the
detection and diagnosis of potential
impairments in these processes

National Institute of
Environmental Health
Sciences

(NIEHS) • Evaluate prenatal and early life
exposures to environmental
toxicants, their relationship to brain
structure and function during
critical windows of development,
and the important roles of
contextual variables such as
socioeconomic status and race and
ethnicity in exposure-outcome
relationships

• Provide input on the measures and
metrics relevant to environmental
toxicant exposures including self-
report measures, assessments of
biological samples such as maternal
blood and child and maternal urine,
and geocoding technology to assess
estimates of community-level
exposures

National Institute on
Minority Health and
Health Disparities

(NIMHD) • Ensure enrollment of a cohort that
reflects the diversity of the United
States in terms of race, ethnicity,
rural and urban residence, and
socioeconomic status

• Better investigate adverse and
protective structural and social
determinants of health and their
contributions to child health
outcomes, including
neurodevelopment

• Prioritize discussion about diversity,
equity, and inclusion (DEI) in the
scientific framework

• Provide critical input on the
structural mechanisms (social,
economic, legal, political, and
cultural forces) that create or
reinforce social stratification in
society and delineate individual
socioeconomic position (income,
education, occupation, social class,
gender, and race/ethnicity) within
hierarchies of power, prestige, and
access to resources, and how they

(continued on next page)
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time-intensive longitudinal assessments. Those at high risk for substance
use during pregnancy may be living in particularly stressful or unstable
home situations. They may be at risk of losing custody of their baby and/
or subject to other punitive measures, depending on the policies and
practices of the states where they live. Further, as an observational
study, there are unique ethical concerns that must be addressed given
that researchers will not be offering interventions as part of the study. At
a minimum, pregnant participants must be given information about
available treatments or services, if they desire assistance. Moreover, the
importance of including an adequate control group of pregnant partic-
ipants living in similar circumstances to those using substances is critical
in order not to repeat the stigmatizing impacts of past research, such as

when a nationwide fear of babies exposed to crack cocaine was greatly
exaggerated and highly detrimental to those struggling with substance
use during pregnancy and their children (Thompson et al., 2009).

Being cognizant of all of these factors, two expert panels were
convened, focused on the ethics and legal considerations that were
necessary to “do no harm” to study participants (NIDA, 2018a) https
://archives.nida.nih.gov/meetings/2018/10/expert-panel-meeting-
to-discuss-study-design-longitudinal-study-impact-prenatal-opioid-oth
er, and the feasibility of the study, sampling considerations, and reten-
tion strategies (NIDA, 2018b) https://archives.nida.nih.gov/meetings/
2018/09/research-methodologies-to-understand-long-term-consequen
ces-prenatal-opioid-other-substance-exposure. Discussions from these
panels identified a need to focus efforts on creating a study design with
thorough considerations for the well-being of the participant dyads and
special protections to help mitigate risks to participants. The complexity
of the solutions needed to address these issues contributed to NIH’s
decision to support a planning phase for HBCD, which was initiated in
the Fall of 2018.

The planning phase involved the funding of 29 sites across the U.S.,
which sought to establish the feasibility of conducting such a study. As
part of these efforts, investigators, staff, and colleagues formed five
nationwide working groups with more than 18 subgroups in key do-
mains, including neuroimaging and neurophysiology; study design;
ethical and legal considerations; biospecimen collection; and maternal,
neurodevelopmental, and contextual assessments. These workgroups
met weekly or biweekly to discuss progress, identify challenges and
brainstorm solutions, and address key questions. These national working
groups revealed important considerations and nuances that informed
the design of the full-scale HBCD Study, which are documented in a
special issue of Adversity and Resilience Science, “Informing Longitu-
dinal Studies on the Effects of Maternal Stress and Substance Use on
Child Development: Planning for the HEALthy Brain and Child Devel-
opment (HBCD) Study” (Jordan et al., 2020). Briefly, the special issue
discussed the importance of establishing a study design (e.g., sampling
methods, and appropriate controls) that minimizes the potential for
stigmatizing conclusions that harm participants and their families
(Singer et al., 2020), set guiding principles for the selection of neuro-
developmental assessments of risk and resilience (Morris et al., 2020),
and identified best practices for engaging and retaining pregnant par-
ticipants that are considered high-risk for substance use during preg-
nancy (Beasley et al., 2020). Two reports also outlined the framework
for biospecimen collection, including special considerations for Amer-
ican Indian/ Alaskan Native populations (Bakhireva et al., 2020; Croff
et al., 2020). Additional summary documents from the planning phase
workgroups and meeting reports are available on the NIH HEAL website
(https://heal.nih.gov/research/infants-and-children/healthy-brain).

The planning phase also prompted a workshop led by NIH staff and
HBCD Study Investigators on “Engaging Child Welfare Systems in
Research on Young Children” (https://heal.nih.gov/news/events/en
gaging-child-welfare-systems) to better understand how researchers
can engage with local child welfare systems to promote study partici-
pant retention and wellbeing. Discussions surrounding these challenges
are ongoing and will likely continue to evolve throughout the duration
of the study.

5. Conclusion

The HBCD Study holds the potential to provide a profound and
nuanced understanding of the many factors that affect a child’s health,
brain, and behavioral development. The ongoing release of data to the
wider research community, expected annually, will magnify its impact,
advancing scientific methods and technologies, fostering the develop-
ment of the scientific workforce, democratizing access to information,
and enabling researchers to explore questions that were unimaginable
during the study conception. The accumulated knowledge gained is
expected to inform prevention science by identifying targets for early

Table 1 (continued )

NIH Institute Contributions and Interest in the HBCD
Study

impact proximal social determinants
of health (Economic Stability,
Education Access and Quality,
Health Care Access and Quality,
etc.), and how all of these factors
interact to contribute to child health
outcomes

National Institute of
Neurological Disorders
and Stroke

(NINDS) • Improve our understanding of the
trajectories of cognitive and sensory
processing in both normal
development and
neurodevelopmental disorders and
the ways in which pre- and post-
natal social, biological, and envi-
ronmental factors may relate to
these trajectories

• Prospectively evaluate multiple
biological and environmental
influences on health outcomes
including cognitive, sensorimotor,
and social development, as well as
neurologic disorders, to identify
population level trends and
associations

Office of Behavioral and
Social Sciences Research

(OBSSR) • Enhance focus on social and
behavioral factors that affect growth
and development, including sleep
patterns, physical activity, screen
time, exposure to stressful events,
and social support systems and
networks

• Improve our understanding of how
social and behavioral experiences
shape brain function and
development

Office of Research on
Women’s Health

(ORWH) • Enhance focus on prenatal,
peripartum, and postpartum factors
relevant to maternal health
outcomes through longitudinal
assessments of the social and
cultural environment, financial and
economic stress, interpersonal
relationships (e.g., intimate partner
stress), caregiving quality and
support, mental and physical health,
early-life adversity and trauma, and
resilience factors

• Obtain data about adverse maternal
experiences and exposures during
pregnancy through maternal
biospecimen collections that can be
analyzed to address myriad health
outcomes

• Further our understanding of factors
before, during, and after the
peripartum period that impact
maternal and child health outcomes
and set the foundation for evidence-
based policies and interventions
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https://archives.nida.nih.gov/meetings/2018/10/expert-panel-meeting-to-discuss-study-design-longitudinal-study-impact-prenatal-opioid-other
https://archives.nida.nih.gov/meetings/2018/10/expert-panel-meeting-to-discuss-study-design-longitudinal-study-impact-prenatal-opioid-other
https://archives.nida.nih.gov/meetings/2018/10/expert-panel-meeting-to-discuss-study-design-longitudinal-study-impact-prenatal-opioid-other
https://archives.nida.nih.gov/meetings/2018/10/expert-panel-meeting-to-discuss-study-design-longitudinal-study-impact-prenatal-opioid-other
https://archives.nida.nih.gov/meetings/2018/09/research-methodologies-to-understand-long-term-consequences-prenatal-opioid-other-substance-exposure
https://archives.nida.nih.gov/meetings/2018/09/research-methodologies-to-understand-long-term-consequences-prenatal-opioid-other-substance-exposure
https://archives.nida.nih.gov/meetings/2018/09/research-methodologies-to-understand-long-term-consequences-prenatal-opioid-other-substance-exposure
https://heal.nih.gov/research/infants-and-children/healthy-brain
https://heal.nih.gov/news/events/engaging-child-welfare-systems
https://heal.nih.gov/news/events/engaging-child-welfare-systems


Developmental Cognitive Neuroscience 69 (2024) 101423

7

intervention, promoting resilience, and determining optimal neuro-
developmental windows for intervention implementation. Ultimately,
we hope the results of this study will inform child-rearing practices,
community support structures, and healthcare policies that nurture
personal, interpersonal, and structural resilience and mitigate the
developmental effects of adverse environments (Fordyce et al., 2017) for
generations to come.

The launch of this study required extensive planning and effort, and
its success hinges not only on the dedication and commitment of the NIH
and extramural research staff but also on the contributions of numerous
individuals, including research assistants, site monitors, study naviga-
tors, other recruitment and site staff, and community advisory boards.
These individuals play crucial roles in maintaining participant engage-
ment and motivation throughout the comprehensive and complex study
protocol. We will depend heavily upon the community advisory boards
to be our local ambassadors and to keep us focused on our participants’
needs and values. Above all, the study participants are of utmost
importance as they allow the HBCD Study researchers to gain firsthand
knowledge of their lives to develop the evidence base needed to inform
policies and practices that we hope will promote health and well-being
for all families and children.
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