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Relative Performance of Commonly Used Physical
Function Questionnaires in Rheumatoid Arthritis and a

Patient-Reported Outcomes Measurement Information System
Computerized Adaptive Test

Martijn A. H. Oude Voshaar,1 Peter M. ten Klooster,1 Cees A. W. Glas,2

Harald E. Vonkeman,3 Eswar Krishnan,4 and Mart A. F. J. van de Laar3

Objective. To evaluate and compare the measure-
ment precision and sensitivity to change of the Health
Assessment Questionnaire disability index (HAQ DI),
the Short Form 36 physical functioning scale (PF-10),
and simulated Patient-Reported Outcomes Measure-
ment Information System (PROMIS) physical function
computer adaptive tests (CATs) with 5, 10, and 15 items,
using item response theory–based simulation studies.

Methods. The measurement precision of the var-
ious physical function instruments was evaluated by
calculating root mean square errors (RMSEs) between
true physical function levels (latent physical function
score) and estimated physical function levels. Measure-
ment precision was evaluated at 9 levels of physical
function, with 5,000 simulated response patterns per
level. Sensitivity to change was evaluated by the ability
of a simple statistical test to detect simulated change
scores of small to moderate magnitude (standardized
effect sizes 0.20, 0.35, and 0.50).

Results. RMSEs were smaller for the PROMIS
physical function 15-item CAT (CAT-15) and CAT-10
than for the HAQ DI and PF-10 across all levels of the
latent physical function scale. Only marginal improve-

ment in performance was observed for the CAT-15
compared with the CAT-10, and the CAT-5 performed
quite similarly to the HAQ DI and PF-10 across most
levels of the latent physical function scale. Substantially
improved sensitivity to change was observed for the
CAT-10 compared with the HAQ DI and PF-10, partic-
ularly in detecting moderate effect sizes.

Conclusion. Clearly higher measurement preci-
sion was observed for the PROMIS CAT compared with
the HAQ DI and PF-10. Higher reliability also trans-
lated into lower sample size requirements for detecting
changes in clinical status.

Rheumatoid arthritis (RA) is a chronic, systemic
inflammatory disease characterized by progressive in-
flammation of connective tissue. Inflammation of syno-
vial membranes damages the joint capsule and articular
cartilage. This characteristic joint damage evolves slowly
over the course of the disease, with an incremental effect
on the ability of the patient to perform routine daily
activities. Therefore, preservation of physical function is
a key therapeutic goal in the long-term management of
RA, and physical function has been an endorsed study
end point since the first proposed core set of outcome
measures in this field (1,2).

Most contemporary clinical and observational
studies in RA use self-report questionnaires to assess
physical function (3). However, the concurrent assess-
ment of patient-reported physical function and the in-
creasing number of other relevant patient-reported out-
come domains place a considerable and increasing
burden on both the patient and the administrator.
Moreover, it has proven difficult to develop feasible
fixed-length questionnaires that adequately measure the
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variety of physical function levels that occur during
various stages of RA. Consequently, floor and ceiling
effects are common when standard outcome measures
such as the Health Assessment Questionnaire disability
index (HAQ DI) (4) are used, particularly in relatively
well-functioning populations (5,6). This has led to in-
creased interest in the flexibility of item response theory
(IRT)–based computerized adaptive assessment of phys-
ical function (7–9).

In the IRT framework, item and person para-
meters are calibrated on a latent metric commonly
referred to as �. Individual items are described by item
characteristic functions that provide the probability of a
given response as a function of � (10). After a set of
items has been calibrated under an IRT model, maxi-
mum likelihood or Bayesian procedures can be used to
estimate � for future respondents within the same
population, from any subset of items. Calibrated item
banks can therefore be used to create more efficient
measures by administering only the most relevant ques-
tions for specific research needs, either by manually
selecting items or using computerized adaptive testing
(CAT) algorithms, in which physical function estimates
of individual patients are sequentially statistically opti-
mized (11). This is achieved by capitalizing on the local
definition of reliability in IRT, where so-called informa-
tion functions describe the measurement precision of
individual items at each of the different levels of physical
function that are measured by the ensemble of the
calibrated items.

Given the practical constraint that only a limited
number of items can be administered, the most reliable
physical function estimates are obtained if those ques-
tions are administered that have the highest measure-
ment precision at the (estimated) level of physical
function of the responding patient. Theoretically, this
means that more precise and optimally efficient esti-
mates of physical function may be obtained with CATs
compared with classic instruments in which the same
number of untailored items is administered to each
patient, provided that the CAT algorithm can select
items from a sufficiently suitable item bank.

Thus far, however, no studies have directly eval-
uated whether these theoretical advantages translate
into meaningful practical gains in measurement preci-
sion and efficiency for assessing physical function in
RA. Recently (12), we concurrently calibrated a Dutch-
Flemish version of the Patient-Reported Outcomes
Measurement Information System (PROMIS) physical
function item bank and both the HAQ DI (4) and Short

Form 36 (SF-36) (13) physical functioning scale (PF-10)
for use in RA.

The objective of the current study was to evaluate
and compare the measurement precision of a PROMIS
physical function CAT with 5, 10, and 15 items with the
measurement precision of the HAQ DI and the PF-10,
which are currently the most frequently used tools in this
field for assessing physical function. Furthermore, we
evaluated whether observed differences in measurement
precision would also yield more power to detect changes
in functional status. Both objectives were evaluated by
means of simulation studies.

PATIENTS AND METHODS

Measures. SF-36 physical functioning scale. The PF-10
is one of the 8 scales of the SF-36 health survey (13) and
consists of 10 items measuring perceived current limitations in
a variety of physical activities on a 3-point response scale from
1 (yes, limited a lot) to 3 (no, not limited at all). Scores for the
PF-10 items are summed and linearly transformed to range
from 0 to 100, with higher scores indicating more favorable
levels of physical functioning (13).

HAQ DI. The HAQ DI contains 20 items measuring
physical disabilities over the past week in 8 categories of daily
living: dressing and grooming, rising, eating, walking, hygiene,
reach, grip, and activities. Each item is scored on a 4-point
rating scale from 0 (without any difficulty) to 3 (unable to do).
Eight category scores are obtained by ranking the worst item
score in each of the respective categories, and a total HAQ DI
score is obtained by averaging the 8 category scores (4).

PROMIS physical function item bank. The PROMIS
physical function item bank measures an individual’s self-
reported, current capability to carry out activities that require
physical actions, ranging from self-care (activities of daily
living) to more complex activities that require a combination of
skills, often within a social context. The final calibrated item
bank contains 121 questions assessing the functioning of the
upper extremities (dexterity), lower extremities (walking or
mobility), and central regions (neck, back), as well as instru-
mental activities of daily living, such as running errands. Each
item is scored on a 5-point rating scale, with higher scores
indicating better functioning. The Dutch-Flemish translation
of the item bank was developed according to the universal
PROMIS translation approach, which included extensive
forward-back translation procedures, expert reviews, and cog-
nitive debriefing interviews among Dutch and Flemish partic-
ipants (8,14).

Item bank calibration. The data that were used to
calibrate the item bank were collected from 690 patients with
RA who were participants in the Dutch Rheumatoid Arthritis
Monitoring registry. Consecutive patients were invited to
participate in the study when they logged on to their patient
portals. The generalized partial credit model (GPCM) was
used to concurrently calibrate the HAQ DI, PF-10, and
PROMIS physical function item bank in a single IRT model.
The GPCM is an IRT model suitable for polytomous data that
allows the number of response options to differ between items
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(15). This feature allowed the items of the different instru-
ments to be concurrently calibrated despite their differing
number of response options. The resulting IRT metric allows

physical function levels for individual instruments to be esti-
mated on a common scale so that their relative accuracy in
recovering simulated physical function levels can be straight-
forwardly compared. The latent scale has a mean of 0, which is
centered around the average level of physical function ob-
served in the sample of RA patients that was used to calibrate
the scale, and an SD of 1. Additional details regarding the
calibration sample and model fit are described elsewhere (12).

CAT specifications. The CAT algorithm adaptively
selects items from the PROMIS physical function item bank,
and the specifications used in the current study correspond to
the first-generation PROMIS CAT engine (16). In this study,
Bayesian procedures were used; that is, the expected a poste-
riori method was used to obtain (interim) physical function
estimates, and the maximum posterior-weighted information
item selection criterion was used (17). The CAT algorithm was
specified to assume a physical function level of � � 0 before
the administration of items was started. Therefore, all simu-
lated runs started with the item “Are you able to reach into a
low cupboard?” (PFC31), which is the item with the highest
precision at this level of physical function.

Data simulation and statistical analysis. The first set
of simulations pertained to the relative measurement precision
of the HAQ DI and PF-10 compared with a PROMIS physical
function CAT algorithm with 5, 10, or 15 items. The ability of
the different instruments to recover simulated “true” physical
function scores was evaluated at 9 different levels of physical
function ranging from � � �4 (i.e., 4 SD below the mean level
of physical function in the calibration sample) to � � 4. For
each of these score levels, 5,000 latent physical function scores
(�) were sampled from a normal distribution with an SD of 1.
WinGen software (18) was used to generate response patterns
consistent with the item parameters previously obtained by our
group (12) and the specified levels of �. Instrument-specific
simulations were subsequently run in FireStar (19), and the
difference between the actual specified level of � and the

Figure 1. Conditional precision of physical function measures across various levels of the latent physical function scale. RMSE � root mean square
error; HAQ DI � Health Assessment Questionnaire disability index; PF-10 � Short Form 36 physical functioning scale; CAT � Computer Adaptive
Test; � � latent physical function scale.

Table 1. Mapping of PF-10 and HAQ DI total scores on the latent
IRT metric*

PF-10
score

Latent physical
function score

HAQ DI
score

Latent physical
function score

0 �2.18 0.000 3.90
5 �1.45 0.125 2.59
10 �1.80 0.250 2.13
15 �1.68 0.375 1.71
20 �1.26 0.500 0.75
25 �1.08 0.625 0.69
30 �0.88 0.750 0.65
35 �1.34 0.875 �0.31
40 �0.92 1.000 �0.37
45 �0.39 1.125 �0.36
50 �0.02 1.250 �1.18
55 0.28 1.375 �1.21
60 0.04 1.500 �1.27
65 0.59 1.625 �1.68
70 0.84 1.750 �2.43
75 1.13 1.875 �2.82
80 1.72 2.000 �3.20
85 2.33 2.125 �3.58
90 2.75 2.250 �3.97
95 3.81 2.375 �4.35
100 4.59 2.500 �4.73

2.625 �5.12
2.750 �5.50
2.875 �5.88
3.000 �6.27

* Health Assessment Questionnaire disability index (HAQ DI) scores
of �1.875 were imputed by linear regression, due to a paucity of data.
PF-10 � Short Form 36 physical functioning scale; IRT � item
response theory.
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estimates obtained from these runs was quantified by calculat-
ing the root mean square error (RMSE) for each instrument at
each of the 9 levels of the latent physical function scale.

A second set of simulations was performed to evaluate
the statistical power of the HAQ DI, PF-10, and PROMIS
physical function 10-item CAT (CAT-10) to detect treatment
effects on physical function that are typically observed in
clinical trials. To allow assessment of the performance of the
various instruments at levels that are likely to be seen in
clinical trial settings, we reviewed a recent meta-analysis of the
treatment effects of biologic agents on physical function in RA
(20). The mean HAQ DI baseline score across the 28 studies
included in the meta-analysis was close to 1.50, which corre-
sponds to � � �1.27. Therefore, the means were set equal to

� � �1.27 for the baseline analysis (T1) and to effect sizes of
0.20, 0.35, and 0.50, respectively, for the second assessment
(T2). The means of the distribution of � at the 2 time points
were estimated using marginal maximum likelihood for a
repeated-measures design (21). For this procedure, the auto-
correlation across time points was set to equal �0.70. The
second series of simulations was run with analogous settings as
outlined above. All estimates and their SDs were obtained
using Multidimensional Item Response Theory software (22).
The ability of the instruments to detect the occurred changes
in true � was quantified by calculating the proportion of times
the difference between the means at T1 and T2 was significant
at a 1-sided alpha value of 5% for sample sizes of 25, 50, 75,
and 100 patients. The statistical test used was the estimated

Table 2. Exposure rates of PROMIS physical function bank items included in the analysis of power*

Item code Item T1 T2

PFA8 Are you able to stand up from an armless straight chair? 192 267
PFA55 Are you able to walk a block (about 100 m) on flat ground? 671 330
PFA21 Are you able to step up and down curbs? 2,072 1,346
PFA42 Are you able to carry a laundry basket up a flight of stairs? 2 0
PFB9 Are you able to stand without losing your balance for several minutes? 34 14
PFA53 Are you able to dress yourself, including tying shoelaces and buttoning your

clothes?
71 33

PFB10 Are you able to climb up five steps? 2,406 1,971
PFA6 Are you able to put on and take off a coat or jacket? 0 2,905
PFB14 Are you able to remove something from your back pocket? 869 605
PFC13 Are you able to get in and out of a car? 0
PFA30 Are you able to pour liquid from a bottle into a glass? 1,080 566
PFB54 Does your health now limit you in going for a short walk (less than 15 minutes)? 49 26
PFB1 Are you able to reach into a low cupboard? 5,000 5,000
PFA36 Are you able to use a hammer to pound a nail? 1,012 526
PFB24 Are you able to lift one pound (0.5 kg) to shoulder level without bending your

elbow?
827 422

PFB23 Are you able to stand for short periods of time? 392 199
PFA18 Are you able to go up and down stairs at a normal pace? 3,818 4,662
PFB33 Are you able to run errands and shop? 2,233 2,951
PFB5 Are you able to carry a shopping bag or briefcase? 0 19
PFC10 Are you able to stand up on tiptoes? 460 269
PFB56 Are you able to do yard work like raking leaves, weeding, or pushing a lawn

mower?
0 534

PFC6 Are you able to walk at a normal speed? 46 25
PFA5 Are you able to move a chair from one room to another? 4,541 4,664
PFB44 Are you able to carry a laundry basket up a flight of stairs? 4,221 1,990
PFB48 Does your health now limit you in going OUTSIDE the home, for example to

shop or visit a doctor’s office?
1,871 1,453

PFB40 Are you able to wash and dry your body? 4,525 4,365
PFA37 Does your health now limit you in bathing or dressing yourself? 678 3,328
PFA25 Are you able to do chores such as vacuuming or yard work? 98 401
PFA11 Are you able to take a tub bath? 2,134 1,682
PFA15 Are you able to jump up and down? 2,784 2,813
PFA4 Does your health now limit you in lifting or carrying groceries? 240 722
PFA56 Are you able to run a short distance, such as to catch a bus? 863 1,309
PFA16 Does your health now limit you in climbing several flights of stairs? 391 887
PFB49 Does your health now limit you in doing moderate work around the house like

vacuuming, sweeping floors or carrying in groceries?
1,028 1,945

PFB50 Does your health now limit you in doing moderate activities, such as moving a
table, pushing a vacuum cleaner, bowling, or playing golf?

169 607

PFC12 Does your health now limit you in bending, kneeling, or stooping? 6 29
PFC39 Are you able to run 100 yards (100 m)? 1,368 2,062

* PROMIS � Patient-Reported Outcomes Measurement Information System; T1 � exposure rate at the baseline assessment;
T2 � exposure rate at the second assessment.
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difference between the means divided by the SD of this
difference. This statistic was considered to follow a normal
distribution.

RESULTS

Table 1 shows mapping of physical function
scores for the HAQ DI and PF-10, obtained by applying
the standard scoring algorithms on the latent IRT-based
metric. Despite the different manners in which the
scores are obtained and expressed, IRT- and summed
score–based approaches generally yield highly corre-
lated scores. The correlations between IRT-based and
standard scores were 0.97 and 0.95 for the HAQ DI and
PF-10, respectively. Hereafter, results will be reported
for the IRT metric only, but Table 1 can be used as a

frame of reference for those more familiar with the
standard scoring algorithms for these questionnaires.

Measurement precision. Figure 1 shows the con-
ditional precision of the instruments across 9 levels of
physical function. The most precise estimates of physical
function were achieved at physical function levels at the
average of the scale of 1 SD below the average. In
general, the precision of all instruments was better for
lower levels of function, and measurement performance
decreased sharply for physical function levels �2 SD
above average, with, for example, RMSE � 0.44 for the
CAT-15. The performance of the HAQ DI was optimal
for lower levels of physical function, and its precision
remained relatively constant for below-average physical
function levels. In contrast, the PF-10 performed com-

Figure 2. Local reliability of the 10 most frequently administered Patient-Reported Outcomes Measurement Information System (PROMIS)
physical function items at � � �1.27 compared with the Health Assessment Questionnaire disability index (HAQ DI) and the Short Form 36 physical
functioning scale (PF-10). Information � measure of local reliability defined as the inverse square of the standard error of measurement for each
level of � (SE � � 1/���I(�)])); � � latent physical function scale; CAT_10_pretest � 10 most frequently selected PROMIS physical function items
by CAT algorithm at � � �1.27.

Table 3. Percentage of 1,000 simulated clinical trials in which the null hypothesis of equal means across time points was rejected at Z � 1.645*

Sample
size, no.

Effect size 0.20
PROMIS
CAT-10

Effect size 0.35
PROMIS
CAT-10

Effect size 0.50
PROMIS
CAT-10PF-10 HAQ DI PF-10 HAQ DI PF-10 HAQ DI

25 5.8 8.4 4.3 15.5 17.5 19.5 51.4 39.5 61.8
50 12.9 11.9 11.2 36.1 40.2 49.8 85.1 75.6 93.9
75 19.9 18.1 18.3 55.1 58.9 72.5 95.7 94.2 99.8
100 28.3 27.8 26.1 68.1 73.9 86.5 99.5 98.8 100

* PF-10 � Short Form 36 physical functioning scale; HAQ DI � Health Assessment Questionnaire disability index; CAT-10 � Computer Adaptive
Testing algorithm using 10 items.
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paratively poorly at the lowest levels of physical function
but outperformed the HAQ DI at above-average levels
of physical function. Interestingly, a CAT with as few as
5 items outperformed both the HAQ DI and PF-10
across most levels of function. The CAT-10 and CAT-15
algorithms produced the most accurate and very similar
results across all levels of physical function, with the
CAT-15 having marginally higher precision only for very
low levels of physical function.

Detection of treatment effects. In the analysis of
power for an effect size of 0.50, 45 of 121 PROMIS
physical function items were chosen by the CAT-10. The
item exposure rates, ranked from least to most difficult
to perform, are shown in Table 2. Generally, more
difficult items had higher exposure rates at T2, consis-
tent with the improved level of simulated physical func-
tion at that time point. The test information function of
the 10 items with the highest exposure rates at T1 are
plotted in Figure 2, together with the test information
functions of the PF-10 and the HAQ DI. Test informa-
tion functions describe the local reliability of the mea-
sures across the latent continuum of physical function.
The HAQ DI had higher overall reliability than the
PF-10 for lower levels of physical function, which corre-
sponds to the results of the previous analyses. Further-
more, the CAT-10 was successful at optimizing measure-
ment precision at � � �1.27. The measurement
precision of the 10 most frequently chosen items was in
fact higher than that of both classic instruments across
most levels of physical function. This likely reflects the
extra information provided by the greater number of
response options of the PROMIS physical function
items compared with the HAQ DI or PF-10 items.

Table 3 shows the results of analysis of the power
of the instruments to detect treatment effects of various
magnitudes and sample sizes. The performance of the 3
measures for detecting small treatment effects was very
similar, with the exception of a higher detection rate for
the HAQ DI, at a sample size of 25 patients. For effect
sizes of 0.35 and 0.50, the PROMIS physical function
CAT-10 clearly outperformed both classic measures.
This likely reflects that notion that the higher latent
physical function scores at T2 enable the CAT algorithm
to select items from the range in which the item bank is
richest in information (i.e., the range of latent physical
function scores between �1 and 0).

DISCUSSION

Applications of IRT-based item banking such as
CATs are potentially useful tools that facilitate the

assessment of the broad range of physical function levels
observed in RA, without the need to resort to extensively
long fixed-length questionnaires. The current study as-
sessed the measurement precision and efficiency of the
commonly used fixed-length HAQ DI and PF-10 com-
pared with a CAT algorithm based on the PROMIS
physical function item bank, using simulation studies.
Overall, the findings suggest that a 10-item PROMIS
physical function CAT performs better than the HAQ
DI and PF-10 in terms of measurement precision and
sensitivity to change.

The results of the current study illustrate that the
items of the HAQ DI are slightly better suited for
relatively poorly functioning patients, and that the PF-10
items are slightly better suited for well-functioning pop-
ulations. These results correspond to previous work in
RA, in which substantial ceiling and floor effects, respec-
tively, were observed for these measures (5,6). In fact, it
has also been demonstrated using IRT-based methodol-
ogy that more favorable scaling properties with respect
to ceiling and floor effects could be achieved in RA if
modified HAQ and PF-10 items were concurrently
calibrated (23). Administering multiple fixed-length
measures of physical function to extend the range of
physical function levels, however, is not a practical
solution to the scaling problems associated with the
assessment of physical function in RA, considering the
added burden this would entail for patients and persons
who wish to obtain physical function data for research or
clinical purposes.

However, before the use of CATs in clinical
settings can be recommended, it is necessary to evaluate
the performance of CAT applications in comparison
with the performance of existing measures that are
routinely used in current clinical studies and that have
proven their worth over time (24). It has previously been
shown that a PROMIS physical function short form was
highly reliable, and that smaller sample sizes would be
needed for clinical studies using this measure (25). The
current study extends these findings to CATs using the
PROMIS physical function item bank and demonstrates
that large improvements in power could be obtained by
using CATs with a small number of items. Specifically,
5-item CATs yielded superior precision compared with
both of the fixed-length questionnaires in recovering
simulated physical function scores across all but the very
lowest levels of physical function, and 10-item and
15-item CATS yielded superior precision across all
evaluated levels of physical function. Similar results were
obtained with a preliminary version of the PROMIS
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physical function item bank based on a calibration of
historical physical function data (26).

These findings suggest that impressive gains in
the efficiency of physical function assessment can be
achieved in practice by using CAT assessments based on
the PROMIS physical function item bank, without sac-
rificing measurement precision. At below-average levels
of physical function, the HAQ DI performed reasonably
well, reflecting its items measuring mostly simple activ-
ities of daily living, while the largest differences in
measurement precision between the PROMIS physical
function CAT and both classic instruments were ob-
served at above-average levels of physical function.
Relatively well-functioning patients with RA are an
increasingly relevant population in light of the current
overall improved status of these patients (27). For
example, there has recently been an increase in studies
evaluating the possibility of down-titrating anti–tumor
necrosis factor treatment or disease-modifying antirheu-
matic drugs in patients in whom remission is stable
(28,29).

Clinical studies in RA typically show improve-
ments in physical function of moderate to large magni-
tude (i.e., effect size �0.50) (20). In the present study,
almost 95% of the simulated moderate effects were
correctly identified by statistical tests based on the
estimates obtained with the PROMIS physical function
CAT-10, at a sample size of 50 patients. To achieve
similar power with the HAQ DI or PF-10, 75 patients
would have to be included in the experimental arm.
These results have important practical implications,
because the inclusion of fewer patients in clinical trials
saves costs. An important point to note here is that the
number of patients needed to achieve a certain power
was higher than would be suggested by power tables that
are routinely used for determining sample size in clinical
studies. The main reason for this phenomenon is that
when using a t-test or similar statistical technique, it is
assumed that the end point is measured without error.
However, the estimation error associated with the IRT
estimates must be taken into account. Therefore, the
reliability of the instrument is an extra variable that
should be considered when determining the sample size
for a study. This is accomplished by using the marginal
maximum likelihood method to estimate the means of
the latent variable distribution at the 2 time points (21).

Although the results of the current study are
highly encouraging, limited availability of technology
and limited familiarity with CATs are potential bottle-
necks in the adoption of CATs in current research
practice (30). Researchers interested in using the

PROMIS physical function item bank in RA in settings
where computerized assessment is not feasible may
choose to administer a subset of the items that were
most frequently chosen in the evaluation of power (see
Table 3). These items are specifically tailored to the
average level of physical function experienced by pa-
tients with RA at the time of entry into clinical trials,
and the 10 most frequently chosen items were shown to
represent a more reliable assessment of physical func-
tion than the 20 items of the HAQ DI or the PF-10, not
only with respect to the relevant levels of physical
function but also across all but the very highest levels
of physical function. The obtained item response data
can then be scored using the item parameters available
at the PROMIS assessment center (www.assessment
center.net), so that results can be expressed on the
standardized PROMIS metric. This allows the impact of
RA on physical function to be compared with that of
other conditions (31).

A general limitation of the use of short forms
instead of CATs is that they are not optimally tailored to
individual patients, resulting in lower-than-optimal reli-
ability for patients with unusual levels of function and
possible floor and ceiling effects. However, manually
selecting fixed items to be administered is one way to
ensure the content validity of the assessment. In the
CAT algorithms used in the current study, items were
selected based purely on their measurement precision
without considering the content of the individual items.
In contrast, the HAQ DI has 8 categories of physical
function that are all of particular relevance to RA, which
strengthens its content validity for RA. Content con-
straints may also be imposed on the CAT selection
algorithm, which will ensure a balanced assessment of
various aspects of physical function that are deemed
relevant a priori (32).

The item parameters used in the present study
were obtained from a sample of Dutch patients with RA,
whereas the original PROMIS physical function item
parameters were calibrated in a sample of the general
population in the US. In a previous study, we demon-
strated that although some (20%) of the PROMIS
physical function items functioned differently when
comparing Dutch RA patients with the US general
population, this did not cause bias in total physical
function estimates (12). Similar results were obtained in
a study of the equivalence of Dutch and US physical
function data in RA, in which the presence of 2 of 10
items with differential item functioning (DIF) had a
negligible impact on the total scores (33). Considering
that the majority (�80%) of items that were adminis-
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tered in the CAT simulations in the current study were
shown to be free of DIF, it is unlikely that different
results would have been obtained using the US PROMIS
calibration for CAT-10 and CAT-15. However, no pre-
vious studies are available that assessed the impact of
DIF on total scores with applications using only 5 items.
Therefore, the results of CAT-5 should be interpreted
with caution, and it is important that future studies
further evaluate the validity of the PROMIS parameters
for use in specific applications in RA.

An inevitable limitation of the simulation meth-
odology used in the current study is the assumption that
the model holds perfectly. The validity of a post hoc
simulation study can in principle be confirmed by per-
forming empirical simulation studies that use real data
to simulate the CAT responses. Due to the research
design that was used to obtain the parameters for the
PROMIS physical function items in both the US and
Dutch calibration studies, patients responded to only a
limited number of items, precluding a realistic empirical
simulation. However, previous studies with polytomous
data have generally detected small differences between
empirical and post hoc simulations (33).

In summary, the current study demonstrates the
considerable gains in efficiency and measurement preci-
sion that may be achieved in the assessment of physical
function in RA using CATs based on the PROMIS
physical function item bank. Overall, a 10-item CAT
demonstrated better measurement precision compared
with classic fixed-length questionnaires, which may
translate to increased power to detect treatment effects
in clinical studies in RA.
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