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ABSTRACT  Which proxy-reported outcome measures have been developed for use with children aged
6 years and younger to assess asthma symptoms, asthma control, and asthma-specific health-related quality
of life, and do these questionnaires’ measurement properties support their use as end-points in clinical trials?

A two-phase literature search was conducted: 1) studies describing relevant questionnaires were
identified, and the questionnaires were assessed against predefined criteria; 2) studies providing information
on the measurement properties of questionnaires meeting the predefined inclusion criteria were identified.
Literature sources included PubMed and EMBASE databases, scientific conference proceedings, a clinical
trial registry, and a quality of life instrument database.

The initial search of literature databases and conference abstracts identified 631 records. 20 paediatric
asthma proxy-reported outcome instruments were identified; seven met the inclusion criteria: Childhood
Asthma Control Test, Control de Asma en Ninos Questionnaire, Pediatric Asthma Caregiver Diary,
Pediatric Asthma Control Tool, PedsQL 3.0 Short-Form 22 Asthma Module, PedsQL Asthma Symptoms
Scale, and Test for Respiratory and Asthma Control in Kids.

Three proxy-reported outcome instruments were considered suitable for use as end-points in paediatric
asthma clinical trials; the Pediatric Asthma Caregiver Diary possesses the strongest measurement properties
of the three.
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Introduction

Asthma is the most common chronic health condition among children [1, 2]. An estimated 7 million
children aged 17 years or younger in the USA have documented asthma [3], and 1.5 million children aged 2
to 15 years in the UK report asthma symptoms [4]. Asthma in children results in significant morbidity and
mortality [5], accounting annually for one-third of all hospitalisations related to asthma [6]. Children with
asthma experience a higher burden of illness [7] and lower health-related quality of life (HRQOL) [8-10]
than those without a chronic health condition. A key goal of asthma intervention includes achieving and
maintaining asthma control [11], thereby reducing the burden of illness and improving the HRQOL of
children with persistent asthma [10].

Collecting patient-reported outcomes (PROs) from paediatric patients presents unique challenges,
including identifying the age or developmental stage at which children can reliably and reproducibly
report their health status. Although children as young as 5 years reportedly have provided empirically
reliable assessments of concrete concepts, such as pain or medication use, research supports a more
conservative estimate of 9 or 10 years as the age at which children can reliably report on subjective concepts
such as behaviour [12]. JUNIPER [13] reported that girls as young as 7 years provided reliable responses when
they completed the self-reported version of the Paediatric Asthma Quality of Life Questionnaire (PAQLQ),
but boys’ responses were not considered reliable until the age of 10 to 11 years, because the boys in the
study frequently exhibited a lack of concentration, despite having sufficient literacy and numeracy skills to
complete the questionnaire.

Children’s ability to make discriminations like those required in assessments of asthma symptoms, asthma
control, and HRQOL also has been called into question. ANNETT et al. [14] administered a comprehensive
battery of child-reported psychosocial health status, asthma severity, and disease-specific HRQOL
instruments to 339 children with asthma (ages 5-12 years) during a 12-month follow-up of a randomised
study. They concluded that child-reported instruments principally measure the child’s subjective discomfort
with his or her asthma at the time of evaluation, and may not necessarily correspond with clinical episodes
of asthma symptoms or other components of functional status [14].

In general, caregiver (i.e. proxy) perception of HRQOL and symptom level is a primary determinant of
healthcare utilisation in young children [15-17]. Use of proxy reporting of symptoms and rescue
medication in determining asthma control in young children is also supported by expert opinion [11].
Because very young children are unable to accurately perform some physiological tests (e.g. lung function
testing and bronchial challenge) [11, 18] and because normative values for the tests are not available for this
population [19-23], clinicians frequently rely on patterns of hallmark symptoms (e.g. wheeze, cough and
breathlessness, which typically result in activity limitation) reported by the child’s caregiver [11]. Proxy
reporting of observable symptoms for patients who cannot respond for themselves is supported by the US
Food and Drug Administration (FDA)’s PRO guidance [24].

Studies comparing self-reported and caregiver proxy-reported assessments in healthy as well as chronically
ill children have shown higher levels of agreement in assessment of symptoms than in assessment of
subjective psychosocial concepts [8, 25-27]. These findings support the use of proxy-reported outcomes
(PxROs) in assessing asthma symptoms and asthma control in young children with asthma [18, 28].
However, PxROs, preferably well-developed objective measures, should be selected carefully on the basis of
a thorough assessment of their psychometric properties. Both the FDA [24] and the European Medicines
Agency [29, 30] have established standards for the development and validation of PRO measures and, to a
lesser extent, PxXRO measures used in clinical trials as the basis of promotional claims. This review has been
conducted to identify and evaluate asthma PxRO measures best meeting these standards.

Two self-report instruments frequently used in clinical trials of asthma treatment have been validated for
use in children: the interviewer-administered PAQLQ assesses paediatric asthma-related quality of life and is
valid for use in children as young as 7 years [13]; the interviewer-administered Asthma Control
Questionnaire assesses asthma control and is valid for use in children aged 6 years and older [31]. Although,
as previously discussed, no universally agreed-upon minimum age exists for reliable self-reporting among
children, a minimum age of 7 years has been recommended by the Critical Path Institute [32]. We therefore
focused this review on PxRO measures for use in patients aged 6 years and younger.

The specific objectives of this review were three-fold: 1) to identify available asthma-specific PXRO measures
for young children (aged 6 years and younger) including HRQOL questionnaires, asthma symptom diaries,
and asthma control questionnaires; 2) to describe the psychometric properties and responsiveness of the
identified instruments; and 3) to evaluate their usefulness in assessing aspects of paediatric asthma
treatment benefit in the context of a clinical trial.
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Methods

Search strategy

The goal of the initial searches was to identify PxRO instruments used to assess young children with asthma.
The following sources were searched: 1) PubMed (including MEDLINE) and EMBASE literature databases;
2) conference proceedings from the American Thoracic Society (ATS) and European Respiratory Society
(ERS); 3) a clinical trial registry (ClinicalTrials.gov) [33]; and 4) Patient-Reported Outcome and Quality of
Life Instruments Database (PROQOLID) [34].

During the first phase of the literature review, PubMed and EMBASE searches were limited to studies
published in English between January 2001 and April 2011; search terms were combinations of keywords
and indexing terms related to asthma, children or paediatric populations, and PxROs (e.g. parent, caregiver,
questionnaire and diary). Searches of the ATS and ERS 2009 and 2010 conference meeting abstracts and
ClinicalTrials.gov used combinations of the terms asthma, child or paediatric/pediatric, and questionnaire,
diary or instrument. We reviewed the publically available portion of the PROQOLID Web site for
instruments classified as being developed for paediatric asthma populations. Using pre-specified instrument
inclusion criteria (described in the following section), we selected studies related to instruments of potential
interest as end-points in interventional clinical trials in paediatric asthma.

During the second phase of the review, names and acronyms of instruments meeting the inclusion criteria
were used as terms for targeted searches of PubMed and EMBASE, with no limitations on publication date.
These searches were conducted to gather additional information on the development process and
measurement properties of specific instruments or their use in clinical or observational studies.

Inclusion and exclusion criteria

Inclusion criteria were developed to satisfy the objectives of the literature review. Included studies described
the development, validation, evaluation, or use of an instrument of interest, defined as an instrument
developed for caregiver or parent (proxy) report of asthma-specific HRQOL, asthma symptoms, or asthma
control in children aged 6 years or younger. Instruments that assess primarily family functioning; caregiver
HRQOL; or communication, behaviour or attitudes related to asthma were excluded. Asthma screening
instruments or instruments that assess only one asthma symptom (e.g. wheeze) or assess utilities related to
asthma treatment for economic purposes were also excluded. Instruments with no evidence of caregiver
involvement in the development process (during item generation or modification, evaluation of item
completeness or acceptability, or item reduction) were excluded unless they had a significant history of use
in assessing asthma treatment benefit in clinical trials.

Data extraction and interpretation
Information extracted from the studies included the instrument’s objective (e.g. clinical practice or
interventional studies), development process, content, and key measurement properties.

Reliability is concerned with whether an instrument is internally consistent or reproducible. Internal
consistency is the extent to which items comprising a scale measure the same concept. Test—retest reliability
takes account of variation over time and is usually determined with stable patients. The results of tests of
internal consistency and test-retest reliability, specifically Cronbach’s o coefficients [35] and test—retest
intraclass correlation coefficients (ICCs), were extracted.

Validity generally refers to whether an instrument measures what it intends to measure. This review assessed
several types of validity. Evidence of face validity and content validity were sought in the details of the
development process for the instruments, specifically whether there was input from the relevant patient
population [36] and individuals with relevant clinical or health status methodology expertise [37]. As per
the FDA PRO Guidance, the target patient population should provide input in the development of item
concepts and item wording, evaluate the completeness of item coverage, and assess the items’ clarity and
readability [24].

We also examined two types of construct validity, convergent and divergent validity. Establishment of
convergent and divergent validity is built through comparisons in multiple studies, and the studies ideally
should include a priori hypotheses that the instrument being tested will have patterns of stronger
correlations with some variables (convergent validity) and patterns of weaker correlations with others
(divergent validity). Validity also can be evaluated quantitatively through factor analysis, the statistical
analysis of patterns of items that may assess single underlying distinct constructs or dimensions [38].
Information relating to the use of these techniques is presented.
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We noted evidence of each instrument’s discriminant validity, or known-groups validity, which refers to an
instrument’s ability to discriminate between groups of patients with different health status, disease severity
level, or outcome.

Responsiveness refers to the ability of an instrument to measure important changes in health, which, in a
clinical trial, might reflect therapeutic effects [39, 40]. Responsiveness is assessed by looking at changes in
instrument scores for groups of patients whose health is known to have changed over time. Evidence of
responsiveness in a clinical trial of asthma treatment or longitudinal results described in development
articles were extracted, as available, to provide evidence of instrument responsiveness.

Recommendations for PXRO measures were based on an overall consideration of each instrument’s
strengths, weaknesses and fitness for purpose for use as an end-point in clinical trials.

Results

Search results

The initial searches of PubMed, EMBASE, and the ATS and ERS conferences identified 631 records.
Figure 1 summarises the inclusion or exclusion decisions along with the reasons for exclusion for these
records.

The 27 included studies described 15 potentially relevant paediatric asthma PxRO instruments. Reviews of
the PROQOLID database and ClinicalTrials.gov identified five additional instruments. A total of 20
paediatric asthma PxRO instruments were identified and seven met the pre-specified instrument inclusion
criteria: Childhood Asthma Control Test (C-ACT) [41], Control de Asma en Ninos (CAN) (Asthma
Control in Children) [42], Pediatric Asthma Caregiver Diary (PACD) [18, 43], Pediatric Asthma Control
Tool (PACT) [44], Pediatric Quality of Life Inventory (PedsQL) 3.0 Asthma Module Asthma Symptoms
Scale (PedsQL Asthma Symptoms Scale) [45], PedsQL 3.0 SF22 Asthma Module (a short form of the

631 records identified

560 journal article abstracts (PubMed and EMBASE)
71 conference abstracts (ATS and ERS)

! !

47 full-text records reviewed 519 journal articles

41 journal articles
6 conference abstracts

No use or validation of paediatric asthma
instrument (n=326)

| Asthma not focus of study (n=68)

! l

27 records selected 20 articles excluded
for inclusion

Instrument assesses family functioning
or HRQOL of caregiver or parent (n=36)

Study population >6 years of age (n=32)
Instrument not PxRO (n=12)

PxRO instrument not specific to asthma
(n=12)

Instrument not for paediatric population
<6 years of age (n=10)

Generic symptom diary (n=9)
21 journal articles
6 conference abstracts

Instrument not PxRO (n=5)

Instrument not for paediatric
population <6 years of age (n=5)

Evaluation of proxy-reported
versus patient-reported data
collection methodology (n=1)

Instrument screens for asthma (n=10)

Evaluation of proxy-reported versus
patient-reported data collection

0 conference abstracts methodology (n=6)

excluded

Study assesses one symptom only
(e.g. wheeze or cough] (n=6)

Duplicate (n=1)
65 conference abstracts

Not PxRO instrument in paediatric
asthma patients <6 years of age (n=65)

FIGURE 1 Reference source flow chart for initial instrument review. ATS: American Thoracic Society annual conference,
2009 and 2010; ERS: European Respiratory Society annual conference, 2009 and 2010; HRQOL: health-related quality of
life; PxRO: proxy-reported outcome.
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PedsQL 3.0 Asthma Module) [46], and Test for Respiratory and Asthma Control in Kids (TRACK) [47]. 13
instruments did not meet the pre-specified instrument inclusion criteria and were excluded.

A further targeted search was conducted to gather additional development and validation information on
the seven included instruments; this search identified a total of 132 PubMed and EMBASE records, eight of
which provided relevant information and were included. Combining the results of the initial and targeted
searches, a total of 35 articles and conference presentations were selected for inclusion.

Comparison of included instruments

Table 1 provides a brief overview of the seven included instruments. Four instruments are single indexes
with no subscales (C-ACT, CAN, TRACK, PedsQL Asthma Symptoms Scale), and two instruments have
two subscales (PACT, PedsQL 3.0 SF22 Asthma Module). The PACD was the only daily diary identified. It
has 10 items from which one scale and a day without asthma symptoms (DWAS) were defined.

The concepts most commonly evaluated by the included measures were: interference of symptoms with
activity; night-time awakening; wheezing; coughing; difficulty breathing; frequency of asthma exacerbations;
and need for rescue medication (table 2). All of the measures assessed interference of asthma symptoms
with activity (e.g. during play, sports or running); however, in the C-ACT this concept was assessed with a
patient-reported rather than a proxy-reported item. Although asthma symptoms were evaluated by each
instrument in some form, assessment varied by type (e.g. general assessment of daytime symptoms overall
versus individual assessment of specific daytime symptoms such as cough or wheeze). The PACD, PACT and
TRACK assessed the need for rescue medication. Although the CAN, PACD, PACT and TRACK assessed
healthcare resource utilisation in some way, the PACT was most comprehensive in this area. Exacerbation
frequency was assessed by the PACT, PedsQL 3.0 SF22 Asthma Module and PedsQL Asthma Symptoms

TABLE 2 Comparison of proxy-reported concepts covered by instruments of interest

Proxy-reported concept C-ACT CAN* PACD# PACT PedsQL 3.0 SF22
Asthma Module

PedsQL Asthma
Symptoms Scale

TRACK

General symptoms
Breathing problems”
Daytime/morning symptoms X X
Night-time symptoms X
Specific symptoms
Night-time awakening X X
Cough DT/NT DT/NT
Wheeze X DT/NT DT
Trouble/difficulty breathing DT/NT DT
Chest pain/tightness
Runny/stuffy nose
List of symptoms to select X
Functional interference
Interference during activity X DT X X
Medication use or HCRU
Rescue medication/B-agonist use DT/NT X
Visit HCP or take oral prednisone DT
Start/take oral corticosteroid X
Emergency department visit X X
Hospitalisation X X
Exacerbation episodes
Frequency of episodes X X
Frequency of episodes >1 week X
Anxiety/worry
Scared during exacerbation
Treatment problems X

X X X X X X

+

X X X X X X

C-ACT: Childhood Asthma Control Test; CAN: Control de Asma en Nifios (Control of Asthma in Children); PACD: Pediatric Asthma Caregiver Diary;
PACT: Pediatric Asthma Control Tool; PedsQL 3.0 SF22 Asthma Module: Pediatric Quality of Life Inventory 3.0 SF22 Asthma Module; PedsQL
Asthma Symptoms Scale: Pediatric Quality of Life Inventory 3.0 Asthma Module Asthma Symptoms Scale (proxy-reported version); TRACK: Test for

Respiratory and Asthma Control in Kids; HCRU: healthcare resource utilisation; HCP: healthcare provider; DT: daytime; NT: night-time. #. some
items have daytime and night-time versions; T: e.g. cough, wheeze, shortness of breath; *: PedsQL 3.0 SF22 Asthma Module includes a domain with

nine or 11 items, depending on the age of the child, assessing treatment problems.
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Scale. The PedsQL 3.0 SF22 Asthma Module and PedsQL Asthma Symptoms Scale both assessed anxiety or
worry during an exacerbation, but only the PedsQL 3.0 SF22 Asthma Module assessed treatment problems.
Some concepts (e.g. visiting a healthcare provider or taking oral prednisone, getting scared during an
exacerbation) were included in only one measure.

Because of the nature of PxROs, most of the questionnaires focus on observable symptoms or effects of
asthma, rather than concepts related to a patient’s experience of asthma, such as bother caused by the
condition, anxiety or HRQOL, which would require subjective assessment by a caregiver on behalf of the
patient.

Reliability

Evidence of instrument reliability (internal consistency and test-retest reliability) as published in the
identified literature is presented in table 3. All of the included instruments reported acceptable internal
consistency, with Cronbach’s o coefficients between 0.70 and 0.95.

Evaluation of test—retest reliability was not reported for the CAN, PACT, PedsQL Asthma Symptoms Scale,
or PedsQL 3.0 SF22 Asthma Module. The ICC was acceptable for the C-ACT and for some items of the
PACD in stable patients. The TRACK did not achieve an acceptable test—retest ICC value.

The PACD was evaluated in a 3-week prospective study including 125 caregiver parents and their children
[18]. Test—retest reliability for the PACD was assessed using diary data from the last 3 days of week two and
the first 3 days of week three “to provide a stable period and to prevent parents from using the answers to
their second week’s diary when answering the third week’s diary” to reduce artificial inflation of reliability
estimates [18]. Test-retest reliability was acceptable for the symptom/activity scale in the stable group but
not in the unstable group, as would be expected [18].

The C-ACT test-retest reliability (ICC 0.70) was reported in a conference poster, and no additional
information about the population or time period of data collection was provided; however, the study design

TABLE 3 Instrument reliability evidence

Instrument Internal consistency (Cronbach’s a)* Test-retest (1CC)’
C-ACT [41] 0.79 [41] 0.70 [49]
CAN [42] 0.825 Not reported
PACD [18] All items 0.70-0.95 Overall
Daytime symptom/activity scale 0.90 Stable group® 0.53 (wheeze) - 0.81 (cough)

Unstable group® 0.44 (cough) - 0.69 [trouble breathing)
Daytime symptom/activity scale

Stable group 0.75

Unstable group 0.62

PACT [44] Frequency of flares domain 0.81 Not reported
Symptoms at best domain 0.83

PedsQL Asthma Symptoms Scale [45] 0.81 Not reported

PedsQL 3.0 SF22 Asthma Module [46] Asthma symptoms scale Not reported

Children 2-4 years 0.91
Children 5-7 years 0.90
Treatment problems scale
Children 2-4 years 0.87
Children 5-7 years 0.71

TRACK [47] Development sample 0.75 [47] 0.63 for the subsample of children whose physician-
Validation sample 0.71 [47] reported
0.76 at baseline’ [50] asthma control status stayed the same at both visits [50]

0.74 at follow-up’ [50]

ICC: intraclass correlation coefficient; C-ACT: Childhood Asthma Control Test; CAN: Control de Asma en Nifios (Control of Asthma in Children);
PACD: Pediatric Asthma Caregiver Diary; PACT: Pediatric Asthma Control Tool; PedsQL Asthma Symptoms Scale: Pediatric Quality of Life Inventory
3.0 Asthma Module Asthma Symptoms Scale (proxy-reported version); PedsQL 3.0 SF22 Asthma Module: Pediatric Quality of Life Inventory 3.0 SF22
Asthma Module; TRACK: Test for Respiratory and Asthma Control in Kids. #: range for acceptable Cronbach’s a: >0.70 but <0.95 [35]; ¥: threshold
for acceptable test-retest reliability: ICC of >0.70 [51]; *: children assessed at baseline of the 3-week study as having stable asthma symptoms
requiring no change in anti-inflammatory asthma therapy (inhaled corticosteroids or cromolyn); ®: children assessed at baseline of the 3-week
study as having unstable asthma or an asthma exacerbation requiring addition of new anti-inflammatory asthma therapy or an increase in current
anti-inflammatory asthma therapy; *: development sample (n=321) only, validation sample (n=165) values were similar.
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entailed administering the C-ACT to children with asthma and their caregivers at two visits, 4-6 weeks
apart (n=338) [49].

The TRACK test—retest reliability ICC was 0.63 as assessed with a subsample of children whose physician-
reported asthma control status was the same at the initial physician visit (baseline) and 4-6 weeks later at
the follow-up visit.

Validity

The involvement of caregivers or parents of children with asthma in the generation or confirmation of
questionnaire items was a criterion for inclusion in this review; therefore, content or face validity has been
established during the development process for each of the included instruments. In addition to caregiver
involvement, the use of focus groups or working groups comprised of physicians with expertise in asthma
was described in the development process for the C-ACT, CAN, PACT, TRACK and the parent instrument
of the PedsQL 3.0 SF22 Asthma Module and PedsQL Asthma Symptoms Scale, the PedsQL 3.0 Asthma
Module.

Construct validity was supported by factor analysis for the TRACK only. In the development and validation
samples, five potential factors were found to underlie the pattern of associations among the item responses.
In both samples, the correlations between each item and the a priori hypothesised factor were all greater
than 0.70, supporting the conceptual model developed for respiratory control in young children [47].

For the other instruments, convergent validity was demonstrated primarily through correlation with
instruments assessing similar constructs and with clinical variables, such as physician assessments of
symptom intensity, asthma control, need for change in therapy or the presence of asthma exacerbations
(table 4).

The development papers for the PACT, PedsQL 3.0 SF22 Asthma Module, PedsQL Asthma Symptoms
Scale, and TRACK (factor analysis) presented explicit a priori hypotheses about expected strong correlations
with similar constructs. The developers of the C-ACT and PACT simply stated that the relationships were
examined to evaluate concurrent validity and convergent validity, respectively. None of the development
papers presented a priori hypotheses related to divergent validity.

Many of the Pearson’s correlation coefficients (r) in support of convergent validity showed moderate
correlations (r values between 0.10 and 0.50). The strongest correlations were between: the C-ACT and the
PAQLQ and the C-ACT and the Paediatric Asthma Caregiver’s Quality of Life Questionnaire (PACQLQ);
the PACD Symptom/Activity scale and the change in B-agonist treatments; the PACT and a quality of life
measure and the PACT and a specialist clinician assessment; and the PedsQL Asthma Symptoms Scale and
the PedsQL 4.0 Generic Core Scales. The PACD evaluated correlations between change in the PACD
domains and change in the other scales, with correlations for the symptom/activity scale generally higher
than those for DWAS. The values of the correlations of the CAN and the PACT with forced expiratory
volume in 1 s (FEV1) were low, and were similar to the weaker correlations with FEV1 previously described
in the literature comparing quality of life assessments in paediatric asthma patients [52, 57].

Table 4 also presents evidence of discriminant validity, with p-values for comparisons of patient subgroups.
The instruments commonly discriminated among patients with differing asthma symptom severity levels,
physician assessment of asthma control and physician recommendation of change in therapy. The ability of
the C-ACT to differentiate on the basis of FEV1 % predicted or FEV1/forced vital capacity was marginally
significant and not statistically significant, respectively.

Responsiveness

In a clinical trial, advanced knowledge of instrument responsiveness facilitates the selection of appropriate
measures and accurate estimation of sample size and aids in prioritising and reducing the number of
outcomes to be assessed [58]. Demonstrated responsiveness of the PxXRO measure in a randomised
controlled trial (RCT) evaluating asthma drug therapy was a key consideration in this review, and this type
of responsiveness was identified only for the PACD. The PedsQL Asthma Symptoms Scale was included as a
secondary end-point in a clinical trial evaluating a behavioural intervention among caregivers of paediatric
asthma patients. Longitudinal results from development studies were reported for the C-ACT, CAN, and
TRACK. No published evaluation of the responsiveness of the PACT or the PedsQL 3.0 SF22 Asthma
Module was identified.

The PACD identified statistically significant differences in treatment and placebo groups in an RCT of
montelukast versus placebo in children aged 2 to 5 years [48]. The PACD was sensitive to: differences in the
percentage of days with daytime symptoms; the percentage of DWAS; changes in overall daytime asthma
symptom scores; changes in symptoms scores for cough, wheeze, trouble breathing and activity limitations;
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TABLE 4 Instrument validity evidence

Instrument Construct validity” Pearson’s correlation coefficient (r) Discriminant/known-groups validity’
C-ACT [41] PAQLQ" [52] domain scores, r=0.47 Specialist rating of asthma control (p<0.0001)
PACQLAQ [50] domain scores, r=0.68 Change in patient therapy (p<0.0001)
FEV1 % pred (p=0.0494)
FEV1/FVC (ns)
CAN [42] FEV1 r=-0.136 (p=0.026) Asthma severity (p<0.001)

Symptom intensity

Cough (p<0.001)

Wheezing (p<0.001)

Breathlessness (p<0.001)
Presence of exacerbations (p<0.001)
Intensity of exacerbations (p<<0.001)

PACD [18] PACQLAQ [50] activity change over 21 days Asthma status, stable versus unstable® adjusted for age and clinic
Symptom/activity scale r=-0.27 (SS) Symptom/activity scale (p=0.0001)
DWAS r=0.19 (SS) Mean per cent DWAS 37% in stable group versus 11% in unstable group (p=0.0001)

PACQLQ emotional change over 21 days
Symptom/activity scale r=-0.34 (SS)
DWAS r=0.32 (SS)

Change in physician severity rating
Symptom/activity scale r=-0.43 (SS)
DWAS r=-0.37 (SS)

Change in B-agonist treatments
Symptom/activity scale r=0.65 (SS)
DWAS not applicable

Change in physician global assessment
Symptom/activity scale r=0.39 (SS)
DWAS r=-0.28 (SS)

Change in caregiver global assessment
Symptom/activity scale r=0.47 (SS)
DWAS r=-0.28 (SS)

PACT [44] ITG Child Asthma Short Form (QOL measure) [53] Not reported
Frequency of flares domain r=0.61 (p<0.01)
Symptoms at best domain r=0.77 (p<0.01)

Specialist clinician assessment
Frequency of flares domain r=0.54 (p<0.01)
Symptoms at best domain r=0.59 (p<0.01)

FEV1 % pred
Frequency of flares domain r=-0.12 (ns)
Symptoms at best domain r=-0.29 (p<0.01)

PedsQL 3.0 SF22 Impact on Family Scale [54] Asthma severity level, post hoc pairwise comparisons for both scales:
Asthma Module® Asthma symptoms r=-0.14 (p<0.01) Mild intermittent versus mild persistent (p<0.05)
[46] Treatment problems r=-0.19 (p<0.01) Mild persistent versus moderate-severe persistent (p<<0.05)
School and sports days missed by child Mild intermittent versus moderate-severe persistent (p<<0.05)

Asthma symptoms r=-0.33 (p<0.01)

Treatment problems r=-0.34 (p<0.01)
Work days missed by parent

Asthma symptoms r=-0.28 (p<0.01)

Treatment problems r=-0.26 (p<0.01)

PedsQL Asthma PedsQL 4.0 Generic Core Scales [55] Asthma severity level (mild, moderate, severe):
Symptoms Scale Total score r=0.49 (p<0.001) Mild versus severe (p<0.001)
[45] Mild versus moderate (p<<0.001)
Ns difference between moderate and severe
TRACK [47] Not reported (factor analysis conducted) Physician rating of control (p<<0.001) [47, 50]

Physician recommendation for change in therapy (p<0.001) [47, 50]
Symptom frequency (p<0.001) [47]
Caregiver-reported frequency of asthma attacks in past 3 months at baseline (p<0.001) [50]

C-ACT: Childhood Asthma Control Test; CAN: Control de Asma en Nifios (Control of Asthma in Children); PACD: Pediatric Asthma Caregiver Diary; PACT: Pediatric Asthma Control
Tool; PedsQL 3.0 SF22 Asthma Module: Paediatric Quality of Life Inventory 3.0 SF22 Asthma Module; PedsQL Asthma Symptoms Scale: Paediatric Quality of Life Inventory 3.0 Asthma
Module Asthma Symptoms Scale (proxy-reported version); TRACK: Test for Respiratory and Asthma Control in Kids; PAQLQ: Pediatric Asthma Quality of Life Questionnaire; PACQLQ:
Pediatric Asthma Caregiver’'s Quality of Life Questionnaire; FEV1: forced expiratory volume in 1 s; FVC: forced vital capacity; Ns: not statistically significant; DWAS: day without
asthma symptoms; SS: statistically significant, level not specified; ITG: Integrated Therapeutics Group; QOL: quality of life. #: all reported evidence of construct validity was related to
convergent validity. Correlation values are categorised as <0.10, weak; 0.10-0.50, moderate; and >0.50, strong [56]. *: comparison of mean instrument scores across patients
differing in the categories presented. *: assessed at baseline of a 3-week study; stable, requiring no change in anti-inflammatory asthma therapy (inhaled corticosteroids or
cromolyn); unstable, unstable asthma or asthma exacerbation requiring addition of new anti-inflammatory asthma therapy or an increase in anti-inflammatory asthma therapy. *:
both the parent-reported (children aged 2-11 years) and the child self-reported (children aged 12-18 years) versions of the PedsQL 3.0 SF22 Asthma Module were validated in CHAN
etal. [46]; 125 adolescents and 338 parents composed the sample (average age of asthmatic child, 9.0 years). Separate results by version were not provided for validity assessments.

change in percentage of days of B-agonist use; and reduction in overnight asthma symptoms among patients
reporting overnight symptoms on two or more nights per week at baseline [48]. The PACD also
demonstrated responsiveness to change in a prospective validation study [18]. The diary questions and
symptom/activity scale detected significant differences between the two asthma severity groups (p<<0.01) for
change from baseline over 3 weeks, with the exception of the item on caregiver loss of work. The PACD
differentiated between children with stable and unstable asthma at baseline, despite low symptom scores
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(between 0 and 1) and small sample size. Finally, the PACD questions were responsive to adding or
increasing inhaled anti-inflammatory therapy among children who were unstable and symptomatic at
baseline compared with a group who were stable and relatively asymptomatic at baseline and who remained
stable throughout the study [18].

The PedsQL Asthma Symptoms Scale was included as a secondary outcome measure in an RCT of a
behavioural intervention [10]. The trial examined the effect of problem-solving skill training for caregivers
of 252 children aged 3 to 14 years with persistent asthma. The participants were predominantly lower
socioeconomic status Spanish-speaking Hispanic families. However, the PedsQL Asthma Symptoms Scale
identified no statistically significant differences among groups receiving standard care waitlist (control),
home-visiting asthma education or care coordination and combined intervention of asthma education or
problem-solving skill training either at baseline, after intervention, or at 6-months of follow-up [10]. The
validation of the PXRO PedsQL Asthma Symptoms Scale was conducted in this trial, and the scale exhibited
responsiveness by identifying statistically significant within-subject change from baseline to 3 months for
those classified as clinically improved by asthma symptom frequency score (p<<0.001) [45], and it also
differentiated between children who improved clinically and those who remained stable from baseline to
3 months of follow-up based on caregiver reports of asthma symptom frequency (p<<0.0001).

The CAN showed responsiveness to clinical change in a 12-week validation study in Spain [42]. In this
prospective observational study, 215 caregivers of patients aged 2 to 8 years with moderate or severe asthma
completed the CAN at baseline and weeks two and 12. At week 12, there was a statistically significant mean
reduction in CAN scores (indicating improved control) of 7.5 to 8 points for each symptom in patients
whose symptoms had improved, total scores range from 0 (“best control”) to 36 (“worst control”). Mean
scores increased (indicating worsening of asthma) in patients whose symptoms had worsened at week 12,
with mean increases of 4.4 to 5.1 points (p<<0.001) [42].

The responsiveness of the C-ACT was assessed in a longitudinal validation study among 338 children aged 4
to 11 years with asthma and their caregivers at two visits, 4 to 6 weeks apart [49]. Asthma control was rated
by asthma specialists at each visit. Significant differences in C-ACT scores were observed among groups of
patients whose level of control improved, did not change, or worsened (p<<0.001).

A longitudinal validation study of the TRACK was conducted with 438 caregivers of children younger than
5 years with symptoms consistent with asthma within the previous year [50]. The study demonstrated the
TRACK’s responsiveness to change in proxy-reported respiratory control status. Caregivers completed the
TRACK at two clinic visits separated by 4 to 6 weeks. Physicians completed a US guideline-based (National
Asthma Education and Prevention Program Expert Panel Report 3) respiratory control survey at both visits
and were asked whether the visit resulted in a change in therapy. Mean changes in TRACK scores from the
initial to follow-up visits differed in the expected direction with subsets of children whose clinical status
improved, remained unchanged, or worsened based on physician and caregiver assessments (p<<0.001).

Table 5 provides a summary of the psychometric properties achieved, as reported in the literature, for each
of the seven PxRO instruments of interest.

Discussion

This literature review focused on identifying and evaluating PxRO instruments assessing asthma symptoms,
asthma control and asthma-specific HRQOL that would be suitable for use in clinical trials of children with
asthma aged 6 years or younger. Based on findings from previous research [8, 25-27] and regulatory agency
guidelines [24, 29, 30], we excluded instruments that were not validated for use by caregivers of young
children, that focused on caregiver or family functioning, or that asked caregivers to report extensively on
subjective concepts, such as the child’s worry or fear. Researchers or clinicians who wish to evaluate older
children (aged 7-11 years) or to examine more general or subjective quality of life domains may want to
consider the instruments recommended by the 2010 National Institutes of Health and Agency for
Healthcare Research and Quality Asthma Outcomes workshop [59].

The potential usefulness of the seven instruments meeting the criteria of this review varies; several instruments
offer important strengths and some have potential weaknesses in assessing treatment benefit in the context of a
paediatric asthma clinical trial. Six of the instruments were developed specifically for proxy reporting in
paediatric asthma, and one instrument was a combination of proxy-reported and child-reported items.

Among the instruments evaluated, the PACD meets most of the requirements of an instrument to be used
in a clinical trial. It was developed appropriately with measurement properties that generally meet or exceed
recognised standards, and it allows caregivers to report on observable symptoms or behaviours related to
asthma. Responsiveness in an RCT was one of the key considerations of the review and the PACD was the
only instrument demonstrating this characteristic in an RCT of drug therapy. Cognitive interviews with
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TABLE 5 Summary of psychometric properties reported in the literature for proxy-reported outcome instruments of interest

Psychometric property C-ACT CAN PACD PACT PedsQL Asthma PedsQL 3.0 SF22 TRACK
Symptoms Scale Asthma Module

Internal consistency® Y Y Y Y Y Y Y
Test-retest reliability’ Y NR Y NR NR NR N
Content validity™ Y Y Y Y Y Y Y
Construct validity, convergent® Y Y Y Y Y Y Y+
Construct validity, divergent® NR NR NR NR NR NR NR
Discriminant validity’ Y Y Y NR Y Y Y
Responsiveness, observational Y Y Y N Y N Y
study®#
Responsiveness, RCT" N N Y N N N N

C-ACT: Childhood Asthma Control Test; CAN: Control de Asma en Nifios (Control of Asthma in Children); PACD: Pediatric Asthma Caregiver Diary;
PACT: Pediatric Asthma Control Tool; PedsQL Asthma Symptoms Scale: Pediatric Quality of Life Inventory 3.0 Asthma Module Asthma Symptoms
Scale (proxy-reported version); PedsQL 3.0 SF22 Asthma Module: Pediatric Quality of Life Inventory 3.0 SF22 Asthma Module; TRACK: Test for
Respiratory and Asthma Control in Kids; RCT: randomised controlled trial; Y: instrument achieved or exceeded the established psychometric
standard or the standard set by the authors of this review; NR: not reported; N: instrument did not meet the established psychometric standard or
the standard set by the authors of this review. #: range for acceptable Cronbach’s o >0.70 but <0.95 [35]; ¥: threshold for acceptable test-retest
reliability intraclass correlation coefficient >0.70 [51]; *: target population (caregivers of children with asthma) provided input in the development
of the instrument in one or more of the following areas: generation of item concept and wording, evaluation of completeness of item coverage, or
assessment of item clarity and readability; ®: at least one Pearson’s correlation coefficient (r) value was categorised as moderate (0.10-0.50) or
strong (>0.50) [56]; #: discriminant validity demonstrated by statistically significant (p<<0.05) difference in at least one comparison of patient
subgroups with differing clinical features; ##: responsiveness demonstrated by statistically significant (p<<0.05) proxy-reported outcome (PxRO)
results in at least one longitudinal observational study; '': responsiveness demonstrated by statistically significant (p<<0.05) PxRO results in at
least one randomised controlled trial; **: convergent validity supported by factor analysis.

paediatric asthma caregivers were performed to confirm the items, although the PACD’s development does
not appear to have included caregiver input into generation of the items (concept elicitation) [18].

The PACD also has the advantage of being a daily diary with a brief recall period of 12 h, which is consistent
with recall period expectations outlined in the FDA PRO guidance [24] and which allows characterisation of
the daily variation in symptoms, which tend to be highly variable in asthma [60].

The TRACK has appropriate measurement properties and may be an option for assessing asthma control in
some paediatric asthma clinical trials, especially multiyear studies. The TRACK includes input from
caregiver and physician interviews and caregiver focus groups in the questionnaire development phase,
supporting good content validity. Moreover, validation of the TRACK was conducted with children
younger than 5 years, so no “lower limit” on age exists for use of this measure, and responsiveness to
clinical changes occurring over 4 to 6 weeks was demonstrated in a longitudinal validation study [50]. The
TRACK also assesses the risk of exacerbations as recommended in the National Asthma Education and
Prevention Program Expert Panel Report 3 [61]. However, the TRACK was developed primarily for use in
clinical practice, rather than clinical trial settings. Limitations of the TRACK in the clinical trial setting are
that the recall periods are lengthy and vary substantially across the five items (4-week recall for symptoms
(n=3), 3-month recall for rescue medication use (n=1), and 12-month recall for oral corticosteroid use
(n=1)), resulting in potential difficulties with interpreting the total score and demonstrating treatment-
related change over time periods of less than 12 months. The TRACK also has not been used in any
published clinical trials so its responsiveness in an interventional study setting is currently unknown.

The PedsQL Asthma Symptoms Scale appears to be another potential alternative: versions were validated
for children aged 2 years and older; the initial development was based on focus groups, cognitive testing,
and pretesting [8, 62]; psychometric properties were adequate and generally met current standards; and the
instrument has been used in an RCT in paediatric asthma patients. However, the trial using the PedsQL
Asthma Symptoms Scale examined a behavioural intervention (problem-solving skill training) rather than a
drug treatment and the measure did not find statistically significant between-group differences [10]. This
study also reported no significant between-group differences for proxy-reported daytime symptoms,
emergency department visits, or unscheduled office visits, so the problem-solving training appears to have
had limited impact on asthma symptom frequency and severity. Limitations of the PedsQL Asthma
Symptoms Scale related to use in a paediatric asthma clinical trial are the relatively long recall period of
4 weeks and inclusion of an item requiring a subjective assessment of the child’s fear during an asthma
attack, which may be difficult for a parent or caregiver to accurately ascertain for their very young child.
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The C-ACT, CAN, PACT and PedsQL 3.0 SF22 Asthma Module are less promising for assessing PxROs in
clinical trials. Each instrument has been developed with a relatively lengthy recall period (either 4 weeks or
3 months). In its guidance document on PRO development for industry, the FDA states that “PRO
instruments that call for patients to rely on memory, especially if they must recall over a long period of time,
compare their current state with an earlier period, or average their response over a period of time, are likely
to undermine content validity. For these reasons, items with short recall periods or items that ask patients to
describe their current or recent state are usually preferable” [24].

Additionally, the C-ACT has been validated for children aged 4 to 11 years and may not be appropriate for
use with children younger than 4 years. The CAN has been validated only in Spanish, to date, and contains
items related to emergency department visits and hospitalisations for asthma that may not be useful in a
clinical trial setting. The PedsQL 3.0 SF22 Asthma Module Treatment Problems scale contains items related
to anxiety or the extent of bother caused by asthma that require subjective assessment.

Although it is recognised that “proxy assessments are not sufficiently able to take into account the subjective
nature of quality-of-life measurement” [28] and may be subject to undue influence of the burden of the
child’s health condition on the caregiver [63], PxROs are reasonable options for assessing observable
symptoms and effects of disease, particularly with young children. Based on this review, three existing PXRO
instruments would be potential options for use as end-points in clinical trials assessing young children with
asthma. The evidence identified suggests that the PACD possesses the strongest measurement properties of
the three and it has demonstrated responsiveness in an RCT of a drug therapy in this population.

Additional qualitative work could be conducted to supplement the content validity or to evaluate a shorter
recall period for instruments with weaknesses in these properties. The lack of formal assessment of
responsiveness to change in an interventional study was an important shortcoming among most of the
instruments included in this review and should be a priority for future research. Clinical trials using
instruments concurrently should be conducted so that relative responsiveness and convergent validity can
be evaluated. This review also has shown variety in the content of the seven PxRO asthma-specific
instruments. Potential users should consider the content of instruments in relation to the patient
population and research questions. Additional research is also needed related to the optimal age for child
self-report of asthma symptoms, asthma control and asthma-specific HRQOL.
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