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Abstract

A challenge in conducting pediatric research is selecting reliable, valid
measurement protocols, across a range of domains, that are appropriate for the
developmental level of the study population. The purpose of this report is to
introduce the research community to the Pediatric Development Research Domain
of the National Institutes of Health (NIH)-supported PhenX Toolkit (consensus
measures for Phenotypes and eXposures). The PhenX Toolkit provides a catalog of
recommended measurement protocols to address a wide range of research topics
that are suitable for inclusion in a variety of study designs. In 2018, the Pediatric
Development Working Group of experts identified 18 well-established protocols

of pediatric development for inclusion in the Toolkit to complement existing
protocols. Collectively, the protocols assess parenting, child care attendance and
quality, peer relationships, home environment, neonatal abstinence, emotional and
behavioral functioning, and other factors that influence child development. The
Toolkit provides detailed data collection protocols, data dictionaries, and worksheets
to help investigators incorporate these protocols into their study designs. Using
standard protocols in studies with pediatric participants will support consistent data
collection, improve data quality, and facilitate cross-study analyses to ultimately
improve child health.
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Introduction

The PhenX (consensus measures for Phenotypes

and eXposures) Toolkit is a publicly available catalog
of measurement protocols for use in research with
human participants that are recommended by experts
in their field. PhenX has been funded since 2007 by
the National Human Genome Research Institute
(NHGRI), with additional funding from other National
Institutes of Health (NIH) Institutes and Centers. The
goal of the PhenX ToolKkit is to provide investigators
with a common currency of protocols for biomedical
research that they can use with confidence, especially
in areas outside of their primary area of expertise.
Research that addresses pediatric health often must
integrate multiple scientific disciplines, including (but
not limited to) genetics, epigenetics, developmental
neuroscience, psychology, psychiatry, epidemiology,
pediatrics, and public health.! The PhenX project
strives to include measurement protocols suitable

for all life stages, with many protocols in the Toolkit
suitable for pediatric populations.

In 2018, the PhenX project recognized that critical
areas in pediatric development had not been
addressed within the Toolkit.%3 Accordingly, an
interdisciplinary working group (WG) was assembled
to identify developmentally informed, broadly
validated measurement protocols that address the
unique needs of pediatric populations and were not
already represented in the Toolkit. This Pediatric
Development Working Group (PDWG), using the
well-established PhenX consensus process,* including
vetting recommended protocols with the scientific
community, identified protocols for inclusion in

the PhenX Toolkit. The 18 measurement protocols
were released in the PhenX Toolkit in the Pediatric
Development domain in December 2019, along

with the associated tools and information needed to
incorporate these protocols into study designs. This
resource is intended to facilitate collaboration and data
sharing among pediatric investigators and improve

the consistency of data collection, data quality, and
reproducibility. The goal of this report is to introduce
the scientific community to the new standard protocols
in the PhenX Toolkit for Pediatric Development.

RTI Press Publication No. MR-0049-2209. Research Triangle Park, NC: RTI Press.

Methods

PhenX Project Overview

In 2007, the National Human Genome Research
Institute (NHGRI) recognized that identifying

and promoting a common currency of standard
measures would facilitate data sharing and cross-
study analyses and potentially increase the scientific
impact of individual studies.> The goal for the
resultant PhenX Toolkit is to address a broad range
of research topics or domains, with a relatively small
number of recommended measurement protocols
(~15) per domain, to facilitate investigators selection
of protocols for their study designs. In general,

the protocols in the Toolkit are well established,
recommended by experts in the scientific community,
and low burden in terms of cost, time, and logistic
complexity for both investigators and participants.
The Toolkit includes protocols in the languages in
which they are available from the source; for example,
when the source provides the Toolkit with the
protocol in Spanish and Chinese, it is made available
to users. All Toolkit protocols are identified by WGs
of experts in the relevant research domain.

The PhenX Steering Committee (SC) provides
ongoing, overarching guidance to the PhenX project,
prioritizes the research domains for the Toolkit, and
establishes the initial scope of each domain. PhenX
WGs operate within the guidance provided by the SC,
including established criteria to inform the selection
of protocols to be included in the PhenX Toolkit. For
a detailed discussion of SC guidance and the PhenX
consensus process, see Maiese et al.4

PhenX Pediatric Development Working Group

In 2018, the PhenX SC prioritized the addition of a
PhenX Pediatric Growth and Development domain to
address the need for a set of well-established research
protocols for pediatric research. Upon initial review
of existing PhenX Toolkit measurement protocols, the
SC determined that the Toolkit had robust content

on pediatric growth (e.g., anthropometric protocols
for measuring the height, weight, and other growth
characteristics of a child). Thus, the SC decided on

a more focused domain for Pediatric Development.
The initial scope for this domain included the areas of

https://doi.org/10.3768/rtipress.2022.mr.0049.2209
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development, exposures, social environment, and child
lifestyle. The scope, in turn, guided the identification
and selection of six experts to serve on the PDWG,
which was led by a chair and supported by a PhenX

SC Liaison. The PDWG comprised researchers from
five academic institutions and the Eunice Kennedy
Shriver National Institute of Child Health and Human
Development (NICHD), and members had expertise
in perinatology, pediatrics, developmental and clinical
psychology, public health, and epidemiology.

The PDWG followed the standard process for
selecting measurement protocols, which includes

an introductory call, a scope review call, a protocol
consensus workshop, and a final recommendations
meeting. Additional interim meetings were scheduled
as needed. Because the PhenX Toolkit covers a

wide range of research domains, there were already
numerous protocols available for administration

to pediatric populations. These included protocols

for commonly collected sociodemographic data

(e.g., ethnicity and race, annual family income,
household roster); diet and nutrition; speech, hearing,
and language; and child-specific assessments of
temperament, intelligence, autism, school attendance
and performance, and environmental exposures.

The PDWG was tasked with building on the existing
Toolkit content by focusing on the selection of
protocols that are unique or critical to pediatric
development research needs and that complement
existing PhenX Toolkit content.

The PDWG discussed the age ranges to cover with
the new protocols. The guidance was to include

a continuum from birth through adolescence, as
relevant for a given construct; prenatal exposures
were also considered applicable for some constructs.
The PDWG decided not to pursue the initially
proposed scope elements of physical environmental
exposures in childhood (e.g., exposure to pollutants,
toxins, chemicals, medications) to focus more
tightly on pediatric development. Each WG member
assumed responsibility for scope elements for which
they had expertise. During the Protocol Consensus
Workshop, each member presented their findings
from a literature review and made recommendations
about which protocols to include, given the guidance
from the SC. Their consideration included identifying

RTI Press Publication No. MR-0049-2209. Research Triangle Park, NC: RTI Press.

existing protocols already in the Toolkit that
sufficiently addressed their assigned scope element to
avoid adding competing protocols to the Toolkit.

Following PhenX guidance, the PDWG prioritized
consideration of existing, well-established measures
that are in the public domain. Measurement
protocols were assessed in terms of the burden

and requirements for both study participants and
investigators. Burden of use was assessed in terms
of time, equipment, training, and data collection
requirements. The PDWG considered measures
outside of the public domain if those measures were
well-established and best addressed the construct of
interest or if suitable measures did not exist in the
public domain. Because the PhenX Toolkit is a US
effort, the primary focus was on measures for use

in domestic research, but the PDWG considered
international measurement standards as appropriate.

The PDWG initially selected 20 protocols for
distribution to and feedback from the scientific
community, including registered users of the PhenX
Toolkit and other project participants, such as
National Institutes of Health (NIH) liaisons, prior and
current members of other PhenX WGs, and PhenX
SC members. Respondents were asked to provide
comments about the appropriateness, usability, and
limitations of the proposed protocols and the value of
including each in the PhenX Toolkit. There was general
agreement about the inclusion of these recommended
protocols, with lack of public access noted as a
limitation for those protocols that were not the public
domain. In the final meeting to review feedback from
outreach, the PDWG considered and agreed with this
limitation but concluded that the four proprietary
protocols were the most widely used and that there
were not alternative protocols publicly available that
met the criteria of being well-established or providing
sufficient coverage of the scope element.

The PDWG selected 18 measurement protocols
(described in Table 1) to include in the new Pediatric
Development domain of the PhenX Toolkit. As

with all PhenX Toolkit protocols, a bioinformatics
pipeline processed information about these 18
measurement protocols for loading into the Toolkit,
and protocol-specific data dictionaries and data
collection worksheets were developed.® The PDWG

https://doi.org/10.3768/rtipress.2022.mr.0049.2209
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agreed that an additional 2 protocols were important
resources but were more appropriate as Supplemental
Information reference materials. The first
Supplemental Information protocol, Child’s Living
Environment, was from the Avon Longitudinal Study
of Parents and Children (ALSPAC). This protocol
includes extensive use of British English words (e.g.,
English heating systems, currency), potentially
limiting its usefulness in US-based research, which

is the main target of the NIH-funded PhenX Toolkit.
However, some researchers may find the protocol
valuable as a model for collecting data regarding a
child’s living environment. Another ALSPAC-derived
protocol, Child’s Lifetime Household Composition,
was included as one of the 18 Pediatric Development
measurement protocols, because it included very
limited use of British English. The other Supplemental
Information protocol, the Youth Alcohol Screener,
does not provide sufficient details to ensure consistent
data collection and thus did not meet criteria for
inclusion in the Toolkit; however, it may be of interest
to researchers requiring a brief screening measure.

Results

Measurement Protocols in the PhenX Toolkit

Table 1 presents the 18 Pediatric Development
measurement protocols selected by the PDWG. These
protocols cover a range of areas of child and caregiver
functioning and psychosocial exposures relevant

to pediatric development research. Specifically, the
Pediatric Development domain includes validated
measurement protocols of neonatal abstinence
syndrome and opioid withdrawal syndrome; child
care/preschool quality; academic performance; quality
of peer relationships; bullying experiences; child
mental health; psychological resilience; household
stability, quality, and functioning; and caregiver mental
health and parenting style. The domain includes

both self-report and other-report measurement
protocols, where relevant, to provide flexibility in study
design and comprehensive assessments of childrens
functioning and their environments.

The protocols are largely questionnaires or
interviews that can be flexibly administered with
a low burden in a variety of settings with minimal

RTI Press Publication No. MR-0049-2209. Research Triangle Park, NC: RTI Press.

training; only one protocol, the Neonatal Abstinence
Syndrome (NAS) and Neonatal Opioid Withdrawal
Syndrome (NOWS), requires independent clinical
observation with specialized training. The PDWG
considered existing Toolkit content carefully when
recommending these measurement protocols for
inclusion in the Pediatric Development domain.
Researchers are encouraged to use the life-stage filter
within the search function of the Toolkit to identify
the large number of measures that could be relevant to
their investigations of child health and development,
including many measures outside of the Pediatric
Development domain. The measurement protocols
added by the PDWG build on the existing content to
add depth to the Toolkit for pediatric research.

Discussion

The PhenX Toolkit is a web-based resource
(http://www.phenxtoolkit.org/) that researchers

can use to inform their choice of protocols or to
broaden their studies by adding protocols outside

the scope of their original study design or their

range of expertise. The ToolKkit is not prescriptive, so
investigators may select study-specific protocols from
the PhenX Toolkit that best meet their needs within
the context of available resources, study design, and
research questions. Use of common measures allows
for easier comparability of findings across studies.
Because the majority of protocols in the PhenX
Pediatric Development Domain have established
validity with low burden and low training needs,
they can be used by investigators and clinicians for
whom pediatric well-being is a primary research
focus as well as by researchers with expertise in other
areas who would like to adopt pediatric measures
into their studies. Incorporating well-established and
validated protocols during the initial stages of study
design will ensure that data are collected according to
accepted standards.” The development of a pediatric
domain within the PhenX Toolkit aligns with NIH’s
recognition of the critical importance of pediatric
research and consequent policies requiring the
inclusion of children in clinical research.23:8 Notably,
PhenX, an NIH-supported endeavor, has been cited
in 520 NIH funding opportunity announcements

to date; thus, investigators can be confident that

https://doi.org/10.3768/rtipress.2022.mr.0049.2209
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Table 1. Measurement protocols included in the PhenX Pediatric Development domain

PhenX protocol name Mode of Administration

. Academic Performance and
Achievement—Child Report—Grades
4t06

Healthy Pathways—Academic
Performance Child Self-Report?

Children in grades 4-6

Self-administered
questionnaire

2. Academic Performance and
Achievement—~Parent Report—Grades
4to6

Healthy Pathways—Academic
Performance Parent or Caregiver
Reportb

Primary caregiver of
children in grades 4-6

Self-administered
questionnaire

3. Bullying

Revised Olweus Bully/Victim
Questionnaire (R-OBVQ)¢

Students in grades 3-12

Self-administered
questionnaire

4. Childcare Arrangements—Education
Setting, 2.9-5 years old

Eunice Kennedy Shriver National
Institute of Child Health and
Human Development (NICHD)
Study of Early Child Care and
Youth Development: Phase II,
1996-1999 [United States]; the
NICHD Study of Early Child Care
Form 39C—a Revision 06/16/954

Parent or primary
caregiver of children aged
2.9-5 years

Interviewer-
administered
questionnaire

5. Childcare Arrangements—Childcare
setting, birth to 5 years

NICHD Study of Early Child Care
and Youth Development, Phase 1,
1991-1995 [United States]e

Children aged birth to
5 years

Interviewer-
administered
questionnaire

6. Child’s Lifetime Household Composition

Avon Longitudinal Study of
Parents and Children—Mother
and Home (Section C)f

Child’s mother or person
taking the role of the
mother

Self-administered
questionnaire

7. Household Chaos and Unpredictability

Confusion, Hubbub, and Order
Scale (CHAQS)9

Mothers of infants and
toddlers

Self-administered
questionnaire

8. Interviewer-Administered Pediatric
Psychiatric Assessment

Diagnostic Infant and Preschool
Assessment (DIPA)h

Caregivers of children
aged 1-6 years

Interviewer-
administered
questionnaire

9. Neonatal Abstinence Syndrome (NAS) and
Neonatal Opioid Withdrawal Syndrome
(NOWS)

Finnegan Neonatal Abstinence
Scoring Tool (FNAST) 2019 FinalJ

Hospitalized full-term
newborns

Clinical Examination

10. Parenting Behavior—Child

Alabama Parenting
Questionnaire (APQ) Child Formk

Children aged 6-18 years

Self-administered
questionnaire

11. Parenting Behavior—Parent

Alabama Parenting Questionnaire
(APQ) Parent Formk

Parents of children aged
6-18 years

Self-administered
questionnaire

12. Peer Relationships—Proxy Report

Patient-Reported Outcomes
Measurement Information
System (PROMIS®) Parent
Proxy Item Bank v2.0—Peer
Relationships!

Parents serving as proxy
reporters for their child
(youth aged 5-17 years)

Self-administered
questionnaire

13. Peer Relationships—Self Report

PROMIS® Pediatric Item Bank
v2.0—Peer Relationships!

Children aged 8-17 years

Self-administered
questionnaire

14. Psychological Resilience—Child

The Child and Youth Resilience
Measure (CYRM) Child Version™

Children aged 5-9 years
old

Interviewer-
administered
questionnaire

15. Emotional and Behavioral Symptoms of
Children—Ages 1.5-5

Child Behavior Checklist for Ages
1.5-5 (CBCL/1.5-5)"

« Parent, Caregiver or
Teacher of Children aged
1.5-5 years;

« Supplemental Language
Survey Development
section aged for 18-35
months

Proxy-administered
questionnaire

RTI Press Publication No. MR-0049-2209. Research Triangle Park, NC: RTI Press.
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Table 1. Measurement protocols included in the PhenX Pediatric Development domain (continued)

PhenX protocol name Mode of Administration

16. Emotional and Behavioral Symptoms of Child Behavior Checklist for Ages - Parent or surrogate of Self- or proxy-
Children—Ages 6-18 (School age) 6-18 (CBCL/6-18)" child aged 6-18 years; administered
« Teacher of child aged questionnaire
6-18 years;

- Youth self-report for child
aged 11-18 years

17. Emotional and Behavioral Symptoms of Achenbach System of Empirically  18-59 years old Self- or proxy-
Parents/Caregivers Based Assessment (ASEBA)— administered
Adult Self Report (ASR) and Adult questionnaire
Behavior Checklist (ABCL)°
18. Quality of the Child’s Home Environment ~ Home Observation for Parents of infants and Interviewer-
Measurement of the Environment young children administered
(HOME)—-Revised Edition; questionnaire

National Longitudinal Study of
Youth Children & Young AdultsP

Supplemental Information
PhenX protocol name Mode of Administration

19. Child’s Living Environment ALSPAC—The Avon Longitudinal ~ Child’s mother or person Self-administered
Study of Parents and Children. taking the role of the questionnaire
I. Study Methodologyf mother

20. Youth Alcohol Screener Alcohol Screening and Brief Children aged 9-18 Interviewer-
Intervention for Youth, A administered
Practitioner’s Guided questionnaire

Note: “Participant” corresponds to the respondent from the Protocol Source; this information is also provided in the PhenX Toolkit.

a Bevans KB, Riley AW, Forrest CB. Development of the Healthy Pathways Child-Report Scales. Qual Life Res. 2010;19:1195-1214. https://doi.org/10.1007/511136-010-9687-4
b Bevans KB, Riley AW, Forrest CB. Development of the Healthy Pathways Parent-Report Scales. Qual Life Res. 2012;21:1755-70. https://doi.org/10.1007/s11136-012-0111-0
¢ Olweus D. The revised Olweus Bully/Victim Questionnaire. Bergen (Norway): Research Center for Health Promotion (HEMIL Center), University of Bergen; 1996.

d US Department of Health and Human Services, National Institutes of Health, Eunice Kennedy Shriver National Institute of Child Health and Human Development. NICHD
study of early child care and youth development: phase Il, 1996-1999. 2014.

€ US Department of Health and Human Services, National Institutes of Health, Eunice Kennedy Shriver National Institute of Child Health and Human Development. NICHD
study of early child care: 21940-questionnaire data collection instruments form 5B revision. 6 Mar 1991.

f Golding J, Pembrey M, Jones R, ALSPAC Study Team. ALSPAC—the Avon Longitudinal Study of Parents and Children. . Study methodology. Paediatr Perinat Epidemiol.
2001;15:74-87. https://doi.org/10.1046/j.1365-3016.2001.00325.x

9 Matheny AP, Wachs TD, Ludwig JL, Phillips K. Bringing order out of chaos: psychometric characteristics of the Confusion, Hubbub, and Order Scale. J Appl Dev Psychol.
1995;16:429-44. https://doi.org/10.1016/0193-3973(95)90028-4

h Scheeringa MS. Diagnostic Infant and Preschool Assessment (DIPA) (version 11/17/10). 2004.
i D'Apolito K, Finnegan L. Assessing signs and symptoms of neonatal abstinence using the Finnegan Scoring Tool: an inter-observer reliability program. Neo Advances; 2010.
J Finnegan LP, Connaughton JF Jr, Kron RE, Emich JP. Neonatal abstinence syndrome: assessment and management. Addict Dis. 1975;2:141-58.

k Shelton KK, Frick PJ, Wootton J. Assessment of parenting practices of families of elementary school-age children. J Clin Child Psychol. 1996;25:317-29. https://doi.org/10
.1207/515374424jccp2503_8

I Dewalt DA, Thissen D, Stucky BD, Langer MM, DeWitt EM, Irwin DE, et al. PROMIS Pediatric Peer Relationships Scale: development of a peer relationships item bank as part of
social health measurement. Health Psychol. 2013;32:1093-1103. https://doi.org/10.1037/a0032670

m Ungar M, Liebenberg L. Assessing resilience across cultures using mixed methods: construction of the Child and Youth Resilience Measure. J Mix Methods Res. 2011;5:126-
49. https://doi.org/10.1177/1558689811400607

" Bilenberg N. The Child Behaviors Checklist (CBCL) and related material: standardization and validation in Danish population based and clinically based samples. Acta
Psychiatr Scand Suppl. 2007;100:2-52. https://doi.org/10.1111/j.1600-0447.1999.tb10703.x

© Achenbach TM, Dumenci L, Rescorla LA. Ratings of relations between DSM-IV diagnostic categories and items of the Adult Self-Report (ASR) and Adult Behavior Checklist
(ABCL). Research Center for Children, Youth and Families; 2003. https://aseba.org/research/ratings-of-relations-between-dsm-iv-diagnostic-categories-and-items-of-the
-adult-self-report-asr-and-adult-behavior-checklist-abcl-pdf/

P Caldwell B, Bradley R. Home Observation for Measurement of the Environment (HOME)-Revised Edition. Little Rock: University of Arkansas, Little Rock; 1984.
a National Institute on Alcohol Abuse and Alcoholism, American Academy of Pediatrics. Alcohol screening and brief intervention for youth, a practitioner’s guide; 2015.
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proposed use of PhenX protocols will be well received
by NIH review panels.

The adoption of common, validated protocols into
pediatric development research is timely in light of
recent efforts by funding agencies, including the NIH,
to support “big science” that combines data across
existing datasets and collects data from multiple
cohorts across settings to increase sample sizes

and, consequently, the power to address pressing,
complex developmental questions for improving
child health (e.g., Environmental influences on Child
Health Outcomes, or ECHO).? The use of common
measurement protocols minimizes the challenges
inherent in harmonizing data collected across studies
that use different instruments and more easily allows
validation of study findings through replication of
results across studies that used the same protocols for
data collection.

Greater implementation of common research
measures also would address several scientific
concerns that have emerged in recent years. For
example, failed replication of published findings
raises questions about the validity of the findings and
may consequently lead to declines in public support
of research funding and reluctance to implement
health recommendations that emerge from such
studies.10-11 Potential solutions to this problem
include conducting multiple replication studies and
studies with large sample sizes, which would require
coordinated efforts among multiple investigators and
informed selection of well-validated measures of the
constructs of interest.!1

Harmonization across studies can be hindered by
differing definitions of outcomes and heterogeneity
of data collection methods across studies, which

can limit direct between-study comparisons, meta-
analysis of data, and the combining of datasets across
studies to create large sample sizes.”>12 Moreover,

the adoption of standard measures would support
more effective and efficient use of limited resources
by allowing the combination of separate datasets
into larger composite datasets that can be used to
address novel research questions that may not have
been considered at the time of data collection.”
These efforts would have the potential to increase the
scientific impact of individual studies.

RTI Press Publication No. MR-0049-2209. Research Triangle Park, NC: RTI Press.

Use of standard measures will have particular
importance in the study of rarer conditions in
small- to moderate-sized populations, allowing for
statistical power that is typically not achievable via
individual studies.” Notably, in recent years, there
has been unprecedented growth in the collection of
longitudinal patient-level pediatric data as a result
of the adoption of a variety of electronic systems

in clinical settings.” The PhenX Toolkit provides

a resource for clinicians to identify easily a set of
established research measures, including measures
outside of their area of expertise, that then can be
incorporated into electronic health systems, enabling
the expansion of the size, scope, and reach of pediatric
research by including clinical settings that historically
may have been excluded from the scientific base.”

Limitations

Although freely available protocols were preferred

for inclusion in the Toolkit, the PDWG selected some
protocols that are categorized in the Toolkit as “limited
availability,;” meaning that users must contact the
source to obtain access (e.g., register for permission to
use, pay fees for usage). Such measures were chosen
when the PDWG determined that a suitable, freely
available protocol did not exist. Additionally, in its
review of the literature, the PDWG acknowledged
important areas for which measures could not be
identified that met PhenX Toolkit requirements (e.g.,
well-established, low burden) or have not yet been
developed. As described below, these are areas for
further research and exploration. Also included below
is a description of challenges the PDWG encountered
around the language used in some of the selected
measures for inclusion in the Toolkit.

Child Sleep

The PDWG recognized the critical importance of
sleep to child health and well-being.13-18 However,
the group was unable to identify a broadly validated
instrument that it could recommend for use in
pediatric populations. The PDWG sought input from
the research community during outreach but received
no protocol suggestions.

https://doi.org/10.3768/rtipress.2022.mr.0049.2209
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Anxiety in Pregnancy

The PDWG noted the large body of scientific
literature demonstrating the significant impact of
maternal mental health in pregnancy on a range of
pediatric health outcomes.!9-22 Pregnancy and the
postpartum period present specific demands that
may not allow for standard mental health assessments
to be used validly in the peripartum period but

rather require tailored instruments. For example,
diagnostic criteria for depression include several
symptoms that may be present in pregnancy and not
be indicative of psychological distress (e.g., changes
in appetite, weight, and sleep). At the time the PDWG
was convened, the PhenX Toolkit already included

a validated measurement protocol of maternal
depressive symptoms during the peripartum period
(Edinburgh Postnatal Depression Scale23) that takes
into account these considerations. However, the
PDWG could not identify an appropriate instrument
for assessing anxiety in pregnancy.

Although several clinical interviews and
questionnaires exist for evaluating general anxiety

in the PhenX Toolkit (e.g., anxiety subscale of the
Symptom Check List 90;24 Structured Clinical
Interview for DSM-5° Disorders-Clinician Version2>),
these protocols do not distinguish clinical anxiety
symptoms from common experiences resulting

from pregnancy and in caring for a newborn infant
(e.g., somatic symptoms). They therefore may have
decreased validity during the peripartum period.
Furthermore, these measures do not address
pregnancy-related anxiety (i.e., anxiety specific to
worries about the health of the fetus/infant and
concerns about the labor and delivery process). The
extant literature suggests that pregnancy-related
anxiety is distinct from general anxiety and depressive
symptoms and has specific impact on maternal and
child outcomes.26-28 Although the PDWG identified
several pregnancy-related anxiety measures in the
literature, none of them met PhenX Toolkit criteria
for inclusion because they lacked sound theoretical or
psychometric properties or sufficient scope and depth
for adequate assessment. Given that the pregnancy
and postpartum periods are known risk periods for
the onset or exacerbation of maternal mental health
difficulties and that maternal mental health during

RTI Press Publication No. MR-0049-2209. Research Triangle Park, NC: RTI Press.

these periods can have major, long-term impact on
child health,29-31 the PDWG encourages researchers
to develop standardized, validated instruments that
specifically address the unique considerations of
assessing maternal mental health comprehensively
during these periods.

Parenting and Caregiving Quality

A large body of research indicates the importance

of parenting/caregiving quality, particularly in

early life, on child health outcomes, and direct
observation is considered the “gold standard” for
assessing caregiving quality.32-36 However, assessing
caregiving quality by direct observation is quite
burdensome given the need to have highly trained
coders score observations that are collected in a
standardized format. Therefore, the PDWG elected to
recommend the Alabama Parenting Questionnaires,
well-established instruments that are easy to use and
involve much less burden on the investigator and the
participant. In addition, the recommended Home
Observation for Measurement of the Environment
protocol, also well established, may be used to capture
additional information about aspects of the caregiving
environment. Studies that involve caregiving quality
as a central construct may elect to use an established
observation measure but consider using the PDWG-
recommended questionnaires as adjunct measures.

Similarly, standardized observational data collection
protocols exist for assessing the quality of a child’s
daycare, child care, or preschool environment.
However, the PDWG determined that such measures
were highly burdensome because they require trained
coders to conduct hours of observation in a child’s
care setting. Further, the PDWG concluded that such
observational measures would provide data at a level
of detail unlikely to be needed by pediatric studies
outside of those centrally focused on daycare or
preschool quality. Rather, the PDWG chose a protocol
that addresses parents’ or caregivers’ perceptions of
their child’s care, including questions related to the
reliability, cost, and quality of care, because these
characteristics were determined to be particularly
relevant for child health outcomes and measurable via
caregiver report.37-40

https://doi.org/10.3768/rtipress.2022.mr.0049.2209
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Evolving Landscape and Language

The PDWG confronted challenges when considering
protocols with questions based on outdated
assumptions (e.g., heterosexual nuclear family
structure, obsolete technology available in the home).
Ultimately, the PDWG elected to include these
measures in the Pediatric Development domain
because the protocols were the best available to assess
the constructs considered essential for inclusion.
However, because existing protocols are not modified
for inclusion in the PhenX Toolkit, the PDWG
recognizes that these measures may need to be
modified by users for their specific study populations
and encourages investigators to undertake efforts to
update these measures, including conducting studies
to document the validity of revised measures.

Additionally, although the PDWG chose measurement
protocols that have been validated in various
populations, the group recognizes the need for

further research on how the protocols may function
differently in different sociodemographic groups. Of
the 18 pediatric protocols added to the Toolkit, three
are available from the source in languages other than
English; two of these are not open source and therefore
cannot be displayed in the Toolkit but can be obtained
by contacting the publisher. Before implementing

any PhenX Toolkit measurement protocol in a study;,
investigators should consider the suitability of the
measurement protocol for their particular study
population and research questions.

Biomarkers

The PDWG recognized the importance of biomarkers
in predicting and tracking pediatric outcomes and
considered a range of wearable devices and exposure
measures. However, the group was unable to

identify any biomarker measures that had achieved
sufficient technological advancement and met
PhenX requirements of being clearly defined, well
established, low burden, and broadly validated to be
recommended at this time for wide implementation.
These protocols are expected to evolve such that they
can be considered by a future PhenX WG focused on
biomarker assessments.

RTI Press Publication No. MR-0049-2209. Research Triangle Park, NC: RTI Press.

Conclusions

Pediatric research aims to prevent and treat disease
and to optimize children’s physical, mental, and
developmental health outcomes. Preventing or
resolving poor health among youth not only reduces
suffering and psychosocial burdens in childhood
but also promotes improved health and economic
productivity into adulthood.241 Moreover, an
increasing body of research strongly indicates that
several physical and mental health outcomes that
emerge or persist in adulthood have origins in early
life, further emphasizing the importance of pediatric
research in maximizing human health, productivity,
and well-being across the lifespan.2:42-54

The PhenX PDWG endeavored to provide the
pediatric research and clinical community with a set
of measurement protocols to address critical areas
for child health and well-being and complement
pediatric protocols already included in the PhenX
Toolkit. The PDWG added 18 protocols to measure

a range of indicators of child functioning and
developmental contexts or psychosocial exposures.
Incorporating standard protocols in research studies
of children will foster collaboration and data sharing,
provide consistency in data collection, and enable the
harmonization of datasets across studies and cohorts
to permit replication of study findings and sufficient
power to address complex developmental questions.

The PhenX Toolkit also serves as a powerful, efficient
resource to aid investigators searching for appropriate
measures outside of their area of expertise to

include in their studies. This resource provides data
collection support, including available data collection
worksheets to simplify creating data collection forms
and data dictionaries to facilitate data management
and integration into Research Electronic Data
Capture (REDCap).

https://doi.org/10.3768/rtipress.2022.mr.0049.2209
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Using the PhenX Toolkit may help investigators
respond to NIH’s growing emphasis on and
requirements for data management and sharing
practices consistent with FAIR (Findable, Accessible,
Interoperable, and Reusable) data principles.5>-56

The PhenX Toolkit was designed to address these
needs, to hasten research advances, and ultimately, to

maximize the potential impact of efforts to improve
child health.
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