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A B S T R A C T

The HEALthy Brain and Child Development (HBCD) Study, a multi-site prospective longitudinal cohort study,
will examine human brain, cognitive, behavioral, social and emotional development beginning prenatally and
planned through early childhood. Many prenatal and early childhood exposures impact both later physical health
and development. Moreover, early deficits in physical health, such as growth and vision, are associated with
differences in brain development, language and cognitive functioning. For these reasons, the HBCD Study in-
cludes measures of early childhood physical health, many of which have clinical relevance, and are applicable for
use as both predictors and outcomes. Study measures assess a broad range of physical health domains and
include both objective measurement of child growth and health and subjective caregiver report of behaviors and
attitudes about constructs known to influence growth and physical development. Lastly, we obtain caregiver
report of the child’s routine medical care as well as acute and chronic medical issues. We anticipate that these
data will contextualize the impact of child physical growth and health on child brain development and function.
In this report we present the rationale for each domain and an overview of the physical health measures included
in the current HBCD Study protocol.

1. Introduction

The HEALthy Brain Child Development (HBCD) Study is an unpar-
alleled study that will improve understanding of the environmental,
behavioral, social, and genetic factors that affect health and develop-
ment in infancy and early childhood. As described in the study intro-
duction paper of this special edition, the HBCD Study design includes
collection of biospecimens, biosensor, EEG, MRI, observed behavioral,
and caregiver reported survey data (Fig. 1). Study visits will start in
pregnancy and are planned to continue for up to 10 years after the child
participant is born. The jittered design (See Advancing High Quality
Longitudinal Data Collection: Implications for Study Design and

Recruitment in this Special Issue) will allow for collection of data
throughout wide visit windows enabling assessment of developmental
trajectories (Fig. 1). The HBCD Study would not be complete without the
assessment of physical health, an aspect of one’s life that has direct and
profound impacts on development. The breadth of HBCD Study data
collection includes assessment of social and environmental risk factors
that shape and provide context for children’s physical health. The
Physical Health Working Group has developed a battery of assessments
that evaluate key components of physical health while accounting for
the many other kinds of data included in the protocol and described
elsewhere in this special issue.

The physical health domains included in the HBCD Study protocol
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are as follows: Growth, Nutrition, Sleep, Screen Media Use, Physical
Activity and Green Space, Medical History, Vision and Quality of Life.
Each domain includes objective or subjective measurements chosen
after consideration of developmentally appropriate timing, length and
burden to participants, and the likelihood that inclusion would add
meaningfully to the understanding of child development (Table 1). In-
clusion of instruments occurred after working group members reviewed
suggestions provided by subject matter experts within the working
group and with approval of the HBCD Study Steering Committee. When
scientifically appropriate, the working group opted for shorter versions
of validated measures. Measures were then reviewed by the Diversity,
Equity and Inclusion working group to ensure language used is inclusive
and concepts are appropriate for all, particularly participants previously
underrepresented in research. All measures were piloted, allowing for
the opportunity to receive feedback from both participants and research
staff administering the protocol. We hope the battery of measures cho-
sen will allow for the open-science research community to develop
thoughtful scientific questions that take advantage of the opportunity to
include physical health data among the other HBCD Study data streams
such as EEG, MRI, and child-caregiver interactions. Additionally, we
encourage others to consider inclusion of these or comparable measures
to harmonize future studies with data collected in this large cohort.

2. Growth

Growth and physical development through infancy and early child-
hood represent one of the most objective and standardized measures of
overall physical health in the population of children included in HBCD.
Being overweight or underweight at birth and throughout childhood
often represents poor nutritional status and may have long-term con-
sequences for both physical health and development. Poor growth,
resulting from malnutrition, is associated with lower cognitive func-
tioning in early childhood (Pizzol et al., 2021). Recent evidence suggests
that being overweight in childhood may also impact cognitive and
behavioral development throughout childhood (Suryawan et al., 2022;
Li et al., 2018). The longitudinal study design of HBCD strengthens the
ability to investigate the impact of early childhood growth characteris-
tics on cognitive and behavioral development. Although low birth

weight and small size for gestational age may be independently related
to many of the childhood neurocognitive and behavioral outcomes
assessed in the study, evidence also suggests that among children with
malnutrition in early life, cognitive and developmental deficits may be
recovered by middle childhood when nutrition improves (Suryawan
et al., 2022). Thus, the HBCD Study has potential to improve under-
standing of the critical windows in which growth and nutrition impact
development and, importantly, opportunities for intervention to

Fig. 1. The HBCD Study’s comprehensive protocol includes assessments of children’s physical, cognitive, behavioral, social, and emotional development, plus
surveys of parent/caregiver health and well-being. Assessments are distributed across in-person and remote visits during an initial 5-year period. Visits are scheduled
at variable intervals designed to capture developmental trajectories. Please note the protocol or procedures for V4 forward are only current as of the time of
manuscript submission and may change during piloting.

Table 1
Timing and measure selection of social and environmental exposures in the
HBCD Study.

Construct Measure Visits administered

V1 V2 V3 V4 V5 V6

Growth Head circumference X X X X
Weight X X X X
Length X X X X

Nutrition Food insecurity X X X X
PhenX Toolkit X X X X
HBCD-specific nutrition
survey

X X

Sleep MRI screener X X
BISQ X
PROMIS EC sleep
problems

X X

Screen media
use

ScreenQ questionnaire X X

Activity PROMIS EC Physical
Activity

X X

Greenspace X X
Medical

History
Medical history
questionnaire

X X X

Vision Vision screener X X
Injury

Prevention
Safe sleep X
Car seat safety X
Ingestions X
Drowning X

V1: Visit 1 (prenatal); V2: Visit 2 (0–30 days); V3: Visit 3 (3–9 months); V4: Visit
3 (9–15 months); V5: Visit 5, remote (10–17 months); V6: Visit 6 (15–48
months); V7: Visit 7 remote (16–50 months).
Please note that the protocol or procedures for V4 and onward are only current
as of the time of manuscript submission and may change during piloting.
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promote healthy development.
In addition, the sample size of HBCD will allow for investigation of

several prenatal exposures previously associated with low birth weight.
Comprehensive assessment of prenatal exposures combined with several
growth measurements in early life will allow for enhanced under-
standing of the impact of these exposures on infant physical health. By
design, the HBCD Study cohort will be enriched for children who have
been exposed to potentially harmful substances (alcohol, tobacco,
cannabis, opioids) before birth, while simultaneously enrolling children
born to demographically and socioeconomically matched pregnant in-
dividuals who do not report using substances. Prenatal exposure to the
aforementioned substances among others have been correlated with low
birth weight (Sebastiani et al., 2018; Umer et al., 2023; Hamułka et al.,
2018; Chasnoff et al., 1986; Gouin et al., 2011; Zhao et al., 2018).
However, most studies of growth in children exposed to substances are
small and do not adequately report and control for relevant concurrent
exposures such as food insecurity and prenatal stress that may impact
the nutritional status of the pregnant person. The breadth of the prenatal
assessments and sample size of the HBCD cohort will improve under-
standing of the impacts of these intersecting exposures on physical
health outcomes at birth.

To achieve the accurate longitudinal assessment of growth in HBCD
participants will have anthropometrics collected at all in-person study
visits beginning with the child participant’s first visit at 0–1 months after
birth. As of this publication, in-person study visits will occur for child
participants at 0–1 month, 3–9 month, 9–15 month, and 15–48 month
timepoints. Anthropometric measurements will include length or
height, weight, and head circumference. Length measurements are
collected via a length board for participants under the age of 2 years and
those who cannot stand. Once child participants are able to stand,
research staff collect height measurements using a measuring rod. To
ensure accurate weight measurements, staff are instructed to weigh in-
fants in a diaper, taring out the diaper weight with a clean dry diaper.
Once child participants are old enough to use a standing scale, staff are
instructed to have the child undress to a light layer of clothing (ie. shirt,
pants, socks, etc.) Research staff will collect each measurement twice
and enter them into the data collection system. These measurements will
then be averaged and plotted against the World Health Organization’s
child growth standards. Validation measures include flagging mea-
surements that are lower than those previously recorded, measurements
that are greater than the 97th percentile, and measurements that are less
than the 3rd percentile for sex and corrected age. When a data point is
flagged the research team member is instructed to re-measure or confirm
the out of range value.

To ensure consistent collection of data, HBCD sites each purchased a
Seca 354 digital baby scale, Seca 216 measuring rod for children and
adults, and Seca 417 mobile measuring board (https://us.secashop.
com/). Working group members trained all research staff in accurate
measurement of anthropometrics during a hands-on in-person training
session prior to launch of the pilot study. The same working group
members then conducted a virtual refresher training prior to launch of
the main study. This training reinforced proper technique for obtaining
measurements and discussion of data obtained during the pilot focused
on outlying values that had been recorded and validation measures that
had been added. A standard operating procedure was created which
detailed the steps for obtaining measurements consistently and accu-
rately, including reminders to calibrate all instruments before use.

3. Nutrition

Nutrition is the basis for physical growth and is essential for brain
development (Ottolini et al., 2020). It is especially important during
pregnancy and infancy which are crucial periods for the formation of the
brain that lays the foundation for development of cognitive, motor, and
socioemotional skills during childhood and adulthood (Morton et al.,
2022). Many nutrients such as iron, zinc, copper, choline, vitamins A, B

and D, cholesterol and lipids are crucial for myelin synthesis, composi-
tion, and maintenance. These nutrients and others contribute to neuron
proliferation, axon and dendrite growth, synapse formation, pruning,
and neuronal apoptosis (Deoni et al., 2018). During the first two years of
life there is rapid brain development with high energy requirements,
which makes this stage vulnerable to nutritional deficits (Cusick et al.,
2021). Long term neurodevelopmental consequences (Morton et al.,
2022; Coviello et al., 2018; Suchdev et al., 2017; Marshall et al., 2022)
can occur if macronutrients and micronutrients are not available in
adequate amounts during sensitive periods of brain development
(Morton et al., 2022; Cusick et al., 2021; Mattei and Pietrobelli, 2019;
Lockyer et al., 2021; Cusick and Georgieff, 2016).

There is a complex relationship between nutrition, environmental
factors, inflammation, genetic heterogeneity, and neurodevelopment.
During the first six months of life nutritional intake typically occurs via
breast milk or formula. Breastfeeding is associated with multiple bene-
fits, preventing infectious diseases, reducing morbidity and mortality,
and influencing both short- and long-term infant development (Deoni
et al., 2018; Schneider et al., 2023; Gilbreath et al., 2023) in preterm and
term infants (Fan et al., 2023; Gialeli et al., 2023). However, there is
emerging data that the societal perceptions of breast feeding being
“natural” and that “breast is best” has had negative impacts on the stress
and guilt postpartum individuals experience around feeding choices
(Korth et al., 2022; Jackson et al., 2024). Increased anxiety and guilt in
the immediate postpartum period are correlated with poor infant
bonding (Davies et al., 2021; Della Vedova et al., 2023). Later in life,
picky eating is more common in children with behavioral and/or neu-
rodevelopmental differences and is associated with increased family
stress and social isolation (Fernández de Valderrama Rodríguez et al.,
2022; Thorsteinsdottir et al., 2021). Therefore, to get a full picture of
feeding practices, psychosocial context around feeding and nutritional
components of food consumed by children is necessary to better assess
the impact of nutritional exposures on developmental outcomes.

Although a thorough assessment of nutritional content, feeding
practices, and behaviors is necessary to get a full understanding of the
nutritional environment, we were required to balance the depth of in-
struments with the length and burden on participants in the HBCD
Study. As such, in the first two post-partum visits, coinciding with the
first 9 months of life, we focused on breastfeeding questions and food
security. We selected the PhenX Toolkit breastfeeding protocol for the
assessment of feeding practices as it is limited to 3 questions that may be
repeated longitudinally and permit assessment of duration and exclu-
sivity of breastfeeding as well as timing and introduction of comple-
mentary foods. Food insecurity will be measured at each in person visit
after infants are born. The 2-item food insecurity screening question-
naire was chosen due to its widespread use in clinical practice and
brevity (Hager et al., 2010). Starting at visit 4 participants are given an
HBCD Study-specific survey that combines questions from select nutri-
tion surveys to meet the needs of different stakeholders and researchers
likely to be interested in this construct. For relevance to clinical practice
and public health policy makers, questions that were common to WIC
(Women Infants and Children) offices across the US are used to evaluate
the location of food consumption (i.e. home or babysitter’s home),
content of typical meals obtained through general dietary recall, amount
and frequency of sugary beverages and milk products, behaviors around
food (i.e. eating as a family, with the television on, etc.). Infant feeding
practices (reasons for discontinuing breastfeeding, combination feeding
behaviors, and complementary feeding practices) are assessed with
questions selected from the Infant Feeding Practices Study II postnatal
questionnaires (Fein et al., 2008). Lastly general perceptions and be-
haviors around mealtime are assessed with questions from the AAP
Bright Futures Nutrition Questionnaire for Children Ages 1–10 (Hagan
et al., 2017).

With the inclusion of these nutritional survey assessments, the HBCD
Study has the unique potential to combine parental report of dietary
habits and growth data with biosamples that may be assessed for specific
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metabolites or nutritional profiles, neurodevelopmental and behavioral
data spanning multiple modalities (imaging, EEG, behavioral assess-
ments, and cognitive testing), and genetic and epigenetic data. We
expect this will improve understanding of the complex ways in which
nutrition impacts child growth and development.

4. Sleep

Sleep is a crucial biological function. Sleep patterns change sub-
stantially between infancy and early childhood. In early infancy, sleep is
polyphasic with sleep distributed throughout a 24 hour period
(Lokhandwala and Spencer, 2022). Total sleep duration in the newborn
period is between 14 and 16 hours a day and falls to 10–12 hours by six
months of life (Dias et al., 2018). Naps decrease to once a day in
toddlerhood when sleep transitions to a biphasic pattern. By early
childhood there is a transition to the adult pattern of sleep which typi-
cally occurs exclusively overnight (Lokhandwala and Spencer, 2022).
Within these distinct sleep patterns, problems with sleep have been
associated with infant/child temperament, maternal history of adver-
sity, and parental stress (Ciciolla et al., 2022; Morales-Muñoz et al.,
2020; Hiscock et al., 2008). A multitude of studies have shown that
disrupted or inadequate sleep can affect cognition, executive function,
mental health, and physical health in children (Lokhandwala and
Spencer, 2022).

Few studies have evaluated potential short- and long-term impacts of
prenatal substance exposure on infant and child sleep. Data from the
Maternal Lifestyle multicenter study utilized parental report of sleep
problems through 12 years and found that prenatal tobacco exposure
was more strongly associated with sleep problems than exposure to
alcohol, marijuana, opiates, or cocaine (Stone et al., 2010). Similarly, an
Australian community-based cohort study identified associations be-
tween prenatal maternal smoking and sleep problems through 14 years
(O’Callaghan et al., 6 2019). In contrast, prenatal alcohol exposure is
associated with sleep problems through 3 years; however, this rela-
tionship is almost fully explained by family and environmental factors
(Lund and Ystrom, 2022). Assessments of prenatal stress, environment,
and substance exposure together with longitudinal measures of child
sleep in HBCD will enable evaluation of how these important factors
interact with one another and ultimately influence childhood develop-
mental and behavioral outcomes.

Acknowledging the importance of sleep patterns and problems across
childhood, this working group aimed to balance the importance of
measuring sleep and sleep problems with the burden to participants. As
such, we chose to measure key pieces of sleep safety, sleep patterns and
sleep problems throughout the protocol but decided against measuring
each of those constructs at every time point. We aimed to include the
most critical data at each time frame: infancy, toddlerhood, and early
childhood. To do so, sleep measures in infancy (visits 2 and 3) focus on
safe sleep practices. Sleep patterns are measured during the transition
from infancy to toddlerhood (visit 4) and thereafter we will measure
perceived sleep problems and impacts on daily function.

4.1. Safe sleep practices

Sleep-related deaths are a leading cause of infant mortality in the US,
with significant racial and ethnic disparities in infant mortality due to
sleep-related causes (Prevention UCfDCa, 2023; Müller-Nordhorn et al.,
2021). The American Academy of Pediatrics recommends a safe sleep
environment to reduce these risks, including supine positioning, use of a
firm non-inclined sleep surface, room sharing without bed sharing,
human milk feeding, and avoidance of exposures to nicotine, alcohol,
marijuana, and opioids (Moon et al., 2022). Due to the time frame
during which the earliest HBCD Study visits were piloted and sleep
questions were introduced into the study protocol, a validated ques-
tionnaire about sleep was not included in the first (0–1 month) infant
study visit protocol. However, questions asked in preparation for MRI

scanning, to allow sites to mimic the home sleep environment and
facilitate natural sleep during the MRI scan, provided a novel opportu-
nity to glean information about sleep routines and safe sleep practices
during the first weeks of the infant’s life. Specific questions are provided
in the Supplement, including, “In what position does your child typically
sleep?” and “Does your child sleep with any sleep aids?”. The data
collected with these MRI preparation questions will be publicly released
alongside other HBCD Study data.

4.2. Sleep patterns

Infant sleep patterns will be measured with the Brief Infant Sleep
Questionnaire – Revised (BISQ) (Sadeh, 2004; Sadeh et al., 2009;
Mindell et al., 2019). The BISQ, published in 2004, is a freely-available
instrument (www.babysleep.com/BISQ/) that measures sleep patterns,
sleep ecology, and parental perceptions of sleep in children 0–36 months
of age (Sadeh, 2004; Sadeh et al., 2009). A recent revision (BISQ-R)
includes a wider array of sleep behaviors and outcomes and was vali-
dated against both actigraphy and daily sleep logs. It is available in more
than 20 languages and a norm-referenced scoring system was recently
published (Mindell et al., 2019). The 19 scored questions from the
BISQ-R will be administered during the 9–15 month HBCD Study visit
(visit 4).

4.3. Sleep problems

At subsequent visits, caregivers will complete the newly established
8-item PROMIS Early Childhood Parent Report of Sleep Problems (www.
healthmeasures.net). Validated from 1 to 5 years, this shorter form al-
lows for assessment throughout childhood of sleep disturbances and
sleep related impairment (Lai et al., 2022). Inclusion of this measure in
the longitudinal study of early childhood development has the potential
to add to the current understanding of the impact of sleep differences on
growth and development. These data coupled with the biosensor data
(See Pini et al., 2024) will provide a multimodal assessment of infant
and child sleeping patterns and behaviors across early childhood.

5. Screen media use

There is growing interest in the impact of screen media use on
children, particularly as it relates to neurobehavioral and cognitive
development. In late childhood and adolescence, increased screen time
has been associated with poor school performance, increased risk taking
behaviors, poor emotional regulation, depression, and suicide (Fors and
Barch, 2019; Boers et al., 2019; Twenge et al., 2018; Fischer et al., 2011;
Goldfield et al., 2016). However, current knowledge suggests that
problematic screen use begins much earlier than adolescence, and may
be influenced by several social and familial factors. Increased screen
exposure in early life is correlated with decreased vocabulary and lan-
guage development (Sundqvist et al., 2023; Hammrich et al., 2023;
Zimmerman et al., 2007; Chonchaiya and Pruksananonda, 2008). There
is also increasing evidence that increased screen time is associated with
decreased cognitive function and social emotional skills in preschoolers
(Schwarzer et al., 2022; Madigan et al., 2019). Furthermore, early
screen use is associated with continued use throughout childhood.
Sundqvist et al. recently demonstrated that screen media behavior as
early as 9 months may “set the stage” for continued heavy use
throughout childhood, such that use at 9 months was correlated with use
at 2 years, and 2 year use was predictive of use at 5 years (Sundqvist
et al., 2023). These findings are complemented by other studies which
demonstrate that preventing use when children are 2 years may improve
rates of problematic screen use later in childhood (Shawcroft et al.,
2023). Like most childhood exposures, screen use is correlated with both
parenting behaviors and family demographics (Hammrich et al., 2023;
Shawcroft et al., 2023; Swit et al., 2023).

To assess screen media use in the HBCD Study, we include the
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ScreenQ questionnaire in each in person visit starting at 9 months of age.
The ScreenQ was developed to assess the 4 domains of screen media use
addressed by current AAP guidelines: access to screens, frequency of use,
content of media and co-viewing (whether media is viewed with adults)
(Hutton et al., 2020a). This 15-question parental survey takes less than
5 minutes to complete. Higher scores have been correlated with
decreased integrity of white matter tracts in areas related to language
and literacy as well as cortical thickness in areas supporting visual
processing in preschool children (Hutton et al., 2020a, 2020b). Longi-
tudinal use of the ScreenQ in the HBCD Study will represent one of the
largest studies of early childhood screen behavior to date and allow for
examination of associations between screen use trajectories, childhood
well-being, behavior and brain development.

6. Green space and physical activity

Childhood physical activity promotes child development in virtually
every domain. Physical activity has both short-term benefits (improved
mood, better quality sleep, decreased stress) and long-term benefits
(increased bone density and muscle strength; lower risk of obesity, Type
2 diabetes and heart disease). Importantly, physical activity in children
is inversely correlated with screen time use (see above for measurement
of screen media use). Motor skills in preschoolers are positively associ-
ated with vigorous physical activity and negatively associated with
screen time (Webster et al., 2019). In children, physical activity has
direct benefits beyond physical health. Toddlers who meet the American
Academy of Pediatrics goals for screen time (<1 hour a day) and phys-
ical activity (>3 hours a day) tend to show better executive function
than their counterparts who have more screen time and/or less physical
activity (McMath et al., 2023).

Design of the built environment, defined by the American Academy
of Pediatrics as “the man-made structures that comprise the neighbor-
hoods and communities where people live, work, learn, and recreate,” is
closely associated with physical and mental health (Bole et al., 2024).
Access to green space facilitates physical activity and is associated with
many health benefits including lower rates of depression, obesity, and
hypertension (Cox et al., 2017; Galvez et al., 2010). Emerging data
suggest that in children, access to green spaces and playgrounds is
associated with reduced inattention and hyperactivity along with
improved cognitive outcomes and school performance (Bole et al.,
2024). The importance of green space to health during pregnancy is also
increasingly recognized (Tiako et al., 2021a, 2021b). For example, a
recent study reported associations between increased tree coverage and
lower rates of postpartum depression (Sun et al., 2023). However, little
is known about how people use green space during and after pregnancy,
or whether access to green space translates to increased physical activity
and improved health in the children. Across the HBCD Study, in which
both urban and rural participants will be enrolled, use of green space for
socialization and physical activity during and after pregnancy is ex-
pected to differ, as are family perceptions of the safety of using such
spaces for recreation.

A Japanese birth cohort study of children born from 2007 to 2012
evaluated relationships between frequency of outdoor play and screen
time exposure during the toddler years and neurodevelopment
measured at 4 years (Sun et al., 2023). Increased screen time was
associated with both poor communication and daily living skills, and
frequency of outdoor play mediated the relationship between screen
time and daily living skills. Further, frequency of outdoor play was
associated with improved socialization skills (Oswald et al., 2020). More
research is needed to further elucidate the associations between screen
time, physical activity, green space, and physical and cognitive devel-
opment in all children, and particularly among children born in
high-risk environments and those with prenatal substance exposure. The
HBCD Study will provide critical contributions to understanding of these
relationships as well as potential opportunities for interventions to
improve childhood neurobehavioral and health outcomes.

As shown in Table 1 physical activity will be measured with the
PROMIS Parent Proxy Physical Activity Short Form (www.healthmea
sures.net). A validated measure of green space access does not exist.
Greenspace access and use will be assessed with four questions about
frequency of use, accessibility, types of activities, and factors that limit
use of green space for recreation and socialization, specifically for par-
ents of young children (See Supplemental Material). An additional key
research opportunity provided by the HBCD Study is geocoding of res-
idential addresses of study participants, which will then be linked to
data including participant-reported physical activity and green space
use.

7. Vision

The majority of maturation of the visual system occurs after birth and
requires visual stimuli. Rapid development of the visual system aids in
continued neurodevelopment (Atkinson et al., 2011). Differences in vi-
sual development are common. Up to 1 in 5 infants under a year of age
are diagnosed with an ocular disorder (Mansukhani et al., 2023) and
6.2 % of infants and children between 6 and 71 months of age exhibit at
least one eye abnormality (Repka et al., 2012). In addition, the preva-
lence of refractive errors, including myopia, hyperopia, and astigma-
tism, have been shown to be as high as 50 % in children between 5 and
17 years of age (Kleinstein et al., 2003). One recent Canadian study
reported undetected visual problems in 10.7 % of kindergarteners using
a short vision screener in schools (Nishimura et al., 2020). Receipt of
screening is associated with social determinants of health, and about
40 % of children in the United States do not receive routine vision
screening (Chauhan et al., 2023; Ambrosino et al., 2023).

Some populations are at higher risk for visual differences. For
instance, in-utero opioid or substance exposure is associated with both
decreased visual acuity and increased oculomotor abnormalities during
early childhood (McGlone et al., 2009; Walhovd et al., 2015; Melinder
et al., 2013; Gill et al., 2003; Spiteri Cornish et al., 2013; Auger et al.,
2020; Yen and Davis, 2022). However, incidence rates of reported visual
abnormalities and ages of assessment vary widely across the literature,
limiting conclusions. The available studies used disparate approaches to
sampling, including evaluation of children with neonatal abstinence
syndrome who received pharmacologic treatment or were rehospi-
talized and recruited from ophthalmology programs. These variations
further limit assessment of both incidence and the natural history of
these abnormalities. Perhaps most importantly, no data about associa-
tions between these ophthalmologic findings and MRI, EEG, and
developmental/behavioral outcomes are available.

Assessment of visual acuity and visual processing in the HBCD Study
will significantly advance our understanding of the factors important for
typical visual development and the effects of visual differences on
typical development. The HBCD Study currently plans to screen infants
for visual and oculomotor problems during in-person visits at 9–15
months and at 15–48 months using the Welch Allyn Spot Vision Screener
(Hill-Rom Holdings, Inc., Chicago, IL). The Spot Vision Screener is an
instrument-based vision screener, which means that it captures an image
of the eyes and then uses the image to measure refractive error and
ocular misalignment. The device requires no direct patient contact,
screens for a variety of ophthalmologic disorders in a few seconds and
can be used in patients as young as 6 months. The Spot Vision Screener
has been reported to have specificity and sensitivity as high as 93.4 %
and 91.7 %, respectively (Misra et al., 2021).

HBCD Study personnel have been trained to use the device by the
device customer representatives and working group members, Data
retrieval after the screening will take about two minutes and provide
easy to understand results (See Fig. 2 and Table 2). Study participants
who do not pass the screening will be referred for clinical ophthalmo-
logic care. Data about outcomes of these referrals will be collected at
subsequent study visits. Thus, results of this screening will not only be
valuable for the HBCD Study but are expected to provide important
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information to the participants and their families.

8. Quality of life

Quality of life (QOL) has recently emerged as an essential health
outcome. Although QOL includes physical health, it also encompasses
emotional, psychological, and social well-being. In a longitudinal study
of child development such as HBCD, QOL measures may serve as some of
the most clinically meaningful and important outcomes in assessing the
relationship between overall wellbeing and numerous developmental
and behavioral outcomes. As a working group comprised of many cli-
nicians, we felt it important to include a measure of quality of life in this
domain to continue to encourage clinical researchers to consider a
broader view of “health” when examining physical health outcomes. In
adults, life satisfaction and QOL have repeatedly been associated with
treatment efficacy, illness complications and mortality (Phyo et al., 6
2020). In children, QOL has been repeatedly correlated with physical
health such that those with chronic or acute illness have lower quality of
life (Varni et al., 2001). Additionally, developmental delays in both
cognitive and motor domains have been associated with lower QOL
ratings in children as young as 4 (Redondo-Tébar et al., 2021; Ncube
et al., 2018). Furthermore, children with lower language ability
demonstrate a decline in QOL trajectories between early childhood and
early adolescence (Le et al., 2021). Studies have yet to use early child-
hood QOL as a predictor of later outcomes, likely because of the lack of
longitudinal studies including these measurements. As such, the inclu-
sion of QOL in the HBCD Study protocol is an important step toward

improving understanding of the drivers of early childhood QOL. It will
also allow for investigation of developmental trajectories of early
childhood QOL and of relationships between QOL and other develop-
mental outcomes. We selected the PedsQL 4.0 as a measure of early
childhood QOL (Varni et al., 2001). The advantages of this measure
include validation in ages as young as 2 years and across several cul-
tures. This widely validated instrument will allow for comparison of
HBCD findings to many other studies. Importantly the PedsQL dimen-
sional scales allowing for the evaluation of different aspects of life
functioning. Internal consistency reliability for the total score, physical
health and psychosocial health summary scores range from α=0.8–0.9
(Varni et al., 2001). Lastly, the ability to include child reported QOL as
early as 5 years alongside parent reported QOL using the same scale has
potential to allow for overlap and comparison between child and care-
giver reported QOL during later study visits.

9. Medical history

Physical health as captured by medical history will be a critical
contextual variable in analyses of HBCD Study data including assess-
ment of brain growth and neurocognitive development. The impact of
physical health on growth and development begins in utero and con-
tinues throughout childhood. Preterm birth alone represents 12 per 100
live births across the United States (Khan et al., 2023) and is associated
with differences in neurodevelopment in early childhood (Shaw et al.,
2023; Ryan et al., 2023). Furthermore, chronic illnesses, hospitaliza-
tions and injuries in childhood have been associated with differences in

Fig. 2. Vision Screener output. 1: Pupillary Distance; 2: Pupil Size Indicator; 3: Right Eye (OD); 4: Left eye (OS); 5: Complete refraction SE - Spherical equivalent, DS
– Sphere, DC – Cylinder, Axis – Axis; 6: Cylinder Convention; 7: Alignment Indicator Degree: vertical or horizontal.
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development (Dipnall et al., 2023; Fardell et al., 2023). Thus, in the
HBCD Study we seek to longitudinally capture participants’ medical
history using a questionnaire that includes history of acute and chronic
illnesses, injuries and hospitalizations, interactions with the health care
system, medication exposure, use of assistive devices, vaccination status
and frequency of common symptoms throughout the study time period.

9.1. Birth outcomes

Pregnancy complication, delivery mode, birth outcomes and length
of stay will be obtained by participant report at V2 as described else-
where in this edition (Gurka et al., 2024). Subsequent medical history
assessments will occur at V4 and are anticipated to be completed at each
in person visit following V4. The constructs assessed are described
below:

9.2. Well child care

Participants are asked at V4 about if they have a place they take their
children for routine care, and general vaccine behaviors with two
questions from the parental attitudes about childhood vaccines survey
(PACV) (Opel et al., 2013) that establish if parents have ever delayed or
decided against a vaccine recommended by their medical provider.
Participant burden prevented inclusion of the full PACV survey. Given
the lack of understanding about long term impacts of SARS-COV-2 on
health and development, we include specific questions related to COVID
infection and vaccination behaviors.

9.3. Acute and specialty care

At V4, participants are asked about whether the child has received
any emergency care, required an overnight inpatient stay or surgical
procedure and if so, they are asked to report the diagnosis driving the
medical care. Lastly families will report if they have ever been told their
child has a chronic illness. Common chronic disease including but not
limited to Trisomy 21, asthma, obesity are listed out specifically, and
other chronic diseases will be captured in an “other” category to allow

for coding of common outcomes. Again, given the lack of understanding
of the impact of COVID, more in depth questions about COVID infection
and hospitalization are included.

9.4. Dental health

Participants are asked when their child’s first tooth erupted, and
number of teeth at the V4 visit. They are also asked about access to
routine dental care, and if their child has had mouth injuries. Teeth
brushing behaviors are assessed with the questions “On average, how
many times are the child’s teeth brushed per day?” and “Does an adult
help brush your child’s teeth?” Lastly, presence and duration of thumb
sucking and/or pacifier use is reported by participants. These questions,
coupled with the nutrition questions may be used to assess risk factors
for dental caries, the most common chronic disease in childhood (Colak
et al., 2011). Dental health and caries have been associated with growth
delays, behavior problems and lower quality of life (Gomersall et al.,
2024) Additionally, early tooth maturation, thought to be a biomarker
of advanced aging, has been associated with early life stress (McDermott
et al., 2021). Therefore, the inclusion of these questions will allow for
assessment of the relationship between dental health and developmental
outcomes.

9.5. Medications

V4 will also include questions about prescribed and over the counter
medication exposure, frequency, and indication. These will be popu-
lated using ontology boxes to allow for some flexibility but consistency
between participants.

9.6. Injury prevention

We anticipate that these data may be used to assess patterns in injury
risk so we also include 1–2 questions about developmentally appropriate
injury prevention behaviors each time the medical history questionnaire
is administered.

9.7. Assistive devices and services

To complement the data collected by the social and environmental
determinants working group, we ask about the access to and use of
health insurance, and early intervention services. Additionally, parents
will report use of common assistive devices such as hearing aids, glasses,
and orthopedic braces.

In summary, we present the battery of assessments included in the
evaluation of physical health and development in the HBCD Study as it
stands at the time of this publication. Details of the study protocol,
particularly the visits that will take place as the participants get older,
are subject to change as these future visits are piloted and refined.
Nevertheless, the constructs described above will be evaluated
throughout the study, and include both well-established moderators of
development such as nutrition, growth, and sleep as well as more novel
assessments such as vision, greenspace and screen media use in a large
longitudinal cohort. We expect that the data gathered will be used to
elucidate trajectories of both typical development and atypical child-
hood health and development and aid in the identification of modifiable
factors that promote healthy development across childhood.
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