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ABSTRACT

AIMS: The ‘Impact on Life’ (loL) questionnaire is used to prioritise publicly funded cataract surgery in New
Zealand, however, it has not been formally validated for ophthalmic use. The Catquest-9SF questionnaire is
widely used to assess vision-related quality of life (VRQoL) but has not been validated in New Zealand. This
study evaluates the validity of the loL and Catquest-9SF questionnaires for measuring VRQoL in New Zealand.

METHOD: Formal ethics approval was obtained. Participants completed the loL and Catquest-9SF
questionnaires before and three months after routine cataract surgery. Rasch analysis was used to
investigate all qualitative questionnaire responses. Results were correlated with the change in patient
visual acuity.

RESULTS: There was a 100% response rate at follow-up (41 participants). Disordered probability thresholds
were observed for all loL questions but no Catquest-9SF questions. All loL questions demonstrated
unsatisfactory mean-square fit statistics. Differences in visual acuity following surgery correlated with the
change in total F-score for the Catquest-9SF (P=0.04), but not loL responses (P=0.17).

CONCLUSIONS: Disordered probability thresholds, poor question-model fit and correlation with visual
acuity changes indicate the current loL questionnaire is poorly suited for assessment of VRQoL. In contrast,
the Catquest-9SF demonstrated credible results for assessment of VRQoL in New Zealand.

performed surgical procedure in New

Zealand with approximately 16,500
publicly funded cataract surgeries complet-
ed annually.’* With limited resources for
publicly funded surgery, prioritising patients
for cataract surgery is essential to enable
equal access to surgery for all New Zealand
residents and ensure those who are most
likely to benefit from surgery are prioritised
highest. The New Zealand public health

Cataract surgery is the most frequently

system currently utilises a standardised
Clinical Priority Assessment Criteria (CPAC)
that involves priority scoring to deter-

mine patient eligibility for publicly funded
elective surgical services including cataract
surgery.* The CPAC system aims to improve
equity of access to surgical services across
New Zealand, enhance transparency around
prioritisation for surgery and improve cer-
tainty regarding treatment for patients who
require surgery.®
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Prioritisation for cataract surgery in New
Zealand using the CPAC system is based on
weighted scores for patient responses to
the Impact on Life (IoL) questionnaire, best
corrected visual acuity (BCVA) and cataract
morphology.® The IoL questionnaire is
intended to quantitatively score patient-re-
ported functional status in six qualitative
domains that include safety, social inter-
actions, responsibility to others, personal
relationships, personal care and leisure
activities. The IoL questionnaire was not
designed specifically for use with cataract
or ophthalmic surgery, and was initially
developed for prioritisation in orthopaedic
and other surgical specialities.” Despite the
national adoption of the IoL as an integral
component of CPAC prioritisation for
cataract surgery in New Zealand, the ability
of the IoL questionnaire to assess vision-re-
lated quality of life (VRQoL) has not been
formally assessed.

The use of patient-reported measures has
gained wide acceptance in ophthalmology
following development of cataract-related
visual disability questionnaires.®'° The Inter-
national Consortium for Health Outcomes
Measurement (ICHOM) has convened
global groups of experts and patient repre-
sentatives to outline minimum standard
outcomes using a structured process for
a variety of specific conditions including
cataract based on evidence-based measures
to assess quality of life related to vision.!!
The resulting Catquest-9SF questionnaire has
been extensively validated as an accurate
tool for assessment of patient-reported visual
disability for patients undergoing cataract
surgery.'? The Catquest-9SF is well suited
for use in clinical practice due to its validity,
brevity and ease of use, however, this ques-
tionnaire has not been validated in a New
Zealand population.?

The aim of the current study is to validate
and compare the ability of the IoL and
the Catquest-9SF to measure VRQoL for
New Zealand patients undergoing cataract
surgery.

Methods

Formal approval from the New Zealand
Health and Disability Ethics Committee was
obtained prior to patient recruitment (16/
CEN/132), and this study was registered

with the Australian New Zealand Clinical
Trials Registry (12616001593426). This is
a prospective observational cohort study
involving patients enrolled for routine
cataract surgery at Greenlane Clinical
Centre, Auckland District Health Board,
New Zealand.

Patients who were referred for publicly
funded surgery at Auckland District Health
Board were invited to participate in the
study. Patients who agreed to participate in
the study completed both questionnaires
before surgery and at again three months
following surgery. All patients completed the
IoL and Catquest-9SF questionnaires while
the clinician was not in the room and the
questionnaires were collected by an inde-
pendent investigator.

The six-question IoL questionnaire
requires patients to score the degree of diffi-
culty that poor vision affected their social
interactions, personal relationships, ability
to meet responsibilities to others, personal
care, personal safety and leisure activities
using an ordinal scale (Figure 1). For each
question on the IoL questionnaire, patients
are required to select one option from a
scale labelled ‘no difficulty’, little diffi-
culty’, ‘some difficulty’, ‘quite difficult’, ‘very
difficult’ and ‘extremely difficult’.

The Catquest-9SF is composed of three
sections that require patients to select
an option from a five-point Likert scale
including one option of ‘cannot decide’
(Figure 1). The questions included: “Do you
find that your sight at present in some way
causes you difficulty in your everyday life?”;
“Are you satisfied or dissatisfied with your
sight at present?”; “Do you have difficulty
with the following activities because of your
sight?”. This last question allowed patients to
label their satisfaction with vision in various
contexts: reading text in newspapers; recog-
nising the faces of people they meet; seeing
the prices of goods when shopping; seeing to
walk on uneven surfaces eg, cobblestones;
seeing to do handicrafts/woodwork; reading
subtitles on television; and seeing to engage
in an activity/hobby of interest.

All surgery, and assessments before and
after surgery, were completed by a single
surgeon who performed the operation using
standardised surgical technique, intraocular
lens and emmetropic refractive target.
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Figure 1A: The Impact on Life questionnaire, currently used in the Clinical Priority Assessment Criteria
(CPAC) to determine patient eligibility for publicly funded elective cataract surgery in New Zealand.

Patient Impact on Life Questionnaire

We are interested in the degree of difficulty vour condition places on your (or vour child’s)
life or how it may limit your (or your child's) quality of life. Please focus on the general
concepl asked about in each question below. The examples given aller cach are simply o
illustrate what the concept might mean - it doesn’t matter that some of these examples don’t
apply to vou. We do not want yvou to respond to the specific examples, just to think about the
pencral coneepl, whatever that means for vou {or for your child).

Please circle the number, which most represents the impact of your condition on this aspect
ol your lile.

Social Interaction (Meeling lriends, going oul. joining in groups, going shopping, every
day activitics outside the home)
No dilliculyy  Lide dilficulty  Some dilficulyy Quite diflicult  Very dilficult Extremely dilTicult

1 2 3 4 5 3

Personal Relationships (Potential intimate social relations; with partner, family members,
close personal Inends)
No difficulty  Ligle difficulty  Some difficulty Quite difficali Very difficult Extremely difficule

— — | —
I 2 3 4 5 8

Ability to fulfill your responsibilities to others

(Do meaningful things for yourself or others; including caring for children, grandchildren,
pariner, employment (both paid and unpaid), including any impact ol dependence on others)
No difficuley Linle difficulty Some difficulty Quite difficult Very difficult Extremely difficule

1 2 3 4 5 ¥

Personal care (Looking aller yoursell, your health, personal hygiene, need for special
clothing)
No ditficuley  Linle difficulty  Some ditficulty  Quite difficult  Very difficult  Fxtremely ditficulr

I 2 3 4 5 6

Personal safety (Being safe from harm; from yvourself, or others, and in your

surroundings)
Nadiffienlty  Linle difficulty Some diffieuly . Quite difficult Verv difficulr  Extremely ditficult

L — e— L e— L — L —
| 2 3 4 5 1]

Leisure activities (Sporting activitics, getting cxercise, hobbics, gardening, DIY
activitics, crafts, travel)
Neo diffieulty  Liode difficulty  Some difficolty Quite difficell Very difficull  Extremely difficule

1 2 3 4 5 6
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Figure 1B: The Catquest-9SF questionnaire, developed by the International Consortium for Health Out-
comes Measurement to assess quality of life related to vision as a result of cataracts.

Catquest-9SF Questionnaire

A. Do you find that your sight at present in some way causes you difficulty
in your everyday life?

Yes, very Yes, great Yes, some  No, no Cannot
great difficulty  difficulty difficulty  difficulty decide
N O O 0 O
B. Are you satisfied or dissatisfied with your sight at present?
Very Fairly Fairly Very Cannot
dissatisfied dissatisfied satisfied satisfied decide
(] (] O ) O

C. Do vou have difficulty with the following activities because of your sight?

If so, to what extent? In each row place just one tick in the box which
you think best corresponds to your situation.

Yes, very Yes, great Yes, some  No, no Cannot
great difficulty  difficulty  difficulty decide
difficulty

Reading text in
newspapers O 3 O OJ O

Recognising the
faces of people D [:] [: C] |:

you meet

Seeing the prices 0 O () O

of goods when
shopping

Seeing to walk

on uneven surfaces, [ | (] [ ] (] O

e.g. cobblestones

Seeing to do

handicrafts, (] ]
woodwark etc.

Reading subtitles on C] D
™

Seeing to engage
in an activity/hobby [:l D [: [:] C
that you are
interested in
Thank you very much for taking part.
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Statistical analysis

A group of statistical models termed the
Item Response Theory (IRT) have been
developed to instrument questionnaire
development, evaluation and refinement.
This framework analyses individual
components of a questionnaire by a set of
properties that describe the relationship
of the questionnaire with the underlying

construct measured by the model, in addition

to how well individual questions fit with

respect to the underlying construct. IRT is not

dependent on the sample of respondents.'4*5
This allows researchers to identify the ques-
tions that can most accurately measure the
intended purpose of the questionnaire.

The Rasch model is a robust and
commonly used form of IRT which can
be used to assess functioning of rating
scale categories within the Catquest-9SF
and IoL questionnaires. This is a mathe-
matical framework that takes into account
the ability of participants, the difficulty
of questions in the questionnaire, and
assumes equal discriminating ability
across all questions.'® In the Rasch model,
the probability of a particular response to
a specific question can be modelled as a
logistic function of the difference between
the person’s ability (measured by using test
questions) and the difficulty of the items
being asked.'

All IoL and Catquest-9SF question
responses were assessed using the Rasch
model to assess the validity of the ques-
tions in quantifying VRQoL. If responses to
a question successfully fit the Rasch model,
it provides evidence that this question
adequately measures VRQoL. Two types of
mean square fit statistics (infit and outfit)
were used to evaluate how well patient
responses fit the Rasch model for all of the
questions within the IoL and Catquest-9SF
questionnaires. Infit and outfit statistics
have a chi-square distribution and provide
an index of magnitude for the degree of
misfit of a question with the model. These
fit statistics have an expected value of
1 and suggested acceptable lower and
upper thresholds of 0.5 and 1.5 respec-
tively.!8 Fit statistics for each question
were calculated using an average of the
squared residuals between the observed
and expected responses from the Rasch
model. The infit statistic is an estimate that

gives more weight to individual variance
of questionnaire responses to minimise the
impact of unexpected responses far from
the mean. Conversely, the outfit statistic

is an unweighted estimate of the average
question response variance within the IoL
and Catquest-9SF questionnaires, and is
more likely to be influenced by unexpected
responses.

All statistical analyses were completed
using R software.' IoL questionnaire data
were coded 1-6 representing the options
of ‘no difficulty’, little difficulty’, ‘some
difficulty’, ‘quite difficult’, ‘very difficult’
and ‘extremely difficult’, respectively.
Catquest-9SF questionnaire data were
coded 1-5 representing the options of ‘no
difficulty’, ‘some difficulty’, ‘great diffi-
culty’, ‘very great difficulty’ and ‘cannot
decide’, respectively. The mirt package
was used to fit models for item response
theory analysis.?’ Preoperative and post-
operative data were combined for model
fitting. The corrected Akaike information
criterion (AICc) is an estimator of the
relative quality of statistical models for a
given set of data, and was used to select the
best model. The G-test of goodness-of-fit
was used to determine if the final model
accurately predicted the data. Normalised
factor scores for both questionnaires
were correlated with visual acuity in the
operated eye and age using Pearson’s prod-
uct-moment correlation. Secondary analyses
of normalised factor scores by ethnicity and
gender were performed using analysis of
variance. A qualified statistician reviewed
all statistical methodology and analyses used
in this study.

Results

Forty-one patients undergoing cataract
surgery were enrolled in the study from
March to May 2017. All patients who were
approached consented to inclusion in the
study and completed the questionnaire at
both time points. The mean patient age was
7748 years (sd), with 20 (49%) female partic-
ipants. Ethnicity included New Zealand
European 29 (71%), Maori 3 (7%), Pacific
Island 1 (2%), Asian 4 (10%), Indian 3 (7%),
and ‘Other’ 1 (2%). Table 1 shows the preop-
erative and postoperative visual acuities and
spherical equivalent for the patient cohort.
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Table 1: Visual acuity and spherical equivalent of 41 patients before and following cataract surgery.

UCVA BCVA SPE
Preoperative Mean 0.64 0.45 -0.08
Minimum 0.18 0.18 -11.63
First quartile 0.40 0.30 -1.16
Median 0.54 0.30 0.31
Third quartile 0.88 0.48 1.72
Maximum 2 2 4.38
Postoperative Mean 0.06 0.03 -2.07
Minimum -0.12 -0.12 -9.13
First quartile 0 0 -2.34
Median 0 0 -1.88
Third quartile 0.1 0 -1.5
Maximum 0.54 0.18 -0.75

UCVA = uncorrected visual acuity, BCVA = best corrected visual acuity, SPE = refractive error (spherical equivalent) in
dioptres. Spherical equivalent = sphere power + (cylinder power x 0.5). Postoperative visual acuity was measured at
three months following cataract surgery and all visual acuity was represented in logMAR notation.

Figure 2A: Rasch model category probability curves for the Impact on Life questionnaire.
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These curves summarise the probability (y-axis) that a patient with visual difficulty (x-axis) would answer with a
given response. P1 to P6 represents the question response options; P1 = no difficulty, P2 = little difficulty, P3 = some
difficulty, P4 = quite difficult, P5 = very difficult, P6 = extremely difficult.
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Figure 2B: Category frequency responses for 41 patients who completed the Impact on Life questionnaire before surgery (pink) and
three months following surgery (blue).
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Table 2: Summary of Rasch model fit statistics for the Impact on Life (IoL) questionnaire. The sample
includes responses from 41 patients preoperatively and at three months following cataract surgery.

Impact on Life questions Outfit mean | Outfit Infit mean | Infit
square z-score | square z-score

How much does your condition affect your social | 0.29 -2.56 0.47 -3.16

interactions?

How much does your condition affect your 0.27 -1.61 0.46 -3.38

personal relationships?

How much does your condition affect your ability | 0.34 -1.98 0.60 -2.21

to meet your responsibilities to others?

How much does your condition affect your 0.22 -1.91 0.38 -4.06

personal care?

How much does your condition affect your 0.29 -2.41 0.44 -3.42

personal safety?

How much does your condition affect your leisure | 0.36 -2.54 0.60 -2.21

activities?
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Table 3: Summary of Rasch model fit statistics for the Catquest-9SF questionnaire from International
Consortium for Health Outcomes Measurement (ICHOM). The sample includes responses from 41 pa-
tients preoperatively and at three months following cataract surgery.

Catquest-9SF questions Outfit mean | Outfit Infit mean | Infit
square z-score | square z-score

Do you find that your sight at present in some way 0.57 -1.16 0.75 -1.36

causes you difficulty in your everyday life?

Are you satisfied or dissatisfied with your sight at 0.79 -0.64 1.13 0.70

present?

To what extent do you have difficulty with reading 0.64 -1.37 0.71 -1.59

text in newspapers?

To what extent do you have difficulty with 0.43 -0.74 0.67 -1.76

recognizing the faces of people you meet?

To what extent do you have difficulty with seeing 0.44 -2.00 0.62 -2.22

the price of goods when shopping?

To what extent do you have difficulty with seeingto | 0.55 -1.20 0.74 -1.40

walk on uneven surfaces, eg, cobblestones?

To what extent do you have difficulty with seeingto | 0.54 -1.71 0.82 -0.92

do handicrafts, woodwork etc?

To what extent do you have difficulty with reading 0.48 -2.10 0.67 -1.89

subtitles on TV?

To what extent do you have difficulty with seeingto | 0.56 -1.17 0.73 -1.47

engage in an activity/hobby that you are interested

in?

The model fit statistics for the
Catquest-9SF responses are summarised in
Table 3. ‘Cannot decide’ responses on the
Catquest-9SF questionnaire represented 7
of 738 responses (0.95%) and were assumed
equivalent to data missing at random for
analysis. Apart from ‘recognising faces’,
‘seeing price of goods when shopping’ and
‘ability to read TV subtitles’ (mean-square
fit statistics 0.43, 0.44 and 0.48 respectively),
all other Catquest-9SF questions were
within the range suitable for measurement
(mean-square outfit statistic 0.5 to 1.5). The
graphical Rasch categorical probability
curves for the Catquest-9SF questions are
summarised in Figure 3A. The category

frequency of each response in the IoL ques-
tionnaire is summarised in Figure 3B.

The difference in visual acuity before and
after surgery correlated with the change in
total F-score for the Catquest-9SF responses
(P=0.04), but not the IoL responses (P=0.17).
The overall questionnaire score in both IoL
and Catquest-9SF questionnaires correlated
with worsening visual acuity (P<0.001).
There were no statistical differences in
quality of life scores between ages or ethnic
groups for both questionnaires. The change
in F-score was not significantly different for
patients who received cataract surgery on
their first eye or second eye.
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Figure 3A: Rasch model category probability curves for the Catquest-9SF questionnaire from Interna-
tional Consortium for Health Outcomes Measurement.
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These curves summarise the probability (y-axis) that a patient with visual difficulty (x-axis) would answer with a
given response. A higher number of question difficulty indicates greater disability (6 = extremely difficult; -6 = no
difficulty). P1 to P4 represents the question response options; P1 = no difficulty; P2 = some difficulty; P3 = very
difficult; P4 = extremely difficult.

Figure 3B: Category frequency responses for 41 patients who completed the Catquest-9SF questionnaire
before surgery (pink) and three months following cataract surgery (blue).
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Discussion

The current study uses Rasch analysis
to evaluate the validity of the IoL and
Catquest-9SF questionnaires for quantifying
VRQoL for cataract surgery patients in New
Zealand. As far as the authors are aware,
this is the first study to statistically assess
the validity of the IoL questionnaire for use
in cataract surgery, and the first study to
compare the IoL with any other question-
naire to assess VRQoL.

The unequal peaks noted in the Rasch
analysis for the IoL questionnaire suggest
that the response options of ‘no difficulty’,
‘little difficulty’, ‘some difficulty’, ‘quite
difficult’, ‘very difficult’ and ‘extremely
difficult’, are too numerous and ideally
should be collapsed into fewer options with
more consistent probability thresholds.
This finding was consistent for all six ques-
tions in the IoL questionnaire. In contrast,
the Catquest-9SF demonstrated relatively
uniform peak height for the question
response options that remained consistent
for all questions in the Catquest-9SF ques-
tionnaire, similar to previous studies.?

The IoL questionnaire demonstrates
category disordering on Rasch analysis.
Category disordering occurs when the
ordinal numbering of categories (response
options) does not correspond with their
substantive meaning. The IoL questionnaire
ordered response options are substantively
defined to represent increasing levels of
disability in VRQoL. In all six questions,
there is substantive and step disordering
such that ‘little difficulty’ consistently locates
below ‘no difficulty’ in the Rasch analysis.
This finding suggests that the response
options used in the IoL questionnaire are not
able to accurately discriminate increasing
impairment in VRQoL as intended.

The IoL questionnaire demonstrated
unsatisfactory statistical fit of almost
all questions (mean-square fit less than
0.5). This finding indicates less variation
in participant responses than expected,
and that responses are more predictable
than the Rasch model expects. The high
predictability of responses to IoL questions
and overfit to the Rasch model suggests
sub-optimal question wording resulting in
non-discriminatory patient responses.? This

finding suggests that the IoL questionnaire is
likely to lack the required sensitivity to accu-
rately rank patients based on VRQoL.

Catquest-9SF questions demonstrated
satisfactory mean fit squares and appro-
priate category response curves with
monotonic increases and decreases in the
category thresholds (Figure 3A). This finding
was consistent with other studies evalu-
ating the Catquest-9SF using Rasch analysis
in Europe and Australia.?** These results
confirm that the Catquest-9SF questionnaire
is valid tool for the assessment of VRQoL in a
New Zealand population and can accurately
rank patients based on VRQoL.

Questionnaire scores for the Catquest-9SF
and the IoL improved with the improvement
in visual acuity following surgery. Only
the Catquest-9SF questionnaire, however,
demonstrated significant correlation
between the change in visual acuity and
change in questionnaire F-scores following
surgery. The F-score is a single indicator
that summarises the variance (accuracy
and recall ratio) of data points around the
mean, which can be used to evaluate and
compare the fit of multiple linear models.?*
Based on these results, the IoL question-
naire responses appear to be independent
to VRQoL and poorly suited for predicting
which patients will experience quality of
life gains as a result of improved vision
following cataract surgery.

There are several limitations to this study.
Firstly, patient bias may influence ques-
tionnaire responses. Patients may suspect
that preoperative questionnaire responses
could affect their eligibility for surgery and
bias towards over-reporting poor quality of
life prior to surgery or after surgery where
second eye surgery is required. The lack of
significant difference in F-scores between
patients receiving first or second eye
cataract surgery, however, suggests similar
degrees of variance in responses indicating
no such bias exists in this data. Secondly, the
current study has a relatively small sample
size. Reports of Rasch analysis results are
considered to be robust to smaller sample
size.? In addition, despite the small sample
size, the current study was able to replicate
similar findings to previous, larger studies
evaluating the Catquest-9SF.2423
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The primary strength of this study is
analysis of the qualitative responses using
Rasch analysis. The importance of Rasch
analysis has been well-recognised for
the evaluation of questionnaire quality
and there have been numerous requests
for the development of Rasch-approved
questionnaires within ophthalmology.?6-2¢
The current study offers the first Rasch
assessment of the IoL questionnaire. This
questionnaire is currently in widespread
use to assess eligibility for all patients in
the New Zealand public health system that
require cataract surgery.

In summary, the current study compared
the ability of IoL and Catquest-9SF ques-
tionnaires to accurately measure VRQoL.
The results of this study demonstrate that
the IoL does not accurately assess VRQoL
for patients that require cataract surgery
in New Zealand. The Catquest-9SF is a
domain-specific assessment tool that can

accurately measure VRQoL in New Zealand.
The convenience of using a single tool, such
as the IoL, to allocate healthcare resources
across multiple specialities must be carefully
weighed against the risk of not allocating
resources where they are needed the most.

Despite its widespread use, the current
study highlights inadequacies of the IoL
questionnaire for the assessment of VRQoL
for cataract surgery in New Zealand. In
addition to any role in surgical prioritisation,
it is increasingly important for quality
improvements in healthcare delivery to use
standardised patient reported outcome tools,
such as the Catquest-9SF. These standardised
tools enable international benchmarking
and direct comparison with other studies. In
conclusion, the Catquest-9SF questionnaire
provides a more accurate assessment of
VRQoL than the currently used IoL question-
naire for New Zealand patients that require
cataract surgery.
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