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ABSTRACT

Background/Aims

The Child Amblyopia Treatment Questionnaire (CAT-Qol) is a patient-reported outcome (PROM)
measure designed to assess the impact of amblyopia treatment. The aim of this study was to compare
the psychometric properties of two PROMs; the CAT-QolL instrument and PedsQL™, a generic
paediatric PROM. This work was part of a wider project to develop a condition-specific PROM for

children with amblyopia.

Methods

342 participants were recruited in a UK multi-centre study. Quality of life data was collected through
using the CAT-Qol and the PedsQL™ instruments. The psychometric performance of the CAT-QolL and

PedsQL™ were examined in terms of acceptability, reliability, and validity.

Results

Both instruments demonstrated good reliability (CAT-QoL Cronbach’s a = 0.793; PedsQL™ a =0.872).
The convergent validity of the CAT-QolL and PedsQL™ instruments was tested by comparing the
instruments to each other. There was a moderate correlation between the PedsQL™ and the CAT-
Qol scores, and this relationship was statistically significant (r; = -0.517, p < 0.000). No statistical
significance was found between the level of amblyopia severity and the mean PedsQL™ score (p =

0.420).

Conclusion

It was possible to assess the impact of amblyopia treatment using the CAT-QoL and PedsQL™
instruments. The preliminary findings from this are not conclusive, and it is not possible to advocate
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the use of one questionnaire over another based upon psychometric performance demonstrated
here. This may be due to the sample population, as there were limited numbers of participants with
severe amblyopia. Both the CAT-QoL and PedsQL™ instruments were noted to have some issues with
ceiling effects at an individual item level. The CAT-QoL and PedsQL™ were reliable (as determined by
Cronbach’s alpha). The PedsQL™ instrument was not able to discriminate between amblyopia severity
groups (discriminant validity). Further research is required to formally assess the psychometric

properties of the CAT-QoL questionnaire.



INTRODUCTION

The Child Amblyopia Treatment Questionnaire (CAT-Qol) is a disease-specific patient reported
outcome (PROM) instrument designed to measure the impact of amblyopia treatment from the child’s
perspective. The CAT-Qol was developed using an iterative approach, including systematic literature
review; focus groups with clinicians; semi-structured interviews with children with amblyopia;
cognitive de-briefing and ranking exercises; and Rasch analysis.»> The CAT-Qol was designed for
children aged 4-7 years, and the content and format of the instrument reflects this by having a low

task burden. The refined instrument consists of eight items, each with three response levels.

Psychometric validation is the process by which an instrument is assessed for reliability and validity
through a series of defined tests on the population group for which it is intended.® The aim of this
study is to explore the psychometric properties of the CAT-Qol instrument, to determine the ability

of the instrument to measure the impact of amblyopia treatment from a child’s perspective.

MATERIALS AND METHODS
CAT-Qol

Seven treatment-specific versions of the CAT-QolL were created (patch; drops; glasses; patch and
drops; patch and glasses; glasses and drops; glasses, patch and drops), with each version worded
slightly differently to reflect the type of treatment the child is undertaking. All items are scored on a
3-level response scale. Individual item responses are scored from 0 to 2 (least to worst) meaning the
instrument has a range of 0-16. The summative score is then converted into a Rasch score (as shown
in Table 1) where a greater score indicates a worse quality of life (or greater impact of treatment on

the individual).

Pediatric Quality of Life Inventory (PedsQL™)
The PedsQL™ was developed to allow accurate and reliable reporting of child health.”® A number of

different formats exist, which include parent proxy-reporting and different age versions. The items
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for each of the forms are essentially identical, and differ only in appropriate language and grammatical
tense. The Young Child Report (aged 5-7) version was used in this study. It comprises 15-items that
are reported on a 3-level response scale (“not at all”, “sometimes” and “a lot”). Items are reversed-
scored and transformed to a 0-100 scale, with a larger number indicating better health-related quality

of life (HRQoL). The PedsQL™ has been widely tested and validated in both healthy individuals and

patients.””

Patient Cohort

Data used in this study was collected from nine sites across England, United Kingdom (UK).> Inclusion
criteria was that used during development of the descriptive system.¥* The study was approved by
the National Health Service Research Ethics Committee for Airedale, UK, (REC Ref: 07/Q1201/5), and
followed the tenets of the Declaration of Helsinki. Written parent/guardian consent was obtained
prior to data collection. Each participant was asked to complete a version of the CAT-QolL and
PedsQL™ questionnaires, issued by the clinician. Socio-demographic and clinical data was collected

by the clinician.

Psychometric evaluation

Acceptability

Acceptability was assessed by calculating completion rates and missing data values. For the purpose
of this study, the acceptable amount of overall missing data and individual missing data is <10%.°
Floor and ceiling effects describe the amount of responses given at either end of the scale. A high
percentage of floor or ceiling is suggestive that the content validity of the instrument is limited.'* For

the purpose of this study, a level of <20% was considered acceptable.'%?

Reliability
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Reliability was assessed by calculating the internal consistency of the scale, defined by a Cronbach’s

alpha score. Values of > 0.70 indicate that the instrument is reliable 101214

Validity: Construct validity: convergent, discriminant validity and known-group differences

Convergent validity was assessed by calculating the Spearman’s correlation coefficient (r;) between
the CAT-QolL and PedsQL™ instruments. A strong correlation of Spearman rank correlation coefficient
is defined > 0.70; moderate 0.30 to 0.70; and weak < 0.30.%> The convergent validity of the CAT-QolL
and PedsQL™ instruments was tested by comparing the instruments to each other. The hypothesis
was that the correlations would not be strong between the two instruments, as they measure different

things. This was explored by examining the overall CAT-QolL and PedsQL™ scores.

Discriminant validity was assessed by performing a one way ANOVA to assess the statistically
significant difference in instrument scores across amblyopia severity groups. SES values can be
described to fall within the ranges of: “small” 0.2 — 0.5; “medium” 0.5 — 0.8; and “large” effect size >
0.8.1 The hypothesis tested was amblyopia severity level would correlate with HRQoL scores. That
is, the “severe” amblyopia group will show a worse QoL than the “moderate” group; the “moderate”
group will show a worse QoL than the “mild” group; and so on. Subjects were categorised in terms of
the interocular severity difference between the two eyes at the time of the questionnaire. The
amblyopia severity groups chosen were that adopted by the PEDIG group in their multi-centre studies

17-19

examining treatment outcomes for amblyopia. These were; mild amblyopia 0 > 0.3 logMAR;

moderate amblyopia 0.31 > 0.60 logMAR; and severe amblyopia > 0.61 logMAR.

All data was analysed using SPSS 19.0.

RESULTS
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Patient Cohort

The socio-demographic details of the study sample have been reported.> 342 subjects participated in
the study, however some subjects were excluded from analysis due to missing clinical data (n=11). A
total of 331 subjects were included in the analysis. It should be noted that participants completed a
5- or 6-response level draft version of the CAT-QolL instrument containing 11-items. The data was
recoded such that only the responses for the final 8-item version was included in the comparisons

presented here.

Acceptability

Table 1 shows the completion rate of both instruments, and indicates there was an issue with missing
data. The CAT-Qol shows a percentage of missing data that exceeds the acceptability criteria adopted
for this study. However, some of the participants were issued the incorrect version of the
guestionnaire due to administrator error (n = 18). When these respondents were excluded from the
analysis, the number of respondents with missing data decreased, and fell within the acceptability
criteria. The percentage of floor and ceiling effects, and completion rate for each individual item on
the CAT-Qol instrument were calculated (Table 2). Most items demonstrate high ceiling effects, with
the exception of item 2 (feeling/sensation on face). These fell within accepted levels for each item,
with the exception of item 8 (playing with friends). The floor effects and percentage of missing data

were low for each item.

The completion rate of the PedsQL™ is lower than that of the CAT-QoL on an item level basis (Table
3). The amount of missing data exceeds the accepted level for all of the items. This may suggest that
the questions are either redundant in this population or that the respondents failed to understand the

questions. The ceiling effects of the PedsQL™ are greater for each item compared to the CAT-QoL.



Five items have ceiling effects that exceeded the accepted level for this study. The floor effects for

each item of the PedsQL™ instrument were low.

Reliability

The internal consistency of the CAT-Qol was 0.793. The PedsQL™ instrument had a higher value, a =
0.872. The reliability of the CAT-QolL and PedsQL™ scales were investigated further by assessing the
item-total correlations and the Cronbach’s alpha with each item, should that item be deleted (Table
4). If any of the items within the CAT-QoL or PedsQL™ instruments were to be removed, this would

decrease the reliability of the scales.

Validity: Construct validity: convergent, discriminant validity and known-group differences

There was a moderate correlation between the PedsQL™ and the CAT-Qol scores, and this
relationship was statistically significant (r; = -0.517, p < 0.000). There was no statistical significance
between the level of amblyopia severity and the mean PedsQL™ score (p=0.420). The results reject
the hypothesis that amblyopia severity level would correlate with HRQolL scores, but it should be
noted that the trends are in the right direction and are linear. As the number of subjects within the
“severe” amblyopia group was low, these were merged with the “moderate” amblyopia group.
Despite the merging of categories, there was no statistical significance between the level of amblyopia

LTM

severity and the mean PedsQL™ score (p=0.406). There was a slightly stronger relationship between

L™ score and amblyopia severity

the CAT-Qol score and amblyopia severity, compared to the PedsQ
(rs =0.183 and 0.132, respectively). There was a trend for increasing CAT-Qol score with amblyopia

severity. However, there is decrease in mean CAT-QolL score for the “severe” group. For the PedsQL™

instrument, there is a much weaker relationship.



The means of the CAT-Qol scores and the amblyopia severity level were compared (Table 6). There
are statistically significant differences between the amblyopia severity level and mean CAT-Qol
scores. A medium effect size was found between “no amblyopia” (equal VA) and “mild” amblyopia
severity groups. A small effect size was found between “mild” and “moderate” amblyopia severity

groups; and a small effect size between “moderate” and “severe” amblyopia groups.

There was no statistical significance between the level of amblyopia severity and the mean PedsQL™
score (p =0.420). The effect size between amblyopia severity categories was smaller for the PedsQL™

instrument than the CAT-Qol for each scenario.

DISCUSSION

There is an increasing call for transparency in paediatric PROM development and reporting, however
assessing the psychometric properties of any PROM is difficult.?’ The FDA state that the measurement
properties of an instrument should be evaluated; those of reliability, construct validity and the ability
to detect change.?! They advocate developers of PROM instruments to provide hypotheses when
presenting data on construct validity.?! However, there are no universally accepted performance
criterion to apply, and there is no “gold standard” instrument to compare it against. Various indirect
tests of performance have been developed in an attempt to demonstrate instrument validity, and

different studies have adopted different levels of acceptability, reliability, and validity.

Acceptability

There are no universally accepted values of missing data limits, with ranges of <5-10% described as
acceptable.®2 The CAT-Qol was associated with less missing data than the PedsQL™ instrument.
However, it should be acknowledged that incorrect versions of the CAT-Qol instrument were issued

to a small number of respondents in the validation study. This may be considered as a potential



weakness of the instrument. It would be desirable to have one version of the instrument that could
be administered to any child, irrespective of their amblyopia treatment. However, this was not
possible due to the nature of some of the items requiring expansion (e.g. feeling of drops on your face
(like stinging, or cold)). No record was kept as to the order subjects were presented with the two
instruments. Further investigation is required to assess whether completion rates and missing data

values differ if the ordering of the two instruments are randomised.

Both the CAT-QolL and PedsQL™ instruments demonstrated acceptable levels of floor and ceiling
effects. However, when we consider the instruments on an individual item basis, some items
exceeded the accepted criteria (> 80%). On the CAT-Qol instrument, one item (playing with friends)
was seen to have marginally greater ceiling effects than the accepted value (80.3%). The PedsQL™
instrument contained five items that fell outside of the accepted criteria. It could be argued that the
criteria used for evaluating floor and ceiling effects at the scale level should be different to that used
when assessing individual items. It is desirable for an instrument to be able to measure the full range
across a spectrum. Difficulty can arise when an instrument is found to have high ceiling effects. This
may result in the instrument not being able to detect an improvement in HRQoL over time when there
has been an improvement in their overall condition (if their starting level of HRQol is already very
good).?2 However, the responsiveness of both the CAT-QoL and PedsQL™ instruments has yet to be
tested in this population. Existing literature appeared to use the same criteria for floor and ceiling
effects for both the scale and the item.2%'? The presence of high ceiling effects may suggest an issue
with the instrument itself, or it may also be due to the study sample. The study sample does have a
large number of people with “mild” levels of amblyopia. The high ceiling effects found in the CAT-QolL
and PedsQL™ scales may be linked to this. It should be noted that the data used in this analysis was

that collected as part of the development of the CAT-QoL instrument. The presence of floor and ceiling
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effects of the final 8-item CAT-QoL (three response level) instrument should be explored in an

independent data set.

Reliability

The reliability of both the CAT-QolL and PedsQL™ instruments fell within acceptable levels. Item total
correlations and the Cronbach’s a with each item suggested that removing any item within either
instrument would reduce the reliability of the overall scale. However, it is important to recognise that
the data used in this study was the same as that of the development of the CAT-Qol instrument.® The
reliability of the final 8-item (three response level) instrument should be explored in an independent

data set.

Validity: Construct validity: convergent, discriminant validity and known-group differences

The CAT-Qol and PedsQL™ scores were found to moderately correlate. It was hypothesised that no
(or weak) correlations would be found between the two instrument scores, as other generic PROMs
have been found to be insensitive to particular medical conditions.*% It should be recognised that
the data used in this analysis was that collected as part of the development of the CAT-QoL instrument.
The convergent validity of the final 8-item CAT-QolL (three response level) instrument should be
explored in an independent data set. The findings in this study suggest that the PedsQL™ instrument
may able to detect some of the HRQoL implications of amblyopia. However, a key component of
instrument validity is the ability to detect differences between severity groups. Whilst this was
assessed for the CAT-QoL instrument and the results described here, it should be noted that this was
using the same dataset that was applied to refine the measure.> Independent assessment of

psychometric performance has yet to be assessed for the 8-item CAT-Qol questionnaire, and further
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data is required determine whether it is able to detect differences between severity groups. Using
clinical indicators to assess the validity of a HRQoL instrument may not always be appropriate.
Clinicians can postulate that a greater level of amblyopia severity results in a lower measure of HRQolL,
but this may not actually be the case. It is not necessarily true that the worse the level of amblyopia,

the lower the HRQoL score.

The study is not without limitations, and the results presented here are preliminary.> There are only
small numbers of respondents in the “severe” category group. There are a number of reasons to
account for this. The first is that of categorization: subjects were categorized into severity groups as
used by the PEDIG studies.'”*® However, this categorization is arbitrary, and may not universally
accepted. Furthermore, the data collection period for this study was conducted over a short time
period (approximately 4 months). Therefore, there was limited opportunity to collect data from
respondents over a number of sequential visits. Such data could have been used to evaluate the test-
retest ability, and properly assess responsiveness of both instruments. Further research is required

to examine both test-retest reliability and responsiveness in subsequent validation surveys.

The overall purpose of the research was to develop a condition-specific PROM for children with
amblyopia. The CAT-Qol was developed for children, by children, using children’s data at every stage
to inform the item content, response levels, language, and format of the measure itself. The research
closely follows the guidance of the FDA, and has demonstrated that the CAT-QolL does capture the
“patient’s experience” in the target population. This “bottom-up” methodological approach has
ensured high content and face validity of the instrument; and the format and language informed
directly from children increases the scope of self-reporting.l> The CAT-Qol is how ready for further

studies to assess the reliability, validity and responsiveness of the instrument in an independent
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sample. Once this has been established the CAT-QoL could be used in both clinical practice and
research settings to calculate the impact of amblyopia treatment in the paediatric population, and

offers an alternative to generic measures of paediatric HRQoL.
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Table 1 Rescoring of CAT-Qol instrument

CAT-Qol Raw Score Person Scores Interval Level Rounded Interval Level
Equivalences Equivalent Score
0 -3.60 -0.00000020 0.0
1 -2.65 2.14689245 21
2 -1.98 3.66101674 3.7
3 -1.51 4.72316363 4.7
4 -1.13 5.58192069 5.6
5 -0.81 6.30508453 6.3
6 -0.52 6.96045176 7.0
7 -0.25 7.57062125 7.6
8 0.01 8.15819187 8.2
9 0.27 8.74576249 8.7
10 0.55 9.37853085 9.4
11 0.84 10.03389808 10.0
12 1.16 10.75706192 10.8
13 1.53 11.59322011 11.6
14 1.98 12.61016926 12.6
15 2.61 14.03389807 14.0
16 3.48 15.99999976 16.0

It should be noted that this conversion chart can only be used when there is no missing data from an

individual. It can only be used when complete data is present. For example, if an individual scored 14
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(raw data score) this would be the equivalent of 12.6 on the re-scored measure. The final CAT-QolL
scores range from 0-16, where a greater score indicates a worse quality of life (or greater impact of

treatment on the individual).
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Table 2 Descriptive and acceptability statistics for the CAT-QoL (Rasch scores) and PedsQL™ (n=331)

N with completed % with some | Mean Score | Floor | Ceiling

questionnaire (%) missing data (SD) % %
CAT-QolL 292 (88.2) 11.8+ 4.14(2.87) | 0.7 17.5
CAT-Qol correct version 286 (91.4) 8.6 4.14 (2.87) 0.7 17.5
PedsQL™ 286 (86.4) 13.61 83.90(17.00) | 0.3 18.5

t falls above accepted levels for this study (> 10%)

Table 3 Descriptive and acceptability statistics for individual items of the CAT-QoL (n=313)

Item N Mean Item Score Missing data % | Floor % | Ceiling %
(SD)

1 (sad) 308 0.49 (0.68) 1.6 10.4 61.7
2 (feeling on face) 306 0.69 (0.64) 2.2 9.5 40.8
3 (hurt) 309 0.44 (0.58) 1.3 4.2 60.5
4 (doing schoolwork) 300 0.38 (0.63) 4.2 6.3 68.3
5 (other children) 307 0.31(0.57) 1.9 5.2 74.3
6 (doing things) 303 0.42 (0.68) 3.2 10.9 69.3
7 (worried) 307 0.31(0.57) 1.9 5.2 74.3
8 (playing friends) 304 0.22 (0.48) 2.9 2.6 80.3*

* exceeds accepted levels for this study (> 80%)
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Table 4 Descriptive and acceptability statistics for individual items of the PedsQL™

PedsQL™
Item N Mean Item Missing Floor | Ceiling
Score (SD) data % % %

1 (hard to walk) 287 92.16 (23.27) 13.3+ 4.2 88.5*
2 (hard to run) 284 87.32 (27.52) 14.2% 5.6 80.3*
3 (hard to play sports or exercise) 279 82.26 (30.56) 15.71 7.2 71.7
4 (hard to pick up big things) 281 | 85.94(29.70) 15.1% 7.5 79.4
5 (hard to do chores) 283 | 91.52(23.04) 14.5% 3.5 86.6*
6 (feel scared) 283 | 88.87(25.08) 14.5+ 3.9 81.6*
7 (feel sad) 286 | 85.66 (26.90) 13.6+ 4.2 75.5
8 (feel mad) 285 | 83.86(30.01) 13.9% 7.0 74.7
9 (worry about what will happen to you) 284 84.86 (29.12) 14.2+ 6.3 76.1
10 (hard to get along with other kids) 282 | 89.54(23.61) 14.8% 2.8 81.9*
11 (other kids say they don’t want to play 284 | 77.82(31.19) 14.2+ 7.0 62.7
with you)

12 (other kids tease you) 283 83.22 (27.79) 14.5% 4.2 70.7
13 (hard to pay attention at school) 280 78.57 (33.14) 15.4% 9.6 66.8
14 (forget things) 280 75.00 (31.68) 15.4% 7.5 57.5
15 (hard to keep up with schoolwork) 278 80.94 (31.16) 16.0% 7.6 69.4

t exceeds accepted levels for this study (> 10%) * exceed accepted levels for this study (=
80%)
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Table 5 Item-total correlations and corrected Cronbach’s a for the CAT-QoL instrument

Scale mean if

Scale variance if

Corrected Item-

Cronbach’s a if

item deleted item deleted total correlation item deleted

1 (sad) 2.73 6.750 0.588 0.755
2 (feeling on

2.51 7.170 0.480 0.774
face)
3 (hurt) 2.75 7.310 0.511 0.769
4 (doing

2.84 7.310 0.484 0.773
schoolwork)
5 (other children) 2.87 7.444 0.457 0.777
6 (doing things) 2.80 6.776 0.582 0.756
7 (worried) 2.90 7.414 0.490 0.772
8 (playing

2.99 7.923 0.409 0.784
friends)
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Table 6 Discriminant validity of the PedsQL™ and CAT-QolL (Rasch scores) using PEDIG amblyopia

classification

PedsQL™ CAT-QolL
N Mean | SD Effect Mean SD Effect Size
Size
Equal VA 21 | 8598 | 15.13 23 2.72 251
0.14 0.55
Mild 195 | 84.48 | 17.39 197 411 2.98
0.12 0.26
Moderate 59 | 82.44 | 1555 64 4.87 2.41
0.26 0.43
Severe 10 | 76.56 | 21.84 7 3.84 2.97
Total 285 | 83.89 | 17.04 201 4.16 2.86
p=0.420
Equal VA 21 | 8598 | 15.13 23 2.72 251
Mild 195 | 84.48 | 17.40 | 910 197 411 2.98 0.55
Merged 69 | 8159 | 1654 | 017 71 4.77 2.47 0.22
Moderate*
Total 285 | 83.89 | 17.03 201 4.16 2.86
p = 0.406 P-0.010T

* merged group

t p<0.05 in test of difference between adjacent severity
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