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Background: Pediatric uveitis often results in severe visual impairment, significantly impairing the quality of life for affected
children and their families. The Pediatric Eye Questionnaire (PedEyeQ) was originally developed and validated in English to assess
vision-related quality of life (VR-QOL) in children. However, the psychometric properties of its Chinese adaptation (PedEyeQ-CN)
remain unexplored in pediatric uveitis patients. To fill this gap, we conducted the first study to translate the PedEyeQ into Chinese and
evaluate its psychometric properties using Rasch analysis in children with uveitis.

Methods: The PedEyeQ (12—17 years) was translated from English into Chinese, building upon the previously adapted PedEyeQ-CN
(5-11 years). Patients with pediatric uveitis were recruited to complete the Child section, while their parents completed the Proxy and
Parent sections. Rasch analysis was conducted to assess the psychometric properties of both age-specific versions (5—11 and 12—17
years), including unidimensionality, measurement precision, fit statistics, differential item functioning (DIF), category threshold
ordering, and targeting.

Results: The study included 154 children aged 5-11 years and 193 children aged 12-17 years, each accompanied by a parent.
Unidimensionality was confirmed for every domain in both age-specific versions of the PedEyeQ-CN. Additionally, Rasch analysis
showed evidence of ordered category thresholds, adequate measurement precision, and satisfactory person-item targeting for all
questionnaires. Both the Child and Proxy PedEyeQ-CN (12—17 years) each had one item with an outfit value greater than 1.5. A few
items displayed minimal differential item functioning (DIF) by gender in each section of the PedEyeQ-CN.

Conclusion: The PedEyeQ-CN demonstrates acceptable psychometric properties and is a valid tool for assessing VR-QOL in Chinese
pediatric patients with uveitis and their families. This instrument is available for use in clinical and research settings, providing
a standardized method to quantify the impact of uveitis and its treatments on daily life, and facilitating patient-centered care and
outcome evaluation.
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Introduction

Pediatric uveitis is a vision-threatening ocular disease that can lead to various complications, including band keratopathy,
synechiae, cataracts, secondary glaucoma, and macular edema.'? Long-term treatment for uveitis in children could lead
to side effects such as growth retardation, hepatic and renal damage, and an increased infection risk induced by systemic
corticosteroids, immunosuppressants, and biologics. Disease management often has a substantial impact on the quality of
life of patients and their families, who must face the emotional sequelae of living with a burdensome disease.
Ophthalmologists should focus not only on treating disease but also on the quality of life. Thus, a child- and parent-
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reported questionnaire is needed to understand how pediatric uveitis affects the vision-related quality of life (VR-QOL)
of children and their parents.

At present, while several studies have investigated quality of life in pediatric uveitis patients, most used generic or
limited vision-specific instruments.>® For instance, generic tools such as the Pediatric Quality of Life Inventory
(PedsQL) assess overall health-related quality of life but lack vision-specific domains. Meanwhile, vision-specific
questionnaires also exhibit limitations: the Cardiff Visual Ability Questionnaire for Children (CVAQC) focuses exclu-
sively on visual ability and functional vision, and the Effects of Youngsters’ Eyesight on Quality of Life (EYE-Q)
questionnaire is designed only for adolescents aged 8—18 years. Moreover, none of these instruments provide differ-
entiated question sets tailored to distinct developmental stages, potentially limiting their sensitivity in capturing the
evolving challenges faced by children as they grow.

The Pediatric Eye Questionnaire (PedEyeQ) was developed to assess the impact of children’s eye conditions on
functional vision and VR-QOL from both child and parent perspectives across different age groups (0—4, 5-11, and
12-17 years).’ This makes it particularly suitable for capturing the comprehensive impact of uveitis and its treatment on
daily life. The PedEyeQ questionnaire was originally developed and validated in English. At present, a single study has
translated and validated the Chinese version (PedEyeQ-CN) for children aged 5-11 years with refractive errors or
strabismus/amblyopia.'® Notably, the psychometric properties of PedEyeQ-CN have not yet been examined in Chinese
pediatric uveitis populations. Therefore, in the current study, we translated the PedEyeQ for children aged 12—17 years
and used Rasch analysis to evaluate whether the PedEyeQ-CN for both age groups (5-11 and 12—17 years) demonstrates
appropriate psychometric properties for assessing VR-QOL in Chinese pediatric uveitis patients.

Methods

This translation and validation study was approved by the Institutional Review Board of Tianjin Medical University Eye
Hospital (Ethics ID: 2024KY-63). All research procedures adhered to the tenets of the Declaration of Helsinki. Consent
was obtained from the parent or legal guardian, and assent was obtained from participating children.

Subjects

Participants were recruited from a tertiary uveitis clinic at Tianjin Medical University Eye Hospital, Tianjin, China,
between October 2024 and May 2025. Inclusion criteria were: (1) age 5—18 years; (2) a clinical diagnosis of uveitis
according to the International Uveitis Study Group criteria;'' (3) presence or absence of uveitis-related ocular complica-
tions such as band-shaped keratopathy, complicated cataract, or secondary glaucoma; and (4) normal cognitive ability, as
determined by a senior pediatric ophthalmologist through a brief introductory interaction to confirm the child’s ability to
understand and respond the questionnaire items. Patients with other ocular disorders that could affect their quality of life
(eg, strabismus, amblyopia, or various congenital diseases), as well as those with other major physical, neurological, or
psychiatric illnesses, were excluded. Following the recommendations of Linacre (1994) and other methodological
guidelines for Rasch analysis, a sample size of over 100 participants is generally considered stable for precise parameter
estimation.'? Our target enrollment aligns with this recommendation and is consistent with sample sizes employed in
similar questionnaire validation studies.

This clinic serves as a major referral center, thus providing access to a diverse and clinically complex patient
population. While this recruitment strategy enhances the clinical relevance of our sample for the target condition, it is
acknowledged that it may limit the generalizability of the results to community-based settings. Furthermore, to minimize
selection bias within this setting, all eligible patients attending the clinic during the recruitment period were invited to
participate consecutively.

Translation and Cultural Adaptation of the PedEyeQ

The Pediatric Eye Questionnaire (PedEyeQ) is designed to evaluate vision-related quality of life (VR-QOL) in children.”
It comprises child, proxy, and parent sections. The child PedEyeQ is available in two age-specific modules (5-11 and
12—17 years), each comprising four independently scored domains: functional vision, discomfort with eyes/vision, social
aspects, and frustration/worry, with minor item variations across age groups. The proxy PedEyeQ contains three age-
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specific modules: 0—4 years (covering functional vision, bothered by eyes/ vision, and social domains), 5-11 years and
12—17 years (each adding frustration/worry and eye care domains), with minor age-related item differences. The parent
PedEyeQ evaluates the impact of a child’s eye condition on the parent across four domains: impact on parent and family,
worry about child’s eye condition, worry about child’s self-perception and interactions, and worry about child’s
functional vision. Earlier research has translated and validated the PedEyeQ-CN for Chinese children aged 5-11
years.'® Building on this work, we translated the PedEyeQ for children aged 12—17 years.

In this study, the 12—17- year PedEyeQ modules were translated from English into Chinese by two bilingual medical
doctors working independently. An expert panel reconciled the two forward translations to produce a second draft, which
was then back-translated into English and compared with the original to identify and resolve discrepancies.
A comprehension test was administered to ten participants utilizing the PedEyeQ-CN to identify potentially ambiguous
items. Based on their feedback, further adjustments were made to enhance item comprehensibility.

Rasch Analysis

We conducted Rasch analysis using the Andrich rating scale model with Winsteps software (version 3.72.3). Rasch
analysis is a probabilistic mathematical model that estimates item difficulty, person ability, and thresholds for each
response category on a single continuum logit scale (log-odds units).'* Rasch analysis was used to evaluate psychometric
parameters of the PedEyeQ-CN, including:

(1) Unidimensionality of a (sub)scale indicates that all the items measure the same aspect.'* In the principal
component analysis, a level of 40% of the variance explained by the raw data is considered an indication of
unidimensionality.'® Similarly, an eigenvalue > 2.0 as evidence of a second construct being measured by the instrument,
indicating a multidimensional instrument.'®

(2) Measurement precision is a critical parameter for an instrument, indicative of its ability to function as an
independent measuring scale. Measurement precision could be estimated by person separation index (PSI), item
separation index (ISI), person reliability index (PRI), and item reliability index (IRI). A PSI and ISI of at least 2.0,
and a PRI and IRI of at least 0.8, indicate that the instrument can distinguish different levels of person ability."’

(3) The fit statistics, infit and outfit, are used to measure item fit to the construct and are calculated as the mean square of
standardized residuals (MnSq). Both infit and outfit MnSq have an expected value of 1, with an acceptable fit criterion of 0.7 to
1.3."® Infit and Outfit MnSq values less than 0.7 indicate an overfit item, while values greater than 1.3 indicate an underfit item.

(4) The response category was assessed by observing whether the probability curves showed an orderly increase in
category calibration.'” The category threshold is the crossover point between two response categories where either
response is equally probable. Threshold disordering may occur when there are an excessive number of categories or
when the category labels are unclear.

(5) Differential item functioning (DIF) evaluates whether there are significant differences in how demographic
subgroups within a population respond to items. For this study, we assessed DIF of each item by gender. DIF was
considered small or absent if the item measure difference was below 0.50 logits, minimal if it was between 0.50 and 1.0
logits, and notable if it exceeded 1.0 logits.*”

(6) The targeting of scale items is evaluated using a person-item map, which displays both person and item measures
on the same calibration scale. An accurately targeted instrument has evenly spaced, well-fitting items, with persons
positioned at the same level in the person-item map.?’

Results

Study Participants

A total of 370 Chinese-speaking children with pediatric uveitis were administered the PedEyeQ-CN at a clinic visit. Of
these, 21 participants were excluded due to incomplete data or unreliable responses, resulting in 347 eligible for analysis
(Figure S1). The final sample included 154 children (5-11 years, median 9 years) and 193 adolescents (12—17 years,
median 14 years). The demographic and clinical characteristics of the patients, categorized by age group, are presented in
Table 1.
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Table | Demographic Characteristics

Characteristic Age 5-11 Years (n=154) | Age 12-17 Years (n=193)
No. (%) No. (%)
Gender
Male 76(49.4) 91(47.2)
Female 78(50.6) 102(52.8)
Age(years) 9.0£1.8 14.0£1.7
BCVA (logMAR, median (95% Cl))
Better eye 0.03(0.23) 0.05(0.15)
Worse eye 0.19(0.45) 0.13(0.35)
Current treatment (No. (%))
Topical corticosteroids 103(66.9) 124(64.2)
Systemic corticosteroids 72(46.8) 91(47.2)
Conventional immunomodulatory therapy 119(77.3) 156(80.8)
Biologic immunomodulatory therapy 105(68.2) 139(72)
Laterality
Unilateral 50(32.5) 28(14.5)
Bilateral 104(67.5) 165(85.5)
Anatomical location
Anterior uveitis 18(11.7) 31(l6.1)
Intermediate 31(20.1) 59(30.6)
Posterior uveitis 20(13.0) 19(9.8)
Panuveitis 85(55.2) 84(43.5)
Ocular complications
Band keratopathy 20(13.0) 12(6.2)
Posterior synechiae 45(29.2) 15(7.8)
Cataracts 41(26.6) 38(19.7)
Ocular hypertension 26(16.9) 59(30.6)
Cystoid macular oedema 12(7.8) 10(5.2)
Retinal detachment 5(3.2) 5(2.6)
Parent/legal guardian completing questionnaires, n (%)
Mother 101(65.6) 101(52.8)
Father 51(33.1) 88(47.2)
Legal guardian 2(1.3) 4(2.1)
Parent/legal guardian age (years), n (%)
<40 98(63.6) 76(39.4)
41-60 54(35.1) 1 14(59.1)
>60 2(1.3) 3(1.6)
Parent/legal guardian highest level of education, n (%)
Junior middle school 51(33.1) 53(27.5)
Senior middle school 49(31.8) 57(29.5)
Attended college 32(20.8) 72(37.3)
College graduate 22(14.3) 11(5.7)

Validating the PedEyeQ-CN in Pediatric Uveitis Patients Unidimensionality
Unidimensionality by PCA of the residuals for the Child, Proxy, and Parent PedEyeQ-CN showed that the raw variance
explained for the first contrast exceeded 40% for all subscales, except for the Frustration/worry subscale of the Child
PedEyeQ-CN (5-11 years). Meanwhile, the unexplained variance in the first contrast was less than 2.0 eigenvalue units
across all subscales of the PedEyeQ - CN, satisfying the assumption of the Rasch model (Table 2).
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Table 2 Rasch Indices for Each Unidimensional Domain Within Each Questionnaire, By Age Group

Separation Reliability Mean Principal-Components Analysis-
Person Eigen Value for First Contrast (%)
Person | Item | Person | Item
Measure
Child 5-11 years
Functional vision 2.02 3.25 0.80 0.91 2.37 1.6(49.5)
Bothered by eyes/vision 2.11 2.65 0.82 0.88 3.77 1.7(40.8)
Social 2.03 5.96 0.80 0.97 3.39 1.9(56.5)
Frustration/worry 2.04 2.72 0.8l 0.88 3.99 1.8(37.7)
Child 12-17 years
Functional vision 2.47 3.39 0.86 0.92 1.06 1.9(48.8)
Bothered by eyes/vision 2.54 2.07 0.87 0.81 2.54 1.6(53.4)
Social 2.88 248 0.89 0.86 2.6l 1.9(64.4)
Frustration/worry 2.75 5.24 0.88 0.96 1.20 1.9(60.8)
Proxy 511 years
Functional vision 2.52 2.63 0.86 0.87 2.77 1.9(56.9)
Bothered by eyes/vision 2.02 2.04 0.80 0.8l 3.21 1.7(41.7)
Social 221 2.70 0.83 0.88 2.89 1.5(48.5)
Frustration/worry 2.06 3.14 0.81 091 2.64 1.5(58.6)
Eye care 2.01 2.39 0.80 0.85 2.96 1.7(52.6)
Proxy 12—17 years
Functional vision 2.90 5.14 0.89 0.96 242 1.8(69.0)
Bothered by eyes/vision 2.21 3.29 0.83 0.92 2.80 1.5(63.1)
Social 2.17 3.05 0.82 0.90 2.87 1.8(48.7)
Frustration/worry 2.27 3.00 0.84 0.90 1.77 1.6(56.4)
Eye care 2.10 4.49 0.82 0.95 248 1.6(57.4)
Parent
Impact on parent and family 247 4.67 0.86 0.96 2.15 1.6(59.8)
Worry about child’s condition 3.37 5.55 0.92 0.97 —0.34 1.6(62.9)
Worry about self-perception /interactions 2.18 2.86 0.83 0.89 1.28 1.6(50.5)
Worry about functional vision 2.80 5.12 0.89 0.96 0.38 1.7(59.9)

Measurement Precision

For the Chinese-translated questionnaires, the Child PedEyeQ-CN had PSI of 2.01-2.88 (PRI 0.80-0.89) and ISI of
2.07-5.96 (IRI 0.81-0.97). The Proxy PedEyeQ-CN had PSI of 2.01-2.90 (PRI 0.80-0.89) and ISI of 2.04-5.14 (IRI
0.81-0.96). The Parent questionnaires showed PSI of 2.18-3.37 (PRI 0.83-0.92) and ISI of 2.86-5.55 (IRI 0.89—0.97).
All these questionnaires demonstrated acceptable ISI and PSI with high reliability (Table 2).

Fit Statistics

For the Child PedEyeQ-CN, infit MnSq values ranged from 0.72 to 1.27 and outfit MnSq values ranged from 0.58 to
1.54. For the Proxy PedEyeQ-CN, infit MnSq values ranged from 0.67 to 1.39 and outfit MnSq values ranged from 0.53
to 1.59. For the Parent PedEyeQ-CN, infit MnSq values ranged from 0.56 to 1.16 and outfit MnSq values ranged from
0.63 to 1.24. Both the Child and Proxy PedEyeQ-CN (12-17 years) each had one item with an outfit MnSq value greater
than 1.5, indicating excessive variance in the observed responses to the item (Tables 3-5).

Category Threshold Order
No disordering of response categories was observed for the PedEyeQ-CN. This demonstrated that the respondents in this
study utilized the categories as intended (Figure S2).
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Table 3 Rasch Analysis of the Chinese Version of Child Pediatric Eye Questionnaires (PedEyeQ)

Scales/ltems 5-11 years DIF Contrast by 12-17 years DIF Contrast by
Gender Gender
Location Infit Outfit Location Infit Outfit
(logits) MnSq MnSq (logits) MnSq MnSq

Functional vision
Al —-0.15 0.98 0.86 0.27 0.23 0.83 0.78 0.31
A2 0.84 0.81 0.8l 0.18 —0.46 1.05 1.07 0.28
A3 -0.71 .11 1.22 0.06 .13 1.05 1.10 0.28
A4 —0.12 1.05 1.20 0.40 —-0.07 0.97 0.99 0.16
A5 0.13 0.95 0.99 0.36 0.00 0.72 0.65 0.00
A6 -0.19 I.16 1.19 0.40 -0.76 1.00 1.06 0.45
A7 -0.27 0.98 0.91 0.85 —0.52 0.82 0.79 0.82
A8 0.34 1.04 1.01 0.08 0.95 1.27 1.28 0.35
A9 =117 0.83 0.68 0.00 —-0.30 1.24 1.21 0.13
AlO 1.29 1.0l 1.00 0.34 —-0.20 0.95 0.89 0.42

Bothered by eyes/vision
BI —1.08 0.95 0.87 0.03 0.72 0.90 0.82 0.36
B2 —-0.81 0.99 0.93 0.32 -0.42 0.79 0.69 0.24
B3 0.58 1.03 1.04 0.68 0.05 0.99 0.99 0.19
B4 0.80 0.87 0.87 0.23 -0.73 0.96 1.04 0.61
B5 0.31 091 0.84 0.14 0.16 1.23 1.22 0.13
B6 0.42 1.01 0.95 0.06 —-0.31 1.00 0.92 0.30
B7 —0.52 1.06 1.08 0.14 —0.09 1.06 1.01 0.31
B8 0.35 1.04 1.07 0.06 —-0.35 1.02 0.92 0.53
B9 0.08 1.01 1.08 0.00 0.40 1.06 1.09 0.24
BI10 -0.13 1.06 1.22 0.40 0.58 0.92 0.94 0.23

Social
Cl -2.01 1.14 0.75 0.61 0.45 0.99 0.97 0.32
c2 1.14 1.05 1.08 0.08 -0.33 0.90 0.80 0.16
Cc3 —0.94 1.26 1.48 0.48 1.58 0.94 0.89 0.36
C4 —0.58 1.03 0.84 0.74 0.15 1.01 0.92 0.39
C5 —0.88 1.03 0.96 0.16 -0.33 1.10 1.04 0.50
Cé —0.10 0.93 0.79 0.62 0.15 0.83 0.75 0.45
c7 222 0.96 1.05 0.58 -0.72 1.19 1.15 0.11
cs -0.23 0.97 0.84 0.85 —0.61 0.80 0.79 0.55
c9 —-1.10 0.80 0.58 0.32 —-0.28 1.01 1.00 0.26
clo 2.48 0.94 0.99 0.57 —0.06 1.02 0.92 0.43

Frustration/worry
DI —0.35 0.77 0.69 0.05 —1.21 1.09 1.54 0.23
D2 —-1.07 1.01 1.00 0.95 —-1.03 0.89 0.95 0.30
D3 0.68 1.02 1.00 0.20 0.09 1.03 0.99 0.18
D4 0.42 1.13 1.14 0.15 -0.78 .11 I.11 0.06
D5 0.00 1.03 1.10 0.29 1.03 0.88 1.02 0.18
Dé —0.23 I.14 1.16 0.30 0.42 0.86 0.89 0.63
D7 —0.88 1.13 1.13 0.03 —0.01 0.82 0.77 0.25
D8 0.79 0.91 0.88 0.27 2.15 1.22 1.38 0.40
D9 0.34 0.80 0.76 0.62 —0.68 0.95 0.90 0.13
DI0 0.30 1.00 0.98 0.21 - - - -
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Table 4 Rasch Analysis of the Chinese Version of Proxy Pediatric Eye Questionnaires (PedEyeQ)

Scales/Items 5-11 Years 12-17 Years
Location Infit Outfit | DIF Contrast by Location Infit Outfit | DIF Contrast by
(logits) MnSq MnSq Gender (logits) MnSq MnSq Gender
Functional vision
Al —-0.20 1.00 0.95 0.26 0.19 1.13 1.02 0.00
A2 0.86 1.10 1.08 0.12 2.0l 0.94 0.83 0.06
A3 0.47 0.82 0.77 0.08 —-1.00 1.36 1.23 0.05
A4 0.06 0.8l 0.8l 0.66 —0.52 1.01 0.86 0.09
A5 —0.94 1.12 1.24 0.21 0.49 1.01 0.93 0.23
A6 —0.63 0.85 0.86 0.07 —0.36 0.86 0.67 0.36
A7 —-0.07 0.85 0.75 0.34 —0.61 0.78 0.73 0.10
A8 —-0.03 1.14 I.16 0.23 -0.78 0.98 0.89 0.20
A9 —0.58 I.15 1.02 0.18 —-1.28 0.85 0.53 0.16
Al 1.05 1.12 1.12 0.61 1.86 0.95 0.84 0.18
Bothered by eyes/vision
Bl 0.04 1.02 I.14 0.14 —0.27 0.90 0.80 0.36
B2 -0.29 0.93 0.88 0.28 -1.03 0.96 0.8l 0.14
B3 0.16 0.85 0.8l 0.39 0.29 0.94 0.79 0.05
B4 0.12 0.99 0.95 0.31 —0.36 1.26 1.59 0.38
B5 0.84 1.01 1.04 0.26 0.29 0.67 0.60 0.11
B6 0.16 1.12 .11 0.39 —-1.19 1.22 1.45 0.19
B7 0.39 1.09 1.16 0.34 1.31 I.15 1.07 0.33
B8 0.00 0.86 0.83 0.11 0.21 0.79 0.90 0.39
B9 —0.38 1.05 1.04 0.09 —0.18 0.98 1.06 0.17
Bl —1.04 1.01 1.00 0.16 0.91 1.04 1.04 0.12
Social
Cl —1.24 091 0.92 0.08 -0.49 1.09 1.00 0.02
c2 —-0.16 0.92 0.84 0.20 —-0.09 1.00 0.94 0.50
(K] 0.19 091 0.90 0.20 1.24 0.91 0.92 0.22
C4 0.41 1.29 1.36 0.14 0.50 1.01 1.06 0.23
C5 0.67 0.97 0.94 0.29 —-1.25 1.08 1.37 0.11
Cé 0.52 1.05 .11 0.71 -0.22 .11 1.09 0.15
Cc7 0.15 0.89 0.87 0.00 041 0.99 0.98 0.09
Cc8 —0.54 0.96 0.98 0.16 —0.09 0.71 0.63 0.14
Frustration/worry
DI —0.82 0.95 0.93 0.19 —0.12 0.98 I.15 0.00
D2 051 0.91 0.80 0.19 —0.05 0.8l 0.77 0.23
D3 —-0.12 1.09 1.09 0.00 -0.95 1.26 I.15 0.74
D4 -0.72 0.99 1.00 0.42 0.50 1.04 1.07 0.37
D5 1.15 0.98 1.19 0.00 —-0.15 0.89 0.85 0.22
Dé - - - - —0.26 0.98 1.00 0.00
D7 - - - - 1.25 1.18 1.19 0.41
D8 - - - - -0.22 0.79 0.75 0.20
Eye care
El —0.33 0.8l 0.76 0.06 —0.85 1.00 0.92 0.40
E2 -0.33 1.13 1.09 0.26 —0.07 0.87 0.79 0.31
E3 0.57 1.04 1.08 0.26 0.21 0.97 0.93 0.07
E4 0.81 0.99 0.97 0.30 0.00 0.8l 0.8l 0.00
E5 0.12 1.09 I.14 0.10 1.80 1.39 1.46 0.00
E6 —0.84 0.86 0.85 0.44 —-1.08 0.96 0.90 0.12
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Table 5 Rasch Analysis of the Chinese Version of Parent Pediatric Eye Questionnaires

(PedEyeQ)
Scales/Items Location Infit Outfit DIF
(logits) MnSq | MnSq | Contrast by
Gender

Impact on parent/family
Al —-1.03 1.02 1.08 0.17
A2 1.20 1.16 1.18 0.12
A3 —-1.18 1.07 1.07 0.27
A4 -0.27 1.03 .11 0.15
A5 0.38 0.96 0.92 0.00
A6 0.42 0.97 0.92 0.54
A7 0.44 0.83 0.84 0.00
A8 -0.27 1.04 1.01 0.15
A9 0.23 0.93 0.84 0.28
AlO 0.08 091 0.96 0.06

Worry about child’s condition
Bl -1.13 1.07 1.10 0.20
B2 -1.32 1.09 1.13 0.21
B3 —-0.70 1.03 1.05 0.27
B4 0.06 0.89 0.8l1 0.29
B5 1.06 0.95 1.13 0.23
B6 0.77 0.89 0.86 0.14
B7 1.35 0.89 0.8l 0.06
B8 —0.11 1.08 1.04 0.28
B9 0.08 0.99 0.96 0.07
BIO —0.05 0.95 0.92 0.34

Worry about child’s self-perception/interactions
Cl —0.87 I.16 1.05 0.49
2 0.30 1.00 1.02 0.21
C3 —0.17 0.98 1.02 0.34
C4 0.41 1.08 1.04 0.45
(o) —0.17 1.03 1.01 0.33
Cé 0.27 0.92 0.93 0.27
Cc7 0.23 0.80 0.82 0.09

Worry about child’s visual function
DI —-1.31 0.56 0.63 0.06
D2 -0.71 0.91 0.89 0.35
D3 0.38 1.05 1.03 0.11
D4 0.89 1.05 1.02 0.19
D5 1.00 0.95 0.93 0.24
Dé 0.29 1.13 1.12 0.56
D7 —0.32 1.09 1.10 0.06
D8 —0.24 1.12 1.24 0.27

Differential Item Functioning

The Child PedEyeQ-CN (5-11 and 12-17 years) each contained five items with minimal differential item function-
ing by gender. In the Proxy PedEyeQ-CN (5-11 years), three items displayed minimal DIF by gender, while one
item did so in the 12—17 years version. Additionally, the Parent PedEyeQ-CN had two items with minimal DIF by
gender (Tables 3-5).
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Targeting Person-ltem Map

The person-item maps shown in Figures S3 illustrate the relationship between item difficulty and person ability. The
targeting of the Child, Proxy, and Parent PedEyeQ-CN was satisfactory. However, the mean person ability measure was
slightly higher than the mean item measure, indicating that the average item difficulty is lower than the average ability of
the sample.

Discussion

In the present study, we translated the PedEyeQ for children aged 12—17 years, building on a prior study that translated
the Chinese version for children aged 5-11 years. We employed the Rasch rating scale model to assess whether the
PedEyeQ-CN for both age groups could effectively evaluate the impact of pediatric uveitis on children’s functional vision
and VR-QOL, as well as its effect on parents, in the Chinese setting.

The Rasch model is an advanced measurement theory that addresses limitations of traditional Likert scale measures
derived from classical test theory. Rasch analysis allows for in-depth validation of items and may provide optimal quality
criteria for the measurement.?* In the present sample, all subscales of the Child, Proxy, and Parent PedEyeQ-CN satisfied
the unidimensionality assumption, except for the Frustration/worry subscale of the Child PedEyeQ-CN (5—11 years). This
may be attributable to notable differences in disease severity within the sample, resulting in significantly varied responses
from children to the Frustration/worry subscale, which mainly affected the results of the unidimensionality tests. Good
reliability and separation were observed for all items and persons. In addition, the category probability curves demon-
strated that the three response categories (“Never”, “Sometimes”, “All of the time”) were ordered in all subscales,
indicating that participants could distinguish between the response options. The Rasch analysis revealed one misfitting
item in each of the Child and Proxy PedEyeQ-CN (12—17 years). The misfitting items suggest that their responses were
more unpredictable, possibly due to ambiguous wording or external factors. Therefore, we recommend relying on the
total or subscale scores for clinical interpretation. These items present a target for refinement in future studies. A few
items showed minimal DIF in the PedEyeQ-CN when comparing the ability levels of male and female participants. The
observed minimal DIF by gender indicates that while there are minor differences in how male and female participants
respond to a few items, these differences are not substantial enough to compromise the fairness of the measurement. In
short, the aforementioned items should continue to be investigated in order to determine whether bias truly exists.
Furthermore, while the targeting of the PedEyeQ-CN was satisfactory, the mean person ability measure was slightly
higher than the mean item measure in each questionnaire. This can be interpreted as the patients in this study having
relatively good visual recovery and higher VR-QOL after receiving effective and reasonable treatment. This finding
indicates that the instrument is well-targeted for the study population but might be less sensitive to detecting difficulties
in individuals with exceptionally high VR-QOL, which should be considered when interpreting scores in clinical settings.

To our knowledge, no ophthalmic instrument has been originally designed for Chinese children with eye conditions. Most
instruments used in China are translated from English-language versions. However, due to cultural differences between
countries, these original versions need to be cross-culturally revised and evaluated before being applied in Chinese settings, as

demonstrated in this study. Unlike other pediatric quality of life questionnaires used for pediatric uveitis patients,>*®2 th

e
PedEyeQ stands out for its comprehensive design, comprising child, proxy, and parent components. This design enables age-
appropriate assessment of the impact of the eye condition on the VR-QOL of children and their parents. Therefore, we
conducted a cross-cultural adaptation and validated the psychometric properties of the PedEyeQ-CN to assess its applicability
in Chinese pediatric uveitis patients. The strong measurement properties of the PedEyeQ-CN confirm its clinical utility. It
allows clinicians to systematically identify patient issues beyond clinical exams, guide communication, and monitor treatment
outcomes. As such, it provides a valuable patient-reported measure that complements objective clinical assessments.
Additionally, the PedEyeQ-CN can be easily and quickly completed by participants, minimizing respondent burden, with
an average completion time of 10-15 minutes. Meanwhile, Rasch-scoring look-up tables and the PedEyeQ-CN questionnaire
have been provided as supplementary materials (Tables S1-S5, Figures S4 and S5) to enable other researchers to use the

PedEyeQ-CN without needing to perform Rasch analysis.
There are several limitations to this study. Firstly, the single-center design may limit the generalizability of our
findings to other clinical settings or patient populations. Although we recruited a large and diverse cohort of children and
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parents to complete the questionnaires, certain socioeconomic groups may have been under- or overrepresented.
Secondly, our study was cross-sectional, and the instrument’s responsiveness to clinical change over time (longitudinal
sensitivity) remains unconfirmed. Further longitudinal studies are needed to evaluate the sensitivity of the PedEyeQ-CN
in measuring outcomes of visual functional recovery and EQOL after treatment. A key psychometric limitation is the
lack of evidence for the PedEyeQ-CN’s discriminative ability across varying levels of disease severity, which is critical
for its utility in clinical evaluation and decision-making. Furthermore, as this study focused on the psychometric
validation of the PedEyeQ-CN, we did not evaluate the association between quality of life and clinical ocular
manifestations, such as floating cells in the anterior chamber or vitreous, retinal vasculitis and macular edema.’*?
Future research will focus on further exploring the psychometric properties of the PedEyeQ-CN using clinical data.

In conclusion, this study demonstrates that the PedEyeQ-CN is a reliable and valid instrument for cross-sectionally
assessing functional vision and VR-QOL in Chinese pediatric uveitis patients and their families. These findings support
its clinical application in routine practice to help clinicians better understand the impact of the disease on affected
children and their families, although longitudinal responsiveness remains to be established in future studies.
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