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Abstract
Objective: The objective of this study was to assess the psychometric properties of the DutcheFlemish Patient-Reported Outcomes
Measurement Information System (PROMIS) Physical Function item bank in Dutch patients with chronic pain.

Study Design and Setting: A bank of 121 items was administered to 1,247 Dutch patients with chronic pain. Unidimensionality was
assessed by fitting a one-factor confirmatory factor analysis and evaluating resulting fit statistics. Items were calibrated with the graded
response model and its fit was evaluated. Cross-cultural validity was assessed by testing items for differential item functioning (DIF) based
on language (Dutch vs. English). Construct validity was evaluated by calculation correlations between scores on the DutcheFlemish
PROMIS Physical Function measure and scores on generic and disease-specific measures.

Results: Results supported the DutcheFlemish PROMIS Physical Function item bank’s unidimensionality (Comparative Fit
Index 5 0.976, Tucker Lewis Index 5 0.976) and model fit. Item thresholds targeted a wide range of physical function construct
(threshold-parameters range: �4.2 to 5.6). Cross-cultural validity was good as four items only showed DIF for language and their impact
on item scores was minimal. Physical Function scores were strongly associated with scores on all other measures (all correlations � �0.60
as expected).

Conclusion: The DutcheFlemish PROMIS Physical Function item bank exhibited good psychometric properties. Development of a
computer adaptive test based on the large bank is warranted. � 2017 Elsevier Inc. All rights reserved.
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1. Introduction

Physical function refers to the ability to perform activ-
ities of daily living and instrumental activities of daily
living [1]. Limitations in physical function are a big
concern for elderly and patients with chronic diseases such
as musculoskeletal disease and chronic pain [2e4].
Because physical function is prerequisite for independent
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What is new?

� Findings from this study in patients with chronic
pain contribute to the evidence for the good
psychometric properties of the Patient-Reported
Outcomes Measurement Information System
(PROMIS) Physical Function item bank.

� If applied as Short Form or computerized adaptive
testing (CAT), the item bank has the potential to
improve the measurement of physical function in
a user-friendly and efficient way.

� Results from this study expand the evidence for the
validity of the DutcheFlemish PROMIS Physical
Function item bank across populations.

48 M.H.P. Crins et al. / Journal of C
living, it is commonly measured in clinical care and often is
a core outcome of treatment [3]. A large number of patient-
reported outcome measures (PROMs) are available to mea-
sure physical function in patient populations [5e9]. How-
ever, these PROMs can be burdensome for patients
because of their length and because items are not targeted
to respondents’ individual levels of physical function. Ex-
isting measures vary in measurement quality and precision
and may have limited measurement range (i.e., ceiling and
floor effects). Furthermore, scores of different physical
function measures are not comparable across different
PROMs.

The National Institutes of Health Patient-Reported Out-
comes Measurement Information System (PROMIS) initia-
tive developed a new state-of-the-art generic assessment
tool to measure patient-reported health across different
populations. To optimize content validity, items adapted
from existing PROMs and new items were combined into
item banks [10e14]. An item bank is a set of items (ques-
tions) measuring a common construct such as physical
function [15]. Responses to items in an item bank were
calibrated with item response theory (IRT), which orders
items along a measurement continuum, based on item dif-
ficulty (e.g., ‘‘are you able to run a mile’’ is a more difficult
item than ‘‘are you able to move across the room’’) and
discrimination [16]. Once calibrated to an IRT model, the
item bank can be used to tailor measurement to individual
persons through computerized adaptive testing (CAT) [11].
A CAT is a computer-administered measure in which suc-
cessive items are selected by a computer algorithm based
on responses to previous items [11,15,17]. After each item,
the person’s score and the associated standard error are esti-
mated, and when a predefined precision (e.g., standard
error !0.3 on the theta metric; !3 on the T-score metric)
is achieved, the computer stops administering items and es-
timates the final score. Typically, this ‘‘stopping criterion’’
can be reached after administering 3 to 7 items. It can also
be programmed that the computer stops administering
items after a certain number of items are administered, also
called fixed-length CAT. Because the administration of
items is tailored to individuals, persons only respond to a
minimal number of highly informative and relevant items.
With CATs, higher measurement precision (less measure-
ment error) can be achieved with less response burden.

PROMIS item banks and CATs have the potential to be
implemented worldwide. The PROMIS Physical Function
item bank has shown to have stronger content validity, bet-
ter responsiveness, and other desirable psychometric prop-
erties compared with traditional physical function PROMs
such as the SF-36 Health Survey Physical Functioning scale
(SF-36 PF) and the Health Assessment Questionnairee
Disability index (HAQ-DI) [12e14,18e20]. Furthermore,
PROMIS scores are expressed on a standardized T-score
metric (T-score 50 represents the average score of the gen-
eral US population, with a standard deviation of 10) that
facilitates interpretability of scores [21,22].

The DutcheFlemish PROMIS Group translated 17 adult
PROMIS item banks (including the PROMIS Physical
Function item bank) and nine pediatric PROMIS item
banks into DutcheFlemish [23,24]. The DutcheFlemish
PROMIS Physical Function item bank has been adminis-
tered and tested in patients with rheumatoid arthritis, which
is a relatively homogeneous patient group [25]. In line with
the PROMIS goals to calibrate a translated item bank in
multiple validation studies and in patients with multiple
conditions, we conducted a second validation study with
the DutcheFlemish PROMIS Physical Function item bank
in a more heterogeneous sample, to evaluate the generaliz-
ability of its properties across patient populations.

The objective of present study was to examine unidi-
mensionality and calibrate the item parameters of the
DutcheFlemish PROMIS Physical Function item bank in
Dutch chronic pain patients. Furthermore, the objective
was to evaluate the cross-cultural validity of the Dutche
Flemish compared with the US PROMIS Physical Function
item bank, and its reliability and construct validity. The ul-
timate aim was to obtain a valid, reliable, user-friendly, and
efficient measurement tool for assessing physical function,
available to care providers and researchers in both the
Netherlands and Flanders (the Dutch-speaking part of
Belgium).
2. Methods

2.1. Study participants

For this study, 2,808 patients from the Amsterdam Pain
(AMS-PAIN) cohort were invited to participate. The AMS-
PAIN cohort comprises chronic pain patients who have
been registered since September 2010 in Reade, an outpa-
tient secondary care center for rheumatology and rehabili-
tation in the Netherlands. To be eligible, patients had to
have at least one chronic pain condition of the
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musculoskeletal system for at least 3 months before partici-
pating in the study, had to be 21 years or older, and had to
provide informed consent.

To evaluate the cross-cultural validity (or equivalence) of
the DutcheFlemish compared with the US PROMIS Phys-
ical Function item bank, data from a US PROMIS wave 1
subsample (the full bank samples) were used [12,14]. In this
US PROMIS wave 1 subsample, the Physical Function item
bank was divided into two item blocks (containing 95 and 26
of the 121 items, respectively), which were completed by
two independent samples of 942 and 995 participants,
respectively (total 1937 US participants). Of the 1,937
respondents, 237 participants were excluded because of
inappropriate response time, which resulted in 1,700 US
participants for cross-cultural validity analysis.
2.2. Procedures

The study was approved by the local institutional review
board (Slotervaart hospital and Reade). Patients from the
AMS-PAIN cohort were invited by e-mail or letter, to com-
plete a Web-based (digital) or paper-and-pencil (paper)
questionnaire that included, among other measures, the full
DutcheFlemish PROMIS Physical Function item bank.
2.3. Measures

The questionnaire included questions addressing demo-
graphic (i.e., age, gender, country of birth, educational
level) and clinical characteristics (i.e., duration of pain,
type chronic pain condition). These questions enabled
description of the DutcheFlemish sample and also compar-
ison to the US sample.

The questionnaire also included all 121 items of the
DutcheFlemish PROMIS Physical Function item bank
[23,26]. There are three items (with the word ‘‘walking’’
in it) that have a slightly different translation in the Dutch
and Flemish language. In the present study, the Dutch
version of these items was used. The items cover a wide
range of activities, from self-care (activities of daily living)
to more complex activities that require a combination of
skills [1,12e14,27]. There is no time frame for the items,
but current status is inferred. The item bank includes items
about functioning of the axial regions (neck and back), the
upper and lower extremities, and ability to carry out instru-
mental activities of daily living (i.e., housework, shopping)
[1,13,14,27]. There are three different five-point Likert
response scales: (1) unable to do/with much difficulty/with
some difficulty/with a little difficulty/without any diffi-
culty; (2) cannot do/quite a lot/somewhat/very little/not at
all; and (3) cannot do because of health/a lot of diffi-
culty/some difficulty/a little bit of difficulty/no difficulty
at all. Higher scores indicate better function. For the present
study, the item bank was split-up into three parts to prevent
burden on respondents by answering 121 items in succes-
sion about the same topic.
Finally, the questionnaire included two generic and four
disease-specific instruments to assess construct validity.
The generic instruments were applied in all patients. They
consisted of the DutcheFlemish PROMIS Pain Interference
item bank, and the PROMIS pain intensity item (Global07)
from the DutcheFlemish PROMIS Global Health item
bank. The disease-specific instruments were applied in pa-
tients with chronic neck, shoulder, back or widespread pain,
respectively. They consisted of the ‘‘Neck Disability
Index’’ (NDI), the ‘‘Disabilities of the Arm, Shoulder and
Hand’’ (DASH) questionnaire, the ‘‘Roland Morris
Disability Questionnaire’’ (RMDQ), and the ‘‘Fibromyalgia
Impact Questionnaire’’ (FIQ). The DutcheFlemish
PROMIS Pain Interference item bank consists of 40 items
and assesses the consequences of pain on relevant aspects
of persons’ lives and includes the impact of pain on social,
cognitive, emotional, physical, and recreational activities as
well as sleep and enjoyment in life [1,28,29]. The scores
are expressed in T-scores. The DutcheFlemish PROMIS
Pain Interference item bank was evaluated in Dutch chronic
pain patients and showed good psychometric properties
[29]. The PROMIS pain intensity item (Global07) from
the DutcheFlemish PROMIS Global Health item bank
consist of an 11-point numeric rating scale (NRS) with an-
chors 0 5 ‘‘no pain’’ and 10 5 ‘‘worst pain imaginable’’
[30,31]. The NDI consists of 10 items measuring self-
reported pain intensity and the influence of neck pain on
daily activities, with a total score ranging from 0 to 50
[32,33]. Evidence has accumulated for the testeretest reli-
ability and validity of the NDI within Dutch patients with
chronic neck pain [33e36]. The DASH questionnaire con-
sists of 30 items measuring disabilities of the upper extrem-
ities, with a total score ranging from 0 to 100 [37,38].
DASH scores have demonstrated good reliability and good
validity (i.e., strong correlations with instruments
measuring related constructs) in Dutch patients with a vari-
ety of unilateral disorders of the upper limb [38e41]. The
RMDQ consists of 24 items measuring disabilities as a
result of chronic back pain, with a total score ranging from
0 to 24 [42,43]. RMDQ scores have demonstrated good
reliability and validity within Dutch patients with chronic
low back pain [42,44e46]. The FIQ consists of 20 items
measuring physical disabilities as a result of fibromyalgia,
with a total score ranging from 0 to 100 [47,48]. FIQ scores
have demonstrated moderate to good reliability and validity
among Dutch patients with fibromyalgia [48,49]. For each
instrument, higher scores indicate more interference, inten-
sity, disability, or impact.

The total survey comprised of demographic and clinical
questions, followed by the total Pain Behavior item bank
(39 items, but analyses are not included in current study), part
1 of the PF item bank (50 items), the total Pain Interference
item bank (40 items), part 2 of the PF item bank (46 items),
theGlobal Health itembank (10 items), part 3 of the PROMIS
PF item bank (25 items), and last the four disease-specific
instrument questionnaires NDI, DASH, RMDQ, and FIQ.
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2.4. Statistical analysis

2.4.1. Study participants
Demographic and clinical characteristics were described

by descriptive statistics. Differences between the Dutch
AMS-PAIN sample and the US wave 1 sample were evalu-
ated by independent sample t-tests for continuous variables
and chi-square tests for categorical variables.
2.4.2. Calibration of the DutcheFlemish PROMIS
Physical Function item bank

Psychometric analyses were conducted following the
PROMIS analysis plan and were similar to those used in
the calibration of the DutcheFlemish PROMIS Pain
Behavior item bank and the DutcheFlemish PROMIS Pain
Interference item bank [29,50,51].

First, unidimensionality was examined by confirmatory
factor analyses (CFAs) on the polychoric correlation ma-
trix. All items were hypothesized to load on a single factor.
The analysis was performed with the R-package (version
3.0.1) Lavaan (version 0.5e16), and model fit was evalu-
ated based on the Comparative Fit Index (CFI), Tucker
Lewis Index (TLI), and Root Means Square Error of
Approximation (RMSEA) [52,53]. The criteria for unidi-
mensionality include CFI O 0.95, TLI O 0.95, and
RMSEA ! 0.06 [50]. Furthermore, unidimensionality
was considered sufficient when with exploratory factor
analysis (EFA) the first factor accounts for at least 20%
of the variability and when the ratio of the variance
explained by the first to the second factor is greater than
4 [50,54].

Second, local independence was evaluated. After con-
trolling for the dominant factor, there should be no signif-
icant covariance among item responses. This was
evaluated by examining the residual correlation matrix
resulting from a single factor CFA of all item responses.
Residual correlations greater than 0.2 were considered as
indicators of possible local dependence [50]. The impact
of local dependency on IRT parameter estimates was eval-
uated, by removing one item of a locally dependent pair
and examining changes in the IRT parameters of the
remaining items [11].

Third, monotonicity was assessed. The probability of
endorsing a higher item response category should increase
(or at least not decrease) with increasing levels of the un-
derlying construct. Monotonicity of the DutcheFlemish
PROMIS Physical Function items was evaluated by fitting
a nonparametric IRT model, with Mokken scaling in the
R-package Mokken [55e58]. This model yields nonpara-
metric IRT response curve estimates, shows the probabili-
ties of endorsing response categories, and can be visually
inspected to evaluate monotonicity. Fit of the monotone
homogeneity model was evaluated by calculating the
scalability coefficient H. Scale criteria are met if (1) the
scalability coefficients for all item pairs (Hij) are positive,
(2) the scalability coefficients for the items in relation to
the scale at issue (Hi) are at least 0.30, and (3) the scalabil-
ity coefficient for the scale (H) is at least 0.30. Higher
values for Hi and H indicate a better scale. A rule of thumb
is that a scale is considered to be strong when H is �0.50.

After evaluation of these three assumptions, a graded
response model (GRM) was fit to the data to calibrate
the item parameters with the R-package MIRT [59,60].
The GRM models two item parameters, the item slope
and the item threshold [50]. The item slope parameter es-
timates the discriminative ability of the items, with higher
slope values indicating better ability to discriminate be-
tween adjoining values on the construct. Item threshold
parameters estimate item difficulty and locate the items
along the measured trait. To assess the fit of the GRM
and the degree to which possible misfit affects the IRT
model, S-X2 statistic was used [61]. This statistic com-
pares the observed and expected response frequencies un-
der the estimated IRT model and quantifies the differences
between the observed and expected response frequencies.
The criterion for poor fit of an item is an S-X2 P-value
of less than 0.001 [50,61].
2.4.3. Differential item functioning
Differential item functioning (DIF) analyses examine

whether people from different groups (e.g., age or gender)
with the same level of trait (in this study, the same level of
physical function) have different probabilities of giving a
certain response to an item [16,50,62]. There are two kinds
of DIF: uniform and nonuniform [16,50,62]. Uniform DIF
exists when the DIF is consistent, with the same magnitude
of DIF across the entire range of the trait. Nonuniform DIF
exists when the magnitude or direction of DIF differs across
the trait. DIF was evaluated by ordinal logistic regression
models in the R-package Lordif (version 0.3e3), in which
a McFadden’s pseudo R2 change of 2% was used as the
critical value to flag for possible DIF [50,63e65]. Within
the Dutch AMS-PAIN sample, DIF was evaluated for age
(median split: under 50 years vs. 50 years and over), gender
(male vs. female), and administration mode (digital vs.
paper).
2.4.4. Cross-cultural validity
Cross-cultural validity of the DutcheFlemish PROMIS

Physical Function item bank vs. the US PROMIS Physical
Function item bank was assessed to examine if Dutch and
US participants with the same level of trait (physical func-
tion) have different probabilities of given responses to an
item. DIF for language (Dutch vs. English) was analyzed
as described under Section 2.4.3. When items were flagged
as potential DIF for language items, the impact of DIF was
examined by plotting item characteristic curves (ICCs) and
test characteristic curves (TCCs). The TCC plots showed
the total item scores for all 121 PROMIS Physical Function
items (ignoring DIF) and the scores for only the items
having DIF [64,65].
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2.4.5. Reliability
Reliability within IRT is conceptualized as ‘‘informa-

tion,’’ in which the fact that measurement precision can
differ across levels of the measured trait (q5 theta) is taken
into account. The relationship between information
and standard error (SE) is defined by the formula:

SEðqÞ 5 1
ffiffiffiffiffiffi

IðqÞ
p , where SE is the standard error of estimated

q, I is information, and q is the estimated trait level
(ranging from low levels to high levels of physical func-
tion) [28,66]. The formula indicates that increased scale
information is related to smaller SEs and, therefore, greater
measurement precision. With the calculated SEs, plots were
overlaid showing SEs, as a parameter of reliability, across
the score range of the total DutcheFlemish PROMIS Phys-
ical Function item bank (121 items), the 4-, 6-, 8-, 10-, and
20-item Short Forxms (similar to the US short forms), and
the 4-, 6-, 8-, 10-, and 20-item simulated fixed-length CATs
(always applying 4, 6, 8, 10, and 20 items, respectively, no
other stopping rules). The simulated fixed-length CATs
were conducted with use of the R-package catR (version
3.4) [67]. With these plots, it is also shown how the total
item bank vs. short forms vs. fixed-length CATs perform
compared with each other. The IRT theta scores of the
Dutch AMS-PAIN sample were, among others for reasons
of international comparability, transformed into T-scores
anchored on the US item parameters of the PROMIS Phys-
ical Function item bank. For the same reason, the plots of
the reliability of the total item bank, the T-scores of the
short forms, and the simulated fixed-length CATs were also
based on US item parameters. The US item parameters can
be found in the US PROMIS Physical Function ‘‘cue
sheet’’; the spreadsheet listing the items, response options,
and item parameters of the US PROMIS Physical Function
item bank. This cue sheet can be requested on the US
PROMIS web site www.healthmeasures.net, at which
up-to-date PROMIS tools and assistance are provided.
The T-score 50 represents the average score of the general
US population, with a standard deviation of 10.
2.4.6. Construct validity
T-scores of the DutcheFlemish PROMIS Physical Func-

tion item bank were correlated (Pearson correlations) to the
scores on the two generic instruments (the PROMIS Pain
Interference item bank and PROMIS Pain Intensity item)
and the four disease-specific instruments (the NDI, DASH,
RMDQ, and FIQ). For assessing convergent validity, we hy-
pothesized that the Physical Function item bank scores would
have the strongest negative correlation (r! �0.70) with the
Pain Interference item bank T-score because in patients with
chronic pain, we hypothesized little distinction between the
concepts physical function and pain interference. Further-
more, we expected strong negative correlations (r ! �0.50)
of the Physical Function item bank score with the four
disease-specific disability instruments. We expect slightly
lower correlations with the disability instruments than with
the Pain Interference item bank because the disability instru-
ments measure the concept of disability more broadly (e.g.,
also including items on pain and other symptoms). For assess-
ing discriminant validity, we expected a moderate negative
correlation (r between �0.30 and �0.50) between the Phys-
ical Function item bank and the Pain Intensity item score
because pain intensity is a different construct than physical
function.
3. Results

3.1. Study participants

Of the 2,808 invited patients, 1,286 completed the ques-
tionnaire (response rate 46%, 56% digital and 44% paper).
No differences were found between responders and nonre-
sponders with respect to age, gender, country of birth, or
education level. Among the 1,286 respondents, 29 patients
were excluded because they did not give informed consent
and 10 patients were excluded because responses to all
items of the Physical Function item bank were missing, re-
sulting in 1,247 patients participating in the study. Most sta-
tistical analyses were performed based on data from the 921
respondents who had complete data on all items of the
Physical Function item bank. However, because the GRM
analyses can accommodate incomplete data, data of all
1,247 patients were used for the IRT calibration.

The demographic characteristics of the Dutch AMS-
PAIN sample and the US wave 1 sample are summarized
in Table 1. Of the AMS-PAIN patients, 78% were female,
the average age (standard deviation [SD]) was 48 years
(12) with a range from 21 to 85, 81% indicated that the
duration of their pain was more than 2 years, and the
average pain intensity on an NRS (SD) was 6.7 (2). The re-
sults of the t-tests and chi-square tests showed that the
Dutch AMS-PAIN patients were slightly younger, a larger
proportion was female, had higher pain intensity scores,
and were less educated than the US wave 1 sample.

3.2. Calibration of the DutcheFlemish PROMIS
Physical Function item bank

The CFA results indicated good fit to a unidimensional
model. The CFI was 0.976 and the TLI was 0.976, which
are larger than the criterion of O0.95 [50]. The RMSEA
was 0.122, which is larger than the criterion of !0.06.
Notably, this criterion was not met in the US PROMIS
Physical Function data either, nor many of the other
PROMIS item banks. Reise et al. have found the RMSEA
statistic to be problematic for assessing unidimensionality
of health concepts [68]. To further investigate the dimen-
sionality of the response data, we conducted an EFA. The
first factor in EFA accounted for 56.6% of the variance,
and the second factor accounted for 8.2% of the variance;
hence, the ratio of the variance explained by the first to
the second factor is 6.9, which is higher than the

http://www.healthmeasures.net


Table 1. Demographic and clinical characteristics of the Dutch AMS-PAIN sample (n 5 1,247) and the US wave 1 sample (n 5 1,700)

Dutch chronic pain sample US wave 1 sample

Age mean (SD), range 48 (13), 21e85 51 (18), 18e88*
Gender, n (%)

Male 278 (22) 824 (49)*
Female 969 (78) 876 (51)*

Country of birth, n (%)
Netherlands 633 (51) NA
Turkey 90 (7)
Morocco 102 (8)
Surinam 74 (6)
Other 348 (28)

Social status,a n (%)
Single 432 (35) NA
Married or living together 667 (54)
Living apart together 65 (5)
Living with parents 26 (2)
Other 66 (5)

Educational level, n (%)
Less than high school degree 190 (18) 31 (2)*
High school degree 150 (14) 298 (17)
Some college 420 (41) 656 (39)
College degree 47 (5) 427 (25)*
Advanced degree 221 (22) 285 (17)*

Employment status,a n (%)
Full time 203 (16) NA
Part time 315 (25)
Student 45 (4)
Unpaid, volunteer, household 181 (15)
Retired 103 (8)
Unemployed 226 (18)
Other 249 (20)

Social benefits,a n (%)
Sick listed 290 (23) NA
Disability benefit 281 (23)
Unemployment benefit 99 (8)
Other 159 (13)
No social benefit 432 (35)

Duration of pain, n (%)
3e6 months 18 (2) NA
6e12 months 51 (4)
1e2 years 163 (13)
2e5 years 356 (29)
O5 years 648 (52)

Type of chronic pain condition,a n (%)
Migraine and/or other ‘‘daily’’ headache 444 (36) NA
Rheumatoid arthritis 155 (12)
Osteoarthritis 424 (34)
Pain related to cancer 20 (2)
Lower back pain 878 (70)
Neck or shoulder pain 872 (70)
Fibromyalgia 422 (34)
Chronic widespread pain 588 (47)
Other neuropathic pain (nerve damage) 260 (21)
Other 585 (47)
No chronic pain condition 6 (0.5)

T-score of the PROMIS Physical Function item bank
Mean (SD) 35.7 (7.4) 50.8 (9.3)*
Range 10.2e73.5 12.4e71.3

Generic and disease-specific instruments mean (SD)
PROMIS Pain Interference (n 5 1,085) 64.1 (6.8) d

PROMIS Global Health Pain intensity (n 5 1,167) 6.7 (2) 2.5 (2)*
NDI (n 5 448) 25 (9) d

(Continued )
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Table 1. Continued

Dutch chronic pain sample US wave 1 sample

DASH (n 5 450) 47 (20) d
RMDQ (n 5 743) 13 (6) d

FIQ (n 5 337) 60 (18) d

Abbreviations: AMS-PAIN, Amsterdam Pain; SD, standard deviation; NDI, Neck Disability Index (0e50); DASH, Disabilities of the Arm, Shoul-
der and Hand (0e100); NA, not applicable; RMDQ, Roland Morris Disability Questionnaire (0e24); FIQ, Fibromyalgia Impact Questionnaire
(0e100).

PROMIS Pain Interference (T-score); PROMIS Global Health Pain Intensity (0e10). Higher scores indicate more interference, intensity,
disability, or impact.

*P ! 0.001.
a Multiple answers were allowed.
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recommended minimum of 4 [50]. Based on these results, it
was concluded that the responses to the DutcheFlemish
PROMIS Physical Function items were sufficiently unidi-
mensional for calibration using IRT.

The residual correlation matrix showed a small number
of deviances from local dependence among the items. Out
of the 7,260 items pairs, 445 (6%) were flagged for local
dependence. The item pairs with the greatest dependency
were PFC33 (‘‘Are you able to run 10 miles (16 km)?’’)d
PFC7 (‘‘Are you able to run five miles (8 km)?’’) with a re-
sidual correlation of 0.57, and PFA39 (‘‘Are you able to run
at a fast pace for two miles (3 km)?’’)dPFC7 (‘‘Are you
able to run five miles (8 km)?’’) with a residual correlation
of 0.43. These items were removed sequentially and the
items were recalibrated to evaluate the impact of local de-
pendency on item parameter estimates. The mean differ-
ences in item thresholds estimates after removal of an
item was �0.03, and the maximum difference was �0.08.
The mean difference in slope parameter estimates was
0.014, and the maximum difference was 0.016. These
results suggest minimal impact of local dependence.

Evaluation of monotonicity showed that the Dutche
Flemish PROMIS Physical Function item bank had only
six significant violations (PFA10, PFA34, PFA38, PFB5,
PFB10, PFC32). The scalability coefficient Hi of the items
was �0.42 and higher than the lower bound of 0.30 for all
items (details can be found in the online only Appendix 1 at
www.jclinepi.com). The Mokken scalability coefficient H
of the full item bank was 0.56, suggesting strong scalability.
Based on these results, it was concluded that the Dutche
Flemish PROMIS Physical Function items sufficiently
met the assumption of monotonicity.

The item slope parameters ranged from 0.8 to 3.1, with
mean of 2.1. The item with lowest discrimination parameter
was PFC33 (‘‘Are you able to run ten miles (16 km)?’’), and
the item with the highest discrimination parameter was
PFA16 (‘‘Are you able to dress yourself, including tying
shoelaces and buttoning your clothes?’’). The item threshold
parameters ranged from �4.2 to 5.6. There were five items
with sparse item categories. In three items (PFA43, PFA50,
and PFB16), there were few responses in categories 1e3,
and in two items (PFC7 and PFC33), there were few re-
sponses in categories 3e5. The probability values for the
S-X2 statistics ranged from 0.0001 to 0.977. Based on the
S-X2 P-value of less than 0.001, only 1 of 121 items
(PFB1) was found tomisfit the GRM. From all calibration re-
sults, it was concluded not to remove items from the item
bank. Details of the IRT item parameters can be found in
the online only Appendix 1 at www.jclinepi.com.

3.3. Differential item functioning

None of the DutcheFlemish PROMIS Physical Function
items were flagged for DIF for gender or administration
mode. One item (PFC33) was flagged for uniform DIF
for age. The TCC (not shown) demonstrated negligible
influence of the DIF for age item on the physical function
total score, indicating negligible impact of DIF by age.

3.4. Cross-cultural validity

Four items showed some DIF for language (R2 change
values can be found in the online only Appendix 1 at
www.jclinepi.com). All four were flagged for uniform
DIF. For two items (PFB5 and PFC32), the Dutch patients
were more likely to endorse higher response categories
compared with the US participants, indicating that the
items were easier for Dutch patients. For the other two uni-
form DIF items (PFB1 and PFB13), the Dutch patients
were more likely to endorse lower response categories
compared with the US participants.

The overall impact of DIF for language on the TCC is
shown in Fig. 1, and the ICCs are not shown. The left graph
shows the TCC for all 121 Physical Function items
(ignoring DIF), and the right graph shows the TCC for
the four items having DIF. These curves show that the phys-
ical function total score is only slightly different for Dutch
patients than for US participants, indicating minimal
impact of DIF by language.

3.5. Reliability

Because of the minimal impact of DIF by language and for
the purpose of international comparability, the DutcheFlemish
T-scores were anchored on the item parameters of the US
PROMIS Physical Function item bank. As shown in Table 1,
the resulting mean T-score for the overall Dutch-Flemish

http://www.jclinepi.com
http://www.jclinepi.com
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Fig. 1. The overall impact of DIF for language on the test characteristic curves (TCCs). The TCC shows the relation between the total item scores
(y-axis) and theta (x-axis). Left graph shows the TCC for all 121 DutcheFlemish (DF) and US PROMIS Physical Function items (ignoring DIF); the
right graph shows the TCC for the four DutcheFlemish and US PROMIS Physical Function items having DIF. DIF, differential item functioning;
PROMIS, Patient-Reported Outcomes Measurement Information System.
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PROMIS Physical Function AMS-PAIN sample was 35.7
(SD5 7.4), with a range from 10.2 to 73.5, indicating a lower
level of physical function in Dutch chronic pain patients
compared with persons from the US general population.

Fig. 2 shows plots of the standard errors across the range of
the DutcheFlemish PROMIS Physical Function T-scores,
for the total Dutch-Flemish PROMIS Physical Function item
bank (121 items), the 4-, 6-, 8-, 10-, and 20-itemShort Forms,
and CATs respectively. The results indicate good reliability
of the DutcheFlemish PROMIS Physical Function item
bank. The reliability of the total item bank was greater than
0.90 for the full range of the scale presented in Fig. 2. Both
the 10- and 20-item Short Forms as well as all CATs show
a reliability of 0.80 or greater between a T-score of 25 and
48, where 90% of the Dutch AMS-PAIN sample is located.
The 10- and 20-item CATs show even greater reliability than
0.90 across this T-score range. The plots demonstrate that
CATs show greater reliability than the Short Forms. For
example, where a 20-item short form is needed for persons
with T-scores between 30 and 50 to achieve a reliability of
greater than 0.90, a CAT can achieve the same level of reli-
ability with only 10 items.
3.6. Construct validity

The DutcheFlemish PROMIS Physical Function item
bank correlated strongly (O�0.70) with the DutcheFlemish
PROMIS Pain Interference item bank, as expected
(r 5 �0.73). In addition, the DutcheFlemish PROMIS Phys-
ical Function item bank correlated strongly as expected
(r ! �0.50) with the disability instruments (NDI, �0.70;
DASH, �0.86; RMDQ, �0.70; and FIQ, �0.62). The corre-
lation with the Dutch-Flemish PROMIS Global Health Pain
intensity item was higher than expected: �0.62 instead of
between �0.30 and �0.50.

4. Discussion

The results of this study add to the evidence on the psy-
chometric properties of the Dutch-Flemish PROMIS Phys-
ical Function item bank by showing unidimensionality,
good model fit, and breadth of coverage across the range
of physical function. Furthermore, the analyses showed
no evidence for DIF due to gender and administration
mode, negligible DIF by age, and good cross-cultural valid-
ity, reliability, and construct validity.



Fig. 2. The plots show the standard errors of the total Dutch-Flemish PROMIS Physical Function item bank (121-item bank) and the 4-, 6-, 8-, 10-,
and 20-item Short Forms (SFs) and CATs, respectively. The horizontal axis represents the different physical function abilities with T 5 50 repre-
senting the mean of the US general population with a standard deviation of 10. The vertical axis represents the standard error (reliability), with
reference reliabilities of 0.80 and 0.90. The lower the curve, the greater the reliability. CAT, computerized adaptive testing; M, mean; PROMIS,
Patient-Reported Outcomes Measurement Information System; SD, standard deviation.
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The DutcheFlemish PROMIS Group aims to improve the
measurement of patient-reported outcomes in the
Netherlands and Flanders by providing and supporting the
implementation of IRT-based, efficient, highly reliable, and
valid PROMIS items banks and CATs [23]. PROMIS item
banks are based on well-developed conceptual models with
clearly defined unidimensional constructs and have been
developed by extensive qualitative research with patients
[20]. PROMIS item banks show good measurement proper-
ties and are more applicable for use in daily clinical practice
than traditional PROMs [18e20]. Through the use of IRT-
based methods, PROMIS T-scores can be estimated even
when people do not respond to the same items, for instance
when using CAT. CATs are tailored to the persons’ ability
and therefore more efficient and precise than other PROMs
[21,22]. The PROMIS scores are expressed on a standardized
T-score metric (T-score 50 represents the average score of
the general US population, with a standard deviation of 10)
that facilitates interpretability of scores by providing a
consistent reference point [21,22]. Recently, Schalet et al.
published cross-walk tables that can be used to convert
scores of the traditional physical function PROMs, such as
the SF-36 PF and the HAQ-DI, into PROMIS T-scores
[69e72]. With use of the cross-walk tables, historical data
can be mapped onto the PROMIS T-score metric, making
it possible to switch from using traditional physical function
PROMs to PROMIS measures [69].

Although the response rate in this study was only 46%,
the large sample size of 1,247 patients is reassuring. The
low response rate might be due to the high number of items
that were administered to the patients.

No items were flagged for DIF with respect to gender or
administration mode, and there was negligible DIF by age,
which means that the items and scores can be used across pa-
tients that differ in gender and age, and differ in the way of
completing the itembank (digital or paper). This is reassuring
compared with previous research with the DutcheFlemish
PROMIS Physical Function item bank, in which seven items
were flagged for DIF with respect to gender and five with
respect to age in Dutch rheumatoid arthritis patients [25].

Evaluation of cross-cultural validity (DutcheFlemish vs.
US) flagged only four of the 121 items with DIF for
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language. Caution is warranted in interpreting this DIF for
language because of other differences between the Dutch
and US populations. The Dutch AMS-PAIN sample differs
from the US wave 1 sample in age, gender, pain intensity,
and educational level. These differences are likely ex-
plained by the fact that the Dutch sample comprises chronic
pain patients (with large proportion female and higher pain
intensities as common characteristics), compared to persons
from the general population in the US sample. However,
because of the minimal impact of DIF on the item scores
in present study, we conclude that the cross-cultural item
differences were negligible and that all items can be re-
tained in the item bank for the time being. Three items with
DIF for language had also been found to have DIF in a pre-
vious study of the DutcheFlemish PROMIS Physical Func-
tion item bank, in which 25 items were flagged for DIF for
language in RA patients [25]. The DIF item PFB1 is
included in the PROMIS Physical Function short forms.
This could possibly affect the comparability of the US
and Dutch T-scores resulting from short forms. For this
DIF item, we think translational improvement may be
possible. Changing the wording of this item may decrease
the DIF for language. We recommend testing new (possibly
better) translation of this item in a future data collection.

Because of similar calibration properties and the negli-
gible DIF between the DutcheFlemish and the US PROMIS
Physical function item bank found in present study and also
in the study of Oude Voshaar et al. and because of the value
of using common calibrations for purposes of international
comparability, we recommend that US PROMIS Physical
Function item parameters be used in the DutcheFlemish
Physical Function CAT. In future studies, it would be inter-
esting to evaluate the impact of DIF on the DutcheFlemish
PROMIS Physical Function scores obtained by CAT, by
comparing CAT T-scores applying the DutcheFlemish item
parameters with CAT T-scores applying the original US item
parameters. The impact of DIF may be greater when using
CAT compared with using the total item bank because it
would be theoretically possible for the CAT to select only
DIF items [50]. However, this is unlikely, and can its proba-
bility could be lessened by ensuring that no DIF-flagged item
was used as the starting item.

The present study partly supports the construct validity of
the DutcheFlemish PROMIS Physical Function item bank.
The DutcheFlemish PROMIS Physical Function item bank
scores had a high negative correlation with scores on the
DutcheFlemish PROMIS Pain Interference item bank
(�0.73). In addition, the correlations between the Dutche
Flemish PROMIS Physical Function item bank and the
disability instruments were high, as hypothesized. However,
we expect slightly lower correlations with the disability in-
struments than with the Pain Interference item bank because
the disability instruments measure the concept of disability
more broadly, but this was not confirmed. Furthermore, the
correlation between the Physical Function item bank and
the PROMIS Pain Intensity item was higher than expected
(�0.62 instead of between �0.30 and �0.50), which does
not support the discriminant validity. However, a high corre-
lation between pain and physical function instruments has
often been found in the literature [73].

For future research, we recommend investigating
whether the Physical Function and Pain Interference item
banks are measuring one single construct in patients with
chronic pain. Furthermore, we recommend evaluating the
testeretest reliability of the DutcheFlemish PROMIS
Physical Function item bank.

In conclusion, this study found that DutcheFlemish
PROMIS Physical Function item bank responses had good
fit to the GRM, substantial cross-cultural validity, and good
reliability, across the continuum of physical function, and
construct validity. The item bank has the potential to
improve the measurement of physical function across a wide
range of populations. The DutcheFlemish PROMIS Phys-
ical Function item bank and short forms are now available
for clinical application in Dutch-speaking persons and a
DutcheFlemish PROMIS Physical Function CAT can now
be developed, for the time being with US PROMIS Physical
Function item parameters. The DutcheFlemish PROMIS
Physical Function item bank and short forms can be
obtained through the web site www.dutchflemishpromis.nl.
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