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Abstract

Objective To provide an assessment of the quality of the most frequently used self-reported, generic patient-reported out-
come measures (PROMs) that measure health-related quality of life (HRQoL) in children against the good research practices
recommended by ISPOR task force for the pediatric population.

Method Literature search was conducted on OvidSP database to identify the generic pediatric PROMs used in published
clinical studies. The quality of PROMs used in more than ten clinical studies were descriptively evaluated against the ISPOR
task force’s good research practices.

Results Six PROMs were evaluated, namely Pediatric Quality-of-Life inventory 4.0 (PedsQL), Child Health Questionnaire
(CHQ), KIDSCREEN, KINDL, DISABKIDS and Child Health and Illness Profile (CHIP). All PROMs, except KIDSCREEN,
had versions for different age ranges. Domains of physical, social, emotional health and school activities were common across
all the instruments, while domains of family activities, parent relations, independence, and self-esteem were not present in
all. Children’s input was sought during the development process of PROMs. Likert scales were used in all the instruments,
supplemented with faces (smileys) in instruments for children under 8 years. KIDSCREEN and DISABKIDS were developed
in a European collaboration project considering the cross-cultural impact during development.

Conclusion The comparison of the instruments highlights differences in the versions for different pediatric age groups. None
of the PROMs fulfill all the good research practices recommended by the ISPOR task force. Further research is needed to
define which age-appropriate domains are important for older children and adolescents.

Keywords Adolescents - Children - ISPOR - Patient-reported outcomes - Pediatrics - Health-related quality of life

Introduction clinical trials to assess a child’s functioning and evaluate

health status improvement by medical intervention.

As with the adult population, establishing the health-related
quality of life (HRQoL) for the pediatric population is essen-
tial. It is increasingly incorporated as outcome endpoints
in pediatric clinical trials [1]. HRQoL is described as the
impact of a disease or illness on a person’s perceived physi-
cal, psychological, social, and emotional wellbeing [2, 3].
Patient-reported outcome measures (PROMs) are used in
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The patient-reported outcomes (PRO) Guidance to
Industry, laid out by the U.S. Food and Drug Administra-
tion (FDA), supports the development of validated PROMs
to collect PRO data. While the guidance is not specific
to the pediatric population, there is a section on “special
populations”, which outlines the challenges in developing
pediatric instruments [4]. The guidance, however, does not
mention methods for overcoming these challenges in the
assessment of pediatric outcomes. The FDA PRO guidance
states that for pediatric PROMs, the vocabulary, comprehen-
sion, and minimum age at which the children can provide
valid and reliable responses must be considered. For the
pediatric population, both self-reported and proxy-reported
versions are frequently used. However, the FDA does not
recommend proxy-reported outcomes but advocates self-
reported outcomes whenever possible. Consistency between
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proxy-reported and child self-reports is low due to differ-
ences in perspectives, understanding, or in some cases, little
insight into some concepts [5-7].

The International Society for Pharmacoeconomics and
Outcomes Research (ISPOR) created a task force to address
the challenges in developing and using pediatric PROMs.
The outcome of this task force was a report by Matza et al.
2013 that recommends good practices for research and
development of pediatric PRO instruments to support regu-
latory decision-making and medical product label claims
[8]. Key good practices outlined in the report are to consider
the developmental differences of the pediatric population
and determine age-based criteria for the PRO administra-
tion, establish the content validity of the PROMs and child
involvement, determine the need for informant-reported out-
come instruments, ensure the instrument design and format-
ting is age-appropriate, and consider cross-cultural issues.

As no regulatory standards exist to define the appropri-
ateness of pediatric PROMs, in our study, we utilized the
good practices of the ISPOR task force to assess the quality
of generic pediatric PROMs measuring HRQoL. As regula-
tory authorities favor self-reported measures, we evaluated
child-reported versions of the instruments. PROMs used in
more than ten studies were examined. The reliability and
validity of the PROMs are not a focus in this assessment
as several comprehensive publications have covered these
aspects in detail [5, 9]. Since only self-reported instruments
were evaluated, we focused mainly on whether the instru-
ments were fit for purpose for that particular age group with
respect to the developmental differences, content validity
and concepts measured, design and format of the measure,
and cross-cultural considerations.

Methods
Literature Search

A systematic literature review was conducted to identify
generic PROMs used in pediatric clinical studies and clinical

trials to measure health in children up to 18 years of age. The
OvidSP database was searched for published literature,
including clinical studies and clinical trials registered on
clinicaltrials.gov until January 2021. The search terms used
were “patient-reported outcome”, “self-reported outcome”,
“children”, “pediatric”, “clinical outcome assessment”,
“health status”, “activities of daily living”, “life quality”,
“quality of life”, “QoL” or “HRQoL”, “health-related qual-
ity of life”, “health status”, “questionnaire”. We obtained
19,662 results screened as per the inclusion and exclusion
criteria for generic PRO instruments. The results of the
search were reviewed to identify eligible generic pediatric
PROMs. Articles not related to pediatric PROMs, dupli-
cates, or not published in English were excluded result-
ing in 1362 references. Pediatric PROMs assessing pain,
fatigue, behavioral and psychological functioning were
also excluded. Twenty-nine relevant generic PRO instru-
ments were obtained. We subsequently focused only on the
PROMs used in more than ten studies to ensure our search
results were meaningful, further narrowing the list to the six
PRO instruments. Only the self-reported of PROMs were
assessed.

Inclusion and Exclusion Criteria

Specific criteria were predefined to shortlist the eligible
pediatric PROMs for review (Table 1).

Data Extraction

Six generic self-reported HRQoL pediatric PROMs from the
literature search were identified for review. Next, using the
names or the acronyms of the PROMs, an in-depth search
to identify detailed information was conducted. Different
self-report versions for the measures by age groups, the
domains and item coverage of the PROMs, the content and
item generation methods were compared. The aim was to
determine whether respondents, i.e., children’s input was
incorporated during the qualitative process, the design and
format of the instrument, and cross-cultural considerations

Table 1 List of inclusion and
exclusion criteria for selecting

Inclusion criteria

Specifications

the generic pediatric health-

Population
related quality-of-life PROMs

Instrument type
Study type
Language
Exclusion criteria
Population
Instrument type

Children 0-18 years of age

Generic pediatric PRO instruments for self-report
Published clinical study

English

Non-pediatric population (ages > 18 years)
Preference based measures

Instruments developed for children and adults
Parent/proxy versions

Disease or concept-specific instruments
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were evaluated. To help align on the ages on pediat-
ric age groups, we define the pediatric age range as sug-
gested by the ISPOR task force, describing young children
(ages < 8 years), older children (ages 8—12 years), and ado-
lescents (ages 13—18 years) (Fig. 1).

Results
Search Results

Twenty-nine pediatric PROMs met the inclusion criteria
(Supplementary Table 1). Of the generic HRQoL measures
identified, we evaluated the quality of PROMs used in more
than ten clinical trials against the “Good Research Practices”
recommended by Matza et al. (Supplementary Table 2). The
six most frequently used generic PRO tools are Pediatric
Quality-of-Life Inventory 4.0 (PedsQL), Child Health Ques-
tionnaire (CHQ), KIDSCREEN, KINDL-R, DISABKIDS
and CHIP (Child Health Illness Profile). There are versions
of these PROMs targeting specific age groups and different
number of items (Table 2).

Records retrieved
from initial OvidSP
search strategy
(n=19662)

Records after
duplicates, adult
PRO's and non-
English articles
removed (n=1362)
|

Exclusion ofl preference-
based measures, adult
generic PROMs and
behaviour/psychological
measures,
disease/concept-specifc
measures

PROMS identified for
further evaluation
(n=29)

PROMs used in more
than ten studies
(n=6)

Evaluate the content
and quality of six
frequently used
PROMs

Fig.1 Flow chart showing the final selection of the eligible PRO
measures (PROMs) for further evaluation

@ Springer

Consideration of Developmental Differences
and Age-Based Criteria for PRO Administration

The ISPOR task force paper recommends using different age
ranges within the pediatric population that serve as a starting
point to determine developmental differences and age-based
content requirements for PRO assessment.

Age Ranges of the PROMs

Different versions of pediatric PROMs are available for dif-
ferent age ranges. The earliest age from which self-reported
PROMs are available is age 4 years. Of the six PROMS
evaluated, three (PedsQL young child report, Kiddy-KINDL,
and DISABKIDS Smiley’s measures) target ages < 8 years.
PedsQL child report, Kid-KINDL, and CHIP-CE targeted
children in the age group of 8-12 years. Instruments spe-
cifically for adolescents include the Kiddo-KINDL and
CHIP-AE. CHQ, KIDSCREEN, and DISABKIDS chronic
generic module-37 items (DCGM-37) have one instrument
targeting a broad age range of 8—s18 years, with CHQ for
5-18 years. Thus, three instruments had separate question-
naires targeting particular subpopulations of pediatric age
groups, while the other remaining instruments had a single
questionnaire for a broad age group (Table 2).

Domain Comparison

The ISPOR task force recommends that pediatric instru-
ments consider the target population’s developmental
stage and capture concepts relevant to the target popula-
tion. Although dimensions such as physical or emotional
wellbeing might be similar between various pediatric age
groups, different dimensions of HRQoL must be recognized
to reflect the target pediatric population’s developmental age
and social and emotional differences [10, 11].

Commonality of Domains Between Different Instruments

Physical functions, emotional functions, social relations,
and school functions were included in all instruments.
Although both CHIP versions don’t include physical func-
tioning domain, they include items on physical discomfort
and fitness activities under the domain of (dis)comfort and
resilience. The instruments PedsQL, CHQ, KIDSCREEN,
KINDL, DCGM-37, and CHIP include items on emotional
functioning. In CHIP-AE, this is described under the dis-
comfort domain. All PROMs include social functioning
domain, which is relationships with friends and peers.
DCGM-37 categorizes it further as social inclusion and
social exclusion, while the CHIP instrument covers items
of social functioning under the achievement domains. In
the KIDSCREEN, it is covered under the domain of social
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support and peers. The school functioning domain includes
items on school activities, interactions, and attention. It is
included in PedsQL, CHQ (under domains of role/social
limitations—physical and emotional/behavioral scale),
KIDSCREEN, KINDL, and CHIP (achievement domain).
DCGM-37 does not have school functioning domain but
includes items on school functioning under the social inclu-
sion domain.

Contrasting Domains Between the Different Instruments

We have attempted to focus on domains that potentially have
an age-dependent impact on health assessment like family
activities, parent relationships, independence, treatment,
self-esteem, risk avoidance, financial resources, and social
acceptance (bullying). For a complete list of domains in each
PROM, refer to Table 2. Family activities domain includes
items on perceived family support and the impact of illness
on activities with the family and is included in CHQ and
CHIP (in domain resilience). KINDL has the domain family,
but the items target relationships with parents rather than
family activities. KIDSCREEN and DCGM-37 don’t men-
tion items related to family activities. The domain of parent
relations is vital for child development and wellbeing and is
covered by CHQ, KIDSCREEN, KINDL (domain family),
and CHIP (domain resilience). DCGM-37 and PedsQL don’t
address parent relationships. Independence is the ability to
make decisions without any support [12]. KIDSCREEN and
DCGM-37 include this domain. Treatment domain measures
the impact of medication on daily activities and is included
in DCGM-37. Self-esteem is the positive or negative atti-
tude toward the self and assesses satisfaction with school,
esthetic ability and looks, and perceived worth. It is men-
tioned in KINDL, CHQ, and CHIP (satisfaction domain).
Risk avoidance measures the child’s perception of how likely
they are to participate in risky behaviors—both versions of
CHIP measure this domain. Finally, KIDSCREEN includes
domains of financial resources measuring the child’s per-
ceptions of their financial resources and social acceptance
(bullying) with items on feeling rejected by peers in school.

Content Validity and Item Generation

Children and adolescents can be effective content experts
and share perspectives on their condition [12]. We did
not find information on the methodology for content and
item generation for the PedsQL young child report (ages
5-7 years) and the kiddy-KINDL (ages 4-6 years), but
young children were involved in the studies for these instru-
ments’ psychometric validation [13]. The CHQ did not have
pediatric input in the concept elicitation phase but involved
children during pilot testing of the instrument [14, 15]. Items

@ Springer

in the PedsQL and KINDL were created based on literature
review, open-ended interviews with pediatric patients and
their families and discussions with pediatric health care pro-
fessionals (HCP) such as clinicians, nurses and psychosocial
staff [16]. For item revision and field testing of the PedsQL,
a new set of patients, families and HCPs were recruited,
who underwent intense cognitive interviewing. KIDSREEN
used the Delphi technique to establish the operationalization,
questionnaire construction and content with input from a
multidisciplinary group of experts consisting of psycholo-
gists, pediatricians, health services researchers and sociolo-
gists [17]. This was followed by focus groups with children
to identify relevant dimensions and items and a multina-
tional pilot testing with children [18]. Similarly, items in
the DISABKIDS and CHIP were developed based on focus
groups with children, parents and healthcare experts, fol-
lowed by field testing to determine final domain structure
and item feasibility [19].

Child-Reported and Informant-Reported PROMs

PedsQL, CHQ, KIDSCREEN, KINDL-R, DISABKIDS and
CHIP have both child-reported and proxy/parent versions of
the instruments.

Design and Format of the PROMs

The ISPOR task force recommends that the design and
formatting of an instrument be age-appropriate for the tar-
get pediatric population [8]. This includes attention to the
layout, font and using a large print for better clarity. Other
formatting aspects include the overall health-related vocabu-
lary, and reading level, response scales, recall period, pic-
torial representations, length of instrument, administration
approaches and electronic data collection. The health-related
vocabulary and the readability criteria are tackled at the item
development and content validity stage to ensure an age-
appropriate instrument.

Response Scales and the Use of Pictorial Representations

The response scales for PRO instruments are Likert scales
with 3-5 points (a linear scale with numbers or words
describing the range or severity of options, yes/no scales, and
visual analog scale (a linear scale with numbers anchored
at the two ends) [8, 20]. All six pediatric PROMS used the
Likert scale. Instruments for children less than 8 years use
a simplified Likert scale supported with facial expressions
or illustrations as seen in the PedsQL young child report.
DISABKIDS TAKE-6 instrument has a 5-point Likert scale
anchored with facial expressions (smiley faces) to facilitate
responses. CHIP-CE uses two illustrations for each question
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with five possible response circles, which gradually increase
in size to indicate increasing frequency or amount.

Recall Period

The ISPOR task force recommends that a shorter recall
period of 24 h is more favorable for regulatory purposes.
CHIP, DISABKIDS, CHQ, and PedsQL have a recall period
of four weeks or one month. PedsQL also has an acute ver-
sion with a recall period of one week. KIDSCREEN and
KINDL have a one-week recall period.

Length of Instrument

The ISPOR task force recommends carefully considering
pediatric PROM’s length and avoiding long questionnaires
for younger children [8]. A comparison of the number of
items across versions of the instruments revealed more items
in the versions of the PROMs for older children and adoles-
cents. The adolescent version CHIP-AE has the highest num-
ber of items, 153. CHIP-AE has 71% more items compared
to CHIP-CE, the young children version. The DCGM-37
for ages 8—18 years has 37 items, while DISABKIDS-Smi-
leys TAKE-6 for ages 4-7 years has 6 items. The differ-
ence between the items of the two age versions is 84%. The
difference in the number of items for the Kiddy- and Kid/
Kiddo-KINDL is 50%, while PedsQL has the same number
of items for young children, children and adolescent forms.

Administration Approach

According to PedsQL guidelines, older children and adoles-
cents may independently fill the PROM after introductory
instructions from the administrator. Similarly, children can
complete the CHQ, DCGM-37, CHIP-AE and KINDL-R
(Kid-KINDL and Kiddo-KINDL) independently [21, 22].
For young children whose reading skills are not advanced to
the necessary standard, questionnaires can be administered
in interview form (face-to-face or by telephone), like for
Kiddy-KINDL and CHIP-CE [21, 22]. The PedsQL admin-
istration guidelines recommend that for the Young Child
Report, an administrator reads all the instructions and each
item and repeats the recall period at the start of each sub-
scale. The KIDSCREEN instrument can be administered
independently at home, in a classroom or other settings, or
by interview method via telephone or face-to-face.

Electronic Data Collection
PedsQL, CHQ have ePRO versions available. Likewise,

the KINDL-R, KIDSCREEN, DCGM-37 and CHIP have
a computer-assisted version for children and adolescents.

Cross-Cultural Issues

As PROMs are designed for widespread use, language and
cultural differences can impact their acceptance and use.
For this reason, two European projects were initiated, result-
ing in the KIDSCREEN and the DISABKIDS measures. As
these instruments were created as a European collaboration
with input from children, families, healthcare providers, and
subject matter experts across multiple European countries,
cross-cultural influences and language translations were con-
sidered from the start.

Discussion

Pediatric PROMs are commonly used in pediatric clinical
studies to monitor outcomes in children [23]. The ISPOR
task force has defined good research practices to character-
ize the appropriateness of pediatric PROMs. Previous stud-
ies have demonstrated the appropriateness of PROMs using
psychometric properties as a benchmark but lacking focus
on the other good practices. To this end, we have assessed
the quality of generic pediatric PROMs, focusing on these
good research practices recommended by the ISPOR task
force and not the instrument’s psychometric properties. Fur-
thermore, we identify the shortcomings of the frequently
used generic PROMs and highlight which aspects need to
be strengthened.

Using a literature search we identified the six most fre-
quently used generic PROMs in pediatric clinical studies.
The method of item generation, differences in domains,
formatting and design considerations, cultural variations
of the six PROMs were assessed against the good research
practices of the ISPOR task force report. While we focus
on generic PROMs that have items relevant to any disease
indication, disease-specific PROMS with items targeting
the symptoms, and feelings of a particular disease are also
available.

The ISPOR task force recommends to carefully consider
the developmental differences across different pediatric
age ranges. One way to achieve this is to have multiple age
group-specific versions of the instrument, where the item
structure, wording and domains are optimized for the pedi-
atric subpopulation. We identified that all PROMs, except
KIDSCREEN, had different age group versions, varying in
wording, length of questionnaire, formatting and concepts.

For an instrument to be age-appropriate for the users, it
must capture relevant domains. A child’s social and emo-
tional experiences are critical for overall personal develop-
ment [24]. Unlike adult HRQoL PROMs that commonly
assess physical health, emotional or mental health, and
social wellbeing, these domains are insufficient to capture
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a child’s overall wellbeing. There is a bidirectional influ-
ence between children and their multiple social contexts, i.e.,
children actively exert influence on their social context while
being simultaneously shaped by these contexts [25]. These
social contexts may include families, peer relationships or
school activities. For example, children’s family activities
are linked to their behavior, social recognition, friendships,
and acceptance from peers [26, 27]. Other concepts like
parent relations, independence (autonomy), extracurricular
activities, impact of treatment, and self-esteem might also
be important indicators toward the wellbeing of children and
adolescents [28, 29]. Hence, the ISPOR task force recom-
mends that a child’s social and developmental contexts be
considered and be incorporated into pediatric PROMs [8,
30]. Thus, a pediatric instrument’s age and concept appro-
priateness are examined during the concept elicitation and
debriefing phases.

We observed that although all the PROMs evaluated phys-
ical, emotional, social and school functioning domains, none
covered all the additional domains mentioned above. This is
expected because each pediatric PROM was developed by its
own goal and unique qualitative methodology by engaging
with different children, both healthy and those with multiple
illnesses, caregivers and pediatric health experts [31]. For
example, the purpose of the KIDSCREEN project was to
contribute to health reporting, while DISABKIDS project
was to contribute to improving disease-related research in
clinical studies with chronically ill children (DCGM-37) and
has additional disease-specific modules for certain diseases
[32].

Research has shown that children can provide a unique
perspective and be effective content experts [12]. Hence,
during PROM development and item generation stage, the
relevant concepts for children of different ages is obtained
by the concept elicitation process done by focus groups and
interviews [33]. Like the FDA PRO guidance, the ISPOR
pediatric PROM assessment task force recommends incor-
porating responder input in developmental phases [4]. All
PROMs, except CHQ, incorporated children’s (respondents)
input during the developmental phases by concept elicitation
method, while all six PROMS involved children in the pilot
testing of the PROMs.

The design and formatting of PROMs are important to
ensure easier comprehension. The layout, font type, font
size, length of an instrument must be considered. The
readability also impacts PROM usage and is tested in the
cognitive debriefing phase. However, readability is not nec-
essarily assessed going into trials. Examining readability
should be a more common practice in instrument develop-
ment and administration [34]. The number of items must be
taken into account while developing pediatric instruments.
This improves the attention and comprehension of younger
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children who have limited attention span, who may oth-
erwise exclude items or not answer carefully, resulting in
erroneous or less reliable data [8, 35]. Compatible with this
recommendation, the child and adolescent versions of Ped-
sQL, KINDL, DISABKIDS, and CHIP are longer with more
items than the young children’s versions. The recall period
is another important criterion in pediatric PROMs. The
optimal duration of a recall period depends on the child’s
understanding of elapsed time and memory. The choice of
recall period depends on the purpose of measurement and
the frequency and intensity of the concept analyzed. ISPOR
recommends a short recall period of 24 h for PROMs for
regulatory decision-making [8]. None of the PROMs we
evaluated have a 24 h recall period. KINDL, KIDSCREEN,
and PedsQL acute versions have a recall period of one week.
CHIP, CHQ, PedsQL, and DCGM-37 have a recall period
of four weeks. While a short recall period is favored, the
downsides include frequent measurements, respondent
burden, and failure to capture symptoms outside the recall
period window [8]. The recall periods in these PROMs are
an attempt for a practical solution. However, if used in a
clinical study, the rationale should be justified based on the
situation. If a 24 h recall period is necessary depending on
the purpose of the study or regulatory feedback, the cur-
rent PROMs can be adapted and validated for daily meas-
urements. Alternatively, further research could be done to
develop patient diaries with once or twice daily response
options to overcome the challenges of the long recall period.

The instrument response scales are important to the over-
all relevance and quality of the pediatric instrument. The
Likert scale is among the most common response measure-
ments [36]. The Likert scale responses typically vary from
3-to-5 points. Studies have shown that children understand
and can grade 5-Likert scales adequately, especially for con-
crete tasks, but the items and response options need to be
worded carefully [36]. To enhance judgment of response, in
tests for young children under 8 years, a simplified 3-point
Likert scale is supplemented with faces (smileys) or cartoon
illustrations to facilitate comprehension. Although there is
limited evidence on the advantage of pictorial illustrations
in PRO instruments, a study showed they keep the child
engaged and thus help in faster completion of the items [37].

Similarly, PROM administration procedures depend
on the age group of the respondents. As per the task force
report, older children and adolescents can be expected to
complete the PROM independently. Generally, the compre-
hension and reading ability of older children and adolescents
favors independent PROM completion with little to no sup-
port. However, an interview approach with the questions
read to children is advised and implemented for younger
children or children with learning disabilities. All the six
PROMs take this administration approach into account.
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While the ISPOR guidance supports self-reported measures
for children, proxy-reported outcome measures may be used
in children who cannot complete the PROMs by themselves
due to developmental or cognitive challenges, illnesses,
and are too young. It is also recommended by ISPOR task
force to implement electronic PRO data collection [8]. Many
children are familiar with digital screen-based activities and
may prefer electronic means of collecting PRO data. The
advantages are improved efficiency and fewer errors or omit-
ted responses [38]. All six pediatric PROMs had electronic
versions for data collection.

Variations in cultural perspectives can lead to erroneous
conclusions as well. Differences in education systems and
the subsequent impact on language and reading abilities,
willingness to talk about specific topics, preference to be
interviewed in parents’ presence, or be independent respond-
ers can all be sources of cultural biases. These aspects are
addressed when the tool is developed during the content
validation phase. We identified that DISABKIDS and KID-
SCREEN projects were a step in the right direction, where
cross-cultural effects and multiple translations of PRO
instruments were considered right from the beginning in a
European collaboration. During large clinical studies, with
cultural variations in perspective, the interpretation of the
PRO tools is acknowledged as a limitation if not validated
in the specific ethnicity. When a PROM is translated into
another language, the translation and cross-cultural adapta-
tion process should follow the best-practice methodology
[39].

This study shows that there are differences among the
pediatric PROMs and the heterogeneity in the pediatric pop-
ulation, thus making the selection of a PROM for a clinical
trial challenging. The accurate measurement of PRO end-
points relies on opting for a suitable PROM applied to the
correct population. Selecting a suitable PROM depends on
the disease indication, purpose and duration of the study,
responder population, frequency of measurements, concepts/
primary domains of interest, administration approach, and
psychometric properties of the PROM. An extensive litera-
ture search of existing generic and disease-specific PROMs,
their use in clinical studies, along with qualitative interviews
with KOL/experts and caregivers are performed to facilitate
the selection of suitable PROMs for trials. Additionally, the
COSMIN checklist can aid in the evaluation of the measure-
ment properties of a PROM to ensure scientifically appro-
priate conclusions of the concepts measured. In a trial with
multiple age groups that do not align with the age range of
the PROMs, one might adapt the existing validated PROMs
for the age groups in the trials. Also, it is important to use
validated measurements that are appropriate for the age
group, and hence combining different validated PRO tools
in one trial might be an option.

Future Implications for Practice
and Research

To overcome the limitations of the current pediatric instru-
ments, pediatric PROMs with computerized-adaptive test
(CAT) software are being favored in children. The CAT
versions of instruments use software algorithms to select
optimal items based on the respondent’s overall patterns
of responses [40]. Such PROMs address problems associ-
ated with readability and age-appropriate concepts by cus-
tomizing the items to the respondent level based on prior
responses. Also, there’s potential to explore digital or game-
like apps to make pediatric self-measurements more engag-
ing for children. Apps like electronic Pain Assessment Tool
(ePAT) or PainChek® used in older adult patients, use Al
technology for facial analysis to evaluate the presence and
intensity of pain [41, 42]. Such digital apps and game-like
formats for PRO assessments will help children be more
interested in providing measurements and improve the eval-
uation of symptoms that children struggle to verbalize or
articulate.

While it is important to have new PROMs using the digi-
tal platform, this study has shown fundamental differences
and similarities exist between the PROMs. Unlike psycho-
metric properties, similar focus is required for other aspects
of the PROMs mentioned in the ISPOR task force. While we
have compared the most used PROMs along these aspects,
further work is needed to translate these findings into con-
sistent new PROMs. Establishing consistency between the
PROM instruments is pertinent to improving patient out-
comes in the pediatric population.

Conclusion

We identified six PROMs widely used in studies for children
to reliably report their health states. Based on our work and
the good practices and issues identified by the ISPOR task
force to develop PROMs for children, we believe that many
areas of pediatric PROMs need further research. An instru-
ment that appropriately captures all relevant age-appropriate
domains in PROMs to measure outcomes in pediatric drug
development is yet to be developed. Determining appropri-
ate concepts is complicated as the pediatric subpopulations
are developmentally heterogeneous [8]. More studies are
required to agree on dimensions necessary for children of
different age groups, especially from childhood to adoles-
cence and adolescence to adulthood. We believe research
is needed to understand the optimal length and number of
items of pediatric PROMs, being mindful that in addition
to children being easily distracted, many of the children
are not entirely healthy and cannot be encumbered further.
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Additional methods like exit interviews with children and
caregivers at the end of a trial on their experience filling
PROMS could give valuable insight into optimal PROM
length. Such research will expand the toolbox of fit-for-
purpose pediatric PROMs overcoming the gaps in the cur-
rent PROMs and are suitable for regulatory decision-making
purposes.

Supplementary Information
The online version contains supplementary material available at https://
doi.org/10.1007/s43441-021-0031 1-x.

Author Contribution

KK, CN and FP conceptualized the idea with inputs from TA and NA;
NA and TA acquired, analyzed, and interpreted the data for the work;
TA prepared the first draft of manuscript with inputs from all authors;
all authors contributed to the interpretation and revision of subsequent
drafts and reviewed and approved the final version before submission.

Funding
This study was funded by Novartis Pharma AG, Basel, Switzerland.

Declarations

Conflict of interest

TA, NA, CN, KK and FP are full time employees of Novartis. CN, KK,
and FP have Novartis stock(s)/stock options. The views and opinions
expressed in this article are those of the authors and do not necessarily
represent the views of Novartis.

Open Access

This article is licensed under a Creative Commons Attribution 4.0
International License, which permits use, sharing, adaptation, dis-
tribution and reproduction in any medium or format, as long as you
give appropriate credit to the original author(s) and the source, pro-
vide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Forrest CB. Advancing pediatric patient-reported outcome assess-
ment. Value Health. 2013;16(6):907-8.

2. Till JE, Osoba D, Pater JL, Young JR. Research on health-related
quality of life: dissemination into practical applications. Qual Life
Res. 1994;3(4):279-83.

3. Cieza A, Stucki G. The international classification of functioning
disability and health: its development process and content validity.
Eur J Phys Rehabil Med. 2008;44(3):303-13.

@ Springer

11.

12.

13.

14.

16.

17.

18.

19.

20.

21.

Food and Drug Administration. Guidance for industry- patient-
reported outcome measures: use in medical product development
to support labeling claims. Food and Drug Administration, 2009.
Cremeens J, Eiser C, Blades M. Characteristics of health-related
self-report measures for children aged three to eight years: a
review of the literature. Qual Life Res. 2006;15(4):739-54.
Jokovic A, Locker D, Guyatt G. How well do parents know their
children? Implications for proxy reporting of child health-related
quality of life. Qual Life Res. 2004;13(7):1297-307.

Rajmil L, Lépez AR, Lopez-Aguila S, Alonso J. Parent-child
agreement on health-related quality of life (HRQOL): a longitu-
dinal study. Health Qual Life Outcomes. 2013;11:101.

Matza LS, Patrick DL, Riley AW, Alexander JJ, Rajmil L, Pleil
AM, et al. Pediatric patient-reported outcome instruments for
research to support medical product labeling: report of the ISPOR
PRO good research practices for the assessment of children and
adolescents task force. Value Health. 2013;16(4):461-79.
Janssens A, Rogers M, Thompson Coon J, Allen K, Green C, Jen-
kinson C, et al. A Systematic review of generic multidimensional
patient-reported outcome measures for children, part II: evaluation
of psychometric performance of english-language versions in a
general population. Value Health. 2015;18(2):334-45.

. Ravens-Sieberer U, Gosch A, Rajmil L, Erhart M, Bruil J, Power

M, et al. The KIDSCREEN-52 quality of life measure for children
and adolescents: psychometric results from a cross-cultural survey
in 13 European countries. Value Health. 2008;11(4):645-58.
Palermo TM, Long AC, Lewandowski AS, Drotar D, Quittner AL,
Walker LS. Evidence-based assessment of health-related quality
of life and functional impairment in pediatric psychology. J Pedi-
atr Psychol. 2008;33(9):983-96; discussion 97-8.

Stewart JL, Lynn MR, Mishel MH. Evaluating content validity
for children’s self-report instruments using children as content
experts. Nurs Res. 2005;54(6):414-18. https://doi.org/10.1097/
00006199-200511000-00008.

Varni JW, Limbers CA, Burwinkle TM. How young can chil-
dren reliably and validly self-report their health-related quality of
life? An analysis of 8,591 children across age subgroups with the
PedsQL™ 4.0 Generic Core Scales. Health Qual Life Outcomes.
2007;5(1):1.

Landgraf JM. Child health questionnaire (CHQ). In: Michalos AC,
editor. Encyclopedia of quality of life and well-being research.
Dordrecht: Springer; 2014. p. 698-702.

. McCullough N, Parkes J. Use of the child health questionnaire in

children with cerebral palsy: a systematic review and evaluation of
the psychometric properties. J Pediatr Psychol. 2008;33(1):80-90.
Varni JW, Seid M, Rode CA. The PedsQL: measurement
model for the pediatric quality of life inventory. Med Care.
1999;37(2):126-39.

Herdman M, Rajmil L, Ravens-Sieberer U, Bullinger M, Power
M, Alonso J, et al. Expert consensus in the development of a
European health-related quality of life measure for children and
adolescents: a Delphi study. Acta Paediatr. 2002;91(12):1385-90.
Ravens-Sieberer U, Gosch A, Abel T, Auquier P, Bellach B-M,
Bruil J, et al. Quality of life in children and adolescents: a Euro-
pean public health perspective. Sozial- und Priventivmedizin.
2001;46(5):294-302.

Simeoni M-C, Schmidt S, Muehlan H, Debensason D, Bullinger
M, Group D. Field testing of a European quality of life instru-
ment for children and adolescents with chronic conditions: the
37-Item DISABKIDS chronic generic module. Qual Life Res.
2007;16(5):881-93.

Waclawski E. Health measurement scale—a practical guide to
their development and use. Occupational Med. 2010;60:156.
Hullmann SE, Ryan JL, Ramsey RR, Chaney JM, Mullins LL.
Measures of general pediatric quality of life: Child Health
Questionnaire (CHQ), DISABKIDS Chronic Generic Measure


https://doi.org/10.1007/s43441-021-00311-x
https://doi.org/10.1007/s43441-021-00311-x
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1097/00006199-200511000-00008
https://doi.org/10.1097/00006199-200511000-00008

Therapeutic Innovation & Regulatory Science (2021) 55:1082-1095

1095

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

(DCGM), KINDL-R, Pediatric Quality of Life Inventory (Ped-
sQL) 4.0 Generic Core Scales, and Quality of My Life Question-
naire (QoML). Arth Care Res. 2011;63(S11):S420-S30.

Solans M, Pane S, Estrada M-D, Serra-Sutton V, Berra S, Herd-
man M, et al. Health-related quality of life measurement in chil-
dren and adolescents: a systematic review of generic and disease-
specific instruments. Value in Health. 2008;11(4):742—-64.

Eiser C, Mohay H, Morse R. The measurement of quality of life
in young children. Child Care Health Dev. 2000;26(5):401-14.
Darling-Churchill KE, Lippman L. Early childhood social and
emotional development: Advancing the field of measurement. J
Appl Dev Psychol. 2016;45:1-7.

Cook WL. Interpersonal influence in family systems: a social rela-
tions model analysis. Child Dev. 2001;72(4):1179-97.

Gavazzi SM, Goettler DE, Solomon SP, McKenry PC. The impact
of family and peer differentiation levels on adolescent psychoso-
cial development and problematic behaviors. Contemp Fam Ther.
1994;16(5):431-48.

Bukowski W, Sandberg D. Peer relationships and quality of life.
Acta Padiatrica. 1999;88:108-9.

Jozefiak T, Kayed NS, Rangyen I, Greger HK, Wallander JL,
Wichstrgm L. Quality of life among adolescents living in resi-
dential youth care: do domain-specific self-esteem and psycho-
pathology contribute? Qual Life Res. 2017;26(10):2619-31.
Benson MJ, Faas C. Assessing adolescent contexts: Measures of
families, peers, schools and neighborhoods. Child and adolescent
health yearbook, 2014. Pediatrics, child and adolescent health.
Hauppauge, NY: Nova Biomedical Books; 2015.

Turner RR, Quittner AL, Parasuraman BM, Kallich JD, Cleeland
CS. Patient-reported outcomes: instrument development and
selection issues. Value Health. 2007;10:S86-93.

Huang IC, Revicki DA, Schwartz CE. Measuring pediatric patient-
reported outcomes: good progress but a long way to go. Qual Life
Res. 2014;23(3):747-50.

Ravens-Sieberer U, Schmidt S, Gosch A, Erhart M, Petersen C,
Bullinger M. Measuring subjective health in children and adoles-
cents: results of the European KIDSCREEN/DISABKIDS Project.
Psychosoc Med [Internet]. 2007 2007/07//;4:[Doc08 p.].

Mierau JO, Kann-Weedage D, Hoekstra P, Spiegelaar L, Jansen
D, Vermeulen K, et al. Assessing quality of life in psychoso-
cial and mental health disorders in children: a comprehensive
overview and appraisal of generic health related quality of life
measures. BMC Pediatrics. 2020;20:20. https://doi.org/10.1186/
$12887-020-02220-8.

Patalay P, Hayes D, Wolpert M. Assessing the readability of the
self-reported strengths and difficulties questionnaire. BJPsych
Open. 2018;4(2):55-7.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Rebok G, Riley A, Forrest C, Starfield B, Green B, Robertson J,
et al. Elementary school-aged children’s reports of their health: a
cognitive interviewing study. Qual Life Res. 2001;10(1):59-70.
Mellor D, Moore KA. The use of likert scales with children. J
Pediatr Psychol. 2013;39(3):369-79.

Holme SA, Man I, Sharpe JL, Dykes PJ, Lewis-Jones MS, Finlay
AY. The children’s dermatology life quality index: validation of
the cartoon version. Br J Dermatol. 2003;148(2):285-90.
Vinney LA, Grade JD, Connor NP. Feasibility of using a handheld
electronic device for the collection of patient reported outcomes
data from children. J Commun Disord. 2012;45(1):12-9.

Wild D, Grove A, Martin M, Eremenco S, McElroy S, Verjee-
Lorenz A, et al. Principles of good practice for the translation and
cultural adaptation process for patient-reported outcomes (PRO)
measures: report of the ISPOR task force for translation and cul-
tural adaptation. Value Health. 2005;8(2):94—-104.

Forrest CB, Bevans KB, Tucker C, Riley AW, Ravens-Sieberer
U, Gardner W, et al. Commentary: the patient-reported outcome
measurement information system (PROMIS®) for children and
youth: application to pediatric psychology. J Pediatr Psychol.
2012;37(6):614-21.

Atee M, Hoti K, Hughes JD. A technical note on the PainChek™
system: a web portal and mobile medical device for assessing pain
in people with dementia. Front Aging Neurosci. 2018;10:117.
Hoti K, Atee M, Hughes JD. Clinimetric properties of the elec-
tronic Pain Assessment Tool (ePAT) for aged-care residents with
moderate to severe dementia. J Pain Res. 2018;11:1037-44.
Chaplin JE, Koopman HM, Schmidt S. DISABKIDS smiley ques-
tionnaire: the TAKE 6 assisted health-related quality of life meas-
ure for 4 to 7-year-olds. Clin Psychol Psychother. 2008;15(3):173—
80. https://doi.org/10.1002/cpp.570.

Starfield B, Bergner M, Ensminger M, Riley A, Ryan S, Green B,
McGauhey P, Skinner A, Kim S. Adolescent health status meas-
urement: development of the Child Health and Illness Profile.
Pediatrics. 1993;91(2):430-5.

Varni JW, Seid M, Kurtin PS. PedsQL™ 4.0: Reliability and
Validity of the Pediatric Quality of Life Inventory™ Version 4.0
Generic Core Scales in Healthy and Patient Populations. Medi-
cal Care. 2001;39(8):800-12. https://doi.org/10.1097/00005650-
200108000-00006.

Villalonga-Olives E, Kiese-Himmel C, Witte C, Almansa J, Dusi-
lova I, Hacker K, von Steinbuechel N. Self-reported health-related
quality of life in kindergarten children: psychometric properties
of the Kiddy-KINDL. Public Health 2015;29(7):889-95. https://
doi.org/10.1016/j.puhe.2015.04.020.

@ Springer


https://doi.org/10.1186/s12887-020-02220-8
https://doi.org/10.1186/s12887-020-02220-8
https://doi.org/10.1002/cpp.570
https://doi.org/10.1097/00005650-200108000-00006
https://doi.org/10.1097/00005650-200108000-00006
https://doi.org/10.1016/j.puhe.2015.04.020
https://doi.org/10.1016/j.puhe.2015.04.020

	Measuring What Matters for Children: A Systematic Review of Frequently Used Pediatric Generic PRO Instruments
	Abstract
	Objective 
	Method 
	Results 
	Conclusion 

	Introduction
	Methods
	Literature Search
	Inclusion and Exclusion Criteria
	Data Extraction

	Results
	Search Results
	Consideration of Developmental Differences and Age-Based Criteria for PRO Administration
	Age Ranges of the PROMs
	Domain Comparison
	Commonality of Domains Between Different Instruments
	Contrasting Domains Between the Different Instruments

	Content Validity and Item Generation
	Child-Reported and Informant-Reported PROMs
	Design and Format of the PROMs
	Response Scales and the Use of Pictorial Representations
	Recall Period
	Length of Instrument
	Administration Approach
	Electronic Data Collection

	Cross-Cultural Issues

	Discussion
	Future Implications for Practice and Research
	Conclusion
	References




