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Purpose: This study aims to develop an item-bank to measure vision-related quality of
life (Vr-QoL) and subsequently calibrate this set of items.

Methods: Three Vr-QoL instrumentswere searched for suitable items to be added in the
EyeQ. Patientswho receivedantivascular endothelial growth factor treatment for various
retinal diseases involvingmacular edemawere included in the study and completed the
47-item EyeQ. Item response theory (IRT) was used to calibrate the EyeQ items, which
was performed multiple times in subsets as a novel approach, containing 80% of the
data. Differential item functioning (DIF) was evaluated for various variables.

Results: Responses of 704 patients were used in analysis. One item violated the local
independence IRT-assumption and showed a high percentage of missing values, after
which this item was deleted from the item-bank. The data of the five subsets fitted
the graded response model adequately, and no DIF was detected for items between
subsets, afterwhichmean itemparameterswere calculated. Itemfit statisticswere found
to be good. DIF was detected for gender, age, and administration mode by the patient
(independently vs. with help), this involved three items, which all showed negligible
impact on total scores.

Conclusions: Because of separate calibrations of the EyeQ in multiple subsets, a high
robustness of item parameters is expected.

Translational Relevance: The calibrated EyeQ can now be used for the assessment of
Vr-QoL in patients suffering from exudative retinal diseases and is promising for use as
a computer adaptive test.

Introduction

The prevalence of nonrefractive vision impair-
ment, according to the WHO‘s definition of having
a best corrected visual acuity < 20/60, in European
countries is approximately 1% to 2%.1 The major
causes of nonrefractive low vision worldwide are
cataract, age-related macular degeneration, glaucoma,
and diabetic retinopathy.2 because of the pathophys-
iology of these eye diseases, individuals over age

50 years are more frequently affected. For patients
suffering from macular edema caused by underly-
ing retinal diseases, such as neovascular age-related
macular degeneration (nAMD), retinal vein occlu-
sion, or diabetic retinopathy (DR), intraocular injec-
tions with anti-vascular endothelial growth factor
(anti-VEGF) are often beneficial: In most treatment-
naïve patients anti-VEGF leads to a stabilization
(about 50%) or improvement (≥10 letters gain (two
lines on EDTRS chart)) (>30%) of their vision after
three years’ follow-up. However, for about 15% of
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these patients anti-VEGF is less effective, resulting in
reduced vision (≥10-letter loss).3 Eventually, the loss
of vision will cause limitations in physical functioning,
daily activities and might have impact on the quality of
life.4–7

Evaluating patients’ disabilities in daily activities
and vision-related quality of life has become more
important in ophthalmology. These outcomes are from
the patient’s own perspective and therefore of direct
relevance to them. Furthermore, patient-reported
outcome measures (PROMs) might help clinicians in
their communication toward patients.8 Additionally,
the assessment of quality of life is increasingly intro-
duced because of the interest of the government and
health insurance companies to evaluate the quality of
care.9 Even though the added value and benefits of
measuring and evaluating PROMs are clearly seen by
patients, professionals and health care institutes, the
implementation of measuring and evaluating PROMs
in clinical practice and supporting the effort of the
patient to periodically fill out the questionnaires is still
a major challenge.

In the past, various PROMs were developed. To
solve measuring and scoring problems regarding first-
generation PROMs (in which equidistance between
response categories and equal value of items is
assumed) second-generation PROMs (in which Item
Response Theory [IRT] is used to calibrate items
and respondents on the same scale to provide a
better scoring mechanic that takes the psychomet-
ric properties of items into account) were developed
frequently.10 Recently, as a proposed solution for the
limitations of first- and second-generation PROMs in
clinical practice (e.g., logistical, technical) and to reduce
patient’s burden filling out a PROM to a minimum,
item-banks have been developed, which are collections
of items across a disability spectrum.11 These item-
banks can be used to apply computerized adaptive
testing (CAT) and is currently more frequently intro-
duced in health care.12–14 In contrast to long question-
naires including a broad range of items on the health
continuum that all must be answered by the patient
to accurately measure their ability, a CAT, or tailored
test, selects the next question from the item-bank using
an algorithm. The selection of the next item from the
item-bank is based on the response option that the
participant has chosen on the previous question: after
each response the patient’s summary score (“theta”)
is recalculated, and a next item is selected by the
algorithm. The CAT will continue selecting items
depending on which administration rules have been
determined. Stopping criteria that can be considered
are length, precision, classification, or information,
and combinations of these criteria are also a possible

solution to optimize the performance of the CAT.15
A significant advantage of a CAT is that the level of
the patient’s ability can be estimated very precisely,
requiring a considerably smaller number of items. This
will considerably reduce time and effort, as well as
frustration and careless responses16 caused by admin-
istration fatigue. Two recent examples in ophthalmol-
ogy are the Impact of Vision Impairment–Computer
Adaptive Test (IVI-CAT) and the Diabetic Retinopa-
thy and Macular Edema Quality-of-Life (DR/DME)
QoL item-banks.17–19 The first study focused on devel-
oping a CAT based on the 28-item Impact of Vision
Impairment Profile (IVI), whereas the other, the
DR/DMEQoL item-bank, contains 287 items, catego-
rized under 10 domains, each responsible for a separate
item-bank. Based on the outcome of interest, a choice
can be made regarding which domains are used. The
average amount of items thatwas required to estimate a
person level of disabilitywas approximately seven items
per item-bank.

In previous research we translated the IVI forward
from English into Dutch and backward twice and
evaluated its content validity by performing cognitive
debriefing interviews in Dutch patients (The Nether-
lands) who receive intraocular injections with anti-
VEGF for exudative retinal diseases.20 This led to some
adaptations and the necessity to expand the IVI with
other relevant items for the development of the Dutch
EyeQ item-bank. The purpose of the current study is
to calibrate the EyeQ item-bank for measuring vision-
related quality of life (Vr-QoL) as an important step in
the development of a CAT.

Methods

The EyeQ

The EyeQ is based on the 28-item Dutch version
IVI.20 As a broad range of items on the construct
continuum is preferred to develop a CAT that can
provide precise measurement for the wide range of
ability levels,15 we investigated the content of theDutch
versions of the low-vision quality-of-life question-
naire and the National Eye Institute Visual Function-
ing Questionnaire 25.21–23 Most items appeared to be
similar to the items of the IVI, but we found 19 items
that had relevant unique content, based on results
of our previous research.20 Before adding items, we
reformulated the specific items to fit into identical
response categories. In total we selected 47 items for the
EyeQ. The EyeQ items are scored using a four-point
Likert scale with the following response categories:
never (1), sometimes (2), often (3), and always (4)
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because in previous research no comprehensibility
problems or other issues arose regarding these response
categories.20 The response category “not applicable”
was supplemented with “I don’t do this for reasons
other than my eyesight” and was treated as a missing
value. The order of the 47 items was randomized using
a random number generator to avoid possible effects of
careless behavior or fatigue toward the end of the test,
to the detriment of the same items. This resulted in 10
different versions of the EyeQ.

Study Design and Participants

The study protocol was approved by the Medical
Ethics Committee of Amsterdam University Medical
Centers and conducted according to theDeclaration of
Helsinki. The Medical Ethics Committee declared that
the protocol did not fall under the scope of theMedical
Research Involving Human Subjects Act (Dutch law).

Adults aged over 18 years who are diagnosed with
macular edema caused by nAMD, DR, and retinal
vein occlusion and currently receiving anti-VEGF
injections in the Bergman Clinics eye hospitals were
invited by letter. We explained the aim, procedure,
and duration of the study, and we asked whether they
would agree to participate. To create a reliable repre-
sentation of the clinical variety of patients receiving
anti-VEGF treatment in ophthalmic clinical practice,
no restrictions for participation were made based on
visual acuity or the duration of treatment with intrav-
itreal anti-VEGF. Patients had to have adequate knowl-
edge and understanding of the Dutch language. All
patients signed written informed consent and subse-
quently were included in the study. Participants were
given the possibility to fill out the questionnaire via
an online form, by a printed copy, sent to their
address, or by telephone. In addition, participants
were asked to complete various socio-demographic
questions, questions regarding comorbidities and a
generic health QoL questionnaire; EuroQol 5 Dimen-
sions (EQ5D-3L). The EQ5D is a commonly used
generic health status measurement, and it evaluates
five dimensions of functional impairment including
mobility, self-care, usual activities, pain/discomfort,
and anxiety/depression with a three-level response
option.24,25 Clinical characteristics, regarding ocular
comorbidities, visual acuity, treated site anti-VEGF,
and diagnosis for which anti-VEGF treatment was
received were manually searched in digital patient
records.

Statistical Analysis

All statistical analyses were performed using SPSS
(version 26.0)26 and R using the ltm package.27 Patient

characteristics were analyzed using descriptive statis-
tics. Before the calibration of the EyeQ using IRT
(i.e. the graded response model [GRM]), we investi-
gated the response percentages on the items. Because
items with high missing rates are indicative for less
reliable measurement properties, we removed items
if the missing proportion was higher than 50%,
whereas percentages between 30% and 50% were
flagged for potential removal, these limits were arbitrar-
ily chosen. Additionally, participants with missing
responses above 25% were removed. After filtering
the high proportioned missing values in items and
participants, we checked the distribution of responses
over response categories for possible floor- and ceiling
effects and possible conjunction of categories in order
to create a more equal distribution. Item-pairs with
>0.75 inter-item collinearity were flagged, because this
could be a sign of similarity and therefore be consid-
ered redundant.

Important assumptions that are required for IRT
modeling were checked:

Unidimensionality of the Construct
Unidimensionality of the construct (i.e., all items

representing a single latent trait) was examined by
the output of a confirmatory bi-factor analysis and
an explanatory factor analysis (EFA), the principal
component analysis. A bi-factor analysis tests the item
loadings on other factors in addition to the general
factor. If omega hierarchical (ωH) is >0.80, it is
accepted to consider total scores as essentially unidi-
mensional. An explained common variance attributed
by the general factor >0.70 is indicative to assume that
the factor loadings obtained from a unidimensional
model might approximate well the factor loadings
obtained from a bi-factor model.28 An EFA tests
the amount of explained variance by the first factor.
EFA was performed for a one-factor and a two-factor
model. Thereafter the ratio of explained variance by
factor one and factor two was determined that should
have aminimumof four to assume unidimensionality.29
In a subjective approachwe examined the item loadings
on the first factor by evaluating the eigenvalues in a
scree plot. Additionally, we used the acceleration factor
as a nongraphical alternative, which determines the
coordinate where the slope of the curve changes most
abruptly.30,31

Local Independence
This states that every item on a measure, given

a particular latent trait value (theta), is statistically
independent of responses to all other items on that
measure.31–33 Values of item residuals above 0.25 are
considered as items violating local independence.
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Monotonicity
This assumption implies that as a respondent moves

to a higher level of the latent trait (i.e., increased
disability), the probability of endorsement of a succes-
sive threshold never decreases. We used Mokken scale
analysis for the assessment of manifest monotonicity
by examining graphs.34,35 Additionally, Loevinger H
coefficients of the itemswere calculated as a function of
the Guttman errors between pairs of items to examine
their scalability,36 where values below 0.30 were consid-
ered as unsatisfactory.35

As a novel approach in ophthalmology, we used
the full dataset and also created five random subsets,
each consisting of 80% of the data. This way, we
assessed to what extent the estimates varied across
subsets due to a possible selection bias (e.g., for age
or gender) and subsequently calculate mean estimates.
A random number generator was used to create five
reproducible datasets. The GRM estimates a discrim-
ination (α) parameter and location (i.e. thresholds) (β)
parameters for each response-category of the item. The
discrimination parameter reflects how well the item
can distinguish differences in patient‘s level of ability,
where a higher discrimination parameter refers to a
higher separative power. The item thresholds param-
eters locate the item response categories on the disabil-
ity continuum. Item parameters were estimated using
a marginal maximum likelihood approach as it easily
handles perfect response patterns and is applicable in
polytomous IRTmodels.37 The assessment whether the
data fits the GRM was performed by comparing the
full GRM model fit to a constrained GRM model
using the marginal maximum likelihood estimates with
a Likelihood-Ratio test. The constrained model, which
is similar to the Rasch model, does not allow the
discrimination parameter to vary between items. This
procedure was repeated for all five subsets and full
data. Differential item functioning (DIF) was inspected
using an iterative hybrid ordinal logistic regression
analyses to assess differences in probabilities of select-
ing a certain item response between subsets and full
data. The Likelihood-Ratio χ2 test at a level of 0.01
was used as detection criterion for both uniform DIF
(DIF that is proportional across levels of the under-
lying latent trait) and nonuniform DIF (DIF that is
nonproportional across levels of the underlying latent
trait).33,38 In case of significant DIF, McFadden’s
pseudo R2 was used to measure change in DIF magni-
tude, where a 2% change was considered as critical
value.39 Finally, mean GRM estimates were calculated
out of five subsets to create the pooled dataset.

Subsequently, item goodness-of-fit was evaluated
using the generalized S-X2 index, which is used for
polytomous items to compare observed and predicted

response proportions,40–42 and item and test informa-
tion were assessed. Item information refers to the infor-
mation content of an item in relation to the total
test information and therefore, item information is a
representative for measurement precision or reliabil-
ity.31 Items contributing <3/4 of ideal item informa-
tion across the disability continuum (based on total test
information) were (arbitrarily) considered for elimina-
tion. However, we acted reservedly in actual deletion of
items that contributed little to the test information, as a
balanced item-bank should contain items that cover the
whole range of ability levels.15 Little informative items
were identified by evaluating item information curves
and category response curves. The range of theta over
which the item is most informative is visible in an item
information curve.

DIF was inspected to assess whether participants
with different characteristics, having the same level
of disability, have equal probabilities of selecting a
specific response category.33,38 Again, the Likelihood-
Ratio χ2 test and McFadden’s pseudo R2 were used to
detect DIF and to measure the change in DIF magni-
tude, respectively, using the same detection criteria as
mentioned above. In addition, the impact of DIF on
test scores was inspected by plotting test characteristic
curves, which represent the relation between expected
test scores on the y-axis and the thetas on the x-axis.
Detection criteria for DIF were kept equal to DIF
detection in subsets. DIF was evaluated for gender,
nationality, visual acuity, age, diagnosis, civil status,
EQ5D score, the number of nonocular comorbidities,
administrationmode (independently vs. with help), and
completion method (paper vs. digital).

Results

Patient Characteristics

Patients (N = 3783) were invited, and 746 were
willing to participate (response rate 19.7%), met the
inclusion criteria, and gave their written informed
consent. Seven hundred thirteen participants filled out
the EyeQ. Nine patients with an excessive number
of missing responses (>25%) were excluded from the
analyses. Sociodemographic and clinical characteris-
tics of the remaining 704 participants are summarized
in Table 1.

Calibration of the EyeQ and Item Analyses

The confirmatory bi-factor analysis showed a ωH
and explained common variance of 0.85 and 0.78,
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Table 1. Sociodemographic and Clinical Character-
istics of Participants (n = 704)

Age in years, mean ± SD 76.2 ± 9.2
Sex, n (%)
Male 342 (48.6)
Female 362 (51.4)

Nationality, n (%)
Dutch 663 (94.2)
Other 41 (5.8)

Educational background in years, median (IQR) 11.0 (9.0–15.0)
Civil status, n (%)
Single 235 (33.4)
Not single 469 (66.6)

EQ5D-3L scores, mean ± SD 0.86 ± 0.18
Administration mode questionnaires, n (%)
Digital (online form) 454 (64.5)
Printed copy 231 (32.8)
Telephone 19 (2.7)

Nonocular comorbidity,a n (%)
Lung diseaseb 64 (9.1)
Cardiovascular diseasec 222 (31.5)
Diabetes Mellitus 138 (19.6)
Rheumatoid arthritis 37 (5.3)
Cancer 70 (9.9)
Psychiatric disorder 34 (4.8)
Other nonocular comorbidities 170 (24.1)

Number of nonocular comorbidities within person, n (%)
Zero 254 (36.1)
One 261 (37.1)
Two or more 189 (26.8)

Ocular comorbidity,d n (%)
Front segmente 198 (23.9)
Back segmentf 266 (37.8)
Glaucoma 80 (11.4)
Amblyopia 10 (1.4)
Other 18 (2.6)

Number of ocular comorbidities within person,d n (%)
Zero 262 (37.2)
One 339 (48.2)
Two 93 (13.2)
Three 10 (1.4)

Treated site anti-VEGF, n (%)
Monocular 574 (81.5)
Binocular 128 (18.2)
Unknown 2 (0.3)
LogMAR visual acuity better eye, median (IQR) 0.10 (0.01 – 0.22)

Degree Vision Impairment,g n (%)
No vision impairment: LogMAR ≤0.50 (≥20/60) 652 (92.6)
Low vision: LogMAR 0.51 – 1.29 (<20/60–>20/400) 45 (6.4)
Blind: ≥1.30 (≤20/400) 6 (0.8)

Diagnosis for which anti-VEGF treatment, n (%)
nAMD 446 (63.4)
Diabetic macular edema 56 (8.0)
Cystoid macular edema secondary to retinal vein occlusion 175 (24.9)
Unknown 27 (3.8)

SD, standard deviation; IQR, interquartile range.
aOnly if currently under treatment or monitored by a physician.
bLung disease response categories were asthma, COPD, chronic bronchitis.
cCardiovascular disease response categories were myocardial infarction or heart

disease, stroke, vascular disease in vessels of the abdomen or lower extremity.
dApart from eye diseases for which participant was included in study, present within

one or both eyes.
eFront segment includes cornea and lens disorders.
fback segment includes retina and corpus vitreous disorders.
gIn accordance with the ICD-11, where no tomild vision impairment (normal vision) is

defined as visual acuity of the better eye equal to or better than 0.50 LogMAR (Snellen 6/18
or 20/60), moderate to severe vision impairment (low vision) is defined as visual acuity of
the better eye worse than 0.50 LogMAR and equal to or better than 1.30 LogMAR (20/60 -
20/400), andblindness is defined as visual acuity of the better eyeworse than 1.30 LogMAR
(≤20/400).

respectively. Both values are supportive to assume
unidimensionality.28 The principal component analysis
showed a variance of 49% that could be explained by
the first factor, whereas the second factor contributed
4% of variance; thus the ratio explained by the first
and second factor is 12.25, which is well above the
required minimum of 4.29 The scree plot and acceler-
ation factor were also supportive for unidimensional-
ity (Supplement 1). One item pair, CAT33 “Driving
a car during the night” and CAT34 “Driving a car
under difficult circumstances (bad weather, rush hour,
etc.),”violated the local independence assumption with
residuals above 0.25 and showed inter-item correlation
>0.75.Mokken analysis showed that all items complied
with monotonicity, and all Loevinger H coefficients
were above the required 0.3, which indicated sufficient
scalability. The internal consistency reliability coeffi-
cient (Cronbach‘s alpha) of the one-factor scale was
0.98. All response categories in all items were endorsed
(Table 2); however, response categories “often” and
“always” were chosen infrequently by the participants.
To create a more equal distribution of the responses,
these categories were collapsed. Finally, the already
flagged CAT33 item was removed because of the high
percentage of missing data (31.0%).

Calibration of the EyeQ Item-Bank

A Likelihood-Ratio test showed that the uncon-
strained GRM was preferred above the constrained
model for the 46 items, which was tested for all five
subsets (1 to 5) and the full dataset (1: LRT = 258.9,
P < 0.001; 2: LRT = 263.2, P < 0.001; 3: LRT = 286.1,
P < 0.001; 4: LRT = 253.0, P < 0.001; 5: 272.2, P <

0.001; Full data: LRT = 327.8, P < 0.001). The overall
fit of the 46 items to the GRMmodel was adequate for
all subsets (Table 3).

Differential Item Functioning Between
Subsets With Full Data

No item was flagged for DIF in the subsets
compared to the full dataset using the Likelihood-
Ratio χ2 test at a level of 0.01 (Table 4). Subse-
quently, item parameter means were calculated out of
five subsets to get robust estimates. Item discrimina-
tion coefficients ranged from 1.17 to 2.86, with CAT3
“Going out, such as seeing cinema films, theater plays
or sports events” showing highest item discrimination
and CAT29 “Suffering from glare” the lowest. Item
thresholds parameters ranged from −1.45 to 4.11. The
total test information was 156.55 of which 97.45% fell
within the range −4 to 4. The S-X2 goodness-of-fit
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Table 2. Distribution of Responses Over the Response Categories of the EyeQ Item-Bank

Distribution of Responses (%) Over the Response Categories

Item

Description of Item Contenta

The Items Were Formulated To Measure to What Extent
the Eyesight Interfered With an Activity or Task, or to
What Degree of Impact the Eyesight Had on Their
Emotional Well-Being Never (1) Sometimes (2) Often (3) Always (4) Missing or N/A

CAT1 Ability to see and enjoy TV-programs 51.7 33.6 8.7 6.0 1.5
CAT2 Recreational activities, such as biking, walking or other

activities
70.5 18.9 5.5 5.1 8.7

CAT3 Going out, such as seeing cinema films, theater plays, or
sports events

66.7 21.0 6.4 5.9 21.2

CAT4 Shopping 64.3 23.4 7.3 5.0 4.2
CAT5 Visiting friends and family 83.2 11.5 2.8 2.5 3.8
CAT6 Meeting people 78.5 16.1 3.7 1.7 1.7
CAT7 Recognizing people at the opposite side of the street 50.2 28.1 10.6 11.1 1.7
CAT8 Recognizing people at the opposite side of the room 78.3 12.8 4.1 4.8 1.3
CAT9 Looking after appearance 71.0 20.7 5.3 3,0 2,0
CAT10 Activities or hobbies that require good near vision 39.5 38.3 14.7 7.5 2.9
CAT11 Operating household appliances 72.1 21.8 4.2 2.0 2.0
CAT12 Needing (more) help from others because of eyesight 63.7 27.9 6.3 2.1 1.4
CAT13 Mobility outdoors 59.9 27.2 9.3 3.6 2.4
CAT14 Going carefully to avoid falling or tripping 53.3 29.7 9.6 7.5 3.1
CAT15 Travelling or using transport (bus and train) 75.4 13.6 4.5 6.5 16.1
CAT16 Going down steps, stairs or pavements in good lighting

conditions
58.7 27.8 8.0 5.5 3.6

CAT17 Going down steps, stairs, or pavements in poor lighting
conditions or at night

38.5 36.4 14.5 10.6 6.3

CAT18 Reading ordinary size print 46.3 30.7 12.6 10.3 2.2
CAT19 Reading large text 80.0 12.5 4.2 3.3 2.7
CAT20 Reading labels or instructions 30.1 37.5 17.9 14.5 2.2
CAT21 Reading colored text or text on a colored background 40.1 34.7 14.0 11.2 2.7
CAT22 Writing 63.1 21.1 8.5 7.3 3.8
CAT23 Mobility indoors under poor lighting conditions 59.1 30.3 5.7 4.9 1.8
CAT24 Mobility indoors under normal lighting conditions 76.2 19.1 3.3 1.4 1.5
CAT25 Depth perception and estimating the distance of objects 55.3 31.7 10.5 2.4 0.1
CAT26 Seeing street signs or other signs from a distance 3.0 40.7 16.4 10.8 0.1
CAT27 Seeing moving objects 63.0 27.9 7.3 1.8 0.3
CAT28 Suffering from tiredness of the eyes 42.9 42.1 12.3 2.7 0.0
CAT29 Suffering from glare 20.1 46.2 23.7 10.0 0.1
CAT30 Getting the right amount of light to see properly 29.4 44.0 20.1 6.6 0.1
CAT31 Seeing how people react to what you say 78.1 14.9 4.5 2.5 0.3
CAT32 Driving a car during the day in a well-known environment 78.2 11.3 2.3 8.3 25.2
CAT33 Driving a car during the night 34.4 32.7 11.8 21.1 31.0
CAT34 Driving a car under difficult circumstances (bad weather,

rush hour, etc.)
37.9 39.0 8.9 14.2 27.8

CAT35 Feeling worried or concerned about your safety at home 85.6 12.8 1.0 0.7 0.0
CAT36 Feeling worried or concerned about spilling food/drinks,

dropping/breaking things
81.0 13.8 3.9 1.3 0.4

CAT37 Feeling worried or concerned about safety outdoors 75.5 18.9 3.7 2.0 0.0
CAT38 Feeling worried about coping with everyday life 67.7 24.1 6.3 1.8 0.0
CAT39 Feeling worried about eyesight 25.8 54.1 15.7 4.4 0.1
CAT40 Caused eyesight stop doing the things you wanted to do 62.8 28.9 7.2 1.1 0.1
CAT41 Interfered eyesight life in general 53.9 33.6 8.7 3.8 0.3
CAT42 Feeling embarrassed 91.0 7.4 1.3 0.3 0.1
CAT43 Feeling frustrated or annoyed 56.7 29.7 10.4 3.2 0.3
CAT44 Feeling lonely or isolated 84.0 12.6 2.8 0.6 0.0
CAT45 Feeling sad 62.3 30.2 6.8 0.7 0.3
CAT46 Feeling like a burden 79.5 16.7 3.0 0.8 0.3
CAT47 Using a mobile phone or smartphone 64.2 23.7 8.2 3.9 5.5

aItem content description in this table is not representing a formal translation of the Dutch EyeQ item-bank (Dutch EyeQ item-bank is available upon request).

index of the items ranged from 14.25 to 60.1. No
items showed a significant S-X2 value. Item informa-
tion ranged from 2.11 to 5.05. Four items (CAT19
“Reading large text,”CAT28 “Suffering from tiredness

of the eyes,”CAT29 “Suffering from glare”andCAT45
“Feeling sad”) contributed less than 2.55 (75% of the
ideal item information [3.40] based on the total test
information (156.55)). Nevertheless, we decided not to
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Table 3. Overall Fit Indices of 46 Items to the GRM
Model of Five Subsets

Dataset RMSEAa SRMRb CFIc TLId

Subset 1 0.031 0.064 0.995 0.995
Subset 2 0.037 0.078 0.994 0.994
Subset 3 0.031 0.079 0.996 0.996
Subset 4 0.026 0.063 0.997 0.997
Subset 5 0.029 0.081 0.997 0.996
Full data 0.035 0.071 0.995 0.995

aRoot mean square error of approximation (values ≤0.06
represent good fit) (unscaled).

bStandardized rootmean square of residuals (values≤0.08
represent good fit).

cComparative fit index (values ≥0.95 represent good fit)
(unscaled).

dTucker-Lewis index (values ≥0.95 represent good fit)
(unscaled).43

remove these items from the scale, given their locations
of item difficulty on the disability continuum and their
content. The person-item map shows that the items are
distributed over almost the entire disability continuum.
The scores of the respondents matched the difficulty of
the items reasonably well, however, there are relatively
few items at the ends of the continuum (Fig. 1).

Differential Item Functioning

The following variables were dichotomized: nation-
ality (Dutch vs. non-Dutch), visual acuity (<0.30
LogMAR versus ≥0.30 LogMAR), age (<75 years
versus ≥75 years), diagnosis (nRMD versus other),
civil status (living single versus not single), EQ5D
score (perfect score versus other scores). A three-
factor variable was created for number of nonocu-
lar comorbidities (no comorbidities vs. one comorbid-
ity vs. two or more comorbidities) to obtain enough
cases in response categories. DIF analysis for nation-
ality was performed for only 27 items as after response
category conjunction and dichotomizing this variable
the minimum of five cases in each category could not
be reached.

Table 5 and Figures 2 and 3 show the results of
the DIF analyses. The items CAT9 “Looking after
appearance” showed uniform DIF for gender, and
CAT42 “Feeling embarrassed” showed uniform DIF
for age. CAT35 “Feeling worried or concerned about
your safety at home” showed nonuniform DIF for
independently versus with help (proxy). For the item
“Looking after appearance,” the threshold parame-
ters for females were lower than the thresholds for
males, indicating that females endorse higher response

categories at the same level of Vr-QoL score. For the
item “Feeling embarrassed” the threshold parameter
was lower for ≤75 years of age than >75 years of
age, indicating that younger patients endorse higher
response categories at the same level of Vr-QoL score.
Furthermore, item “Feeling worried or concerned
about your safety at home” showed a lower threshold
for independently completed questionnaires, indicating
patients filling out the Vr-QoL questionnaire indepen-
dently, endorse higher response categories at the same
level of Vr-QoL score. This effect was nonproportional
across the levels of the trait: the difference between
independent versus with help (proxy) widened with
higher levels of theta.

Discussion

This study describes the development of the EyeQ
item-bank and its calibration. In addition DIF was
investigated for several subgroups. The EyeQ is a
PROM which aims to measure Vr-QoL in patients
having exudative retinal diseases. The content of the
EyeQ is based on three instruments measuring Vr-
QoL to provide an extensive range of items cover-
ing the whole disability trait, which is preferable for
a CAT. This new EyeQ item-bank now also covers
domains that were reported as under-represented in
previous qualitative research on the content validity
of the Dutch-IVI.20 Despite the fact that the EyeQ
was developed mainly based on items originating from
other instruments, we consider the content of this
instrument to be new, as various questions have been
rewritten to be applicable to the response categories.

A slightly high inter-item correlation was found
between CAT33 “driving a car during the night” and
CAT34 “driving a car under difficult circumstances”
(0.77), with residuals of 0.33. Although this is not a
severe threat this could influence the IRT parameter
estimates and could pose a problem in the construc-
tion of the scale.29 Even when the instrument is imple-
mented as a CAT, the estimation of the level of disabil-
ity will be inaccurate. In addition, the high percentage
of missing values of CAT33 warranted removal of this
item.

The final EyeQ contains 46 items with difficulties
across the disability trait, however there are more items
that are targeted for patients with a higher level of
disability. In our study we included patients with a
relatively low level of disability; however, the instru-
ment is also likely to be suitable for patients with
a higher level of disability as at the higher levels
of theta, the EyeQ contains several items applicable
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Table 4. Mean GRM Item Parameters of the EyeQWith Standard Deviation, Item Information, and Fit Statistics of
the Full Dataset

Results of Pooled Subsets Results of Full Dataset

Item

Description of Item Content the Items Were Formulated
To Measure to What Extent the Eyesight Interfered With
an Activity, or Task, or to What Degree of Impact the
Eyesight Had on Their Emotional Well-Being Threshold β1a Threshold β2a Discrimination αb Item Informationc S-X2 d P value S-X2 e

CAT1 Ability to see and enjoy TV programs 0.12 (0.06) 1.72 (0.06) 1.82 (0.06) 3.20 33.35 0.46
CAT2 Recreational activities, such as biking, walking, or other

activities
0.77 (0.04) 1.89 (0.06) 2.42 (0.10) 4.18 32.72 0.21

CAT3 Going out, such as seeing cinema films, theater plays, or
sports events

0.49 (0.03) 1.57 (0.05) 2.86 (0.10) 5.05 14.86 0.96

CAT4 Shopping 0.52 (0.03) 1.69 (0.05) 2.76 (0.08) 4.82 28.67 0.33
CAT5 Visiting friends and family 1.44 (0.03) 2.49 (0.06) 2.18 (0.08) 3.59 17.94 0.27
CAT6 Meeting people 1.23 (0.04) 2.48 (0.06) 2.30 (0.11) 4.11 19.06 0.39
CAT7 Recognizing people at the opposite side of the street 0.09 (0.03) 1.30 (0.06) 1.82 (0.06) 3.00 35.80 0.30
CAT8 Recognizing people at the opposite side of the room 1.27 (0.04) 2.21 (0.06) 1.83 (0.06) 2.78 22.47 0.38
CAT9 Looking after appearance 0.93 (0.02) 2.29 (0.08) 1.77 (0.05) 2.89 31.34 0.40
CAT10 Activities or hobbies that require good near vision −0.32 (0.01) 1.15 (0.04) 2.20 (0.06) 3.93 42.77 0.07
CAT11 Operating household appliances 0.86 (0.03) 2.31 (0.07) 2.25 (0.10) 4.08 24.83 0.48
CAT12 Needing (more) help from others because of eyesight 0.55 (0.03) 2.12 (0.05) 2.39 (0.04) 4.50 32.22 0.23
CAT13 Mobility outdoors 0.37 (0.02) 1.68 (0.04) 2.59 (0.13) 4.78 37.22 0.15
CAT14 Going carefully to avoid falling or tripping 0.16 (0.05) 1.46 (0.04) 2.41 (0.05) 4.31 49.79 0.02
CAT15 Travelling or using transport (bus and train) 0.97 (0.03) 1.83 (0.05) 2.59 (0.06) 4.21 21.75 0.36
CAT16 Going down steps, stairs or pavements in good lighting

conditions
0.36 (0.03) 1.73 (0.05) 2.02 (0.07) 3.62 26.29 0.76

CAT17 Going down steps, stairs or pavements in poor lighting
conditions or at night

−0.37 (0.02) 1.00 (0.04) 2.25 (0.08) 4.01 33.94 0.38

CAT18 Reading ordinary size print −0.1 (0.04) 1.2 (0.07) 1.88 (0.09) 3.05 55.52 0.06
CAT19 Reading large text 1.47 (0.07) 2.5 (0.07) 1.55 (0.06) 2.35 15.87 0.87
CAT20 Reading labels or instructions −0.7 (0.03) 0.74 (0.04) 1.88 (0.08) 3.22 34.39 0.80
CAT21 Reading colored text or text on a colored background −0.32 (0.02) 1.08 (0.07) 1.71 (0.08) 2.91 48.14 0.24
CAT22 Writing 0.53 (0.04) 1.57 (0.07) 2.07 (0.12) 3.31 25.49 0.75
CAT23 Mobility indoors under poor lighting conditions 0.42 (0.04) 2.08 (0.06) 1.7 (0.05) 2.96 31.00 0.67
CAT24 Mobility indoors under normal lighting conditions 1.26 (0.05) 2.89 (0.15) 1.62 (0.09) 2.79 24.46 0.55
CAT25 Depth perception and estimating the distance of objects 0.28 (0.03) 1.9 (0.07) 1.67 (0.07) 2.86 49.01 0.05
CAT26 Seeing street signs or other signs from a distance −0.62 (0.04) 0.99 (0.07) 1.8 (0.06) 3.22 52.87 0.09
CAT27 Seeing moving objects 0.54 (0.01) 2.15 (0.06) 2.03 (0.08) 3.62 40.10 0.13
CAT28 Suffering from tiredness of the eyes −0.21 (0.03) 1.89 (0.05) 1.44 (0.07) 2.43 32.10 0.66
CAT29 Suffering from glare −1.45 (0.05) 0.9 (0.06) 1.17 (0.02) 2.11 53.58 0.31
CAT30 Getting the right amount of light to see properly −0.78 (0.03) 1.1 (0.05) 1.63 (0.03) 2.82 41.65 0.45
CAT31 Seeing how people react to what you say 1.25 (0.04) 2.42 (0.03) 1.98 (0.04) 3.42 23.08 0.24
CAT32 Driving a car during the day in a well-known environment 0.89 (0.03) 1.61 (0.03) 2.47 (0.06) 3.91 27.30 0.21
CAT34 Driving a car under difficult circumstances (bad weather,

rush hour, etc.)
−0.54 (0.04) 0.9 (0.05) 1.94 (0.07) 3.38 36.37 0.64

CAT35 Feeling worried or concerned about your safety at home 1.92 (0.05) 3.92 (0.14) 1.49 (0.03) 2.66 15.53 0.56
CAT36 Feeling worried or concerned about spilling food/drinks,

dropping/breaking things
1.41 (0.02) 2.61 (0.06) 2.00 (0.09) 3.30 16.61 0.56

CAT37 Feeling worried or concerned about safety outdoors 1.21 (0.04) 2.79 (0.08) 1.58 (0.07) 2.62 37.11 0.12
CAT38 Feeling worried about coping with everyday life 0.76 (0.02) 2.29 (0.05) 1.85 (0.06) 3.33 33.16 0.32
CAT39 Feeling worried about eyesight −0.95 (0.04) 1.46 (0.08) 1.58 (0.07) 2.95 35.10 0.29
CAT40 Caused eyesight stop doing the things you wanted to do 0.56 (0.03) 2.18 (0.06) 2.08 (0.09) 3.70 34.68 0.30
CAT41 Interfered eyesight life in general 0.2 (0.03) 1.82 (0.06) 2.15 (0.07) 4.06 31.99 0.47
CAT42 Feeling embarrassed 2.42 (0.1) 4.11 (0.29) 1.5 (0.09) 2.59 12.64 0.32
CAT43 Feeling frustrated or annoyed 0.31 (0.02) 1.79 (0.08) 2.02 (0.13) 3.56 32.39 0.45
CAT44 Feeling lonely or isolated 1.67 (0.06) 3.01 (0.14) 1.92 (0.13) 3.28 15.02 0.46
CAT45 Feeling sad 0.62 (0.05) 2.7 (0.13) 1.33 (0.08) 2.32 42.28 0.26
CAT46 Feeling like a burden 1.41 (0.07) 2.99 (0.12) 1.75 (0.06) 3.08 23.04 0.29
CAT47 Using a mobile phone or smartphone 0.55 (0.03) 1.8 (0.03) 2.19 (0.05) 3.69 24.53 0.75

aLocation parameters of item response categories.
bDiscrimination parameter (i.e. indicates the relationship of the item with the underlying construct of interest).
cItem information (i.e. refers to the information content of an item in relation to the total test information).
dS-X2 index (which is used for polytomous items to compare observed and predicted response proportions).
eS-X2 P values < 0.01 considered significant.
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Figure 1. Person–itemmap of the EyeQ item-bank. Respondents and items are calibrated along the same scale (latent trait). The histogram
on the left represents the respondents. The histogram on the right represents the item location on the latent trait continuum. The Y-axis
represents the theta range of the latent trait continuumwhere a higher theta represents a higher level of disability.

without DIF for visual acuity. On the other hand,
possibly because of the relatively low level of disabil-
ity of participants, it was decided to collapse response
categories “often” and “always,” which could lead to
a decrease of sensitivity to detect changes in Vr-QoL
scores of patients having high levels of disability.

A strength of this research is the relatively large
study sample that made it possible to divide the data
in subsets and perform separate calibrations, a novel
approach in ophthalmology leading to robust item
estimates. After DIF analyses between these subsets
and the full data showed no significant differences in
item performance because of a possible selection bias,
it was possible to calculate mean item estimates. This
supports our expectation that the items included in the
final EyeQ are robust and stable and therefore suitable
formeasuringVr-QoL in patients with exudative retinal
diseases.

A limitation of this study is the relatively small
group of patients with diabetic macular edema (8%),

which may limit the generalizability of the results for
this particular group. Response rates of patients with
diabetic macular edema, cystoid macular edema, and
age-related macular edema were, respectively, 13%,
24%, and 22%. A possible explanation is the presence
of other diabetes-related health concerns, which may
carry a heavier burden than the visual impair-
ment and may have discouraged participation in this
study.

We performedDIF analyses for a series of variables;
however, we only found three items that showed DIF,
which all had a negligible impact on the total score.
The impact of DIF when administering the EyeQ as
a CAT could be higher, because the algorithm selects
items from the item-bank until a specified level of preci-
sion is reached or a predetermined number of items is
answered, which could possibly be the items displaying
DIF. Future CAT simulations will show to what extent
the items displaying DIF are actually administered in
a CAT, in order to better estimate the impact of DIF
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Table 5. McFadden’s Pseudo R2 and IRT Parameters for Items Displaying DIF (Likelihood-Ratio χ2 Test Criterion
of 0.01)

ItemWith DIF Number and
Content DIF Type McFadden’s Pseudo R2 Slope; and Threshold Parameters

Items with DIF for gender:
CAT9: Looking after
appearance

Uniforma R212b = 0.031
R223c = 0.002*

Male
Female

2.39; 1.03, 2.04
1.98; 0.47, 1.77

Items with DIF for age: CAT42:
Feeling embarrassed

Uniform R212 = 0.025
R223 = 0.002*

<=75
>75

2.33; 1.43d

1.88; 2.11

Items with DIF for
independently completed vs.
with help: CAT 35: Feeling
worried or concerned about
your safety at home

Nonuniforme R212 = 0.011*

R223 = 0.023
Independent
With help

2.37; 1.27d

0.99; 2.23

aDIF that is proportional across levels of the underlying latent trait.
bR212 represents nonuniform DIF.
cR223 represents uniform DIF.
dCAT42 and CAT35, both located at one end (high disability) of the disability continuum, and response category

‘often/always’ (collapsed) was hardly chosen, therefore one threshold parameter was calculated, representing threshold
between categories ‘never’ and ‘sometimes’.

eDIF that is nonproportional across levels of the underlying latent trait.
*DIF type that exceeds the test criterion of 0.01.

on the total scores. Until then, we recommend using
the group-specific item parameter estimates for these
items in the algorithm. In addition, our future research
will involve post hoc CAT simulations to assess how
well the EyeQ item-bank performs as a CAT under
different administration conditions. In this step, the
theta estimated byCAT is comparedwith the true theta
estimated by the full set of items.

This calibration and assessment of DIF of the EyeQ
is a step forward in the development of a new item-
bank. However, in future research several psychome-
tric properties need to be investigated (e.g., concur-
rent and discriminant validity, and test-retest reliabil-
ity, as well as the responsiveness to detect changes over
time).44,45

Even though the IVI-CAT and the DR/DME QoL
item-banks have been developed recently as well,17,18
we assume that the EyeQ is a valuable addition.
First, because the IVI-CAT is based on the 28-item
IVI, the EyeQ potentially is more comprehensive as
we added items after searching other Vr-QoL instru-
ments; in addition, we evaluated the relevance and
comprehensibility of the IVI using three-step test-
interviewing.20 Second, the DR/DME QoL item-bank
requires still items to fill in case all 10 item-banks (for
several domains) are administered as CAT; however,
the possibility exists not to evaluate all domains. The

EyeQ could provide us the best of both worlds: an
in-between version with an all-around performance;
a large distribution of items across the disability
spectrum, while still measuring an unidimensional
construct. The results from this study are promising for
the use of the EyeQ as a generic instrument of Vr-QoL
in patients with several retinal diseases. However, future
research will involve longitudinal measurement invari-
ance of the EyeQ and post hoc CAT simulations. The
results of these analyses are important for use of the
EyeQ in clinical practice.

Conclusion

In conclusion, this study described the development
and calibration of the EyeQ item-bank, which is a
new instrument that can be used for the periodical and
systematic assessment of Vr-QoL in patients suffering
from exudative retinal diseases and receiving treatment
in ophthalmic clinical practice. The model and item fit
statistics of the EyeQ were found to be satisfactory,
and robust item estimates could be estimated for 46
items because of separate calibrations. The calibration
of the EyeQ allows use of this instrument in clinical
practice. Future research should focus on the impact of
DIF items on test scores while administered as a CAT
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Figure2. Impact ofDIFon the test characteristic curve (TCC) for the EyeQ. Theplots on the left show the impact of differential time function-
ing (DIF) considering all items, the plots on the right show the DIF impact considering only items displaying DIF.
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Figure 3. Category response curves for items displaying DIF.

and evaluate the longitudinal measurement invariance
of the instrument.
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