N Journal of
Onect o Clinical
Epidemiology

12 ’,”
ELSEVIER Journal of Clinical Epidemiology 184 (2025) 111855

ORIGINAL RESEARCH

Psychometric properties and reference values of the Patient-Reported

Outcomes Measurement Information System (PROMIS) pediatric item

banks Mobility, Upper Extremity, and Pain Interference in the Dutch
population

a,b,c

Dorinde L. Kortelinga’b’c’d, Marjolijn Ketelaar®', Selina Limmen™”*#, Caroline B. Terwee™",
Manon A.T. Bloemen', Eugene A.A. Rameckers”"*', Raoul H.H. Engelbert™",

Hedy A. van Oers™"™, Lotte Haverman™"“", Michiel A.J. Luijten®"<""

“Amsterdam UMC location University of Amsterdam, Emma Children’s Hospital,
Child and Adolescent Psychiatry & Psychosocial Care, Meibergdreef 9, Amsterdam, The Netherlands
Amsterdam Reproduction and Development, Child development, Amsterdam, The Netherlands
Amsterdam Public Health, Mental health, Amsterdam, The Netherlands
dAmsterdam Public Health, Methodology, Amsterdam, The Netherlands
SUMC Utrecht Brain Center, University Medical Center Utrecht, Utrecht, The Netherlands
De Hoogstraat Rehabilitation, Utrecht, Center of Excellence for Rehabilitation Medicine Utrecht, Utrecht, The Netherlands
Amsterdam Public Health, Personalized Medicine, Amsterdam, The Netherlands
"Amsterdam UMC, Vrije Universiteit, Department of Epidemiology and Data Science, Amsterdam, The Netherlands
iResearch Group Moving, Growing and Thriving Together, HU University of Applied Sciences Utrecht, Utrecht, The Netherlands
JCAPHRI, Maastricht University, Maastricht, The Netherlands
KCentre of Expertise, Adelante Rehabilitation Centre, Valkenburg, The Netherlands
'Rehabilitation Science and Physiotherapy, REVAL, Hasselt University, Hasselt, Belgium
MDepartment of Rehabilitation Medicine, Amsterdam Movement Sciences, Amsterdam UMC, University of Amsterdam, Amsterdam, The Netherlands
"Centre of Expertise Urban Vitality, Faculty of Health, Amsterdam University of Applied Sciences, Amsterdam, The Netherlands
°Amsterdam Public Health, Quality of Care, Amsterdam, The Netherlands
PAmsterdam Public Health, Digital Health, Amsterdam, The Netherlands

Accepted 22 May 2025; Published online 29 May 2025

Abstract

Objectives: This study investigated psychometric properties and reference values of the Patient-Reported Outcomes Measurement In-
formation System (PROMIS) pediatric v2.0 Mobility, Upper Extremity, and Pain Interference item banks, short forms and computerized
adaptive tests (CATs) in the Dutch general population, supplemented with a clinical sample to improve low-end item parameter estimates.

Study Design and Setting: Children (aged 8-18 years) completed PROMIS item banks and legacy instruments (Pediatric Quality of
Life Inventory 4.0 subdomain Physical Health, Numeric Pain Rating Scale). Structural validity of item banks was evaluated by fitting a
graded response model and inspecting item-fit statistics. Reliability of item banks, short forms, and post-hoc CATs was expressed as stan-
dard error of measurement/theta. To compare measurement efficiency of instruments, relative efficiency was calculated. Construct validity
was assessed by correlating item banks with legacy instruments. Differential item functioning between Dutch and US samples was
evaluated.

Results: Seven hundred eighty three children participated: 555 children from the general population and 228 children receiving phys-
ical therapy. Structural validity was sufficient for all banks. PROMIS Pain Interference was reliable at the sample mean (standard error of
theta < 0.32) and up to 2 standard deviations in the clinically relevant direction (indicating worse health). PROMIS Mobility and Upper
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Extremity scales were reliable in the clinically relevant direction, but less so within the normal range. CAT outperformed other assessment
methods in efficiency. Construct validity was sufficient. No items displayed differential item functioning.

Conclusion: The PROMIS v2.0 pediatric Mobility, Upper Extremity, and Pain Interference item banks displayed sufficient validity in
the Dutch general population and sufficient reliability in the clinically relevant direction. © 2025 The Authors. Published by Elsevier Inc.
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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1. Introduction

Patient-reported outcomes (PROs) have become increas-
ingly important in pediatric healthcare, strengthening
patient—physician communication; facilitating the moni-
toring of daily functioning, quality of life, and symptoms;
and potentially supporting shared decision-making [1,2].
Patient-reported outcome measures (PROMs) are tools for
assessing PROs and are gaining widespread implementa-
tion in medical settings [2,3]. However, PROMs often differ
in content, psychometric properties, and scoring methods
when measuring the same PROs [4]. Consequently, scores
across instruments may be incomparable, and score inter-
pretation is unstandardized [5]. Moreover, children often
struggle with completing PROMs due to questionnaire
length and the presence of irrelevant questions [2,3]. This
complicates implementation and may contribute to rela-
tively low response rates [2,3].

To address these challenges, the Patient-Reported Out-
comes Measurement Information System (PROMIS) initia-
tive developed item banks for children (and adults),
covering generic, relevant domains of physical, social,
and mental health [4,6—8]. These item banks consist of col-
lections of items measuring the same domain across various
levels of functioning and were constructed using item-
response theory (IRT) modeling [9]. Through IRT
modeling, items are ranked by their difficulty and discrim-
inative ability, facilitating the use of computerized adaptive
tests (CATs). CATs select items from an item bank based
on responses to previous items. This can drastically reduce
questionnaire length and the presence of irrelevant ques-
tions, by selecting questions tailored to the child’s func-
tioning level [7,10].

In the Netherlands, efforts have been made to implement
pediatric PROMIS in research and daily clinical care
[4,11—15]. However, the psychometric properties of the
PROMIS pediatric Mobility, Upper Extremity, and Pain
Interference item banks have not been explored on
population-level outside the United States despite prior ev-
idence of relevant differences in PROM performance be-
tween the United States and European countries,
highlighting the need for validation to ensure responsible
use [15]. Reliable and valid measurements, such as defined
by the Consensus-based Standards for the selection of
health Measurement Instruments (COSMIN) initiative
[16], are essential to avoid incorrect conclusions and poten-
tially poor intervention decisions [17]. Therefore, this study

aims to evaluate the psychometric properties and provide
Dutch reference values of the PROMIS pediatric Mobility,
Upper Extremity, and Pain Interference item banks short
forms and CATs in a representative sample of the Dutch
children from the general population, supplemented with
a clinical sample.

2. Methods

The study design followed the “COSMIN Study Design
checklist for PROMs” [18] and the “PROMIS Psychomet-
ric Evaluation and Calibration Plan” [19] and was reported
according to the “COSMIN Reporting guideline for studies
on measurement properties of PROMs™ [20].

2.1. Procedure and participants

Between December 2017 and April 2018, children/ado-
lescents aged 8 to 18 years, recruited through marketing
agency Kantar Public, completed PROMs as part of this
research. This data collection aimed to obtain representa-
tive data for multiple Dutch PROMIS pediatric item banks,
including the Mobility, Upper Extremity, and Pain Interfer-
ence item banks, to calculate reference values. This data
collection has previously been described [13]. However,
preliminary (unpublished) analyses revealed a positive
skew in PROMIS responses, likely caused by limited inclu-
sion of lower-functioning participants, which may affect
IRT parameter estimation. Therefore, data collection
resumed from June 2023 to April 2024 to supplement data
from the general Dutch population with a clinical sample,
ensuring adequate representation of children with lower
physical functioning. Data were collected of children/ado-
lescents (aged 8-18 years) with difficulties in daily func-
tioning due to physical complaints, who received
(pediatric) physical therapy (within the last year). Partici-
pants were recruited through 18 pediatric physical therapy
(PPT) practices, 11 sport clubs, 3 rehabilitation centers, 8
patient associations, 2 professional associations, and 1 aca-
demic hospital and marketing agency Panel Inzicht. Prior to
participation via Panel Inzicht, a participant eligibility
screening procedure occurred (child’s date of birth and
child’s contact with medical professionals in the last year).
Participants were compensated by the marketing agency or
received a €5 gift card. We aimed to include > 500
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What is new?

Key findings

e This study examined the psychometric properties
and reference values of Patient-Reported Out-
comes Measurement Information  System
(PROMIS) v2.0 pediatric Mobility, Upper Extrem-
ity, and Pain Interference item banks short forms
and computerized adaptive tests in the Dutch gen-
eral population, with additional data from a clinical
sample. The item banks showed sufficient perfor-
mance for use in both Dutch general and clinical
populations.

What this adds to what is known?

e In the Netherlands, pediatric PROMIS has been
introduced in research and clinical care. However,
the psychometric properties of the Mobility, Upper
Extremity, and Pain Interference item banks had
not yet been evaluated at the population level
outside the United States.

e The examination of the psychometric properties
and reference values of PROMIS v2.0 pediatric
Mobility, Upper Extremity, and Pain Interference
instruments supports their responsible use in the
Netherlands and offers insights into the interpreta-
tion of scores in both general and clinical
populations.

What is the implication and what should change

now?

e Future research is needed to improve the reliability
of the PROMIS Mobility and Upper Extremity
item banks for children with average to high phys-
ical functioning.

participants, as recommended for IRT analyses by the
“COSMIN Study Design checklist for PROMs™ [18].

The data collection was approved by the Medical Ethics
Committee of the Amsterdam UMC, location AMC
[W20_136 # 20.175 and W23_069 # 23.092].

2.2. Measures

2.2.1. Sociodemographic questionnaire

Parents completed a sociodemographic questionnaire
about themselves (including age, country of birth, and
educational level) and their child (including date of birth,
gender, and education). For the clinical sample, the Func-
tional Mobility Scale [21] was incorporated into the socio-
demographic questionnaire. This scale classifies children’s
functional mobility based on their use of mobility aids.

2.2.2. PROMIS pediatric item banks v2.0—Mobility,
Upper Extremity, and Pain Interference

Children completed 3 full Dutch-Flemish PROMIS,
version 2.0, self-reported pediatric Mobility (24 items), Up-
per Extremity (34 items), and Pain Interference (20 items)
item banks. PROMIS item banks are based on a reflective
model, where all items reflect the same underlying
construct and are strongly correlated, whereas formative
models define the construct through the combination of
distinct items [18]. Eight-item short forms were extracted
from the full bank data. The item banks use a 7-day recall
period and a 5-point Likert score [22]. For the Mobility and
Upper Extremity items, the scale ranges from 1 (“With no
trouble”) to 5 (“Not able to do’’). For the Pain Interference
items, the scale ranges between 1 (“Never”) and 5
(““Almost always’). For the clinical sample, we added a
sixth response option (“Not able to do”’) to 5 items, as
the original response options could be confusing for chil-
dren using mobility aids (Supplement A). The additional
response category was treated as missing data in the ana-
lyses, as they were not original to the instrument and partic-
ipants unable to perform an activity may be unable to
meaningfully assess its pain interference.

T-scores were calculated using the HealthMeasures
Scoring Service, which uses the US model parameters. A
T-score of 50 indicates average levels of functioning as
defined by the US calibration sample (standard deviation
[SD] = 10), which consists of healthy and chronically ill
children (~33%) [23]. Higher scores on the Mobility and
Upper Extremity item banks indicate better functioning,
while higher scores on the Pain Interference item bank indi-
cate more pain interference.

2.2.3. Pediatric quality of life inventory (4.0), domain
‘Physical Health’

Children completed the ‘Physical Health’ domain of the
Pediatric Quality of Life inventory (PedsQL) 4.0 question-
naire (8 items), which served as a legacy instrument for the
3 PROMIS item banks. The PedsQL measures health-
related quality of life of children aged 8-18 years and uses
a recall period of 1 week [24]. Questions are scored on a 5-
point Likert scale, ranging from 1 (‘“Never a problem’) to
5 (“Almost always a problem’). Responses are trans-
formed to a 0-100 scale, with a higher score indicating bet-
ter function. The PedsQL has been validated in the
Netherlands [25,26].

2.2.4. PROMIS pediatric numeric rating scale v.2.0—
Pain Intensity

The clinical sample completed the Dutch-Flemish
PROMIS v2.0 Pediatric Numeric Rating Scale for Pain In-
tensity, which served as a legacy instrument for the
PROMIS Pain Interference item bank regarding construct
validity. It consists of a single question on self-reported
averaged pain intensity over the past 7 days on a scale from
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0 to 10, where O indicates no pain and 10 represents the
worst imaginable pain [27].

2.3. Statistical analyses

To preserve quality, data-cleaning occurred prior to ana-
lyses. Data from the clinical sample with a response time of
< 5 minutes for all questions while showing no variation in
responses were removed. To investigate whether the data
had sufficient heterogeneity for IRT analyses, distributions
of the used response options of PROMIS item banks were
examined. Validity and reliability analyses were performed
on the combined (general plus clinical) data.

2.3.1. Structural validity

To evaluate the structural validity of the PROMIS item
banks, a graded response model (GRM) was fitted, using
the Expectation—Maximization algorithm within the R-
package “mirt (v1.29)” [28]. A GRM is contingent upon
meeting the following assumptions: unidimensionality,
local independence, and monotonicity.

Unidimensionality was assessed via confirmatory factor
analysis (CFA), using the weighted least squares mean-
adjusted and variance-adjusted estimator with the R-pack-
age “lavaan (v0.6—3)” [29]. The following criteria were
used to assess CFA fit acceptability: standardized root mean
square residual value < 0.08, scaled Comparative Fit Index
value > 0.95, Tucker—Lewis Index value > 0.95, and a
root mean square error of approximation value < 0.08
[16,30].

Local independence was evaluated by examining resid-
ual correlations within the CFA model, with an item pair
considered locally independent if the residual correlation
was < 0.20 [19]. Monotonicity was assessed with Mokken
scaling [31,32], considering the assumption met if item H
values were > 0.30 and the overall scale H value was >
0.50.

Upon meeting the assumptions, a GRM model was fitted
to estimate item discrimination and threshold parameters.
Differences between observed and expected responses were
assessed using the S-X2 statistic to assess item fit [33].
Items were considered misfits if the P value of the S-X? sta-
tistic was < .001 [19]. In addition, the range of discrimina-
tion and threshold parameters was investigated.

2.3.2. Reliability

In IRT, every response pattern corresponds to a different
level of functioning, theta (0). These different levels of
functioning are associated with a standard error of theta
(SE(0)), indicating the reliability of the score. To estimate
the reliability of the PROMIS item banks and short forms,
0 estimates and SE(0) were calculated using the GRM
model fitted in the study population and the Expected A
Posteriori estimator. To investigate the reliability of CATs,
post-hoc CAT simulations were performed using the R-
package “‘catR (v3.16)” [34]. CAT performance with

model parameters estimated in the study population was
evaluated using maximum posterior weighted information
selection criterion and the Expected A Posteriori estimator.
The CAT started with the item providing the most informa-
tion at the sample mean (6 = 0). Administration stopped
after a minimum of 4 items and a maximum of 12, or
earlier if SE(0) < 0.32 [35]. To compare reliability of
the PROMIS measurements to the PedsQL, a GRM model
was fit to the PedsQL responses. 8 estimates and SE(B)
were presented in a reliability plot. We deemed an admin-
istration mode sufficiently reliable if the SE(0) was < 0.32
(indicating a  reliability > 090 as SE(®)
=SD+/1 — reliability; criteria in line with previous
PROMIS research in the Dutch general pediatric population
[12,14]) at the sample mean of 0 and covered at least 2 SD
of 0 in the clinically relevant direction (lower 6 for
Mobility and Upper Extremity; higher 6 for Pain Interfer-
ence). Because test information (Information(f)=
1/(1 — Reliability(4))) [36] increases with item count,
administration modes were compared on efficiency ((1/
SE(G))Z/nitemS; calculated per individual and averaged
across respondents), to assess information relative to the
number of items administered. Assessment methods with
broader measurement ranges or higher reliability result in
a higher efficiency. As a sensitivity analysis, reliability
and efficiency of the instruments were also assessed after
removing data of participants showing a ceiling/floor effect
(ie, answered the most positive response category on all
items from an item bank).

2.3.3. Construct validity

To assess construct validity of the PROMIS item banks,
the T-scores, based on United States metrics, were corre-
lated with the PedsQL Physical Health subscale scores. A
strong correlation (Spearman’s tho > 0.70) was hypothe-
sized between the PedsQL subscale and the Mobility item
bank [12,37]. A moderate correlation (Spearman’s rho >
0.50) was hypothesized between the PedsQL subscale and
the Upper Extremity and Pain Interference item banks
[38]. The T-scores of the Pain Interference item bank were
correlated with the Numeric Pain Rating Scale, with a hy-
pothesized correlation of Spearman’s rho > 0.50 [39].
Lower correlations (Ar > 0.10) were hypothesized be-
tween the Pain Interference and Mobility item bank and
the Pain Interference and Upper Extremity item bank.
Construct validity was considered sufficient if 4 of 5
(80%) hypotheses were met.

2.3.4. Cross-cultural validity

To investigate cross-cultural validity, our sample was
compared to the calibration sample from the United States,
sourced from the Harvard Dataverse (mean n = 1742) [23].
Uniform and nonuniform differential item functioning
(DIF) between the Dutch and United States samples was
evaluated using the R-package “lordif (v0.3—3)” [40],
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employing McFadden’s pseudo R?, where R* > 0.02 indi-
cated possible DIF [41].

2.3.5. Dutch reference values

We calculated referential PROMIS T-scores for the
Dutch general population sample using the HealthMeasures
Scoring Service, which uses the United States model pa-
rameters. Cut-off scores were calculated based on the
75th and 95th percentile of the T-scores.

3. Results

Seven hundred eighty three children completed the
PROMIS Mobility, Upper Extremity, and Pain Interference
item banks, of which 555 from the general population and
228 from the clinical sample. The combined data showed
sufficient heterogeneity to perform IRT analyses (Fig 1;
Supplement B-C), with the 0 range of the full sample
(Mobility: —2.63 to 1.21; Upper Extremity: —3.57 to
0.79; Pain Interference: 1.89-2.57) extending beyond that
of the general population sample (Mobility: —1.89 to
1.21; Upper Extremity: —3.02 to 0.79; Pain Interference:
1.89-2.26). The full sample was largely representative of
the Dutch population based on age, gender, and country
of birth of parents (Supplement D). In the clinical sample,
22 participants (9.6%) used the added response option “Not
able to do” for 5 PROMIS Pain Interference items, with 8
of these individuals using a mobility aid (Supplement A).
Sociodemographic information is provided in Table 1.

A large percentage of participants showed a ceiling/floor
effect (Mobility: 53.3%; Upper Extremity: 67.8%; Pain
Interference: 45.1%; PedsQL: 40.4%; See Supplement B
for details on general population and clinical sample). All
PROMIS item banks contained items for which the worst
response option was unused (Mobility: 4 items; Upper Ex-
tremity: 4 items; Pain Interference: 1 item; Supplement C).

No response options were collapsed and all items were
included for IRT analyses.

3.1. Structural validity

Data of PROMIS item banks were unidimensional ac-
cording to the CFA (Comparative Fit Index > 0.95,
Tucker—Lewis Index > 0.95, root mean square error of
approximation < (.08, standardized root mean square re-
sidual < 0.08; Supplement E). Local dependencies were
found between 4-item pairs of the Mobility item bank (re-
sidual correlations: 0.20-0.23; Supplement F). As the per-
centage of locally dependent items was low (1.5%), no
items were removed for subsequent analyses. The assump-
tion of monotonicity was met for all items and item banks.
The PROMs item discrimination parameters ranged be-
tween 2.01 and 10.16 (Supplement G). One item showed
a discrimination parameter above 10 (“‘I could zip up my
clothes”; & = 10.16). No items showed item misfit (S-X>
< 0.001).

3.2. Reliability

In the model based on item parameters estimated on the
full study population, the Mobility and Upper Extremity
item banks provided reliable measurements (SE(0) <
0.32) for 0 in the clinically relevant direction. They were
less reliable for measurements at the sample mean (6 =
0). The Pain Interference item bank showed reliable mea-
surements at the sample mean and up to 2 SD in the clini-
cally relevant direction. The Pain Interference short form
and CAT results are similar for SE(0) and number of items,
as participants with ceiling/floor effect are administered
additional items (to a maximum of 12) by CAT that do
not provide additional information, resulting in lower effi-
ciency for this subgroup. The reliability of measurements
across the range of 0 is presented in Figure 2 and
Table 2. The relative measurement efficiency of the CAT

Distribution of theta scores

>

PROMIS Mobility full-item bank B

Density (%)

PROMIS Upper Extremity full-item bank C

PROMIS Pain Interference full-item bank

Theta (M=0, SD=2)

Theta (M=0, SD=2)

Theta (M=0, SD=2)

= = Full sample (General population + Pediatric Physical Therapy)
= General Population sample

Figure 1. Distribution of theta scores of the full item bank of the (A) Patient-Reported Outcomes Measurement Information System (PROMIS)
Mobility item bank, (B) Upper Extremity item bank, and (C) Pain Interference item bank as calculated for the Dutch general population sample
(n = 555) and the full study sample (Dutch general population sample and clinical sample, n = 783).
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Table 1. Sociodemographic information of all participants (n = 783)

Participants from general population

Clinical sample

(pediatric physical therapy participants) All participants

Sociodemographic information (n = 555) (n = 228)° (n = 783)*
Age in years
Mean [SD] 13.7 [3.1] 11.8 [2.8] 13.2 [3.2]
Range 8-18 8-18 8-18
Gender
Boy 284 (51.2%) 125 (54.8%) 409 (52.2%)
Girl 271 (48.8%) 94 (41.2%) 365 (46.6%)

Different/prefer not to say
Unknown
Country of birth of parents
Both parents born in the Netherlands
One parent not born in the Netherlands

Both parents not born in the
Netherlands

Unknown
Educational level of parent®
Low
Middle
High

Unknown

0 (0.0%)
0 (0.0%)

447 (80.5%)
90 (16.2%)
18 (3.2%)

0 (0.0%)

67 (12.1%)
267 (48.1%)
221 (39.8%)

0 (0.0%)

1(0.4%)
8 (3.5%)

200 (87.7%)
12 (5.3%)
7 (3.1%)

9 (3.9%)

3 (1.2%)
176 (77.2%)
41 (18.0%)
8 (3.5%)

1 (0.1%)
8 (1.0%)

647 (82.6%)
102 (13.0%)
25 (3.2%)

9 (1.1%)

70 (8.9%)
443 (56.6%)
262 (33.5%)

8 (1.0%)

SD, standard deviation.

@ 3 participants did not fill out the PROMIS upper extremity and pain interference item banks.
® Low: no education, primary education, and prevocational secondary education. Middle: secondary vocational education, senior general sec-
ondary education, and preuniversity education. High: higher professional education, university education, and higher.

outperformed the PROMIS full item bank and short form
(Table 3).

3.3. Construct validity

The Mobility item bank T-scores correlated strongly
with the PedsQL Physical Health scores (r; = 0.73). The
Upper Extremity and Pain Interference item banks

correlated moderately with the PedsQL Physical Health
scores (rg = 0.50 and ry = 0.64, respectively; Table 4).
The Pain Interference item bank correlated moderately with
the Numeric Pain Rating Scale (r; = 0.67). PROMs
measuring different health domains showed weaker correla-
tions; for instance, the Pain Interference item bank corre-
lated moderately with the Mobility item bank (1, =
—0.54) and weakly with the Upper Extremity item bank

Standard error of measurement over the range of theta

A Mobility

B Upper Extremity

C Pain Interference

Reliability 0.80 Reliabilty 0.80

w4\ / ‘ 0 -
\ i Roliabilty 0.80

Reliability 0.90

Reliability 0.90 Reliabilty 0.90

Reliability 0.95

Reliability 0.95 Reliabilty 0.95

Standard error of measurement

-
® PROMIS Mobilty CAT | © — 7 &
T

* PROMIS Upper Extremity CAT | & |

T T
4 2 0 2 4 4 2

Theta (M=0, SD=2)

Theta (M=0, SD=2)

T T
2 4

T T T
0 2 4

Theta (M=0, SD=2)

Figure 2. Standard error of measurement (SE(0)) of the full item bank, short form, and computerized adaptive test (CAT) of the (A) Patient-Reported
Outcomes Measurement Information System (PROMIS) Mobility item bank (n = 783), (B) Upper Extremity item bank (n = 780), and (C) Pain
Interference item bank (n = 780), and the Pediatric Quality of Life inventory (PedsQL) Physical Health domain, using the model parameters esti-

mated in the study population.
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Table 2. Reliability of measurement of the PROMIS Mobility, Upper Extremity, and Pain Interference pediatric item banks in the full sample

(n=1783)
Full-length item bank Short form CAT
Mean SE(0) No. of Mean SE(0) No. of Mean SE(0) Mean no. of
PROMIS scale SE(0) < 0.32° items SE(0) < 0.32° items SE(0) < 0.32° items
Mobility

All participants (N = 783) 0.502 226 (28.9%) 24

Excluding participants with 0.274 226 (61.2%) 24
ceiling effect (N = 367)
Upper Extremity
All participants (N = 780) 0.558 199 (25.5%) 34
Excluding participants with 0.230 199 (72.8%) 34
ceiling effect (N = 273)
Pain Interference
All participants (N = 758°) 0.368 377 (49.7%) 20

Excluding participants with 0.153 377 (90.4%) 20
floor effect (N = 417°)

0.634 134 (17.1%) 8 0.529 217 (27.7%) 10.1
0.573 192 (52.3%) 8 0.331 217 (59.1%) 7.9

0.674 131 (16.8%) 8 0.592 179 (22.9%) 10.5

0.284 131 (48.0%) 8 0.318 179 (65.6%) 7.8
0.412 355 (46.8%) 8 0.414 368 (48.5%) 8.4
0.210 355 (85.1%) 8 0.235 368 (88.3%) 5.4

PROMIS, Patient-Reported Outcomes Measurement Information Systems; SE(0), standard error of theta.
@ Number/percentage of participants with an SE(0) < 0.32. An SE(0) < 0.32 equals a reliability of 0.90.
b After removing participants who used the added sixth response category, which was counted as missing data.

(ry = —0.45). As 80% of hypotheses were met, construct
validity was considered sufficient.
3.4. Cross-cultural validity

No PROMIS items showed DIF (R2 > 0.02) between the
Dutch and US samples (Supplement G).
3.5. Dutch reference values

Dutch PROM reference values can be found in Table 5.

4. Discussion

This is the first study to analyze the psychometric prop-
erties of the PROMIS pediatric Mobility, Upper Extremity,

and Pain Interference item banks in a population outside of
the United States. All PROMIS item banks measure reli-
ably across a broad spectrum of levels of functioning in
the clinically relevant direction from the mean. Structural
and construct validity of all PROMIS item banks showed
to be sufficient. No DIF was found between the Dutch
and US samples. The CAT outperformed the full-length
item banks and short forms based on relative efficiency.

For investigation of the psychometric properties, suffi-
cient heterogeneity of the sample had to be ensured. As
such, we included additional children with difficulties in
daily functioning due to physical complaints. However,
the full study population, comprising of participants from
the Dutch general population and PPT participants, still
contained many average to high functioning participants.

Table 3. Relative efficiency of the PROMIS Mobility (n = 783), Upper Extremity (n = 780), and Pain Interference (n = 780) full item banks short
forms and computerized adaptive test (CAT) compared to the PedsQL Physical Health domain (n = 725)

PROMIS Mobility

PROMIS Upper Extremity PROMIS Pain Interference

Assessment Method FL SF CAT FL SF CAT FL SF CAT
All participants
PedsQL Physical Health domain® 0.66 0.82 1.11 0.59 0.65 0.95 2.25 2.30 3.25
Full length 1.24 1.69 1.13 1.64 0.98 1.46
Short form 1.36 1.45 1.44
Excluding participants with ceiling/floor effect
PedsQL Physical Health domain® 0.56 0.69 0.94 0.43 0.46 0.87 1.19 1.16 2.12
Full length 1.23 1.69 1.08 2.02 0.94 1.79
Short form 1.37 1.89 1.90

Here, efficiency is defined as the amount of information provided per item. A value greater than 1 indicates that the column outperforms the

row, providing, on average, that many times more information per item.

CAT, computerized adaptive test; FL, full length; PedsQL, Pediatric Quality of Life inventory; PROMIS, Patient-Reported Outcomes Measure-

ment Information System; SF, Short form 8 items.
@ Based on n = 725.
b Based on n = 344.
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Table 4. Spearman’s rank correlation between scores of the PROMIS Mobility (n = 783), Upper Extremity (n = 780), and Pain Interference
(n = 780) full item banks, the PedsQL Physical Health domain (n = 725) and the NPRS (n = 225)

PROM PROMIS Mobility

PROMIS Upper Extremity PROMIS Pain Interference PedsQL Physical Health domain

PROMIS Upper Extremity 0.44 [0.37-0.51]
PROMIS Pain Interference
PedsQL Physical Health domain
NPRS®

0.73 [0.69-0.77]

—0.54 [-0.60 to 0.49] —0.45[-0.50 to 0.38]
0.50 [0.44-0.56]
—0.48 [-0.59t0 0.37] —0.18 [-0.30 to 0.05]

0.64 [0.58-0.68]

0.67 [0.57-0.74] 0.49[0.38-0.601]

PedsQL, Pediatric Quality of Life inventory; PROM, Patient-Reported Outcome Measure; PROMIS, Patient-Reported Outcomes Measurement

Information System; NPRS, Numeric Pain Rating Scale.
@ Completed only by the clinical sample.

This is especially true for the Upper Extremity items
(Supplement B), as children with severe upper extremity is-
sues are less often seen by physical therapists. This might
explain the Upper Extremity item displaying a discrimina-
tion parameter above 10 (“‘I could zip up my clothes”; o =
10.16). Dutch discrimination parameters are generally
higher than US parameters [15,43], which may inflate item
information and reliability estimates. Ideally, Dutch and US
models should be compared using more comparable sam-
ples (eg, bilingual or bicultural). If differences persist,
Dutch parameters could be justified to optimize CAT effi-
ciency. However, given the lack of DIF in our analysis,
we consider US parameters suitable for use in the Dutch
population and recommend their application.

Our results show that the PROMIS Mobility and Upper
Extremity item banks are reliable measures for children
with clinically relevant deviations from the mean (8 of 0).
As PROMIS focuses on measuring PROs for improving pa-
tient care and research [13,44], their PROMs function opti-
mally for populations with potentially clinically relevant
deviations (eg, low mobility, poor upper extremity function,
or high pain interference). Our findings indicate that,
currently, the PROMIS Mobility and Upper Extremity item
banks do not measure sufficiently reliable around the mean
of the (general plus clinical) population. Similar results
were found in clinical samples [12,45]. To reliably measure
the entire population, we agree with previous research [37]

that future work is needed to improve the reliability of the
PROMIS Mobility and Upper Extremity item banks for
children with average to high levels of physical func-
tioning. The item banks might require additional high-end
differentiating items to appropriately measure healthy or
high-functioning individuals. This was done for the
PROMIS Physical Function (v2.0) item bank for adults,
which now includes 165 items to cover all levels of phys-
ical function (PROMIS pediatric Mobility v2.0 contains
24 items and Upper Extremity v2.0 34 items) [46].
Unlike PROMIS item banks, the PedsQL Physical
Health subdomain combines several PRO domains into a
single score. This approach reduces the likelihood of ceil-
ing/floor effects, as participants are less likely to report
the highest scores across multiple domains simultaneously.
This resulted in a higher ceiling/floor effect for the
PROMIS item banks (53.3%, 67.8%, and 45.1%) compared
to the PedsQL Physical Health subdomain (40.4%). How-
ever, combining multiple PRO domains into a single score
complicates interpretability of the score [47]. Generally, all
investigated PROMs showed high levels of ceiling/floor ef-
fect, mirroring previous research [48—51] and indicating an
inability to detect variability at the high end of the scale.
Although this study focuses on v2.0 of the PROMIS pe-
diatric Mobility, Upper Extremity, and Pain Interference
item banks, v3.0 has recently been released [52,53], and
our results do not apply to v3.0. A major change in v3.0

Table 5. Dutch reference values of the PROMIS Mobility, Upper Extremity, and Pain Interference T-scores and the PedsQL Physical Health domain

scores (n = 555)

PROM Mean [SD]"
PROMIS Mobility T-score 58.2 [6.6]
PROMIS Upper Extremity T-score 54.5[6.9]
PROMIS Pain Interference T-score 39.3[9.8]
PedsQL Physical Health domain sum 92.0[12.9]

score”

Cut-off°
Range Moderate Severe
31.1-62.1 <559 <448
19.8-57.9 <52.8 <394
31.1-72.6 > 47.5 > 56.7
12.5-100 - -

Age-specific average values for the PROMIS instruments can be found in Supplement H.
PedsQL, Pediatric Quality of Life inventory; PROM, Patient-Reported Outcome Measure; PROMIS, Patient-Reported Outcomes Measurement

Information System; SD, standard deviation.

@ 58 participants did not fill out the PedsQL Physical Health domain.

b A T-score of 50 and standard deviation of 10 corresponds to the average as defined by the US calibration sample.
¢ The cut-off are based on the 75th percentile (moderate) and the 95th percentile (severe) of the T-scores in the Dutch general population [42].
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is the collapsing of response categories among the clinical
side of the Likert scale (eg, “Not able to do” and “With a
lot of trouble’”). However, our results show that nearly all
response categories from v.2.0 were used (Supplement C).
This indicates a potential loss of nuance in the v3.0 item
banks, which may affect reliability and responsiveness.
Moreover, 9.6% of individuals presented with the added
‘Not able to do’ response option in the Pain Interference
item bank selected it. This suggests a reason to consider
adding this option to the PROMIS item bank to better
accommodate lower-functioning individuals and improve
validity for this subgroup.

Our study presents Dutch reference T-scores of the
PROMIS v2.0 Mobility, Upper Extremity, and Pain Inter-
ference item banks. The mean T-scores for the 3 domains
differ from the US calibration sample average of 50, espe-
cially for Pain Interference (39.3; Table 5). This is poten-
tially due to the US sample including approximately 33%
chronically ill participants, a demographic not explicitly
represented in our general population sample. We recom-
mend Dutch PROMIS users to use the T-scores presented
in Table 5 as reference values for the Dutch general popu-
lation. Future research will explore reference T-scores for
PPT participants.

In conclusion, the PROMIS v2.0 pediatric Mobility, Up-
per Extremity, and Pain Interference item banks perform
sufficiently in the Dutch general and clinical population.
These measures are distributed by the Dutch-Flemish
PROMIS National Center (www.dutchflemishpromis.nl).
Future research is needed to improve the reliability of the
PROMIS Mobility and Upper Extremity item banks for
children with average to high physical functioning.
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