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Abstract 

Background: An observer-reported outcome (ObsRO) measure assessing both symptom control and health-related 
quality of life (HRQoL) in children with asthma younger than 6 years is lacking. The objective of this study was to 
evaluate the content validity of the Pediatric Asthma Questionnaire (PAQ), a newly developed 6-item ObsRO measure 
for caregivers of children aged 2–5 years diagnosed with asthma.

Results: In-depth, qualitative interviews were conducted with 15 parents or caregivers. The first part of the inter-
view was an open-ended discussion whereby participants were asked to describe their observations of their child’s 
asthma symptoms and HRQoL impacts followed by a cognitive debriefing of a draft version of the PAQ. The most 
frequently reported symptoms were coughing (n = 15, 100%), wheezing (n = 14, 93%), and trouble breathing (n = 10, 
67%). Overall, participants found the PAQ easy to complete and relevant to their child’s experience with asthma, with 
most reporting the instructions, response scales, and recall period for the items to be appropriate. The majority of 
participants (93%) believed they could accurately report on the items included in the PAQ based on their observa-
tions of their child’s asthma symptoms and impacts, or reliably get the information from the child’s teacher, school, 
or caregiver when their child was not in their presence. One item was modified based on feedback about the phrase 
“oral steroids” to clarify modes of administration. A few other minor changes were incorporated into the PAQ following 
suggestions from participants, including replacing the phrase “how often” with “how many days” in one of the items to 
improve clarity and overall consistency with the response options.

Conclusion: Qualitative data support the content validity of the PAQ as a fit-for-purpose and well-understood 6-item 
observer-reported outcome measure to evaluate both symptoms and asthma-specific HRQoL impacts experienced 
by pediatric asthma patients aged 2–5 years for use in clinical and real-world studies.
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Introduction
Childhood asthma is a chronic condition characterized 
by symptoms including wheezing, shortness of breath, 

tightness in the chest, and coughing. According to the 
most recent data from the Centers for Disease Control, 
in 2019 asthma prevalence in children (age < 18  years) 
was approximately 5.1 million (7.0%) in the United States 
(US) [1] and is the most common chronic disease among 
this age group. Childhood asthma is a common cause 
of emergency room visits, hospital admissions, school 
absences, and parental work absenteeism [2]. It is a lead-
ing cause of school absenteeism and accounts for more 
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than 13.8 million missed school days [3]. Asthma dis-
proportionately affects socioeconomically disadvantaged 
and minority children, with higher prevalence rates and 
worse outcomes [4]. Recent data shows the incidence 
of pediatric asthma among children aged 0–4 years was 
23.4/1000, more than 5 times greater than that among 
youth aged 12–17 years (4.4/1000) [5].

As more treatments and interventions are being devel-
oped, clinical trials often incorporate patients’ self-report 
of symptoms, known as a patient-reported outcome 
(PRO) measure or instrument, to evaluate symptom 
and health-related quality of life (HRQoL) assessments 
from the patient perspective. If the patient is too young 
or otherwise cannot report for themselves, an observer-
reported outcome (ObsRO) is used. ObsROs rely on a 
parent or caregiver to objectively report on observable 
signs, symptoms, and behaviors related to the patient’s 
condition.

Currently, there is a wide range of pediatric asthma 
PRO instruments that measure symptoms and HRQoL 
impacts for children aged 6–18  years [6–11]. However, 
for children with asthma aged 2–5 years, existing pediat-
ric asthma questionnaires have several shortcomings that 
limit their use in both clinical trial and practice settings. 
These include lengthy recall periods and/or a reliance on 
parent or caregiver proxy reporting rather than reports 
of directly observable signs and symptoms the child 
may be experiencing [12–17]. Considering the young 
age of patients and variability in capacity of children 
under the age of 8 years to report on their health accu-
rately [18], an ObsRO was developed to meet the need 
to evaluate asthma symptoms and impacts efficiently in 
clinical trial and clinical practice settings. The Pediatric 
Asthma Questionnaire (PAQ) is a 6-item ObsRO meas-
ure for parents or caregivers of children aged 2–5 years 
with clinician-diagnosed asthma, or those with recurrent 
viral-associated wheezing with risk factors for persistent 
asthma, to assess both symptom control and asthma-spe-
cific HRQoL impact. (As the diagnosis of asthma in chil-
dren under age 5 is both difficult and controversial [19, 
20], for the purposes of this study, we have incorporated 
a more inclusive definition of asthma to include those 
with viral-associated wheezing with risk factors for per-
sistent asthma). The PAQ features two items that meas-
ure asthma exacerbations which use a recall period of 
“the past month” while the remaining asthma symptoms 
(coughing a lot, difficulty breathing, or noisy breathing 
from the chest) and asthma-specific HRQoL items use 
“the past week.” In this instance, HRQoL can be defined 
as the functional or wellbeing-related impacts as a result 
of asthma symptoms. It is expected that the PAQ will 
take no more than 5 minutes to complete.

Development of the initial draft of the PAQ involved an 
iterative process including an literature and instrument 
review, clinician interviews, and expert review which is 
supported by the 2009 Food and Drug Administration 
(FDA) Guidance for Industry on PRO measures [21]. 
The literature and instrument reviews for children with 
asthma were conducted in previous work to generate 
qualitative content and review existing childhood asthma 
measures. Common symptoms and HRQoL impacts in 
pediatric asthma were summarized from the literature 
review. Three instruments focusing on symptom con-
trol and/or impacts in young children with asthma were 
reviewed: the PROMIS Pediatric Short Form v2.0—
Asthma Impact 8a [22]; the Childhood Asthma Con-
trol Test (C-ACT) [17]; and the Test for Respiratory and 
Asthma Control in Kids (TRACK) [16]. Additionally, 2 
in-depth, 90-min, one-on-one interviews were conducted 
with pediatric asthma clinicians to gain insights about the 
condition for this young age group and get feedback on 
relevant item concepts. Following the item draft develop-
ment, the measure was reviewed by experts to refine the 
items and ensure it covered the most important and rel-
evant symptom and impact concepts of pediatric asthma. 
For a newly drafted PRO or ObsRO measure, assessment 
of content validity with individuals who are to complete 
the measure is essential [21, 23, 24]. Content validity 
establishes that all concepts of interest from the patient 
perspective have been adequately captured in the meas-
ure, and that items and response options are worded in 
a way that is easily understood by the population who 
are to complete the measure. For this reason, a qualita-
tive study was conducted with caregivers to evaluate the 
content and interpretation of the PAQ for use in children 
aged 2‒5 years with clinician-diagnosed asthma prior to 
moving to its psychometric evaluation.

Methods
Study design and participants
In-depth, semi-structured telephone  interviews were 
conducted with caregivers of children aged 2–5  years 
with a clinician-reported asthma diagnosis. The inter-
views had 2 sections: (1) a brief open-ended discussion 
in which participants described observations of their 
child’s asthma-related symptom experience and impact 
on HRQoL; and (2) cognitive debriefing of the PAQ, 
which was designed to assess the relevance of the items 
and participants’ comprehension and interpretation of 
the items, response scale, recall period, and the ability of 
the observer to report accurate data for each item. The 
methods used in this study followed the FDA guidance 
regarding content validity of PRO and ObsRO measures 
to support labeling claims [21, 25] and was conducted 
in line with established research practices, including the 



Page 3 of 11Zhang et al. Journal of Patient-Reported Outcomes            (2022) 6:55  

guidelines provided by the International Society for Phar-
macoeconomics and Outcomes (ISPOR) taskforce [23] 
and the Declaration of Helsinki and US 21 Code of Fed-
eral Regulations [26].

Participants met the following inclusion criteria: (1) 
being the parent, guardian, or primary caregiver of a 
child between the ages of 2–5 years with clinician-diag-
nosed asthma; (2) able to speak, read, and understand 
US-English; and (3) willing to give informed consent and 
be audio-recorded during the interview session. Partici-
pants were excluded if: (1) their child had a diagnosis of a 
chronic lung disease of prematurity, bronchopulmonary 
dysplasia, cystic fibrosis, had undergone thoracic sur-
gery, or had a history of tuberculosis; (2) if their child had 
another serious chronic illness that the clinician believed 
would interfere with the caregiver’s ability to discern the 
symptoms of asthma; and (3) if they had cognitive, learn-
ing, visual, or speech disabilities.

Participants were identified using purposive sam-
pling by a recruitment agency from 4 locations within 
the US: Chicago, Illinois; St. Louis, Missouri; St. Paul, 
Minnesota; and New Orleans, Louisiana. Once par-
ticipants had been contacted and consented to being 
part of the study, the recruitment agency liaised with 
the site clinician to complete the Eligibility and Medi-
cal History Form and worked with participants to com-
plete the Demographics Health Information Form. 
Once all forms had been completed, participants were 
scheduled for a one-on-one, 45-min telephone inter-
view at their convenience and were mailed a copy of the 
PAQ questionnaire in a sealed enclosed envelope with 
instructions not to open until the scheduled interview 
time.

Interviews were conducted by 2 experienced qualita-
tive researchers using a semi-structured, open-ended 
discussion and cognitive debrief interview guide. 
The interview procedures are summarized in Fig.  1. 

Fig. 1 Summary of interview procedures
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Interviews were audio-recorded, transcribed verbatim, 
and de-identified of personal information.

Analytical approach
Participant demographic and medical history data were 
summarized to characterize the total sample and pro-
vide context to the qualitative data. Descriptive statistics 
(mean, median, standard deviation, and frequency) were 
calculated using SAS v9.4 software.

Two approaches were used for analyzing the 2 differ-
ent types of interview data. The open-ended discussion 
data were analyzed using inductive thematic analysis 
[27]. Thematic analysis is a reflexive and iterative method 
for identifying, organizing, describing and reporting of 
themes found within a data set [27]. The objective of the 
open-ended discussion and analysis was to confirm that 
the symptom and impact concepts included in the PAQ 
were relevant for this population. Thus, a saturation 
analysis was performed on an individual concept level by 
dividing the sample into 3 sets of 5 participants (n = 5, 
n = 5, n = 5) in chronological order by the interview date. 
Saturation is achieved when no new relevant concepts 
emerge from the last set of participants. For the cogni-
tive debrief data, a deductive content analysis approach 
was used, meaning, analysis focused on quotes that sup-
ported or contradicted the main research questions (ie, 

comprehension, concept relevance, comprehensiveness, 
and any rewording suggestions). Since the measure is an 
ObsRO, an additional research question about caregivers’ 
ability to observe and report accurately on each item of 
the PAQ (eg, when the child is not in the caregiver’s pres-
ence) was also assessed.

Qualitative coding of interview data was performed 
using NVivo PRO v12.0, a qualitative analysis software. 
To facilitate analysis of the interviews, a codebook was 
created based on the discussion guide. The codebook 
provides a basic coding framework from which research-
ers interpret the interview data based on the main 
research questions. Two coders met regularly to discuss 
and review codes and themes. Upon completion, a review 
was conducted to ensure codes had been applied accu-
rately and consistently, and any discrepancies were adju-
dicated with consensus from the research team.

Results
A total of 15 interviews were conducted with caregivers 
of children (7 males [47%], 8 females [53%]) with clini-
cian-diagnosed asthma and were between the ages of 
2–5 years. Complete sociodemographic and clinical char-
acteristics are presented in Tables 1 and 2.

Table 1 Demographic characteristics of children and caregivers

Demographics were caregiver-reported

Characteristic Age 2–3 years n (%) Age 4–5 years n (%) Total n (%)

N 5 (33.3) 10 (66.7) 15 (100)

Sex of child

Female 2 (13.3) 6 (40.0) 8 (53.3)

Age

Mean (min–max) 2.60 (2.00–3.00) 4.60 (4.00–5.00)

Race of child

White 4 (26.7) 6 (40.0) 10 (66.7)

Black 0 (0) 4 (26.7) 4 (26.7)

Other 1 (6.7) 0 (0) 1 (6.7)

Ethnicity of child

Hispanic/latino 1 (6.7) 2 (13.3) 3 (20.0)

Sex of caregiver

Female 5 (100.0) 8 (80.0) 13 (86.7)

Age of caregiver

Mean (min–max) 31.40 (26.00–38.00) 32.30 (23.00–41.00)

Caregiver education

High school diploma (or GED) 1 (6.7) 2 (13.3) 3 (20.0)

Some college 2 (13.3) 0 (0.0) 2 (13.3)

College or university degree 2 (13.3) 5 (33.3) 7 (46.7)

Graduate degree 0 (0.0) 2 (13.3) 2 (13.3)

Other 0 (0.0) 1 (6.7) 1 (6.7)
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Symptom and impact results
The most commonly reported pediatric asthma symp-
toms by caregivers were cough (n = 15, 100%), wheeze 
(n = 14, 93%) and trouble breathing (n = 10, 67%). Other 
symptoms caregivers reported as asthma (or asthma-
related) included sneezing, tightness in chest and runny 
nose, each mentioned by 2 caregivers. Notably, some 
symptoms reported by caregivers were not typical of 
asthma. All other symptoms were mentioned by only 1 
individual (e.g., congestion, lethargy, watery eyes). The 
most commonly mentioned symptoms by caregivers are 
described in greater detail below.

All caregivers reported coughing as a symptom of 
their child’s asthma, which can occur both during the 
day (n = 8) and at night (n = 9). Caregivers’ descriptions 

of day-time coughing ranged from occasional coughing 
to intense coughing fits, as described by this caregiver 
of a 5 year-old girl: “Sometimes she, she coughs so much 
that she vomits… if she’s vomiting too much, then I call 
her pediatrician”. Other caregivers described coughing 
fits brought on by “running around”, “playing” or catch-
ing a cold or respiratory virus. Caregivers also explained 
that coughing at night would significantly disrupt their 
child’s sleep, as explained by this caregiver of a 3 year-old 
boy: “…he’d cough throughout the whole night, there’d be 
no wheezing but there’d be coughing, so he just wouldn’t 
sleep well”. Coughing was considered the “most bother-
some” of their child’s asthma symptoms by (n = 9) 60% of 
caregivers.

Wheezing was another important symptom, which car-
egivers reported 93% of the time (n = 14). Many caregiv-
ers described wheeze in terms of being able to hear their 
child breathing (n = 9). For example, one called it “noisy 
breathing”, and another noted it was “…like, um, noise 
inside his chest”. One caregiver of 5 year-old boy stated, “I 
could hear the wheezing, um, or sometimes it just sounds 
really, um, junky… like a lot of congestion”. Some caregiv-
ers noted the symptom was more apparent when their 
child was more active, for example, “Certain activities 
she would do… you would hear kind of a wheezing kind 
of noise going on”. Others reported seasonal change, “like 
during the winter months” or outdoor temperatures, “… 
if it’s um, real hot outside” as potential triggers for their 
child’s wheeze. Wheezing incidents happened “occasion-
ally to a couple times a week” for one caregiver’s child, 
to “pretty much on a daily basis” for another. Caregivers 
also described differing severities of wheeze, describing 
both milder cases and more severe, “…it was just like, 
really, really heavy wheezing, like he was gasping for air”, 
as mentioned by this caregiver of a 3 year-old boy.

Trouble breathing was another common symptom 
observed by 67% of caregivers (n = 10) and described 
in a variety of ways. “Difficulty breathing”, “shortness of 
breath” and “heavy breathing” were different descrip-
tions used; for example, one caregiver explained “…she 
might have really, um, heavy breathing… or at times she 
was having little shallow breathing… It seemed like… 
she couldn’t get enough air”. For some caregivers, trouble 
breathing was observed on a “daily basis” while other 
caregivers noticed it “maybe about once a month, um, 
or maybe once every other month”. Certain triggers were 
noted, including seasonal changes, especially during 
“winter”, or when their child participates in sports or vig-
orous activities such as “when he swims…when he’s really 
working very hard”, or if their child has “really bad colds 
or really bad viruses”. In general, the symptom was eas-
ily observed, however, one caregiver of a 5 year-old boy 
realized her child’s behavior was a sign of his trouble 

Table 2 Clinical characteristics of children

ICS inhaled corticosteroids; OCS oral corticosteroids; SABA short-acting beta 
agonist

*Made by the child’s asthma clinician

**Treatments were not mutually exclusive

Characteristic Age 
2–3 years n 
(%)

Age 
4–5 years n 
(%)

Total n (%)

Comorbidities

Allergic rhinitis 2 (13.3) 2 (13.3) 4 (26.6)

Chronic rhinosinusitis 0 (0.0) 0 (0.0) 0 (0.0)

Eosinophilic esophagitis 0 (0.0) 0 (0.0) 0 (0.0)

Nasal polyposis 0 (0.0) 1 (6.7) 1 (6.7)

Atopic dermatitis 0 (0.0) 2 (13.3) 2 (13.3)

Exacerbations

Clinician-diagnosed 
asthma – 1 time in past 
month

1 (6.7) 1 (6.7) 2 (13.3)

Hospitalization – 1 time in 
past month

0 (0.0) 1 (6.7) 1 (6.7)

Severity

Caregiver rating of child’s asthma severity (last 7 days)

No symptoms 2 (13.3) 5 (33.3) 7 (46.6)

Mild 2 (13.3) 2 (13.3) 4 (26.6)

Moderate 0 (0.0) 2 (13.3) 2 (13.3)

Severe 1 (6.7) 1 (6.7) 2 (13.4)

Clinician rating*of child’s asthma severity (last 3 months)

Very mild 1 (6.7) 0 (0.0) 1 (6.7)

Mild 1 (6.7) 3 (20.0) 4 (26.7)

Moderate 1 (6.7) 4 (26.7) 5 (33.4)

Severe 2 (13.3) 3 (20.0) 5 (33.3)

Current treatment**

ICS 2 (13.3) 4 (26.7) 6 (40.0)

ICS + additional 2 (13.3) 4 (26.7) 6 (40.0)

SABA 4 (26.7) 7 (46.7) 11 (73.4)

Maintenance OCS 2 (13.3) 4 (26.7) 6 (40.0)
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breathing: “‘What’s wrong?’ He like, ‘Nothing, Nana, just 
laying here s- because I breathe better. Turn the fan on.’ 
Or, ‘Raise the window up.’ He asking for air. So then I have 
to give him a breathing treatment”.

The most frequently mentioned impacts of symptoms 
on children were playing (n = 12), school (n = 9), and 
sleep (n = 8), reflecting the impact concepts (on play and 
sleep) in the PAQ. Asthma symptoms limited children’s 
ability to play and “run around” as described by this car-
egiver of a 4 year-old, “At the playground… when I start 
seeing his face turn red and he, um, like startin’ to breathe 
heavily, we have to go, so, it’s like he can’t play as long out-
side as the other kids”. Caregivers described their child’s 
symptoms disrupting their school day, for example, by 
having to take medication, not being able to concentrate 
in class or participate in social activities, and missing 
school altogether. Disturbed sleep was mentioned by car-
egivers as a significant impact due to coughing or wheez-
ing at night resulting in impaired learning, energy, and 
mood the next day. “[His symptoms] causes him to not 
sleep well, so then the whole day that he is awake, and at 
daycare, and everything else, he’s just super grumpy, super 
irritable, not really wanting to pay attention to the teacher 
and learn”, explained a caregiver of a 4 year old boy.

Overall, the symptom and impact discussion with car-
egivers gave insight into the very young pediatric asthma 
experience. This portion of the interview confirmed the 
concepts found in the PAQ are in fact experienced by this 
age group; further, there were no missing concepts iden-
tified by caregivers. Following the brief discussion, the 
interview transitioned to the cognitive debriefing of the 
PAQ.

PAQ cognitive debrief results
Items were well-understood by the majority of caregiv-
ers; response options, recall period, and reportability 
were deemed appropriate based on their child’s asthma 
experience. All caregivers reported that the questionnaire 
was comprehensive, easy to understand and complete. 
While caregivers generally thought the measure covered 
the key concepts of their child’s asthma experience, there 
was one exception. Four caregivers (26.7%) indicated that 
Item 2 (recent ER visits or hospitalization) was not cur-
rently relevant for their child’s severity of asthma. Of the 
15 caregivers, 11 (73.3%) said that their child experienced 
no symptoms or mild symptoms of asthma over the past 
7 days; therefore, a few of the caregivers had not visited 
an ER or hospital for their child’s mild asthma.

Response options
The response scales used in the PAQ are primarily based 
on questions about how often each item symptom or 
impact concept was experienced by the child. Items 1, 3, 

4 and 6 used either days, nights, or days within a month 
period, eg, 0 days, 1–2 days, 3–4 days (Items 3, 6), or, One 
day in the past month, two days in the past month, (Item 
1). There were very few comments or suggestions among 
caregivers for changes to these response scales. Caregiv-
ers found no issues with the yes/no response options for 
Item 2 (recent ER visits or hospitalization). Lastly, Item 5 
(limitations in physical activity), which used a response 
scale of Not at all limited, A little bit limited, Somewhat 
limited, Very limited and Extremely limited, was viewed 
favorably by all but one caregiver who felt that ‘some-
what’ and ‘very’ limited were fairly similar concepts.

Recall period
The 2 recall periods that were debriefed, “during the past 
week” and “during the past month” had good overall 
comprehension. Caregivers clearly described thinking of 
the prior 7 days from the present (time of the interview) 
when considering their answers for those particular items 
and thought that the timeframe was appropriate for the 
question. When debriefing “the past month” for select 
items (oral steroid use and ER visits), similarly, all car-
egivers noted thinking of 30 days, rather than the calen-
dar month, when considering their answers. The month 
timeframe was also deemed appropriate by caregivers for 
those particular items.

Observer reportability
Caregivers were confident in their ability to remember 
information about their child’s asthma symptoms during 
“the past week” and exacerbations in “the past month”, 
in order to report on them accurately. Many caregivers 
described frequent and detailed communication with 
their child’s preschool teacher or daycare provider about 
their child’s condition and medication. Therefore, if 
needed, caregivers could easily answer items by checking 
in with the child’s teacher/daycare for this information.

Table 3 presents item-level findings for the PAQ along 
with participant suggestions for clarifying or modifying 
items, response options, and instruction.

Item modifications
Three items were modified based on participant feed-
back. Responses for Item 1 suggested that the phrase 
“oral steroids” was interpreted differently by participants. 
Interviewers probed specifically on this issue and found 
that perceptions about the mode of administration of oral 
steroids were mixed. While the name of an oral steroid 
was given, “(eg, prednisone)”, the mode of administra-
tion was not provided. Four participants, when asked to 
describe their thoughts about what the phrase meant, 
included inhalers in their answer. Two participants stated 
liquid only and another two were not fully clear on the 
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meaning. Therefore, only 9 of the 15 (60%) participants 
were considered to have full understanding of the item by 
answering as the item was intended and considered only 
liquid or pill forms of steroids (Table 4).

For this reason, a phrase clarifying the mode of admin-
istration, “(tablet, capsule, solution or suspension; does 
not include inhalers)” was added to the item to provide 
simple and clear guidance to caregivers about the types 
of oral steroids to include when answering the question.

Items 3 (breathing problems, past week) and 6 (quick 
relief medication use, past week), had similar item stem 
structures, asking caregivers “how often” their child had 
breathing problems, or used quick relief-type medica-
tions for asthma symptoms, respectively. The response 
scale presented 5 options in day format, e.g., 0  days, 
1–2  days, etc. Two participants suggested using the 
phrase “how many days” in the item stem, rather than 
“how often” to align better with the day format of the 
response options. For example, one participant explained, 
“… it’s asking you to count days, not to count time. So, um 
… when you said how- uh, ‘how often’, um, you might just 
say ‘how many days’” (SP-005). Both items were modified 
to reflect this change.

Minor comments or suggestions for improvements 
of the instructions (n = 4), response options (n = 4) and 
recall period (n = 2) were made, however, comments 
were not consistent across participants and suggested 
changes (eg, minor wording or phrasing preferences) 
were not necessary to support the content validity of the 
measure.

Discussion
Each year, 1 in 6 children with asthma visits the ER. 
Poorly controlled asthma in children is the focus of a 
CDC 2019 nationwide initiative called CCARE (Con-
trolling Childhood Asthma and Reducing Emergencies) 
[28]. The objective is to prevent ER and hospitalizations 
by 500,000 by 2024 by tracking children’s health and 
teaching evidence-based interventions. While the ini-
tiative addresses just one aspect of the growing child-
hood asthma problem, it also underscores the need for 
additional tools to monitor and prevent asthma worsen-
ing. The PAQ was developed to fill the need for a brief 
yet comprehensive caregiver-reported symptom con-
trol and asthma-specific HRQoL measure in mild-to-
severe young asthma patients, by evaluating exacerbation 

control (2 items), severe exacerbations (1 item), symptom 
control (1 item), and asthma-specific HRQoL (2 items). 
Assessment of these domains within a single 6-item 
measure may allow the PAQ’s use to extend beyond clini-
cal trial research into clinical practice and real-world 
studies. Significantly, the inclusion of shorter recall peri-
ods for the symptom/HRQoL items avoids a major limi-
tation of some existing pediatric asthma measures that 
use recall periods of 4 weeks or more [16]. Indeed, after 
undergoing psychometric testing, the measure may be 
appropriate to use for tracking children’s health by car-
egivers or clinicians, for example, or to evaluate the effi-
cacy of new asthma therapies in clinical trials or other 
types of research where measurement of asthma symp-
toms and asthma-related overall health of young children 
is of interest. In addition, the PAQ, which operates as an 
ObsRO rather than a proxy measure, in that the concepts 
assessed are strictly observable without any inference or 
assumptions by the caregiver (ie, PROMIS Parent Proxy 
Asthma Impact – Short Form 8a), is designed specifically 
for 2–5  year-olds where patient self-reported measures 
are suboptimal.

Qualitative data from caregivers about their observa-
tions of their child’s asthma experiences reflects the bur-
den of their child’s symptoms, which can impact their 
child’s daily life. The key symptoms identified during the 
open-ended discussion portion of the interview, Cough-
ing, Wheezing and Trouble breathing, map closely to the 
symptoms referenced throughout the PAQ, ‘coughing, 
difficulty breathing, or noisy breathing from the chest’. By 
analyzing the interviews in cohorts of n = 5 it was pos-
sible to show that there were no new symptom concepts 
emerging by the last set of interviews, indicating satura-
tion of concepts [29] important to consider in this very 
young child asthma population. (Lethargy, nosebleed and 
watery eyes were mentioned by a single caregiver each 
in the last interview set, however as these symptoms are 
not specific to asthma and reported by 1 individual, the 
study team concluded that additional interviews would 
not have yielded additional new asthma concepts). This 
supports the inclusion of these 3 symptoms in the meas-
ure and confirms that the content of the measure accu-
rately reflects the main symptoms experienced by this 
2–5 year-old patient population. These findings are sup-
ported by recent research which identified the same key 
symptoms in children aged 6–11 with asthma [30] and 
have been found to be the most frequently experienced 
asthma symptoms by all age groups [3, 31].

The HRQoL items, which focus on impaired sleep and 
physical activity, are highly relevant impacts specific to 
asthma patients. When sleep is disturbed, significant 
impairments affect the child the following day including 
fatigue and diminished focus and cognition in school, 

Table 4 Number of participants with differing interpretations of 
the phrase ‘oral steroids’

Liquid only Liquid or pill Liquid, pill or inhaler Unclear

2 7 4 2
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and over a longer term, may be associated with anxi-
ety and depression [32]. Similarly, not being able to run, 
play, or participate in sports or physical activities can 
affect a child’s physical, mental and social wellbeing [33]. 
Therefore, by assessing these two most proximal HRQoL 
asthma-specific impacts, the items are able to capture the 
true sense of the burden in this age group in a succinct 
way to allow ease of monitoring compared to use of other 
lengthier measures (eg, PedsQL).

In terms of debrief findings, overall comprehension of 
the items was very strong. With the exception of clari-
fying “oral steroids” in Item 1, no other significant com-
ments or suggestions were raised about understanding 
and caregivers answered each item as it was intended, ie, 
there were no ‘incorrect’ or misunderstood answers given 
for any of the items. All instructions were easy to under-
stand for caregivers as well, with only one formatting 
suggestion. Based on positive overall findings and the 
inclusion of mode of administration for “oral steroids” in 
Item 1, researchers concluded that additional interviews 
were unnecessary in this instance.

Feedback on the individual items within the PAQ sug-
gested that all items were relevant to almost all partici-
pants, the one exception being Item 2 (recent ER visits 
or hospitalizations). The mild/very mild subset of the 
population did not think it was relevant based on recent 
experience with their child but all participants thought 
this was a relevant item when considering the likelihood 
that their child’s symptoms may escalate, at some point, 
to needing urgent medical intervention and so should 
be included. The inclusion of this item differentiates the 
PAQ from other control measures such as the TRACK. 
The TRACK also utilizes lengthy recall periods (eg, 
4 weeks, 3 months) for items, which may be more suit-
able for a milder, less-symptomatic patient population in 
which symptom monitoring is not occurring regularly. 
FDA guidance clearly states that instruments with long 
recall periods which rely on memory “are likely to under-
mine content validity… Items with short recall periods or 
items that ask patients to describe their current or recent 
state are usually preferable” [21]. Thus, the PAQ provides 
coverage for mild to severe patients and may detect, in 
a shorter timeframe, worsening symptoms in need of 
attention.

One of the main advantages of the PAQ is its brevity, 
and therefore its ease of completion, which lends itself 
to ease of monitoring asthma control either in clini-
cal practice or in research studies.  Indeed, arguably, the 
combined brevity, targeted age group, and well-defined 
purpose of the PAQ may make it a viable option to deploy 
in an app-based, mobile Health (mHealth) solution. Digi-
tal health solutions that include a diary or question-
naire (such as the C-ACT) have been found to generally 

be associated with better asthma outcomes, including 
improved asthma control [34]. However, the C-ACT, a 
well-validated instrument for symptom control in chil-
dren aged 4–11 years, has been critiqued for low sensi-
tivity due to “considerable” overestimation of asthma 
control by both children and their caregivers [35]. It has 
also been found to be burdensome to complete each day 
by both parent and child [36]. The PAQ is distinct in that 
items were designed to capture observable behaviors and 
symptoms indicative of a child’s asthma status, which 
may help limit overestimation of asthma control within 
this younger age range. As the digital health technology 
space expands, the PAQ  may offer a foundation for the 
construction of an mHealth solution in pediatric asthma 
symptom control measurement for the youngest patients 
while limiting bias due to symptom overestimation and 
burden of completion.

It is important to note that while equal numbers of 
children with mild, moderate, and severe clinician-rated 
asthma severity were enrolled, this sample had a majority 
of children (73%, as indicated by caregiver report of their 
child’s asthma severity over the last 7  days) with well-
controlled asthma at the time of the interview. Based on 
the findings, this suggests that caregivers found the items 
to be relevant even when their child’s symptoms are less 
active. Finally, the discrepancy between the clinician and 
caregiver ratings of severity may have been due to the dif-
ference in the rating timeframe, ie, past 3 months versus 
past 7 days.

Limitations
There are a few study limitations worth noting. First, 
the number of caregivers that participated in this study 
is a typical sample size for one-on-one, in-depth quali-
tative research; however, all participants were English 
speakers recruited from the US. Thus, multiple locations 
were used to maximize geographical diversity. Secondly, 
although there is a spread of age and gender character-
istics amongst caregivers, those without a high school 
degree are not represented in our sample. This segment 
of the population is often more challenging to recruit and 
thus under-represented in studies with smaller sample 
sizes such as this. However, every effort was made to use 
simple language in the PAQ to ensure maximum compre-
hension by a range of education levels.

Among the child sample, while a range of childhood 
asthma severity levels were included, the population is 
predominantly a White and Black/African American 
non-Hispanic population; other ethnic groups, such 
as Asians or Native Americans, are not represented. 
Therefore, it would be prudent to confirm the cultural 
representativeness of these findings and any transla-
tions of the measure with appropriate populations [37]. 
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Additionally, though there are a noticeable number of 
participants who report ‘maintenance’ OCS use, based 
on the overall severity of the sample and evidence from 
the interviews, it appears long-term use of OCS medi-
cation is minimal. Lastly, the sample consisted of chil-
dren between the ages of 2 and 5  years; if researchers 
desired to use the PAQ in older age groups, more inter-
views would be necessary to confirm the validity in that 
age group.

Future studies will need to evaluate the psychometric 
properties of the PAQ, including internal consistency, 
reliability, construct validity, and responsiveness, which 
will be informative for determining the scoring algorithm 
for the measure. Additionally, what constitutes a mean-
ingful change also needs to be defined to aid in interpre-
tation of changes in scores.

Conclusions
The PAQ is a newly developed 6-item ObsRO measure 
for pediatric asthma that evaluates both symptom con-
trol and asthma-specific HRQoL impact in one measure, 
in patients aged 2–5  years. Compared to other asthma 
measures for this age group, it was designed to be a brief 
yet comprehensive ObsRO that may better detect wors-
ening of symptoms due to the shorter recall periods for 
most items. The findings from this research provide evi-
dence that the PAQ reflects symptom concepts experi-
enced by these youngest patients, and that each item is 
relevant and well-understood by their caregivers. Thus, 
the content has been found to be valid within this popu-
lation. Once it has been psychometrically validated, the 
PAQ will be an appropriate instrument for inclusion in 
asthma studies to measure the effect of treatment for 
mild to severe pediatric asthma, or for monitoring of 
symptom control in other real-world or clinical settings.

Abbreviations
FDA: Food and Drug Administration; HRQoL: Health-related quality of life; 
ObsRO: Observer-reported outcome; OCS: Oral corticosteroids; PAQ: Pediatric 
Asthma Questionnaire; PRO: Patient-reported outcome; TRACK: Test for Res-
piratory and Asthma Control in Kids; US: United States.

Acknowledgements
Medical writing and editorial assistance, under the guidance of authors and 
funded by the sponsors, was provided by Amlan RayChaudhury, PhD (Clinical 
Outcomes Solutions, Chicago, USA).

Author contributions
JC (Regeneron), JC (COS), SK (Regeneron), SK (COS), YZ, and TS contributed 
to the conception, analysis, interpretation, and revised manuscript content. 
SM contributed to analysis and revising content. RK and AHK contributed to 
interpretation and revising content. All authors read and approved the final 
manuscript.

Funding
The authors acknowledge financial support for this study from Regeneron 
Pharmaceuticals, Inc. and Sanofi S.A.

Availability of data and materials
The datasets generated and/or analyzed during the current study are not 
publicly available but are available from the corresponding author on reason-
able request.

Declarations

Ethics approval and consent to participate
All study procedures were in accordance with ethical standards of the 1964 
Helsinki Declaration and its later amendments, relevant laws, and institutional 
guidelines An ethical review board (Western Institutional Review Board) 
determined the study met the criteria to be approved for exempt status under 
code 45 CFR § 46.104(d)(2). Participants received a small stipend for participa-
tion in the study.

Consent for publication
Not applicable.

Competing interests
JC, SK, and YZ are employees of Regeneron Pharmaceuticals, Inc. AHK is 
an employee of Sanofi, France. JC, SK, SM, and TS are employees of Clinical 
Outcomes Solutions, who designed and undertook this research. RK declares 
no competing interests.

Author details
1 Regeneron Pharmaceuticals, Tarrytown, NY, USA. 2 Clinical Outcomes Assess-
ment, Clinical Outcomes Solutions, 53 W Jackson Blvd, Suite 1150, Chicago, 
IL 60604, USA. 3 Clinical Outcomes Solutions, Folkestone, UK. 4 Lurie Children’s 
Hospital, Chicago, IL, USA. 5 Sanofi, Chilly-Mazarin, France. 

Received: 22 December 2021   Accepted: 4 May 2022

References
 1. Centers for Disease Control and Prevention. Most recent national asthma 

data. Available at: https:// www. cdc. gov/ asthma/ most_ recent_ natio nal_ 
asthma_ data. htm. Accessed 2 Nov 2020

 2. Trivedi M, Denton E (2019) Asthma in children and adults—what are the 
differences and what can they tell us about asthma? Front Pediatr 7:256. 
https:// doi. org/ 10. 3389/ fped. 2019. 00256

 3. Zahran H, Bailey C, Damon S, Garbe P, Breysse P (2018) Vital signs: asthma 
in children – United States, 2001–2016. MMWR Morb Mortal Wkly Rep 
67(5):149–155

 4. Akinbami L, Simon A, Rossen L (2016) Changing trends in asthma preva-
lence among children. Pediatrics 137(1):1–7

 5. Winer RA, Qin X, Harrington T, Moorman J, Zahran H (2012) Asthma inci-
dence among children and adults: findings from the behavioral risk factor 
surveillance system asthma call-back survey–United States, 2006–2008. J 
Asthma 49(1):16–22

 6. Varni J, Burwinkle T, Rapoff M, Kamps J, Olson N (2004) The PedsQL 
in pediatric asthma: reliability and validity of the pediatric quality of 
life inventory generic core scales and asthma module. J Behav Med 
27:297–318

 7. Chan K, Mangione-Smith R, Burwinkle T, Rosen M, Varni J (2005) The 
PedsQL: reliability and validity of the short-form generic core scales and 
asthma module. Med Care 43:256–265

 8. Santanello N, Demuro-Mercon C, Davies G, Ostrom N, Noonan M, Rooklin 
A, Knorr B (2000) Validation of a pediatric asthma caregiver diary. J Allergy 
Clin Immunol 106(5):861–866

 9. Santanello N (2001) Pediatric asthma assessment: validation of 2 symp-
tom diaries. J Allergy Clin Immunol 107(5 Suppl):S465–S472

 10. Vollmer W, Markson L, O’Connor E, Sanocki L, Fitterman L, Berger M, Buist 
A (1999) Association of asthma control with health care utilization and 
quality of life. Am J Respoir Crit Care Med 160(5 Pt 1):1647–1652

https://www.cdc.gov/asthma/most_recent_national_asthma_data.htm
https://www.cdc.gov/asthma/most_recent_national_asthma_data.htm
https://doi.org/10.3389/fped.2019.00256


Page 11 of 11Zhang et al. Journal of Patient-Reported Outcomes            (2022) 6:55  

 11. Bukstein D, McGrath M, Buchner D, Landgraf J, Goss T (2000) Evaluation of 
a short form for measuring health-related quality of life among pediatric 
asthma patients. J Allergy Clin Immunol 105(2 Pt 1):245–251

 12. Okelo S, Eakin M, Riekert K, Teodoro A, Bilderback A, Thompson D, Loiaza-
Martinez A, Rand C, Thyne S, Diette G (2014) Validation of parental reports 
of asthma trajectory, burden, and risk by using the pediatric asthma 
control and communication instrument. J Allergy Clin Immunol Pract 
2(2):186–192

 13. Irwin E, Gross H, Stucky B, Thissen D, DeWitt E, Lai J, Amtmann D, Khastou 
L, Varni J, DeWalt D (2012) Development of six PROMIS pediatrics proxy-
report item banks. Health Qual Life Outcomes 10:22. https:// doi. org/ 10. 
1186/ 1477- 7525- 1110- 1122

 14. Rodriguez-Marinez C, Nino G, Castro-Rodriguez J (2014) Validation of 
the Spanish version of the test for respiratory and asthma control in kids 
(TRACK) in a population of hispanic preschoolers. J Allergy Clin Immunol 
Pract 2(3):326–331

 15. Okelo S, Eakin M, Patino C, Teodoro A, Bilderback A, Thompson D, Loiaza-
Martinez A, Rand E, Thyne S, Diette G, Riekert K (2013) The pediatric 
asthma control and communication instrument asthma questionnaire: 
for use in diverse children of all ages. J Allergy Clin Immunol 132(1):55–62

 16. Murphy K, Zeiger R, Kosinski M, Chipps B, Lellton M, Schatz M, Lampl K, 
Hanlon J, Ramachandran S (2009) Test for respiratory and asthma control 
in kids (TRACK): a caregiver-completed questionnaire for preschool-aged 
children. J Allergy Clin Immunol 123(4):833–839

 17. Liu A, Zeiger R, Sorkness C, Mahr T, Ostrom N, Burgess S, Rosenzweig J, 
Manjunath R (2007) Development and cross-sectional validation of the 
childhood asthma control test. J Allergy Clin Immunol 119(4):817–825

 18. Matza L, Patrick D, Riley A, Alexander J, Rajmil L, Pleil A, Bullinger M (2013) 
Pediatric patient-reported outcome instruments for research to sup-
port medical product labeling: report of the ISPOR PRO good research 
practices for the assessment of children and adolescents task force. Value 
Health 16(4):461–479

 19. Everard ML (2022) Precision medicine and childhood asthma: a guide for 
the unwary. J Pers Med 12(1):82

 20. Yang CL, Gaffin JM, Radhakrishnan D (2019) Question 3: can we diagnose 
asthma in children under the age of 5years? Paediatr Respir Rev 29:25–30

 21. Food and Drug Administration (2009) Guidance for industry patient-
reported outcome measures: use in medical product development to 
support labeling claims. Available at: https:// www. fda. gov/ media/ 77832/ 
downl oad. Accessed 2 Nov 2020

 22. Yeatts K, Stucky B, Thissen D, Irwin D, Varni J, DeWitt E, Lai S, DeWalt D 
(2010) Construction of the pediatric asthma impact scale (PAIS) for the 
patient-reported outcomes measurement information system (PROMIS). 
J Asthma 47(3):295–302

 23. Patrick D, Burke L, Gwaltney C, Leidy N, Martin M, Molsen E, Ring L (2011) 
Content validity establishing and reporting the evidence in newly devel-
oped patient-reported outcomes (PRO) instruments for medical product 
evaluation: ISPOR PRO good research practices task force report: part 1- 
eliciting concepts for a new PRO instrument. Value Health 14(8):967–977

 24. Patrick DL, Burke LB, Gwaltney CJ, Leidy NK, Martin ML, Molsen E, Ring L 
(2011) Content validity–establishing and reporting the evidence in newly 
developed patient-reported outcomes (PRO) instruments for medical 
product evaluation: ISPOR PRO good research practices task force report: 
part 2–assessing respondent understanding. Value Health 14(8):978–988

 25. Food and Drug Administration. Roadmap to patient-focused outcome 
measurement in clinical trials. Available at: https:// www. fda. gov/ media/ 
87004/ downl oad. Accessed 2 Nov 2020

 26. World Medical Association (2013) World medical association declara-
tion of Helsinki: ethical principles for medical research involving human 
subjects. JAMA 310(20):2191–2194

 27. Braun V, Clarke V (2006) Using thematic analysis in psychology. Qual Res 
Psychol 3(2):77–101

 28. Centers for disease control and prevention (2019) Controlling childhood 
asthma and reducing emergencies (CCARE). Available at https:// www. 
cdc. gov/ asthma/ ccare. htm. Accessed 18 Nov 2020

 29. Turner-Bowker DM, Lamoureux RE, Stokes J, Litcher-Kelly L, Galipeau 
N, Yaworsky A, Solomon J, Shields AL (2018) Informing a priori sample 
size estimation in qualitative concept elicitation interview studies for 
clinical outcome assessment instrument development. Value Health 
21(7):839–842

 30. Clark M, Romano C, Olayinka-Amao O, Whalley D, Crawford R, Pathak P, 
Brindicci C, Garg K, Kordy K, Everhard F, Patalano F, Roesler Z, Sutton T, 
Goransson O, Landles R, Naujoks C, Marvel J, Keininger DL (2022) Devel-
opment and content validation of a self-completed, electronic pediatric 
asthma symptom diary. J Patient Rep Outcomes 6(1):25

 31. Aaron SD, Vandemheen KL, FitzGerald JM, Ainslie M, Gupta S, Lemiere 
C, Field SK, McIvor RA, Hernandez P, Mayers I, Mulpuru S, Alvarez GG, 
Pakhale S, Mallick R, Boulet LP, Canadian Respiratory Research N (2017) 
Reevaluation of diagnosis in adults with physician-diagnosed asthma. 
JAMA 317(3):269–279

 32. Dass K, Petrusan AJ, Beaumont J, Zee P, Lai JS, Fishbein A (2017) Assess-
ment of sleep disturbance in children with allergic rhinitis. Ann Allergy 
Asthma Immunol 118(4):505–506

 33. Stuart JH, Biddle SC, George T, Ineke V (2019) Physical activity and mental 
health in children and adolescents: an updated review of reviews and an 
analysis of causality. Psychol Sport Exerc 42:146–155

 34. Unni E, Gabriel S, Ariely R (2018) A review of the use and effectiveness of 
digital health technologies in patients with asthma. Ann Allergy Asthma 
Immunol 121(6):680–691

 35. Koolen BB, Pijnenburg MW, Brackel HJ, Landstra AM, van den Berg NJ, 
Merkus PJ, Hop WC, Vaessen-Verberne AA (2011) Comparing global initia-
tive for asthma (GINA) criteria with the childhood asthma control test 
(C-ACT) and asthma control test (ACT). Eur Respir J 38(3):561–566

 36. Bime C, Gerald JK, Wei CY, Holbrook JT, Teague WG, Wise RA, Gerald LB 
(2016) Measurement characteristics of the childhood asthma-control test 
and a shortened, child-only version. NPJ Prim Care Respir Med 26(1):1–7

 37. McKown S, Acquadro C, Anfray C, Arnold B, Eremenco S, Giroudet C, 
Martin M, Weiss D (2020) Good practices for the translation, cultural 
adaptation, and linguistic validation of clinician-reported outcome, 
observer-reported outcome, and performance outcome measures. J 
Patient Rep Outcomes 4(1):89

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1186/1477-7525-1110-1122
https://doi.org/10.1186/1477-7525-1110-1122
https://www.fda.gov/media/77832/download
https://www.fda.gov/media/77832/download
https://www.fda.gov/media/87004/download
https://www.fda.gov/media/87004/download
https://www.cdc.gov/asthma/ccare.htm
https://www.cdc.gov/asthma/ccare.htm

	Content validity of a newly developed observer-reported measure for pediatric asthma in children aged 2–5 years
	Abstract 
	Background: 
	Results: 
	Conclusion: 

	Introduction
	Methods
	Study design and participants
	Analytical approach

	Results
	Symptom and impact results
	PAQ cognitive debrief results
	Response options
	Recall period
	Observer reportability
	Item modifications

	Discussion
	Limitations
	Conclusions
	Acknowledgements
	References


