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Environmental influences on child health outcomes: cohorts
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The National Institutes of Health’s Environmental influences on Child Health Outcomes (ECHO) Program was designed to address
solution-oriented research questions about the links between children’s early life environment and their risks of pre-, peri-, and
post-natal complications, asthma, obesity, neurodevelopmental disorders, and positive health. Children born very preterm are at
increased risk for many of the outcomes on which ECHO focuses, but the contributions of environmental factors to this risk are not
well characterized. Three ECHO cohorts consist almost exclusively of individuals born very preterm. Data provided to ECHO from
cohorts can be used to address hypotheses about (1) differential risks of chronic health and developmental conditions between
individuals born very preterm and those born at term; (2) health disparities across social determinants of health; and (3)
mechanisms linking early-life exposures and later-life outcomes among individuals born very preterm.

Pediatric Research; https://doi.org/10.1038/s41390-022-02230-5

IMPACT:

● The National Institutes of Health’s Environmental Influences on Child Health Outcomes Program is conducting solution-oriented
research on the links between children’s environment and health.

● Three ECHO cohorts comprise study participants born very preterm; these cohorts have enrolled, to date, 1751 individuals born
in 14 states in the U.S. in between April 2002 and March 2020.

● Extensive data are available on early-life environmental exposures and child outcomes related to neurodevelopment, asthma,
obesity, and positive health.

● Data from ECHO preterm cohorts can be used to address questions about the combined effects of preterm birth and
environmental exposures on child health outcomes.

INTRODUCTION
The National Institutes of Health-funded Environmental influences
on Child Health Outcomes (ECHO) Program seeks to promote the
health and well-being of children in the United States (U.S.)
through solution-oriented research. Its overarching goal is to
characterize relationships between the environment and chil-
dren’s health.1 The ECHO Program focuses on pre-, peri-, and
postnatal outcomes; neurodevelopmental disorders; asthma;
obesity; and positive health. The ECHO Program interprets the
environment broadly as including psychosocial factors, chemical
exposures, the physical environment, and home and community

resources. The ECHO-wide cohort comprises 69 existing cohorts of
children and their parents or guardian. Cohorts differ in age and
inclusion criteria at enrollment, current life stage, race and
ethnic distribution, and geographic region of residence.
These differences provide opportunities for harmonizing large
datasets, thereby allowing examination of specific questions
amongst subgroups of children who may have unique
susceptibilities.
Children who are born very preterm (before 32 weeks of

gestation) or extremely preterm (before 28 weeks of gestation) are
at increased risk for multiple adverse health outcomes. For
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example, in the Extremely Low Gestational Age Newborn (ELGAN)
Study,2 one of the largest research cohorts of individuals born
extremely preterm, the frequencies of asthma,3 attention deficit
hyperactivity disorder,4 epilepsy,5 autism spectrum disorder,6 and
cognitive impairment7 were at least four times the frequencies
found in population-based estimates of prevalence among
children born at term in the U.S. Thus, ECHO cohorts comprising
children born very preterm or extremely preterm will enhance the
statistical power of studies of neurodevelopmental disorders and
asthma.
The ELGAN cohort is one of three ECHO cohorts composed

almost entirely of individuals born very preterm; the other two are
the Neonatal Neurobehavior and Outcomes in Very Preterm
Infants (NOVI) cohort and the Developmental Impact of Neonatal
Intensive Care Unit Exposures (DINE) cohort. In addition to these
three cohorts, other cohorts in ECHO that are not composed
exclusively of individuals born very preterm have enrolled
individuals born very preterm.
Our rationale for focusing this article on the potential

contributions of the three ECHO cohorts composed exclusively
of individuals born preterm is twofold. First, all three of these
cohorts collected detailed data on neonatal morbidities, such as
bronchopulmonary dysplasia (BPD) and brain abnormalities
identified with neonatal ultrasound, conditions that often are
important covariates in analyses of child health outcomes. Second,
these three ECHO cohorts account for 97% of very preterm
individuals who have consented to participate in ECHO. This
subgroup of ECHO participants is at very high risk for health
disorders.8

Our goal is to serve as a “roadmap” to aid child health
researchers in their efforts to apply data from the ECHO preterm
cohorts toward the broad goals of the ECHO program. First, we
describe the initial research goals, selection criteria, and key
exposures and outcomes for the three preterm infant ECHO
cohorts. The rich extant data (data available prior to the start of
the ECHO Program) from these cohorts, coupled with new data
collected on study participants using the ECHO-wide data
collection protocol, is creating a rich and unique dataset to
address critical and impactful research questions regarding
children born preterm; thus we will describe ways to access data
from the ECHO Program. Second, we outline four areas of child
health research where data from these preterm infant cohorts are
likely to be particularly valuable: (1) identification of modifiable
risk factors for adverse child health outcomes, (2) developmental
origins of health, (3) health disparities across social class, and (4)
resiliency factors that moderate the long-term effects of early-life
adversity.

COHORTS OF INDIVIDUALS BORN VERY PRETERM
Table 1 summarizes demographic and neonatal characteristics of
the three ECHO cohorts of individuals born very preterm.
Tables 2–4 summarize follow-up assessments that have been
completed or are ongoing in the three cohorts. Information about
other variables that are being collected from ECHO study
participants can be found in the ECHO-wide Cohort Data
Collection Protocol, using this link: https://echochildren.org/
echo-program-protocol/. The following three sections provide
additional background and details about the three ECHO cohorts
of individuals born very preterm.

NOVI
The aim of the NOVI Study was to determine whether
neurobehavioral abnormalities at discharge can identify infants
with impairment at 2 years corrected age and whether cumulative
medical risk and the post-discharge caregiving environment
modify associations between neurodevelopmental status at
discharge and at 2 years corrected age. The NOVI Study cohort

was enrolled from April 2014 through June 2016 at nine
university-affiliated neonatal intensive care units (NICUs) in seven
U.S. cities: Providence, Rhode Island; Grand Rapids, Michigan;
Kansas City, Missouri; Honolulu, Hawaii; Winston-Salem, North
Carolina; and Torrance and Long Beach, California. These NICUs
were also participating in the Vermont Oxford Network for quality
improvement, and the database for that network was used as a
source of data for neonatal morbidities. Eligibility was determined
based on the following inclusion criteria: (1) birth at <30 weeks
postmenstrual age (PMA); (2) parental ability to read and speak
English or Spanish; and (3) residence within 3 h of the NICU and
follow-up clinic. Exclusion criteria included maternal age <18
years, maternal cognitive impairment, maternal or infant death,
and major congenital anomalies. Parents of eligible infants were
invited to participate in the study when survival to discharge was
determined to be likely by the attending neonatologist. Of 709
infants consented, 704 enrolled, and 679 (96% of those enrolled)
had complete neurobehavioral assessment data and 624 (88% of
enrollees) had buccal cells collected for epigenomic screening. At
the time of the follow-up assessment at 2 years corrected age, 566
infants participated (80% of enrollees). With additional funding
from ECHO, 495 (70% of enrollees) children and 440 (62% of
enrollees) children participated at 3 and 4 years, respectively.
Currently, visits are being completed when NOVI participants are
4.5 and 5 years of age using the ECHO-wide Cohort Protocol. The
major findings from NOVI, thus far, relate to associations between
infant atypical neurobehavior and specific medical problems such
as infant sepsis9 and brain injury.10 These infants also displayed
unique epigenetic changes11 and were born to mothers with
adverse medical and psychosocial conditions.12 Longitudinal
collection of buccal cells, which has provided insight into DNA
methylation changes related to neurobehavior and medical
health,12–14 will allow for deeper understanding of epigenetic
changes over time.

DINE
The DINE study unites participants previously enrolled in one of
the four NICU-based NIH-supported studies into a single
harmonized study cohort. These four studies include the
Prematurity and Respiratory Outcomes Program (PROP),15 the
Trial of Late Surfactant (TOLSURF) study,16 the Preterm Erythro-
poietin Neuroprotection Trial (PENUT),17 and the Neonatal
Intensive Care Unit Hospital Exposures and Long-Term Health
(NICU-HEALTH) study.18 Between January 2010 and March 2020,
DINE participants were recruited into their parent study based on
enrollment criteria at one of the eight university-affiliated NICUs in
New York, New York; Rochester, New York; Buffalo, New York;
Nashville, Tennessee; Cincinnati, Ohio; Winston-Salem, North
Carolina; Minneapolis, Minnesota; and Jacksonville, Florida. Each
parent cohort collected detailed clinical, demographic, and
developmental data as well as a rich repository of biospecimens
during their initial enrollment period.
PROP was a multi-center, observational, prospective cohort

study of 835 preterm infants born at 23–28 completed weeks of
gestation between August 2011 and November 2013 (Clinical-
Trials.gov NCT01435187).15,19–22 PROP was a U01 collaboration
between the National Heart, Lung, and Blood Institute (NHLBI), a
data coordinating center, and 6 clinical centers, with NICUs at 13
hospitals. Of the original NICUs in PROP, 34 clinical centers with 6
recruitment hospitals currently participate in ECHO-DINE. A key
aim of PROP was to identify clinical, physiologic, and biochemical
markers during NICU hospitalization that predict respiratory
morbidity through 1 year of age. Each PROP center participated
in multiple hypothesis-driven, biomarker-based studies investigat-
ing mechanistic pathways associated with BPD (chronic lung
disease of prematurity) and respiratory morbidity one year after
hospital discharge. Post-NICU discharge data were obtained at 3,
6, 9, and 12 months corrected age. A diagnosis of BPD at 36 weeks
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PMA was made in 41% of the cohort; 68% of the cohort
experienced respiratory morbidity through 1 year of age.
TOLSURF was an NHLBI-supported masked, randomized, sham-

controlled trial conducted in 25 U.S. hospitals to determine the
effect of late doses of surfactant on BPD at 36 weeks PMA in
preterm infants receiving inhaled nitric oxide (U01HL094338; PI:
Roberta Ballard, MD; ClinicalTrials.gov NCT01022580).16,23 Preterm
infants were eligible for TOLSURF if they were <28 weeks
gestation and required intubation and mechanical ventilation
between 7 and 14 days of age. TOLSURF enrolled 511 infants
across 25 sites between January 2010 and September 2013.
Compared with PROP, infants in TOLSURF had a lower mean birth
weight and lower gestational age and were enrolled in week 2 of
life rather than week 1. Exclusion criteria were life-threatening
congenital abnormalities or airway anomalies, clinical instability, or
low likelihood of being available for long-term follow-up. TOLSURF
reported that survival without BPD did not differ between the
surfactant-treated group and the control group at 36 weeks PMA
(31.3 vs 31.7%; 95% CI, 0.75–1.28; P= 0.89).16 TOLSURF infants
were followed via pulmonary questionnaires every 3–6 months
through 24 months and underwent assessment of neurodevelop-
mental outcomes at 24 months. Three of the highest enrolling
TOLSURF sites participate in the ECHO DINE study.
PENUT was a randomized, multi-center, placebo-controlled trial

funded by the National Institute of Neurological Disorders and
Stroke (NINDS) to assess whether early high-dose erythropoietin
improved survival without neurodevelopmental impairment in
infants born between 24 and 28 weeks’ gestational age at 19
centers across the U.S. between December 2013 and September
2016 (U01NS077953; PI: Sandra Juul, MD, PhD; ClinicalTrials.gov
NCT01378273).24–26 Infants in PENUT were enrolled at <24 h of
age. Infants underwent neurodevelopmental assessment at 2
years of age. Exclusion criteria and data collection elements in
PENUT closely resemble those in TOLSURF and PROP. Three
PENUT sites, which also participated in TOLSURF, participate in the
ECHO DINE study. PENUT investigators recently reported that
high-dose erythropoietin treatment administered to extremely
preterm infants from 24 h after birth through 32 weeks PMA did
not result in a lower risk of severe neurodevelopmental
impairment or death at 2 years of age.24

NICU-HEALTH was designed from its inception as an environ-
mental health birth cohort study of preterm infants (K23ES022268;
PI: Annemarie Stroustrup, MD; ClinicalTrials.gov NCT01420029,
NCT01963065).18,27–30 Funded by the National Institute of Environ-
mental Health Sciences (NIEHS), NICU-HEALTH enrolled 320 infants
born at <33 weeks’ gestational age at Mount Sinai Hospital in New
York City in two phases between September 2011 and March 2020.
NICU-HEALTH collected comprehensive information about both
chemical and non-chemical exposures during NICU hospitalization
and evaluated the impact of the NICU environment on neurobe-
havioral outcomes through early childhood. Comprehensive clinical
and exposure data, questionnaire information, and biospecimens
were collected through the NICU stay and then following discharge
to 2 years of age. Longitudinal follow-up includedmultiple objective
and survey assessments of temperament and cognitive, motor, and
behavioral performance; questionnaires about home-based envir-
onmental exposures and medical comorbidities, including pulmon-
ary outcomes; and biospecimen collection at 3, 6, 12, and 24months
corrected age (age corrected for degree of prematurity). Participants
from a subset of parent study sites were re-recruited into DINE with
the goal of identifying and quantifying the impact of hospital-based
exposures early in life on the long-term development of children
born preterm.
Thus far, DINE has re-recruited 549 participants to the ECHO

Program with a target enrollment of 655. DINE participants
complete annual follow-up visits under the ECHO-Wide Cohort
Protocol.
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ELGAN
Neonates were enrolled at 14 hospitals in five U.S states between
April 2002 and August 2004. The only inclusion criterion was birth
before 28 weeks’ gestational age. The only exclusion criterion was
anencephaly. ELGAN enrolled 1506 infants, of whom 1200 survived
to discharge from the NICU. At the time of the first comprehensive
neurodevelopmental assessment at 2 years of age adjusted for
prematurity, a total of 1086 infants participated (91% of those
surviving to 2 years of age); at the time of the second assessment
at 10 years of age, 889 children participated (74% of those
surviving to 10 years of age); and at the time of the third
assessment at 15 years of age (completed with funding from
ECHO), 694 adolescents participated (58% of those surviving to 15
years of age). The overarching hypothesis of the ELGAN Study is
that perinatal inflammation is associated with brain structural and
functional disorders. To address this hypothesis, placentae were
examined for microbes and histological evidence of inflammation.
Protein biomarkers of inflammation were measured in neonatal
blood, and neonatal and maternal medical records were reviewed
for clinical complications and therapies indicative of infection or
inflammation. Abundant support for the ELGAN Study’s central
hypothesis has been described.31–45 While the initial focus of the
ELGAN Study was inflammation in the neonate and neurodevelop-
ment, the cohort has also been characterized in terms of placental
inflammation,46–48 placental epigenetic modification and gene
expression,49–57 obesity,58,59 asthma,3 and positive health.60

The strengths of the ELGAN Study include longitudinal
assessments of cognition, behavior, body mass index/obesity,
and asthma (at 2, 10, and 15 years of age); placental microbiology,
histology, CpG methylation, miRNAs, transcriptome, and proteo-
mics; and brain magnetic resonance at 15 years of age.

ACCESSING ECHO PROGRAM DATA
The ECHO Program provides support for 39 cohort awards, a
coordinating center, a data analysis center, a Participant-Reported

Outcomes Measurement Information System core, and Human
Health Exposure Analysis Research core. Investigators who receive
funding support from ECHO or who are designated as affiliate
investigators may propose analyses of data and publications to the
ECHO Publications Committee for review. The URL for the ECHO
Publications website is https://echochildren.org/echo-program-
publications/. Thus one pathway by which investigators who are
not currently affiliated with ECHO can gain access to ECHO data is
identify a ECHO Award principal investigator to sponsor the
investigator as an affiliate ECHO investigator. A list of ECHO Award
principal investigators can be found at https://echochildren.org/
map-echo-cohorts-observational-study-sites/. Investigators may
contact the ECHO-wide Cohort (ECHO-DAC@rti.org) to collaborate
with an ECHO investigator.
Investigators who wish to analyze data outside of a collabora-

tion with ECHO investigators can obtain a public use dataset that
is expected to be available in July 2022. A limitation of the public
use dataset is that it will contain records only for individuals who
have consented to ECHO participation at level 2 participation level
(defined as consent to share residential address and exact dates,
such as date of birth). In contrast, by collaborating with an ECHO
investigator, a researcher can gain access to all of the extant data
stored at the ECHO Data Analysis Center.

RESEARCH PRIORITIES FOR PRETERM ECHO COHORTS
While not an exhaustive list of prioritized projects, this section
presents a high-level view of research opportunities using data
from the DINE, NOVI, and ELGAN ECHO cohorts; Table 5 lists
selected examples of ongoing projects involving ECHO very
preterm cohorts. Exposures in these projects include community-
level factors such as air pollution and the built environment,
maternal factors such as maternal illnesses and medications,
neonatal therapies such as acid suppression medications, and
post-NICU exposures such as infant weight gain and the COVID
pandemic. Outcomes under study include placenta CpG DNA

Table 5. Selected examples of ECHO Projects utilizing data from ECHO very preterm cohorts.

Hypothesis/objective Exposure(s) Outcome(s) Mediators/
moderators

Evaluation of sex-based differences in
placental DNA methylation profiles related
to gestational age

Gestational age CpG DNA methylation Moderator: sex
assigned at birth

Maternal infections are associated with an
increased risk of child behavioral
dysregulation

Maternal infections Child Behavior Checklist dysregulation
profile

Moderator: sex
assigned at birth

Synthetic oxytocin is associated with an
increased risk of autism and ADHD

Synthetic oxytocin Autism; ADHD Maternal pre-
pregnancy BMI

Describe the impact of air pollution,
neighborhoods, and the build environment
on the epidemiology of chronic lung
disease in children born prematurely

Air pollution,
neighborhoods, and the
build environment

Bronchopulmonary dysplasia

High infant post-NICU weight gain
improves neurodevelopmental outcome
and increases risk of overweight/obese

Change in Infant weight
z-score after NICU discharge

Bayley Scales of Infant and Toddler
Development; Child Behavior Checklist;
Modified Checklist for Autism in
Toddlers; BMI

Acid suppressive medications during
infancy increase risk of overweight/obesity

Acid-suppression
medications in NICU and
after discharge

BMI

Evaluate prenatal and perinatal factors
associated with neurobehavior in preterm
and full-term infants

Medical conditions,
sociodemographic,
substance use

NICU Network Neurobehavioral Scales

Worsening of positive health and sleep
health during the COVID-19 pandemic will
be accentuated among children and
adolescents born preterm

COVID pandemic Positive health and sleep health Moderator:
preterm birth
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methylation, BPD, neonatal neurobehavior, behavioral dysregula-
tion, early cognitive functioning, autism, attention deficit hyper-
activity disorder, body mass index, sleep health, and positive
health.

Identification of modifiable risk factors for adverse child
health outcomes
An overarching goal of the ECHO Program is to identify modifiable
risk factors for obesity, asthma, and neurodevelopmental impair-
ments, as well as factors associated with positive health, which will
be discussed below in the section on resiliency. Except for obesity,
the adverse outcomes on which ECHO focuses are more frequent
among individuals born very preterm, increasing statistical power
when analyzing associations between early life risk factors and
child health outcomes.
Few studies have followed extremely preterm children starting

at birth and extending through childhood, and few have the
extensive biological and developmental data, and data on
environment and exposures during childhood, that are needed
to support rigorous investigations on etiology. Further, environ-
mental health studies often exclude participants born very
preterm. This lack of understanding about etiology and environ-
ment presents a critical barrier to progress toward preventing
adverse outcomes and promoting positive child health among
individuals born preterm. To help address this knowledge gap, the
ECHO very preterm cohorts have collected data on early life
exposures that are potentially related to child health outcomes;
examples include placental pathology (ELGAN), maternal post-
partum depression and substance use (NOVI), high-reliability
cranial ultrasound interpretations (ELGAN, DINE, and NOVI), details
of pulmonary course and outcomes (DINE), phthalate exposures in
the NICU (DINE), and clinical markers of acute neonatal kidney
injury (DINE).
For the identification of modifiable risk factors, ECHO cohorts

composed primarily of individuals not born very preterm provide
a large number of controls (individuals born at term). By
comparing early childhood environmental exposures for very
preterm infants and controls, ECHO is poised to increase under-
standing of the relative contribution of pre- and post-NICU factors
in the development of adverse child health outcomes for which
very preterm children are at higher risk. Studies of this type can
inform priorities and the design of programs to improve the
health of individuals born very preterm.

Developmental origins of health
A priority of ECHO very preterm cohorts is to increase under-
standing of potential mediators of preterm birth-outcome
associations, such as parental stress, social determinants of health,
and epigenetic variation. This priority aligns with the burgeoning
field of the developmental origins of health, which hypothesizes
that early-life exposures can program metabolic, immunologic,
epigenetic, or physiologic responses that have persisting effects
on health.61,62 To facilitate mechanistic studies of the develop-
mental origins of health, ECHO preterm cohorts have collected
data on biomarkers of potential mechanisms linking early-life
exposures and later-life outcomes, such as epigenetic markers in
the placenta52,53,63 and neonatal tissues,12 biomarkers of neonatal
inflammation,64,65 and chemical exposures during neonatal
intensive care in the first several postnatal months.18 Like the
“canary in the coal mine,” it seems likely that at least some of the
findings from mechanistic studies will pertain not just to
individuals born preterm but also to those born at term.66

Understanding disparities across social determinants of
health
In the U.S., child health outcomes on which the ECHO Program
concentrates (preterm and low birth weight birth, asthma, obesity,
and neurodevelopmental disorders), are more prevalent among

non-Hispanic Black children than among non-Hispanic White
children.67–71 Identifying factors that contribute to health dispa-
rities across race, as well as factors that promote health equity, is
an essential step in improving the health of children in the U.S.
Recent epidemiological studies of health disparity across race

have focused on social determinants of health, including such
factors as systemic racism, environmental pollution, and poverty.
Black families, as compared to White families, are more likely to
have indicators of socioeconomic disadvantage, such as lower
quality housing, and psychological stress,69,70 and have greater
exposure to air pollution, lead exposure,72–74 neighborhood
violence,75,76 racial segregation and discrimination,75,77 and
adverse life events. Conversely, Black families are less likely to
have access to high-quality daycare78 and nutritious foods during
pregnancy. Maternal diet can influence the risks of preterm birth
and fetal growth restriction,79 and iron deficiency during
pregnancy is associated with worse neurodevelopmental out-
comes in the offspring.79

The ECHO-wide cohort protocol includes collection of data
across multiple domains related to social determinants of health.
Residential address history is being used to derive indicators of
structural racism, including neighborhood-level measures of
deprivation, segregation, and urbanicity. The Everyday Discrimi-
nation Scale80 is being collected to capture self-perceived
racism. Family-level markers of economic resources include
household income and source of the family’s medical insurance.
At the level of mothers and caregivers, data are being collected
on educational attainment and occupation, as well as diet, sleep,
substance use, and environmental exposures during pregnancy.
Data from DINE, NOVI, and ELGAN cohorts are an important
resource in analyses of preterm birth as both an outcome of
social determinants of health as well as a mediator between
social determinants of health and adverse child health
outcomes.
Health disparities during the infant’s hospitalization in

NICUs81–87 include nurse understaffing and higher rates of
infection,82,83,85,88 mortality,81,84,86,89–91 and neonatal morbid-
ities.92 Notably, in NICUs rated as higher quality, differences in
morbidity between Black and White infants are smaller.90,93

Disparities across race/ethnicity also have been found among
hospital patients. Compared with Black and Hispanic infants,
White infants were more likely to receive appropriately timed
retinal examinations, antenatal steroid therapy, and breastfeeding
education82,85 Parents and healthcare providers report that less
attention and education was provided to families of color
compared with White families.82 Following discharge from the
NICU, families with fewer financial resources have greater difficulty
accessing health care.94 Families in rural communities, which
typically are farther from regional medical centers, face a larger
challenge attending follow-up appointments.95 Thus, health
disparities across race are present in the pre-conception interval,
and continue during pregnancy and neonatal intensive care
hospitalization, and after discharge of infants into the
community.81

The coronavirus disease 2019 (COVID-19) pandemic has
accentuated health disparities across social class. Given the
association between preterm birth and lower socioeconomic
status (SES), disparities across indicators of SES in COVID-related
health outcomes,96,97 and COVID-19–related disruptions to
educational support, we expect that pandemic effects on health
and educational outcomes will be larger among children born
preterm compared with those born at term.98,99 In the spring of
2020, the ECHO Program modified its study protocol to include
the collection of data on disruptions in children’s education, stress,
and coping during the COVID-19 pandemic. In the three ECHO
cohorts of individuals born very preterm, 1096 individuals have
completed questionnaires about the impact of the COVID-19
pandemic on their lives. These ECHO data, combined with data
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from ECHO cohorts born predominantly at term, form a large
racially and ethnically diverse sample for addressing questions
related to race, racism, and social determinants of health as
modifiers of associations between pandemic-related restrictions
and child health outcomes. Further, the longitudinal design of
each of the three preterm cohorts provides data on cohort
members’ health and developmental outcomes before, during,
and after the pandemic.

How can ECHO preterm cohorts inform research on resiliency
factors that may moderate the long-term effects of early life
adversity?
Despite the many pre-, peri-, and post-natal adversities encoun-
tered by fetuses delivered extremely preterm, as many as one-
third of children born before 28 weeks’ gestational age who are
discharged alive from the NICU have a positive health outcome,
defined as the absence of intellectual deficit, cerebral palsy,
epilepsy, autism spectrum disorder, severe hearing or visual
impairment, obesity, asthma, attention deficit hyperactivity
disorder, anxiety, and depression at 10 years of age.60 A goal of
the ECHO Program is to identify factors associated with positive
health outcomes,100 defined as “a set of resources that are used to
adapt to environmental challenges, satisfy needs, and reach a
person’s goals … assets that strengthen an individual’s health.”100

Related to positive health is resilience, defined as “a multi-
systemic dynamic process of successful adaption or recovery in
the context of risk or a threat.”101 Factors that confer resilience are
those that promote well-being or protect against adverse
outcomes in children and adolescents who are at increased risk.
For example, in a large Norwegian cohort of adolescents 16–19
years of age, a higher number of negative life events experienced
by study participants was correlated with increased depressive
symptoms, whereas fewer symptoms were reported by adoles-
cents with potential protective factors, such as goal orientation,
self-confidence, social competence, social support, and family
cohesion. These findings suggest that even among children who
experience negative life events, interventions to enhance resi-
lience factors, such as social support and family cohesion, could
reduce the frequency of depression.102

Among children born with extremely low birth weight,
resilience was associated with higher SES and favorable proximal
home factors, such as higher stimulation for learning, higher
parent-child relationship quality, and lower parent burden and
distress.103 In the ELGAN cohort, a positive health outcome was
associated with higher SES and the absence of pre-pregnancy
chronic maternal medical disorders, such as pre-pregnancy
obesity or asthma.104

Identifying factors that promote positive health provides targets
for interventions to improve outcomes after very preterm birth.
Proximal factors associated with higher SES, such as social support
for parents, and enhanced educational stimulation, can be
provided by supportive programs for families to improve health
outcomes after very preterm birth. Direct assessment of parents’
social support and educational resources, with instruments such
as the Home Observation for Measurement of the Environment
Inventory,105 could identify families with greater need of
supportive interventions.
In addition to identifying targets for intervention, ECHO

researchers are focusing on identifying the mechanisms by which
early life factors confer resiliency. Findings from the NOVI and
ELGAN cohorts support the developmental origins of disease
hypothesis and suggest that epigenetic markers in the pla-
centa54,55 and neonatal tissue12 are sensitive to early life
exposures and are predictive of child health outcomes.50,63 Taken
together, these findings suggest that epigenetic modifications
could be a mechanism linking early-life exposures to health
outcomes in childhood and beyond. Studies from the ELGAN
cohort indicate that neonatal systemic inflammation is associated

with prenatal factors, such as SES,106 placenta microorganisms,107

and maternal obesity,108 and is also associated with child
outcomes 10 years later.31,34,36,109 Thus, neonatal inflammation is
another potential mechanism for the developmental origins of
health and disease.

SUMMARY
The ECHO-wide cohort study is a resource for researchers
interested child health outcomes among individuals born very
preterm. Data from very preterm children currently participating in
the ECHO-wide cohort, together with about 30,000 children born
at term will soon be available publically, and will include
information about a broad range of environmental exposures
and outcomes related to chronic illness among U.S. children. This
resource provides child health researchers with many opportu-
nities to improve understanding of modifiable risk factors and
mechanisms leading to chronic illness in children, pointing the
way to interventions to optimize the well-being of children in
the U.S.
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