
UC Davis
UC Davis Previously Published Works

Title
Extending the Environmental influences on Child Health Outcomes (ECHO) Cohort through 
2030: Rationale and study protocol.

Permalink
https://escholarship.org/uc/item/7hp57721

Journal
PLoS ONE, 19(12)

Authors
Blackwell, Courtney
Cella, David
Adair, Linda
et al.

Publication Date
2024

DOI
10.1371/journal.pone.0312677
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/7hp57721
https://escholarship.org/uc/item/7hp57721#author
https://escholarship.org
http://www.cdlib.org/


STUDY PROTOCOL

Extending the Environmental influences on

Child Health Outcomes (ECHO) Cohort

through 2030: Rationale and study protocol

Courtney K. BlackwellID
1☯*, David Cella1☯, Linda Adair2‡, José F. Cordero3‡, Suman
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Abstract

Early life environmental exposures, even those experienced before conception, can shape

health and disease trajectories across the lifespan. Optimizing the detection of the constella-

tion of exposure effects on a broad range of child health outcomes across development

requires considerable sample size, transdisciplinary expertise, and developmentally sensi-

tive and dimensional measurement. To address this, the National Institutes of Health (NIH)

Environmental influences on Child Health Outcomes (ECHO) Cohort Study is an observa-

tional longitudinal pediatric cohort study. In the first phase from 2016–2023, the ECHO Pro-

gram built a robust platform for investigating prenatal and early life environmental

exposures on child health outcomes. Now, the ECHO Program is extending longitudinal fol-

low-up of existing ECHO participants <21 years of age and recruiting and following new

pregnant participants <20 weeks gestation and their offspring through 2030. Participants will

be enrolled at 72 Cohort Study Sites across all 50 US states, the District of Columbia, and

Puerto Rico. Exposure assessments span the biological, chemical/physical, lifestyle, and

social environment; child health outcomes focus on five broad domains: pre-, peri-, postna-

tal; airways; obesity; neurodevelopment; and positive health, or one’s physical, mental, and
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social well-being. Data and biospecimens will be collected annually through August 2030,

with an expected total sample size of 60,000 children and their caregivers. The ECHO

Cohort Study represents the largest national longitudinal study of children’s health in the

US. Here, we describe the ECHO Cohort “Cycle 2” observational study arm and the ECHO

Cohort Protocol version 3.0 (ECP v3.0), which delineates the data elements, measures, and

biospecimens that all ECHO Cycle 2 Cohort Study Sites will collect and analyze.

Introduction

Early environmental exposures profoundly shape lifespan health and disease trajectories [1].

Robust evidence from pre-clinical and clinical studies shows that preconception and prenatal

exposures at levels not toxic to adults can permanently impair the developing brain and associ-

ated regulatory systems, subsequently increasing susceptibility to various diseases and develop-

mental challenges [2–4]. Even before the child is conceived, the parental exposome—the

profile of an individual’s exogenous (e.g., pollutants) and endogenous (e.g., inflammation)

exposures—can impact future offspring health [5], as can the maternal exposome during preg-

nancy [6, 7]. Because peak neuroplasticity occurs during the first five years of life, children are

especially susceptible to environmental exposures that can alter brain development [8]. As

chemical and psychosocial stressors often co-occur, these factors disproportionately impact

historically minoritized groups such as communities of color and those of lower socioeco-

nomic status [9–12].

The impact of such stressors on child health is often subtle, with varying developmental

expression, and can be especially hard to detect during early childhood due to rapid shifts in

development [9, 13, 14]. Moreover, adverse effects of the exposome are developmentally pat-

terned, manifesting as anatomic, physiologic, behavioral, and developmental abnormalities

[15–19] and/or disruptions in normative developmental processes and maturation [14, 20].

Adverse effects impact regulatory systems and multi-organ system interactions and alter sus-

ceptibility to future exposures, even without overt pathology at birth, making it challenging to

differentiate specific effects [8, 20]. Finally, effects on phenotypic development can be buffered

by the child’s proximal and distal protective experiences (e.g., parental responsiveness, health

system intervention) and compensatory maturation (e.g., language) [21, 22]. A variety of influ-

ential factors such as diet and nutrition [23–28]. air pollution [29–32], smoking and alcohol

consumption [22, 33, 34], obesity [23, 24], and psychosocial stress [35, 36] provide opportuni-

ties for public health or clinical intervention or prevention even before conception, thus ensur-

ing improved health outcomes for pregnant individuals and children. This situation calls for:

1) developmentally sensitive measurement from preconception through early childhood; 2) a

life course approach to the characterization of potential differential health effects across devel-

opmental periods; [37] and 3) dimensional measurement (versus categorical binary, such as a

diagnostic indicator of whether a child has or does not have a specific medical condition) that

captures a broad, continuous outcome spectrum to enable identification of subtle, sub-clinical

exposure effects and complex relationships between and across exposures and outcomes

beyond simple diagnostic indicators [9, 22]. Moreover, optimizing detection of multiple expo-

sure effects on a broad range of child health outcomes requires considerable sample size and

transdisciplinary expertise [9, 38–40].

To address these opportunities, the National Institutes of Health (NIH) Environmental

influences on Child Health Outcomes (ECHO) Program brought together existing pediatric
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longitudinal observational cohorts comprising more than 200 sites in the US, including Puerto

Rico, to form the national ECHO Cohort [41, 42]. From September 2016 to August 2023

(ECHO “Cycle 1”), the ECHO Program built a robust data and biospecimen collection and

management platform, including central specimen storage and assaying, for studying prenatal

and early childhood environmental exposures on pediatric health outcomes and developed the

ECHO Cohort Data Platform with data from over 60,000 children and primary caregivers

[43]. In collaboration with the NIH Institutional Development Award (IDeA) Program, which

funds research on populations in states with historically low NIH funding, the ECHO Program

also developed the ECHO IDeA States Pediatric Clinical Trials Network (ISPCTN) to address

disparities in pediatric research with an emphasis on rural and underserved infants and chil-

dren living in IDeA states [44]. The ECHO Cohort and ISPCTN synergized around priority

research areas, with the observational cohort study providing foundational evidence on which

the ISPCTN could develop clinical intervention studies.

Building on this rich foundation, the ECHO Program is extending longitudinal follow up of

ECHO participants in the observational ECHO Cohort through 2030 and is funding additional

Cohort Study Sites for the recruitment and follow-up of pregnant participants. Here, we

describe the ECHO Cohort “Cycle 2” observational study arm and the ECHO Cohort Protocol

(ECP) v3.0, which delineates the data elements, measures, and biospecimens that all ECHO

Cycle 2 Cohort Study Sites will collect for future analysis. For the purposes of the ECP v3.0,

data elements refer to the core concepts to be measured; measures are the specific data collec-

tion tools to assess data elements; and biospecimens are the samples of material taken from the

human body, such as blood and urine.

Materials and methods

Objectives

The overarching objective of the NIH ECHO Program is to enhance the health of children for

generations to come by investigating prenatal and early biological, physical/chemical, lifestyle,

and psychosocial exposures in relation to five primary pediatric outcome areas: pre/peri/post-

natal outcomes; upper and lower airways; obesity; neurodevelopment; and positive health,

which describes one’s physical, mental, and social well-being [41, 42]. To do so, ECHO

requires a standardized collection of core data elements and biospecimens with psychometri-

cally robust measures and methods to enable high-quality assessment, interpretation, model-

ing, and analysis of the effects of early environmental exposures on child health outcomes

across a diverse participant population.

Study design

The ECHO Cohort Study, funded by the NIH Office of the Director, is a longitudinal prospec-

tive study. In Cycle 2 (2023–2030), data and biospecimens will be collected from participants

recruited in Cycle 1 [43] and de novo pregnancy participants to establish the combined ECHO

Cohort. The ECHO Cycle 2 funding period started in September 2023 and includes 72 Cohort

Study Sites enrolling participants, along with four Cores and Centers that help facilitate all

aspects of the study, from protocol development and training to data analysis and dissemina-

tion. The four cores and centers are the Coordinating Center (CC) at the Duke Clinical

Research Institute, the Data Analysis Center (DAC) at Johns Hopkins University and RTI

International, the Laboratory Core (Lab Core) at Vanderbilt University Medical Center, and

the Measurement Core at Northwestern University. Cohort Study Sites, Cores, and Centers

comprise the ECHO Cohort Study. Investigators from all components are represented on the

ECHO Steering Committee, which is charged with setting ECHO’s scientific research
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priorities and objectives, and the ECHO Operations Committee, which is responsible for

ensuring the achievement of the Steering Committee’s priorities by overseeing and evaluating

program-wide progress towards such objectives (see Fig 1 for organizational structure). The

Steering and Operations Committees are in close contact with each other to ensure the pro-

gram prioritizes scientific initiatives that are both important contributions to the broader field

while also feasible and achievable for a large-scale consortium such as ECHO. Building from

Cycle 1, the ECHO Cohort Study will leverage transdisciplinary team science to conduct solu-

tion-oriented observational longitudinal research on such topics as early origins of health dis-

parities, identification of early critical exposure periods impacting health and development

trajectories, biological pathways of risk and resiliency, and novel investigation of genetic,

social, and behavioral factors that impact offspring health even before conception. Cycle 2 pro-

tocol implementation, including enrollment of and data collection from eligible persons (i.e.,

pregnant individuals <20 weeks gestation and Cycle 1 participants <21 years of age) began in

January 2024. Data and biospecimens will be collected from each participant at least once per

year through August 2030.

Fig 1. ECHO Program organizational chart. The ECHO Program is comprised of an observational study arm, the ECHO Cohort Study

described in this manuscript, and the ISPCTN clinical trials arm.

https://doi.org/10.1371/journal.pone.0312677.g001
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Protocol development

In the sixth year of Cycle 1 in January 2022, the ECHO Cycle 1 Executive Committee convened

the Protocol Task Force (PTF) to develop a standard protocol for evaluating early environ-

mental exposures on child health outcomes that balanced participant and staff burden with sci-

entific value for use in NIH-funded prospective longitudinal cohort studies. The PTF

established guiding principles (Fig 2) and a standard data collection framework that identified

key exposure and outcome areas based on the Cycle 1 ECHO-Wide Cohort Protocol v2.1 [43].

The group reviewed Cycle 1 metadata (e.g., frequency of collection, item missingness, average

completion time) to identify form usage rates and participant time burden per assessment to

identify particularly burdensome measures and biospecimen collections to inform whether

modifications or removal were required for Cycle 2 to decrease participant burden. PTF sub-

groups were assigned to scientific domains, and each subgroup reviewed relevant sections of

the v2.1 protocol, along with the metadata and feedback from the Cycle 1 Diversity, Equity,

and Inclusion (DEI) Working Group’s extensive review of data collection forms and processes,

to suggest data elements and associated measures and biospecimens to include for ECP v3.0.

In May 2022, the PTF met in person to collate this input and developed an initial protocol

draft, paying particular attention to the concurrent collection of conceptually aligned data ele-

ments and biospecimens to allow for meaningful, scientifically robust analyses. The prelimi-

nary draft protocol underwent review and comment in July 2022 by the ECHO Executive

Committee and DEI Working Group and was approved by the NIH ECHO Program Office in

August 2022.

In response to ECHO investigator concerns over participant and staff burden, the PTF fur-

ther streamlined the protocol using three approaches: (1) identify and remove highly specific

data elements, measures, and biospecimens primarily relevant to only one outcome or expo-

sure area (e.g., measures of ADHD, skin folds, nasal swabs, breastmilk); (2) replace lengthy

measures with briefer options, including computer adaptive tests and short forms; and (3)

reduce data collection frequency. The PTF incorporated the first approach because subsequent

protocol versions will include similar specialized elements to be administered by subsets of

Cohort Study Sites with particular interest in those scientific areas. Additionally, a priority for

informing the streamlining process was ensuring that most measures and biospecimens could

be captured remotely by the participant or with the help of caregivers for younger children.

NIH approved this second draft of ECP v3.0 in January 2023. In Spring 2023, the PTF initiated

internal pilot testing of new and heavily modified data collection instruments to obtain quali-

tative feedback from non-ECHO participants (e.g., study staff, colleagues) on form length and

Fig 2. Guiding principles for protocol development. The ECHO Protocol Task Force began by establishing a set of principles to guide protocol development.

https://doi.org/10.1371/journal.pone.0312677.g002
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comprehensibility to inform instrument modifications. The Western Copernicus Group

(WCG) IRB, the study’s single IRB (sIRB), approved the final ECP v3.0 in September 2023 for

implementation in January 2024. See Fig 3 for an overview of the protocol development

timeline.

Study setting and participating sites

The ECHO Cycle 2 Cohort Study comprises 45 Cohort Study Site awards, including 14 new

pregnancy Site awards, 16 Site awards re-enrolling their Cycle 1 participants (children and

caregivers), and 15 continuing Site awards enrolling both new pregnant individuals and re-

enrolling Cycle 1 participants. Reflecting the residence of Cycle 1 participants [43], we antici-

pate that Cycle 2 participants will reside across all 50 US States, the District of Columbia, and

Puerto Rico. Participants from ECHO Cohort Study Sites who provide informed consent and

assent, as appropriate, are eligible for inclusion in the ECHO Cohort Protocol. Each Site may

have individual inclusion/exclusion criteria based on the parent study [43]. These sites are het-

erogeneous with respect to environment, population demographics, selection criteria, and

study design (for site-level descriptions, see: https://echochildren.org/echo-cohort/). A pri-

mary emphasis of participant enrollment and retention is maintaining a diverse ECHO Cohort

participant population throughout the study.

Figs 4 and 5 display the expected Cycle 2 enrollment of pregnant individuals and children,

respectively, from January 5, 2024, to May 31, 2025, which reflects the initial 2-year run-in

phase of Cycle 2 aligned to the UG3 phase of the NIH UG3/UH3 funding mechanism of the

study. The UG3 phase focuses on the recruitment and consent of new pregnant participants,

follow-up and reconsent of Cycle 1 participants, implementation of the Cycle 2 protocol, and

development and dissemination of ECHO science. The NIH will consider successful UG3

Cohort Study Sites for transition to the UH3 phase based on standard criteria outlined in the

original Request for Applications [45]. Enrollment is expected to continue during the UH3

phase, with approximately 20,000 pregnant individuals and 40,000 Cycle 1 children and their

caregivers enrolled in Cycle 2. Additionally, Cycle 2 of the ECHO Program will include a pre-

conception pilot study derived from the postpartum period of the 20,000 pregnant partici-

pants, with an expected 10,000 preconception participants and, when available, their partners,

resulting in at least 3,000 live births with information on preconception exposures collected

prospectively from the biological parents (see Planned protocol updates below). Combined,

these strategies are expected to result in sites collecting data from approximately 60,000 chil-

dren and their caregivers over the next seven years.

Schedule of assessments

All Cohort Study Sites will collect and contribute data related to ECHO’s five primary out-

comes and three primary types of exposures (described in detail below). The ECHO Program

expects that each Cohort Study Site will collect measures and biospecimens on their cohort

participants twice in the prenatal period (an “early” pregnancy visit before 20 weeks’ gestation

and in the 3rd trimester), in the perinatal period (cord blood and also placenta, when possible),

and when the index child is 0 to 5 months, 6 to 11 months, 12 to 23 months, and 24 to 35

months. Beginning at age 3 years, the protocol follows a calendar-based annual visit schedule

delimited into four developmentally aligned child age bands: 3 to< 6 years, 6 to< 11 years, 11

to< 18 years, and 18 to< 21 years. Age bands were selected to reflect important developmen-

tal life stages based on brain development [46], child development theory [47, 48], major

national and international health organizations [49–53], with the acknowledgment that age

bands provide a useful heuristic for assessment but that development is continuous, varies
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Fig 3. ECHO Cohort Protocol v3.0 development and implementation timeline. The ECHO Protocol Task Force

developed Protocol v3.0 over 19 months, followed by three months of training and culminating in site activation and

enrollment in January 2024.

https://doi.org/10.1371/journal.pone.0312677.g003
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Fig 4. Expected pregnant person enrollment accrual by the end of each month from January 2024 to May 2025. A

total of n = 8,158 pregnant people are expected to be enrolled during the UG3 phase of the ECHO Cohort Study

(January 2024 –May 2025), including n = 4,649 pregnant people who self-identify as a race/ethnicity other than non-

Hispanic White. By the end of ECHO Cycle 2, n = 20,000 pregnant people are expected to be enrolled.

https://doi.org/10.1371/journal.pone.0312677.g004

Fig 5. Expected child enrollment accrual by the end of each month from January 2024 to May 2025 by age band. “Age band” refers

to the developmentally informed age groups of children, where all children within an age band are administered the same set of

instruments and specimens within a given calendar year. A total of n = 27,050 children ages 0 to<21 years are expected to be enrolled

during the UG3 phase of the ECHO Cohort Study (January 2024 –May 2025), including expected births from new pregnancies, and

includes n = 11,650 children who are caregiver or self-identified as a race/ethnicity other than non-Hispanic White.

https://doi.org/10.1371/journal.pone.0312677.g005
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across individuals, and that age is a convenient way to define pediatric life stages but only one

characteristic that delineates development.

Fig 6 shows the progression of the series of birth cohorts within the larger ECHO Cohort

by age band from 2024 to 2030. “Birth cohort” describes the group of children who were born

in the same year and enter the ECP v3.0 at the same age in the same ECHO Study Calendar

Year.

The novel ECHO age-band calendar approach means each birth cohort, those children

born in the same calendar year, within the larger ECHO Cohort is administered the same set

Fig 6. Graphical depiction of how each birth cohort progresses through age bands, by year they enter the Cycle 2

ECHO Cohort Protocol (ECP) v3.0. Birth cohort describes the group of children who were born in the same year

(“Birth Cohort Year”) and enter the ECP v3.0 at the same age in the same “ECHO Study Calendar Year.” Values

represent the child age in the given calendar year for the respective birth cohort. Shaded colors represent the ECP v3.0

age bands, with gray representing children ages 0 to< 36 months.

https://doi.org/10.1371/journal.pone.0312677.g006
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of data elements, but the same age children, born in the following calendar year and thus

reflecting the next birth cohort, are administered a slightly different set of data elements. The

alternative design of an age-specific protocol that is characteristic of traditional cohort stud-

ies would mean all children of a discrete age are administered the same data elements,

regardless of whether children are born in the same year or were born in different years [54].

For example, a traditional cohort study recruiting pregnant participants over three years

would expect to have children enter the study across multiple years, but the same set of data

elements would be administered to all 1-year-olds, regardless of whether the child turned

one in the second year of the study or the third year of the study. Because of the level of detail

in and volume of assessments and associated participant and staff burden, this alternative

age-based approach results in (1) fewer and less frequent collection of each measure and

biospecimen and (2) assessment only at discreet ages versus across multiple ages, thus leav-

ing large age gaps in when measures and biospecimens are assessed. The ECHO age-band

calendar approach allows for the coverage of all data elements across all ages and is more effi-

cient in reducing participant and staff burden–particularly for sites collecting data across a

wide participant age range. This benefit is hypothesized to outweigh the complexity of chil-

dren of the same age having different data collection protocols each year, depending on what

year they enter the age band.

During a single calendar year (e.g., January 1 to December 31, 2024), Cohort Study Sites

will collect the same set of data and biospecimens on all participants within a particular age

band (e.g., any participant aged 3, 4, or 5 years in 2024 follows the same data and biospecimen

collection procedures for 2024). Although each child will have annual visits, which is more fre-

quent than prescribed in Cycle 1 when sites were required to collect measures once within an

age band, not every measure or biospecimen is collected at each annual visit. Instead, measures

are spread across calendar years to limit participant burden while obtaining longitudinal mea-

surements within and across age bands. With a few exceptions of the same data elements col-

lected annually (e.g., residential address, child medical history), data elements and

biospecimens are generally collected every two to three years, resulting in two or three

repeated assessments for every measure or biospecimen for all participants over the develop-

mental lifespan. For example, caregivers of all 3-5-year-olds in 2024 will complete the Child
Behavior Checklist (CBCL) for Ages 1.5–5, but in 2025, no caregivers of 3- to 5-year-olds will

complete this measure. Thus, a 3-year-old in 2024 will have CBCL data, but a 3-year-old in

2025 will not. In 2026, the CBCL Ages 1.5–5 is collected again on all 3- to 5-year-olds. Thus,

the group of 3-year-olds in 2024 will have CBCL data when they are 3 and 5 years old, while

the group of 3-year-olds in 2025 will have CBCL data when they are 4 years old. The Protocol

Task Force acknowledged this method may complicate longitudinal analyses as not all partici-

pants will have every measure at the same age–only within the same age band; a subset of par-

ticipants will have any one specific measure at any one specific age. However, the alternative

age-based protocol would result in similar complexity, with large gaps in ages for individual

measures that complicate longitudinal analyses in other ways. For example, if the CBCL Ages

1.5–5 was collected on all 3- and 5-year-olds, there would be no CBCL data on 4-year-olds,

one time point of data for 5-year-olds, and two time points for 3-year-olds. While all 3- and

5-year-olds would be administered the measure, only longitudinal data would exist for those

who were 3 or younger when enrolled in ECHO Cycle 2. Moreover, this age-based protocol

completely skips certain ages, when important developmental changes occur. The age-band

calendar approach enables all ages within an age band to be captured. With the inability to col-

lect all measures on all children in all years of the study, there was no way to avoid such

complexity.
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Assessments

The ECP v3.0 delineates data elements and associated measures (e.g., surveys, physical mea-

surements) and biospecimens for collection from pregnant individuals and children ages 0 to

<21 years. In addition to the sociodemographic and health history assessments of pregnant

people, children, and families (Table 1), the protocol focuses on ECHO’s three primary expo-

sure areas and five primary child health outcomes. An overview of data elements and associ-

ated measures and biospecimens is provided below, and complete details regarding

administration timing and procedures and copies of all data collection forms are available at

ECHOChildren.org.

Table 2 details the pregnancy-related assessments and three environmental exposure areas:

physical/chemical, lifestyle, and psychosocial. Surveys administered to the pregnant person or

caregiver constitute the primary data collection method in these domains; exceptions include

direct assessment of pregnant persons’ anthropometry and caregiver cognition, wearable tech-

nology for pregnant persons’ physical activity and sleep, and abstraction of prenatal and birth

medical records.

Table 3 outlines outcome assessments by the five primary ECHO outcome domains (pre-,

peri-, postnatal, airways, obesity, neurodevelopment, and positive health). Instruments include

caregiver-report surveys across all child ages, child self-report surveys beginning at age 8,

direct assessment of child cognition and physical measures (anthropometry, blood pressure),

and wearable technology for collecting child physical activity and sleep patterns.

With few exceptions, all data—including cognition, anthropometric and physical measure-

ments, and most biospecimens—can be collected remotely with little or no direct study staff

involvement. The few data elements and biospecimens that require in-person assessment are

noted in Tables 1–3.

Data collection and management

Data are collected using a centralized data capture system, “REDCap Central,” hosted by the

ECHO DAC and stored in a Federal Information Security Management Act (FISMA) moder-

ate environment. REDCap (Research Electronic Data Capture) is a metadata-driven electronic

data capture program developed by Vanderbilt University for web and smartphone use [55,

56]. Data entered into this system by the Cohort Study Site staff and participants are captured

in real-time in a central, secure database at the ECHO DAC. For several measures, such as the

NIH Toolbox Cognition Battery, Cohort Study Sites will use a third-party application for data

collection and then upload the data to the DAC’s secure FISMA moderate platform. Biospeci-

mens are sent to and stored centrally at the Lab Core for future analyses.

Successful implementation of the ECP v3.0 is defined as (1) Cohort Study Sites administer

the measures as intended, and (2) data collected are of high quality (e.g., complete, in range).

One unique feature of the ECP v3.0 is the emphasis on remote data collection, with most mea-

sures and biospecimens utilizing self-administration strategies (see measures marked with an

asterisk in Tables 1–3 for exceptions). In addition to self-administered questionnaires and self-

collected biospecimens, the ECP v3.0 includes at-home caregiver-measured measurements to

assess child length/height, weight, bioimpedance, head and waist circumference, and blood

pressure. The ECHO Cycle 1 Remote Assessment Task Force conducted a remote validation

pilot study to evaluate the feasibility and validity of this remote data collection strategy and

confirmed that caregivers of 0- to 17-year-olds could obtain valid physical measurements from

their children using study-provided standard equipment with similar reliability to researcher-

administered assessments [57]. Drawing on these findings, the PTF developed instructional

manuals and equipment specifications so that ECP v3.0 could be implemented in-person by
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Table 1. Data elements and measures to assess sociodemographic characteristics and medical historya,b.

Data Element Measure Prenatal 0-35mo 2024 2025 2026 2027 2028 2029 2030

Sociodemographic Characteristics

Family Demographics Demographics of the

Biological Family

Questionnairec

Assess at first point of contact with participants following consent and enrollment

Family Demographics Demographics of Primary

Caregiver Family

Questionnairec

Assess at first point of contact with participants following consent and enrollment

Child Demographics Demographics of the

Child Questionnaire

Assess at first point of contact with participants following consent and enrollment

Residential Address Residential Address

History Questionnaire

Assess at first point of contact with participants following consent and enrollment

Updated Residential

Address

Residential Address

Update Questionnaire

Early, 3rd

tri

0-5mo, 6-

11mo, 12-

23mo, 24-

35mo

3-5yr, 6-

10yr, 11-

17yr, 18-

20yr

3-5yr, 6-

10yr, 11-

17yr, 18-

20yr

3-5yr, 6-

10yr, 11-

17yr, 18-

20yr

3-5yr, 6-

10yr, 11-

17yr, 18-

20yr

3-5yr, 6-

10yr, 11-

17yr, 18-

20yr

3-5yr, 6-

10yr, 11-

17yr, 18-

20yr

3-5yr, 6-

10yr, 11-

17yr, 18-

20yr

Household Income,

Receipt of Federal

Assistance, Financial

Strain

Income, Assistance, and

Financial Strain—

Pregnancy Questionnaire

Early

Household Income,

Receipt of Federal

Assistance, Financial

Strain

Income, Assistance, and

Financial Strain—

Childhood Questionnaire

6-11mo 3-5yr, 6-

10yr, 11-

17yr

3-5yr, 6-

10yr, 11-

17yr

3-5yr, 6-

10yr, 11-

17yr

Household Income,

Receipt of Federal

Assistance, Financial

Strain

Income, Assistance, and

Financial Strain—18–20

yr olds Questionnaire

18-20yr 18-20yr 18-20yr

Caregiver & Partner

Occupation

Caregiver Occupation

and Employment

Questionnaire

3rd tri 6-11mo 3-5yr, 6-

10yr, 11-

17yr

3-5yr, 6-

10yr, 11-

17yr

3-5yr, 6-

10yr, 11-

17yr

Household Primary

Language Spoken, Read

Language and

Acculturation—

Pregnancy Questionnaire

Early

Household Primary

Language Spoken, Read

Language and

Acculturation—

Childhood Questionnaire

12-23mo 3-5yr, 6-

10yr, 11-

17yr

3-5yr, 6-

10yr, 11-

17yr

3-5yr, 6-

10yr, 11-

17yr

Household Primary

Language Spoken, Read

Language and

Acculturation—18–20 yr

olds Questionnaire

18-20yr 18-20yr 18-20yr

Early Care and

Education

Early Care and Education

Questionnaire

6-11mo, 12-

23mo

3-5yr 3-5yr 3-5yr

K12 Education Child K12 Education

Questionnaire

6-10yr,

11-17yr

6-10yr,

11-17yr

6-10yr,

11-17yr

Gender Identity Gender Identity—Parent

Report Questionnaire

6-10yr 6-10yr

Gender Identity Gender Identity—Child

Self-Report Questionnaire

11-17yr,

18-20yr

18-20yr 11-17yr,

18-20yr

Child and Family Medical History

Child Medical History Medical History of the

Child Questionnaire

Assess at first point of contact with participants following consent and enrollment

Child Medical History Medical History of the

Child Update

Questionnaire

6-11mo, 12-

23mo, 24-

35mo

3-5yr, 6-

10yr, 11-

17yr

3-5yr, 6-

10yr, 11-

17yr

3-5yr, 6-

10yr, 11-

17yr

3-5yr, 6-

10yr, 11-

17yr

3-5yr, 6-

10yr, 11-

17yr

3-5yr, 6-

10yr, 11-

17yr

3-5yr, 6-

10yr, 11-

17yr

Child Medical History Medical History of the

Child Update—18–20 yr

olds Questionnaire

18-20yr 18-20yr 18-20yr 18-20yr 18-20yr 18-20yr 18-20yr

(Continued)
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study staff or remotely by caregivers (for child assessments) or pregnant individuals (for self-

assessments). Cohort Study Sites are responsible for purchasing equipment and orchestrating

shipping to and from participants. Except for length/height and weight for which sites may use

hospital-grade equipment (e.g., stadiometer), sites conducting in-person visits must use the

same equipment specified for remote administration to ensure standardization between sites

and over time.

In addition to ongoing and booster training for Cohort Study Site staff and in-person and

virtual site visits by the NIH Program Office and ECHO Cores/Centers to enhance implemen-

tation fidelity, an Implementation Fidelity Task Force comprised of investigators from the

ECHO Cores/Centers and Cohort Study Sites will engage in the ongoing review of metadata

related to measure completeness and administration adherence (e.g., study staff administered

the correct assessment to a specific participant/respondent in the proper age band) to evaluate

Cohort Study Site operation alignment with the protocol-prescribed data collection proce-

dures denoted in the ECP v3.0. One function of the REDCap Central system is the creation of

a participant-specific dashboard that presents the appropriate assessments by age and calendar;

this function should minimize deviations from the prescribed protocol. Ongoing metadata

monitoring by the Implementation Fidelity Task Force will help identify sites that may require

additional training and those with the successful implementation that can provide guidance

on lessons learned and best practices to help other sites.

Maintaining a continuous quality review process is essential, particularly for new measures

and those with significant changes. Even when data are collected correctly, data quality flags

may indicate a need to change the data collection approach and/or the measure itself. For

example, measures with high rates of missingness may indicate the need for a change, particu-

larly if the pattern of missingness is informative (i.e., not random) and indicative of significant

disparities in responses related to primary scientific aims or for unique participant subgroups.

Differential rates of missing data across measures may impact the ECHO Program’s ability to

test specific hypotheses, and any non-random nature of missing data may increase the

Table 1. (Continued)

Data Element Measure Prenatal 0-35mo 2024 2025 2026 2027 2028 2029 2030

Lifetime/Updated

Family Medical

Conditions

Medical History of the

Family Questionnaire

Early 0-5mo, 12-

23mo, 24-

35mo

3-5yr, 6-

10yr, 11-

17yr, 18-

20yr

3-5yr, 6-

10yr, 11-

17yr, 18-

20yr

3-5yr, 6-

10yr, 11-

17yr, 18-

20yr

3-5yr, 6-

10yr, 11-

17yr, 18-

20yr

3-5yr, 6-

10yr, 11-

17yr, 18-

20yr

3-5yr, 6-

10yr, 11-

17yr, 18-

20yr

3-5yr, 6-

10yr, 11-

17yr, 18-

20yr

Caregiver and Child

Health Insurance Status

Health Insurance

Coverage Questionnaire

Early 6-11mo 3-5yr, 6-

10yr, 11-

17yr

3-5yr, 6-

10yr, 11-

17yr

3-5yr, 6-

10yr, 11-

17yr

Caregiver and Child

Health Insurance Status

Health Insurance

Coverage—18–20 yr olds

Questionnaire

18-20yr 18-20yr 18-20yr

Caregiver Health

Literacy

Caregiver Health Literacy

Questionnaire

0-5mo

Abbreviations: mo = month; yr = year; 3rd tri = 3rd trimester; early = early pregnancy visit < 20 weeks gestation.
aThe full ECHO Cohort Protocol is available at ECHOChildren.org.
bSee S1 Table for a list of relevant measure references.
cCohort Study Sites are expected to collect demographic information related to the ECHO child’s biological family members; however, in cases where biological family

members are not the primary caregivers of the child (e.g., child is adopted, biological caregivers deceased), this information may not be available. In these cases,

capturing the child’s rearing family demographics is critical. If the rearing family is different than the biological family, ECHO cohorts should strive to collect both

biological family and rearing family demographics to the extent possibl

https://doi.org/10.1371/journal.pone.0312677.t001
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Table 2. Data elements and measures to assess exposures by calendar year and age banda,b.

Data Element Measure Prenatal 0-35mo 2024 2025 2026 2027 2028 2029 2030

Pregnancy-related

Maternal Height

and Weight

Pregnancy Anthropometry Early,

3rd tri

0-5mo

Pregnancy Medical

Record Abstraction

Maternal Medical Record Abstraction 6-11mo

Maternal

Supplements in

Pregnancy/

Breastfeeding

Maternal Supplements Short Form

Questionnaire

3rd tri 0-5mo

Maternal Sleep

Health in Pregnancy

Sleep Health in Pregnancy Questionnaire Early,

3rd tri

Physical Activity

and Sleep in

Pregnancy

Wearable activity tracker and Sleep/

Physical Activity Diary

Early

Maternal food

Contaminants in

Pregnancy

Maternal Food Source and Preparation

Questionnaire

Early

Maternal Diet in

Pregnancy

Diet History Questionnaire (DHQ) III Early

Maternal Diet in

Pregnancy

NHANES Dietary Screener Questionnaire 3rd tri

Chemical/Physical Exposures

Chemical Exposures Household Chemical Exposures

Questionnaire

3rd tri 12-23mo 3-5yr 3-5yr 3-5yr

Household

Exposure to

Secondhand Smoke

Household Exposure to Secondhand

Smoke Questionnaire

3rd tri 0-5mo, 12-

23mo

18-20yr 3-5yr, 6-

10yr, 11-

17yr

18-20yr 3-5yr,

6-10yr,

11-17yr

3-5yr, 6-

10yr, 11-

17yr, 18-

20yr

Lifestyle Exposures

Infant feeding and

introduction to

solids

Infant Feeding Practices Questionnaire 0-5mo, 6-

11mo, 12-

23mo

Child Diet NHANES Dietary Screener Questionnaire 3-5yr, 6-

10yr, 11-

17yr, 18-

20yr

6-10yr,

11-17yr,

18-20yr

3-5yr 6-10yr,

11-17yr,

18-20yr

3-5yr

Child Sleep Health Sleep Health Questionnaires 0-5mo, 6-

11mo, 12-

23mo, 24-

35mo

3-5yr, 6-

10yr, 11-

17yr, 18-

20yr

3-5yr, 6-

10yr, 11-

17yr, 18-

20yr

6-10yr,

11-17yr,

18-20yr

3-5yr

Child Risk

Behaviors

Youth Risk Behavior—Substance Use and

Sexual Behavior Questionnaires

18-20yr 11-17yr,

18-20yr

11-

17yr,

18-20yr

11-17yr,

18-20yr

Endurance/Fitness NIH Toolbox 2-minute walk test V3* 6-10yr,

11-17yr,

18-20yr

18-20yr 6-10yr,

11-17yr,

18-20yr

Child Device-

Measured Physical

Activity, Sleep

Wearable activity tracker and Sleep/

Physical Activity Diary

3-5yr, 6-

10yr, 11-

17yr, 18-

20yr

18-20yr 3-5yr 6-10yr,

11-17yr,

18-20yr

3-5yr

Home Screen Media

Access & Use

Child Media Use 12-23mo 6-10yr,

11-17yr

3-5yr,

18-20yr

3-5yr 11-

17yr,

18-20yr

6-10yr 3-5yr

Psychosocial Exposures

(Continued)
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Table 2. (Continued)

Data Element Measure Prenatal 0-35mo 2024 2025 2026 2027 2028 2029 2030

Caregiver Stressful

Life Events

Life Stressor Checklist—Revised (LSC-R) Early

Caregiver Stressful

Life Events

Crisis in the Family Systems—Revised

(CRISYS-R) Short Form

3rd tri 12-23mo 3-5yr, 6-

10yr, 11-

17yr

3-5yr, 6-

10yr, 11-

17yr

3-5yr, 6-

10yr, 11-

17yr

Caregiver Stressful

Life Events

PRAMS Stressful Life Events in

Pregnancy Questionnaire

0-5mo

Caregiver

Discrimination

The Everyday Discrimination Scale 3rd tri 0-5mo, 12-

23mo

3-5yr, 6-

10yr, 11-

17yr, 18-

20yr

3-5yr, 6-

10yr, 11-

17yr, 18-

20yr

3-5yr, 6-

10yr, 11-

17yr

Caregiver

Depressive

Symptoms

PROMIS v1.0—Depression 8a/CAT 3rd tri 0-5mo, 12-

23mo

3-5yr, 6-

10yr, 11-

17yr, 18-

20yr

3-5yr, 6-

10yr, 11-

17yr, 18-

20yr

3-5yr, 6-

10yr, 11-

17yr

Caregiver Anxiety PROMIS v1.0—Anxiety 8a/CAT 3rd tri 0-5mo, 12-

23mo

3-5yr, 6-

10yr, 11-

17yr, 18-

20yr

3-5yr, 6-

10yr, 11-

17yr, 18-

20yr

3-5yr, 6-

10yr, 11-

17yr

Caregiver Perceived

Stress

NIH Toolbox v2.0—Perceived Stress Scale

10-Item

3rd tri 0-5mo, 12-

23mo

3-5yr, 6-

10yr, 11-

17yr, 18-

20yr

3-5yr, 6-

10yr, 11-

17yr, 18-

20yr

3-5yr, 6-

10yr, 11-

17yr

Caregiver Social

Support

PROMIS v2.0—Emotional Support 4a/

CAT, Informational Support 4a/CAT,

Instrumental Support 4a/CAT

3rd tri 0-5mo, 12-

23mo

3-5yr, 6-

10yr, 11-

17yr, 18-

20yr

3-5yr, 6-

10yr, 11-

17yr, 18-

20yr

3-5yr, 6-

10yr, 11-

17yr

Caregiver Cognitive

Functioning

NIH Mobile Toolbox Cognition Battery

V3

3-5yr, 6-

10yr, 11-

17yr, 18-

20yr

3-5yr

Caregiver Global

Health

PROMIS v1.2—Global Health Scale 3rd tri 6-11mo,

24-35mo

3-5yr 3-5yr 3-5yr

Caregiver Life

Satisfaction

PROMIS v1.0—General Life Satisfaction

5a/CAT

0-5mo 3-5yr 3-5yr 3-5yr

Caregiver Sleep

Health

Sleep Health of Adults 0-5mo, 12-

23mo

3-5yr 3-5yr 3-5yr

Neighborhood

Capital

Neighborhood Collective Efficacy

Questionnaire

12-23mo 3-5yr, 6-

10yr, 11-

17yr

3-5yr 6-10yr,

11-17yr

Caregiver-Partner

Relationship Quality

Couples Satisfaction Index—4-item short

form

Early 0-5mo, 12-

23mo

3-5yr, 6-

10yr, 11-

17yr

3-5yr, 6-

10yr, 11-

17yr

6-10yr 3-5yr

Caregiving Quality

& Behavior

Alabama Parenting Questionnaires 12-23mo 3-5yr,

11-17yr

6-10yr 11-17yr 3-5yr, 6-

10yr

11-17yr 3-5yr, 6-

10yr, 11-

17yr

Family

Relationships

PROMIS v1.0—Family Relationships 4a—

Early Childhood, Parent Proxy/CAT,

Pediatric/CAT

12-23mo 3-5yr,

11-17yr

6-10yr 11-17yr 3-5yr, 6-

10yr

11-17yr 3-5yr, 6-

10yr, 11-

17yr

Peer Relationships PROMIS v1.0—Peer Relationships 4a—

Early Childhood Parent Report /

PROMIS v2.0—Peer Relationships 7a—

Parent Proxy/CAT / PROMIS v2.0—Peer

Relationships 8a—Pediatric/CAT

3-5yr,

11-17yr

6-10yr 11-17yr 3-5yr, 6-

10yr

11-17yr 3-5yr, 6-

10yr, 11-

17yr

Peer Relationships PROMIS v2.0—Companionship 6a 18-20yr 18-20yr 18-20yr 18-20yr

(Continued)
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likelihood of producing biased estimates. Such quality issues may stem from unclear item

wording, confusing skip logic, and excessive measure length–factors that may be modifiable

once identified. Automated data quality check programs will be run routinely to screen for

missing data, check for illogical values, compute the maximum number of consecutive items

with the same response values, identify reverse-coded item inconsistencies, and screen for dis-

proportionate rates of floor or ceiling scores. These quality checks were conducted during

Cycle 1 and informed the development and modification of Cycle 2 measures. To help better

Table 2. (Continued)

Data Element Measure Prenatal 0-35mo 2024 2025 2026 2027 2028 2029 2030

Social Support NIH Toolbox v2.0—Emotional Support/

CAT

11-17yr,

18-20yr

11-17yr,

18-20yr

11-

17yr,

18-20yr

11-17yr,

18-20yr

Bullying/

Victimization

Healthy Pathways Bullying Scales 11-17yr 11-17yr 11-17yr 11-17yr

Child Negative Life

Events

Adverse Childhood Experiences

Questionnaire

3-5yr, 6-

10yr, 11-

17yr, 18-

20yr

3-5yr, 6-

10yr, 11-

17yr, 18-

20yr

3-5yr, 6-

10yr, 11-

17yr, 18-

20yr

Biospecimensc

Child Specimens Saliva (for DNA) 3-5yr 3-5yr 3-5yr

Child Specimens Hair 12-23mo 3-5yr, 6-

10yr, 11-

17yr

3-5yr 6-10yr,

11-17yr

Child Specimens Urine 0-5mo 3-5yr, 6-

10yr, 11-

17yr

3-5yr 6-10yr,

11-17yr

Child Specimens Blood Spot 0-5mo, 12-

23mo

18-20yr 3-5yr 3-5yr,

18-20yr

18-20yr 3-5yr

Child Specimens Whole Blood* 6-10yr,

11-17yr

6-10yr,

11-17yr

Child Specimens Shed Teeth 6-10yr 6-10yr 6-10yr 6-10yr 6-10yr 6-10yr 6-10yr

Child Specimens Stool 0-5mo

Pregnant Person

Specimens

Whole Bloodd* Early,

3rd tri

Pregnant Person

Specimens

Hair 0-5mo

Pregnant Person

Specimens

Urine Early,

3rd tri

Pregnant Person

Specimens

Placenta At birth

Pregnant Person

Specimens

Cord Blood At birth

Abbreviations: mo = month; yr = year; 3rd tri = 3rd trimester; early = early pregnancy visit < 20 weeks gestation.

*Denotes the data element or specimen must be collected in-person.
aThe full ECHO Cohort Protocol is available at ECHOChildren.org.
bSee S1 Table for a list of relevant measure references.
cAll biospecimens except whole blood, placenta, and cord blood collection have at-home collection options in addition to in-person researcher-administered collection

procedures.
dIf the pregnant person refuses whole blood at both the early pregnancy and 3rd trimester visits, Cohorts Study Sites should try to obtain a saliva sample at the 3rd

trimester or 0–5 month visit.

https://doi.org/10.1371/journal.pone.0312677.t002
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Table 3. Data elements and measures to assess ECHO’s five primary child health outcomes by calendar year and age banda,b.

Data Element Measure 0-35mo 2024 2025 2026 2027 2028 2029 2030

Pre-, Peri-, Postnatal

Birth Outcomes Childbirth / Neonatal Medical Record

Abstraction

0-5mo

Birth Outcomes Child Birth Information Questionnaire 6-11mo

Airways

Airways-related Airways Questionnaires 6-11mo,

24-35mo

3-5yr, 6-

10yr, 11-

17yr

18-20yr 3-5yr, 6-

10yr, 11-

17yr

18-20yr

Lung Function Spirometry 6-10yr,

11-17yr

18-20yr 6-10yr,

11-17yr

18-20yr

Obesity

Child Anthropometry

and Physical

Measurement

Length/Height and Weight 0-5mo, 6-

11mo, 12-

23mo, 24-

35mo

3-5yr, 6-

10yr, 11-

17yr, 18-

20yr

3-5yr, 6-

10yr, 11-

17yr, 18-

20yr

3-5yr, 6-

10yr, 11-

17yr, 18-

20yr

3-5yr, 6-

10yr, 11-

17yr, 18-

20yr

3-5yr, 6-

10yr, 11-

17yr, 18-

20yr

3-5yr, 6-

10yr, 11-

17yr, 18-

20yr

3-5yr, 6-

10yr, 11-

17yr, 18-

20yr

Child Anthropometry

and Physical

Measurement

Bioimpedance 5yr, 6-

10yr, 11-

17yr, 18-

20yr

5yr, 6-

10yr, 11-

17yr, 18-

20yr

5yr, 6-

10yr, 11-

17yr, 18-

20yr

5yr, 6-

10yr, 11-

17yr, 18-

20yr

5yr, 6-

10yr, 11-

17yr, 18-

20yr

5yr, 6-

10yr, 11-

17yr, 18-

20yr

5yr, 6-

10yr, 11-

17yr, 18-

20yr

Child Anthropometry

and Physical

Measurement

Head Circumference 0-5mo, 24-

35mo

Child Anthropometry

and Physical

Measurement

Waist Circumference 24-35mo 18-20yr , 3-5yr, 6-

10yr, 11-

17yr

18-20yr 3-5yr 6-10yr,

11-17yr,

18-20yr

Child Anthropometry

and Physical

Measurement

Blood Pressure and Pulse Rate 18-20yr 3-5yr, 6-

10yr, 11-

17yr

18-20yr 3-5yr 6-10yr,

11-17yr,

18-20yr

Child Pubertal

Development

Pubertal Development Scale 6-10yr,

11-17yr

6-10yr,

11-17yr

6-10yr,

11-17yr

6-10yr,

11-17yr

6-10yr,

11-17yr

6-10yr,

11-17yr

6-10yr,

11-17yr

Neurodevelopment

Developmental

Milestones

Ages & Stages Questionnaire 6-11mo,

24-35mo

General Cognition NIH Toolbox Cognition Battery V3c 3-5yr, 6-

11yr, 11-

17yr

3-5yr 6-11yr,

11-17yr

General Cognition NIH Mobile Toolbox Cognition Battery V3 18-20yr 18-20yr

Temperament Infant Behavior Questionnaire Revised

(IBQ-R)—Very Short Form / Early

Childhood Behavior Questionnaire (ECBQ)

—Very Short Form / Childhood Behavior

Questionnaire (CBQ)—Very Short Form

6-11mo,

24-35mo

3-5yr 3-5yr

Autism Spectrum

Disorder (ASD)

Screener

Modified Checklist for Autism in Toddlers

Revised (M-CHAT-R)

24-35mo

Anxiety PROMIS v2.0—Anxiety 8a –Pediatric/CAT /

PROMIS v1.0—Anxiety 8a/CAT

11-17yr,

18-20yr

6-10yr 11-17yr 6-10yr,

18-20yr

11-17yr,

18-20yr

6-10yr 611-17yr,

18-20yr

Depressive Symptoms PROMIS—Depressive Symptoms CAT–

Pediatric / PROMIS v1.0—Depression 8a/

CAT

11-17yr,

18-20yr

6-10yr 11-17yr 6-10yr,

18-20yr

11-17yr 6-10yr 11-17yr,

18-20yr

Emotional &

Behavioral

Functioning

Child Behavior Checklist (CBCL)—1.5-5yr/

6-18yr

24-35mo 3-5yr, 6-

10yr, 11-

17yr

3-5yr 6-10yr,

11-17yr

3-5yr 6-10yr,

11-17yr

(Continued)
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understand these potential implementation fidelity concerns, we will draw on metadata, such

as age-band of administration, Cohort Study Site, mode of administration, visit choreography,

completion time, and, if available/relevant, individual study staff conducting the data collec-

tion. This information will help further elucidate patterns that can be targeted for remediation.

Harmonization and statistical analyses

The ECP v3.0 will provide opportunities to characterize the impact of a broad range of early

environmental exposures on child health and development. Investigators will pose specific

research questions and hypotheses through an established ECHO manuscript development

process, starting with submitting an initial analysis proposal detailing the study design. Proj-

ect-specific statistical methodologies will be identified and executed to fit the data structure

and project aims. As such, no singular analytic strategy will be employed across all scientific

initiatives. Proposals undergo review by the ECHO Publications Committee, comprised of

investigators from across the ECHO network (Sites, Cores, and Centers) who provide feedback

Table 3. (Continued)

Data Element Measure 0-35mo 2024 2025 2026 2027 2028 2029 2030

Social Cognition Social Responsiveness Scale—Second

Edition (SRS-2) Preschool–Short Form /

School Age–Short Form

3-5yr, 11-

17yr

6-10yr 3-5yr, 6-

10yr, 11-

17yr

6-10yr,

11-17yr

Perceived Stress PROMIS v1.0—Psychological Stress

Experiences 4a—Parent Proxy/CAT,

Pediatric/CAT

11-17yr 6-10yr 11-17yr 6-10yr 11-17yr 6-10yr 11-17yr

Perceived Stress NIH Toolbox v2.0—Perceived Stress Scale

10-Item

18-20yr 18-20yr 18-20yr

Academic Ability Early Academic Competencies

Questionnaire

3-5yr 3-5yr 3-5yr

Positive Health

Global Health PROMIS v1.0—Global Health Scale 8a—

Early Childhood Parent Report / PROMIS

v1.0—Global Health Scale 7+2—Parent

Proxy/Pediatric / PROMIS v1.2—Global

Health Scale

24-35mo 3-5yr, 11-

17yr, 18-

20yr

6-10yr 11-17yr 3-5yr, 6-

10yr, 18-

20yr

11-17yrr 6-10yr 3-5yr, 11-

17yr, 18-

20yr

Curiosity PROMIS v1.0—Engagement—Curiosity 6a

—Early Childhood Parent Report

24-35mo 3-5yr 3-5yr 3-5yr

Flexibility PROMIS v1.0—Self-Regulation—Flexibility

5a—Early Childhood Parent Report

24-35mo 3-5yr 3-5yr 3-5yr

Life Satisfaction PROMIS v1.0—Life Satisfaction 8b—Parent

Proxy/CAT, Pediatric/CAT / PROMIS v1.0

—General Life Satisfaction 5a/CAT

11-17yr,

18-20yr

6-10yr 11-17yr,

18-20yr

6-10yr 11-17yr,

18-20yr

6-10yr 11-17yr,

18-20yr

Meaning and Purpose PROMIS v1.0—Meaning and Purpose 8a—

Pediatric/CAT / PROMIS v1.0—Meaning

and Purpose 8a/CAT

11-17yr,

18-20yr

11-17yr 18-20yr 11-17yr 11-17yr,

18-20yr

Abbreviations: mo = month; yr = year; 3rd tri = 3rd trimester; early = early pregnancy visit < 20 weeks gestation.
aThe full ECHO Cohort Protocol is available at ECHOChildren.org.
bSee S1 Table for a list of relevant measure references.
cThe NIH Toolbox Cognition Battery V3 includes a series of direct assessments that have age-based versions. In ECHO, the NIH Toolbox Early Cognition Battery is

administered to children ages 4–6 years and the Cognition Battery is administered to children ages 7–17 years. The NIH Toolbox Cognition Battery V3 can be

administered remotely by study staff using the NIH Toolbox participant app, which facilitates video meetings with study staff, who observe and facilitate remote

administration. Alternatively, traditional in-person administration is also available.

https://doi.org/10.1371/journal.pone.0312677.t003
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early in the analysis process to help establish scientific and methodological rigor prior to the

commencement of data analysis.

Cycle 1 versions of the ECHO protocol allowed for more variability in data collection mea-

sures and methods due to Cohort Study Sites entering the ECHO Study with existing longitu-

dinal data. A primary objective for ECP v3.0 is to standardize data collection while attending

to ongoing harmonizability with Cycle 1 data and, simultaneously, recognize when and where

improvements to existing Cycle 1 measure collection were necessary. Integrating Cycle 2 data

with Cycle 1 data is one of the first primary analytic objectives of the DAC, with support from

the Measurement Core. Harmonization efforts will require considering multiple aspects of the

data, including constructs measured (e.g., Is the same construct being measured with different

instruments?), question-wording (e.g., Do changes in item wording from Cycle 1 to Cycle 2

change the meaning of the item?), response options (e.g., If not the same, can the different

response categories be harmonized using algorithmic transformations?), time frame (e.g., Are

questions about the past 7 days, past month, past 12 months?), timing of data collection (e.g.,

Were both measures collected at the same period in the pregnant person or child’s life?), data

source (e.g., Was the information collected by medical record abstraction, questionnaire, some

other method?), and respondent (e.g., Was data from self-report or proxy? If proxy, is it the

same proxy reporter across measurement time points?) [58, 59]. As in Cycle 1, analytical vari-

ables will be derived and included with the source variables. The DAC and Measurement Core

will continue to provide guidance documents for using data from non-identical measures (i.e.,

differences in the measurements used to collect the data) [58, 60].

Three analytic considerations applicable to all analyses will be the handling of (1) pooled

data across Cycle 1 and Cycle 2; (2) pooled data across Cohort Study Sites with different partic-

ipant populations (e.g., community sample versus clinically enriched), sample sizes, and ages;

[59] and (3) missing data. First, methods to pool data from across Sites will include individual

participant data (IPD) meta-analysis with cohort fixed effects to control for any unobserved

differences between Cohort Study Sites; [61] accounting for correlation of participants by Site

by using generalized estimating equations or Cohort Study Site random intercept in a random

effects or multilevel model; and coordinated analysis, which applies similar statistical models

to each Cohort Study Site’s raw data and uses meta-analytic techniques to produce overall

effect sizes [62, 63]. Such strategies have benefits and drawbacks that will be addressed in indi-

vidual analysis proposals. For example, to use approaches that pool individual-level data, data

must be harmonized across Cohort Study Sites, and pooling greatly enhances sample size [64,

65]. The standardization found in ECP v3.0 facilitates such pooling methods. Alternatively,

individual participant data meta-analysis (IPD-MA) analyses can use raw Cohort Study Site

data where the same constructs were assessed using different instruments and can investigate

heterogeneity across Cohort Study Sites and data collection methods; however, IPD-MA

requires separate analysis by cohort, thus relying on original cohort sample sizes versus the

combined overall sample size [66, 67]. This latter approach may be most appropriate when

combining data from Cycle 2 with data from Cycle 1 when Cohort Study Sites collected vari-

ous measures at varying child ages and with varying frequencies across prenatal through ado-

lescence to capture the same element. It is of less concern when restricting analyses to Cycle 2

data.

Second, to address missing data, preliminary quality assurance analyses will be performed

to identify any systematic patterns of missingness overall and by Cohort Study Site. For data

missingness at random, methods such as multiple imputation by chained equations (MICE)

[68] within Cohort Study Site or potentially across Study Sites can be employed. Additionally,

high levels of Cohort Study Site missing data can be imputed within groups of Sites with simi-

lar designs and selection criteria using qualitative combinations of Cohort Study Sites (e.g.,
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combining all participants from Cohort Study Sites recruiting based on NICU admission) or

using the RELATE method [69] explicitly developed for this purpose of identifying Sites of

similar covariate distributions to improve imputation precision.

Given the collection of individual-level residential address history and annual address

updates, the ECHO Cohort will also be able to continue to conduct analyses using geocoded

address data. Building on Cycle 1 efforts to integrate area-level data databases (e.g., Social Vul-

nerability Index [70], Child Opportunities Index [71]) into the ECHO analysis workbench,

investigators in Cycle 2 will also be able to investigate neighborhood-level exposures (e.g., light

pollution, greenspace, structural racism, food deserts) via geocoded residential address and

history data. Integration of additional external databases will continue in Cycle 2.

The ECHO DAC will lead many of the consortium-wide statistical analyses, with support

from the Measurement Core and Cohort Study Site investigators. The Lab Core will conduct

biospecimen assay analyses, the results of which will then be integrated by the DAC into the

ECHO Data Platform for consortium use. Informed by investigator interests and stakeholder

priorities, the Lab Core is developing a preliminary list of standard assays, with additional

assays conducted to meet specific analysis proposal needs.

Ethics

The WCG IRB is the properly constituted single IRB (sIRB) of record for ECHO, formally des-

ignated with reviewing and monitoring research involving human subjects and is accountable

for compliance with regulatory requirements for the ECHO Study. The sIRB reviewed the pro-

tocol and all informed consent/assent forms, HIPAA Authorization forms, recruitment mate-

rials, and other relevant information prior to the initiation of any protocol-related procedures

or activities. The sIRB also will review any amendments to the protocol prior to their imple-

mentation. Written informed consent is obtained from all adult participants 18 years and

older. For participants <18 years old, written informed parent/guardian permission is

obtained along with child assent for ages 6–17 years as appropriate, with some flexibility in the

lower age bound of assent depending on local Cohort Study Site regulations. Participation in

all data collection is voluntary, and participants can opt not to complete specific measures,

including biospecimen collection. Additionally, Cohort Study Site staff are required to com-

plete the ECHO Consent/Assent Limitations form when participants do not want certain

information shared for research purposes, such as address information that could identify

where they live or using biospecimens for genetics research. Cohort Study Site staff will also

track and report on study withdrawal via the ECHO Study Withdrawal form, which details the

date, circumstance, and reason for participant withdrawal. While the risk for an adverse event

resulting from ECP v3.0 procedures is low, if such an event occurs, Cohort Study Sites must

report the event within 24 hours to the ECHO CC and within five business days to the ECHO

sIRB. All data related to consent/assent limitations, withdrawal, and adverse events will be

reviewed on an ongoing basis to identify any potential systematic patterns that may be amelio-

rated by amendments to the study design that protect participant safety and do not compro-

mise scientific rigor.

Discussion

The ECHO Program is poised to be a national research resource for investigating important

public health topics meaningful to children and families, clinicians, researchers, and policy-

makers. With its vast size, age span, and geographic, economic, racial, and ethnic diversity

[43], ECHO is the largest longitudinal study of child health in the US.
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Because of its size and emphasis on minimizing burden for participants and staff, the

ECHO Program is also necessarily limited in that it cannot assess all types of environmental

exposures and child health outcomes, nor can it conduct deep phenotyping on every outcome

for every participant. The uniqueness of ECHO lies in the Program’s ability to be more than

the sum of its parts, assessing a broad and integrated spectrum of exposure and relevant out-

comes, which will move the science beyond what any individual pediatric cohort study could

achieve.

Moreover, select de-identified data from the ECHO Program are available through

NICHD’s Data and Specimen Hub (DASH) [72], thus expanding the possible scientific inqui-

ries the broader research field. Information on study data not available on DASH, such as

some Indigenous population datasets, can be found on the ECHO study DASH webpage.

Study results developed by ECHO investigators follow the International Committee of Medical

Journal Editors (ICMJE) guidelines for authorship, and publications will be disseminated via

scientific publications and national conference presentations, public webinars, and the public-

facing ECHO Program website, ECHOChildren.org, which includes research summaries in

English and Spanish of all ECHO publications. Through its publicly available data and broad

dissemination efforts, the ECHO Program aims to inform future research, policies, and prac-

tices to improve health for all children.

Planned protocol updates

A unique component of ECHO Cycle 2 will be the integration of preconception data collection

on individuals who may become pregnant again during the study and, when possible, on their

current partners. Individuals with the potential for becoming pregnant will be drawn from the

prenatal Cohort Study Sites following the first pregnancy, and when available, parenting part-

ners will be invited to participate as well. Development of the preconception section of the pro-

tocol is underway, with expected implementation in fall 2024.

Furthermore, specialized data elements, measures, and biospecimens for each exposure and

outcome area will be added to the protocol to capture in-depth assessments in subsets of

ECHO participants. Specifically, each Cohort Study Site will select at least one child health out-

come area—and for prenatal Cohort Study Sites, an exposure area—in which to specialize and

collect all measures and biospecimens in their respective specialized areas. The protocol ver-

sion incorporating specialized data elements, measures, and biospecimens will be finalized in

2024 for implementation in early 2025.

Additionally, the COVID-19 pandemic elucidated the need for a nimble approach to

research, and the ECHO Investigators are developing processes based on lessons learned dur-

ing the pandemic in Cycle 1 to ensure rapid response to important public health events that

may arise. ECHO Protocol v3.0 reserves “ad hoc” assessment time in every study site to enable

assessment of emergency events. Investigators are also working to identify and devise generic

disaster response instruments that can be implemented in real-time to assess participants’

experiences of emergencies and the impact of such events on their physical, mental, and social

health. Additionally, work is underway to prioritize the development and implementation of

methods for assessing the impact of specific public health emergencies that may occur during

Cycle 2 (e.g., wildfires, hurricanes, school shootings, influenza pandemic).

The ECHO investigators further recognize the importance of responding to scientific and

technological advancements that may occur during Cycle 2. Annual protocol review will occur

to accommodate these advancements and ensure ECHO remains on the leading edge of child

health research. Investigators will have opportunities to provide feedback during the annual

review, and solicitations for input from the public will be made through NIH Requests for
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Information. Additionally, ECHO’s External Scientific Board (ESB) acts in an oversight capac-

ity to help ensure the long-term success of the ECHO Program. Comprised of transdisciplinary

experts from such fields as maternal and fetal medicine, pediatrics, early childhood develop-

ment, epidemiology, community-based participatory research, human subjects research, bio-

ethics, and data science, the ECHO ESB holds biannual meetings to review the overall progress

of the ECHO Program and advise on strategies to overcome any programmatic challenges. As

part of this work, the ESB provides input on protocol development to ensure high-impact

child health research that responds to diverse stakeholder interests.

In summary, the ECHO Program is poised to make significant contributions to solution-

oriented pediatric health research, policies, and practices. Both the size and scope of ECHO

with enable richly characterized phenotyping of priority child health outcomes and the biolog-

ical, social, and environmental exposures that impact them.

Supporting information

S1 Table. References for ECHO Cohort Data and biospecimen Protocol v3.0 measures.
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