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First Validation of the Full PROMIS Pain Interference and
Pain Behavior Item Banks in Patients With Rheumatoid
Arthritis
Martine H. P. Crins,1
Caroline B. Terwee,2 Rene Westhovens,3 Dirkjan van Schaardenburg,4 Niels Smits,5
3
Johan Joly, Patrick Verschueren,3 Kristien Van der Elst,3 Joost Dekker,6 Maarten Boers,7 and Leo D. Roorda1
Objective. Pain interference and pain behavior are highly relevant outcomes in patients with rheumatoid arthritis
(RA). The Patient-Reported Outcomes Measurement Information System (PROMIS) is a universally applicable set of
item banks measuring patient-reported health, and if applied as computerized adaptive tests (CATs), more efficiently
and precisely than current instruments. The objective was to study the psychometric properties of the Dutch-Flemish
PROMIS pain interference (PROMIS-PI) and the PROMIS pain behavior (PROMIS-PB) item banks in patients with RA.
Methods. A total of 2,029 patients with RA completed the full PROMIS-PI (version 1.1, 40 items), and 1,554
patients completed the full PROMIS-PB (version 1.1, 39 items). The following psychometric properties were studied:
unidimensionality, local dependence, monotonicity and graded response model (GRM) fit, cross-cultural validity
(differential item functioning [DIF] for language [Dutch versus Flemish]), other forms of measurement invariance,
construct validity, reliability, and floor and ceiling effects.
Results. The PROMIS-PI and PROMIS-PB banks were sufficiently unidimensional (Omega-hierarchical [Omega-H]
0.99, 0.95, and explained common variance 0.95, 0.78, respectively), had negligible local dependence (0.3–1.4% of
item pairs), good monotonicity (H 0.75, 0.46), and a good GRM model fit (no misfitting items). Furthermore, both
item banks showed good cross-cultural validity (no DIF for language), measurement invariance (no DIF for age, sex,
administration mode, and disease activity), good construct validity (all hypotheses met), high reliability (>0.90 in the
range of patients with RA), and an absence of floor and ceiling effects (0% minimum or maximum score, respectively).
Conclusion. Both PROMIS-PI and PROMIS-PB banks showed good psychometric properties in patients with RA
and can be used as CATs in research and clinical practice.
INTRODUCTION
Rheumatoid arthritis (RA) is characterized by pain and swelling of joints leading to disability and has a considerable impact on
quality of life if not sufficiently treated (1–3). The patient perspective is key to assess the outcomes of treatment of RA. The Outcome Measures in Rheumatology initiative developed a core set
of outcomes for RA, including level of pain, physical function, and
fatigue (4–6). The International Consortium for Health Outcomes
Measurement (ICHOM) added emotional health to this core set

(7). ICHOM recommends pain interference as a relevant outcome
domain (7). A recent study, on standardizing and personalizing the
treat-to-target approach for RA, highlighted the importance of pain
interference because patients with RA selected the domain pain
interference, in addition to physical function, as their highest priority outcome domain (8). Pain interference is defined as the degree
to which pain interferes with or limits an individual’s social, mental,
and physical activities. A related and additional important aspect
of pain is pain behavior, defined as behaviors that typically indicate
to others that one is experiencing pain (9–11). Both constructs
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VALIDATION OF PROMIS PAIN ITEM BANKS IN RA

SIGNIFICANCE & INNOVATIONS
• This is the first extensive study worldwide of the
psychometric properties of the PROMIS pain interference and PROMIS pain behavior banks in
patients with rheumatoid arthritis (RA), and it provides evidence that these banks can be applied in
these patients.
• Short forms, derived from these banks, yield valid
and standardized results and allow routine monitoring of pain interference and behavior in groups
of patients with RA, both in clinical practice and
research.
• Computerized adaptive tests, derived from these
banks, yield valid, precise, and standardized results, are efficient, user-friendly, and feasible, with
little administration time, and they allow routine
monitoring of pain interference and behavior in individuals and groups of patients with RA, both in
clinical practice and research.

(domains) can be considered important to measure in patients
with RA.
Problems with current Patient-Reported Outcome Measures
(PROMs) include practical burden for patients, irrelevance of some
items, measurement quality (i.e., measurement imprecision), and
limitations in measurement range (i.e., ceiling and floor effects)
(12). Results can be difficult to interpret, cannot be compared
between the many different existing PROMs, and often cannot be
used to compare patients with different diseases (13).
The Patient-Reported Outcomes Measurement Information
System (PROMIS) is an innovative set of instruments to measure
patient-reported health with the potential to overcome the shortcomings of existing PROMs (14). PROMIS instruments are developed based on item response theory (IRT) methods and consist
of so-called item banks. An item bank is a set of items (questions)
that measure a single construct, such as pain interference (15).
Because the items of a bank are calibrated to an IRT model, the
items can be administered as short forms, fixed length subsets
of items out of the bank, or highly efficient computerized adaptive tests (CATs), a computer-administered measure in which
successive items are selected by a computer algorithm informed
by responses to previous items (16,17). In a CAT, individuals only
have to complete a small number of highly informative and relevant
items (15,17,18). PROMIS is intended to be universally applicable
and therefore usable in and across different patient populations.
Short forms and CATs derived from the PROMIS pain interference (PROMIS-PI) and PROMIS pain behavior (PROMIS-PB)
banks have already been applied in patients with RA (19,20).
These applications in patients with RA are based on the assumption that PROMIS banks are indeed universally applicable. However, sufficient psychometric properties of these banks have not
yet been demonstrated for this patient group. Therefore, the aim

1551

of this study was to examine the psychometric properties of the
PROMIS-PI and PROMIS-PB in patients with RA.

PATIENTS AND METHODS
Study participants. For this study, 2,489 Dutch patients
(from Reade, Center for Rehabilitation and Rheumatology, Amsterdam, The Netherlands) and 850 Flemish patients (from University
Hospitals Leuven, Leuven, Belgium) were invited. Patients were
eligible if they were age ≥18 years, had RA according to the American College of Rheumatology criteria, and provided informed
consent (21).
Procedures. The study was approved by both the Dutch
and Belgian local institutional review boards. The Dutch patients
were invited by email or letter, and the Flemish patients by their
treatment team, to complete a web-based (digital) or paper
questionnaire.
Measures. The questionnaire included questions addressing demographic and clinical characteristics. The Disease Activity
Score in 28 joints (DAS28) was derived from the medical record.
The questionnaire also included the full versions of the Dutch-
Flemish PROMIS-PI (version 1.1) and PROMIS-PB (version 1.1)
banks (22). Flemish strongly resembles Dutch and is spoken
in Flanders, a part of Belgium. The PROMIS-PI bank assesses
self-reported consequences of pain on relevant aspects of life. This
includes the extent to which pain hinders engagement with social,
cognitive, emotional, physical, and recreational activities (23). The
bank consists of 40 items. The time frame is the past 7 days, and
the bank uses 3 different 5-point Likert response scales, in which
high scores represent more of the construct (10,11,23,24). The
PROMIS-PB bank measures self-reported external manifestations
of pain, behaviors that typically indicate to others that an individual
is experiencing pain (24). The bank contains 39 items. Patients rate
how frequently they have engaged in the different types of pain
behavior in the past 7 days on a 6-point Likert response scale, in
which high scores represent more of the construct (11,25). Comparable to previous studies of this bank, this study excluded patients
who rated the “had no pain” response category on any of the items,
resulting in 5 response options for the IRT analyses (25,26). Good
psychometric properties of the PROMIS-PI and PROMIS-PB banks
have already been found in patients with chronic pain (25,27).
The study questionnaire also contained 4 legacy instruments,
2 generic and 2 RA disease-specific. The 2 generic instruments
were the pain intensity item (Global07), from the Dutch-Flemish
PROMIS version 1.2 global health item bank, and the 10 items of
the Short Form 36 health survey physical functioning scale (SF36 PF10) (28–30). The 2 RA disease-specific PROMs were the
Health Assessment Questionnaire disability index (HAQ DI) and
the Rheumatoid Arthritis Impact of Disease (RAID) questionnaire
(31–34). For the PROMIS global health pain intensity item (range

IRT model assumptions, fit, and descriptives†
IRT model assumptions
1. Unidimensionality: do the items assess 1 and only 1 construct?
Confirmatory factor analysis
Comparative fit index
Tucker-Lewis Index
Root mean square error of approximation
Explanatory factor analysis
Variance explained by 1st factor
Ratio variance explained by 1st/2nd factor
Confirmatory bifactor analysis
Omega-hierarchical
Explained common variance
Comparative fit index
Tucker-Lewis Index
Root mean square error of approximation
2. Local independence: are the items only related to the construct
being measured and not to other factors?
Residual correlation matrix
Percentage of item pairs with correlations >0.20
Impact on IRT-parameters of removing most locally dependent
items
Mean and maximum difference in item slopes
Mean and maximum difference in item thresholds
3. Monotonicity: does the probability of an affirmative response
to the items increase with increasing levels of the underlying
construct?
Mokken scale analysis
Scalability coefficients of all item pairs
Scalability coefficients of the items in relation to the scale
Scalability coefficient of the scale
IRT-model fit
Graded response model fit: can the relationships between the
items adequately be described with this IRT model?
S-X2 statistic, P value per item
IRT-model descriptives
Item parameters: what are the mean and range of the item
parameters?
Item slope
Mean
Range
Item thresholds
Range

Psychometric properties, research questions, and analysis,
with statistic

R, Lavaan 0.5-16
–
–
–
–
–
–
–
–
–
–
R, Lavaan 0.5-16
–
–
–
R, Mokken

–
–
–
R, Mirt 3.3.2
–

–
–
–

>0.95
>0.95
<0.06
>20%
>4
>0.80
>0.60
>0.95
>0.95
<0.06
–
–
–
–
–

>0
≥0.3
≥0.3
–
>0.001

–
–
–

Software package

–

Criterion

–0.4, 3.4

4.2
2.1–7.0

100%

all items >0
all items ≥0.3
0.75
–

0.015, 0.054
–0.004, –0.048
–

0.3%

0.99
0.95
0.998
0.998
0.092
–

79%
29.5

0.997
0.996
0.128

–

Unscaled

–

–
–

–

–
–
–
–

–
–
–

–

–
–
0.981
0.980
0.095
–

–
–

0.973
0.972
0.113

–

Scaled

–1.6, 5.4

1.9
1.4–2.8

100%

all items >0
all items ≥0.3
0.46
–

0.000, 0.057
–0.001, –0.108
–

1.4%

0.95
0.78
0.993
0.992
0.051
–

50%
13.2

0.980
0.978
0.085

–

Unscaled

(Continued)

–

–
–

–

–
–
–
–

–
–
–

–

–
–
0.941
0.935
0.060
–

–
–

0.855
0.847
0.093

–

Scaled

PROMIS-PB results
(39 items)

|

–

–
–

18

18,47
18,47
18,47
48

–
–
47

18

46
46
45
45
45
44

18
18

45
45
45

44

Refs.

PROMIS-PI results
(40 items)

Table 1. Psychometric properties, research questions, analysis, statistics, criteria, software packages, references, and results of the PROMIS-PI and PROMIS-PB item banks in patients
with rheumatoid arthritis*
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R, Lordif 0.3-3
–
R, Lordif 0.3-3
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–

>2%
–
>2%
>2%
>2%
>2%
>0.50
>0.50
>0.50
–
–
–
–
–
–
–
–
–
–
–

Software package

–

Criterion

–
–
–
–
–

–
–
–
–
–

–
–
–
–

(49,50)
18
18
18
18

18

49,50

Refs.

0
0
19.4
8.3
5.4

0
0
0
1.4
0

0.80
0.71
–0.71
Overall

–
0
0
0
0

0

–

Unscaled

–
–
–
–
–

–
–
–
–
–

–
–
–
–

–
–
–
–
–

–

–

Scaled

PROMIS-PI results
(40 items)

–
–
–
–
–

–
–
–
–
–

0.61
NA
NA
–

–
0
1 (PAINBE27)
0
0

1 (PAINBE16)

–

Unscaled

–
–
–
–
Q

–
–
–
–
–

–
–
–
–

–
–
–
–
–

–

–

Scaled

PROMIS-PB results
(39 items)

* PROMIS-PI = Patient-Reported Outcomes Measurement Information System pain interference; PROMIS-PB = PROMIS pain behavior; Refs. = references; IRT = item response theory;
PAINBE16 AND PAINBE27 = items from item bank; DAS28 = Disease Activity Score in 28 joints; HAQ DI = Health Assessment Questionnaire disability index; SF-36 = Short Form 36 health
survey; PF10 = 10-item physical function subscale; RAID = Rheumatoid Arthritis Impact of Disease.
† Do the items meet the assumptions of and fit to the IRT model, and thus, is it valid to calculate IRT model–based estimates of a patient’s score?
‡ Are the item parameters equivalent between cultural or language groups, and thus, is it valid to use the same IRT model across cultural or language groups?
§ Are the item parameters equivalent between the comparison groups at issue, and, thus, is it valid to use the same IRT model to compare these groups?
¶ Does the measure really assesses the intended construct, and thus, are hypotheses addressing its relation with other variables or constructs met?
# Does the measure have a substantial number of patients with the worst possible score (floor effect) or best possible score (ceiling effect), and thus, is the measure’s ability to detect
differences between or changes within groups of patients limited?
** Percentage of patients with poor health status who obtained the worst possible score. For the PROMIS-PI, PROMIS-PB, HAQ DI, and RAID, lower scores indicate low pain interference,
pain behavior, disability, or impact, respectively, and therefore good health status. For the SF-36 PF10, higher scores indicate better physical function and therefore good health status.
†† Percentage of patients with very good health status who obtained the best possible score. For the PROMIS-PI, PROMIS-PB, HAQ DI, and RAID, lower scores indicate low pain interference,
pain behavior, disability, or impact, respectively, and therefore good health status. For the SF-36 PF10, higher scores indicate better physical function and therefore good health status.

Cross-cultural validity‡
Absence of differential item functioning (DIF) for McFadden’s
pseudo R2 change, no. of items
Language (Dutch vs. Flemish)
Measurement invariance§
Absence of DIF for McFadden’s pseudo R2 change, no. of items
Age: median split
Sex: male vs. female
Administration mode: digital vs. paper
Disease activity: DAS28 <3.2 vs. ≥3.2
Construct validity¶
Correlation of PROMIS T scores with Pearson correlations
PROMIS global health pain intensity item
HAQ DI
SF-36 PF10
Floor and ceiling effects#
Floor effects**
PROMIS-PI
PROMIS-PB
HAQ DI
SF-36 PF10
RAID
Ceiling effects††
PROMIS-PI
PROMIS-PB
HAQ DI
SF-36 PF10
RAID

Psychometric properties, research questions, and analysis,
with statistic

Table 1. (Cont’d)
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0–10), HAQ DI (range 0–3), and RAID (range 0–10), higher scores
indicate more pain intensity, disability, or impact, respectively. For
the SF-36 PF10 (range 0–100), lower scores indicate worse physical function. Evidence supporting the validity of the SF-36 PF10,
HAQ DI, and RAID is available for patients with RA (28–34).
Statistical analysis. Demographic and clinical characteristics of study participants were given as descriptive statistics. The
psychometric analyses were conducted according to the PROMIS
analysis plan (18). Table 1 shows a detailed overview of the psychometric properties that were studied, the research questions
addressed, the analyses, statistics, criteria, and software packages used.
PROMIS banks have been developed based on IRT methods, and the estimates of the patient scores are based on the
underlying IRT model per bank. The IRT model assumptions and
fit were evaluated. Cross-cultural validity was studied by examining differential item functioning (DIF) for language (Dutch versus
Flemish). The absence of DIF indicates that Dutch and Flemish
patients with similar levels of pain interference or pain behavior respond similarly to the items. Measurement invariance was
studied by examining DIF for age, sex, administration mode, and
disease activity (DAS28 <3.2 [remission or low disease activity]
versus DAS28 ≥3.2 [moderate or high disease activity] [35]).
Construct validity was studied by testing the hypothesis that
the PROMIS-PI and PROMIS-PB banks would have strong correlations (r > 0.50) with the PROMIS global health pain intensity item.
Moreover, we hypothesized that the PROMIS-PI bank would have
a strong correlation (r > 0.50) with the SF-36 PF10 and HAQ DI
because we believe that pain interference and disability are closely
related constructs in patients with RA, as disability in patients with
RA often results from pain (19).
Reliability indicates the precision of the estimated patient scores
of a measure (10,11). In the context of IRT, the precision of the scores
can differ across the scale, e.g., the precision of the scores can be

CRINS ET AL

higher in the center of the scale and lower at the ends. The IRT
scores consist of so-called theta scores. For PROMIS instruments,
these scores were estimated, according to the current recommendation, using the US item parameters (10,11,36). Subsequently, the
theta scores were transformed into T scores, in which 50 represents
the average score of the general US population, with an SD of 10.
Plots were drawn for the PROMIS-PI that show measurement
precision (expressed as SEs of theta) across the score range of the
total bank, the standard 4- and 8-item short forms (version 1.0.4a
and version 1.0.8a), and 3 different simulated CATs. In the first 2
simulated CATs, a fixed number of 4 and 8 items was administered
to compare the reliability of these CATs with the corresponding
short forms. In the third CAT, the standard PROMIS CAT stopping rules were applied: stop when an SE of ≤3 on the T score
scale is reached (comparable to a reliability coefficient >0.90,
the accuracy to measure individual patients [23,24]), or when 12
items have been administered. Likewise, plots were drawn for the
PROMIS-PB, showing the SEs across the score range of the total
bank, the standard 7-item short form (version 1.0.7a), a 7-item
simulated CAT, and a standard PROMIS CAT. The T score density
plot added the relation between the precision of the measures and
the distribution of T scores in the RA sample. Ideally, the precision
of the measures is high in the range where the patients are located
on the T score scale. We used the R package CatR (version 3.12)
for all CAT simulations (37). Floor and ceiling effects of the PROMIS
banks were evaluated by counting the number (percentage) of
patients with the worst and best possible score, respectively, and
were compared to the SF-36 PF10, HAQ DI, and RAID.

RESULTS
Study participants. Figure 1 summarizes the patient
selection, and Table 2 shows the demographic and clinical characteristics of the PROMIS-PI and PROMIS-PB samples, including
their scores on the banks and legacy instruments.

Figure 1. Flowchart of the patient selection. RA = rheumatoid arthritis; PROMIS-PB = Patient-Reported Outcomes Measurement Information
System pain behavior; PROMIS-PI = PROMIS pain interference; IRT = item response theory.

|
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Table 2. Demographic and clinical characteristics of the rheumatoid arthritis sample for the Patient-Reported
Outcomes Measurement Information System (PROMIS) pain interference (PI) and pain behavior (PB) item banks*
Characteristics
Age, years
Mean ± SD
Range
Sex, %
Male
Female
Country of birth, %
Netherlands
Belgium
Other
Social status, %†
Single
Married or living together
Other
Educational level, %†
Less than high school degree
High school degree
Some college
College or advanced degree
Employment status, %†
Full-time
Part-time
Unpaid, volunteer, household, or student
Retired or unemployed
Social benefits, %†
Sick listed
Disability benefit
Unemployment benefit
Other
No social benefit
Duration of rheumatoid arthritis, %
1–12 months
1–2 years
2–5 years
>5 years
Disease Activity Score in 28 joints (range 0–10)
Mean ± SD
Range
<3.2 remission or low disease activity, %
≥3.2 moderate or high disease activity, %
PROMIS T score‡
Mean ± SD
Range
Generic and disease-specific instruments, mean ± SD
PROMIS global health pain intensity (range 0–10)
SF-36 PF10
HAQ DI
0 to <1 mild to moderate disability, %
1 to <2 moderate to severe disability, %
2–3 severe to very severe disability, %
RAID

PROMIS-PI
(n = 2,029)

PROMIS-PB
(n = 1,554)

59 ± 13
19–94

59 ± 12
19–94

31
69

31
69

58
32
10

56
34
10

22
72
5

22
74
4

12
17
38
33

13
17
38
32

20
19
14
42

18
17
11
38

7
15
3
5
66

6
17
2
4
44

2
7
16
75

2
6
15
76

2.6 ± 1.2
0–7.5
77
23

2.9 ± 1.2
0–7.5
76
24

53.6 ± 9.9
37.4–76.6

56.6 ± 5.1
38.4–73.4

3.6 ± 2.6
63.6 ± 27.0
0.9 ± 0.7
55
35
10
3.1 ± 2.3

4.4 ± 2.3
57.3 ± 26.2
1.1 ± 0.7
45
42
13
3.8 ± 2.1

* For the PROMIS global health pain intensity item, Health Assessment Questionnaire disability index (HAQ DI; range 0–3),
and Rheumatoid Arthritis Impact of Disease (RAID; range 0–10), higher scores indicate higher pain intensity, disability or
impact, respectively. For the Short Form 36 health survey physical functioning scale (SF-36 PF10; range 0–100), higher
scores indicate better physical function.
† Multiple answers were allowed.
‡ PROMIS T score: higher scores indicate more pain interference and pain behavior.

Psychometric properties. IRT model assumptions and
fit. The IRT model assumptions were met for both banks, and
the results showed good fit of the IRT model (Table 1). This result

legitimizes the calculation of T scores, based on the IRT model,
in patients with RA. Moreover, it legitimizes the use of short
forms and CATs because they are also based on the IRT model.
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Cross-cultural validity. Dutch and Flemish language groups
showed equivalent item parameters (Table 1). None of the
PROMIS-PI and only 1 of 39 PROMIS-PB items showed DIF
between the Dutch and Flemish languages (PAINBE16 “When
I was in pain I appeared upset or sad”; Flemish patients who
had similar levels of pain behavior because Dutch patients were
slightly more likely to endorse this item). However, the impact of
the DIF of this item on the T scores was negligible. This finding
indicates that the same IRT model can be used in Dutch as well
as Flemish patients, and scores of Dutch and Flemish patients
can be compared directly.
Measurement invariance. The DIF analyses were conducted
on the total patient group, given the equivalence of the item parameters between Dutch and Flemish language groups. Results
showed that the item parameters were equivalent (almost no DIF)
in patients differing in age, sex, administration mode, or disease
activity (Table 1). None of the items of the PROMIS-PI and only
1 of 39 items of the PROMIS-PB was flagged for DIF, and only
for sex (PAINBE27 “I had pain so bad it made me cry”; women who had similar levels of pain behavior because men were
slightly more likely to endorse this item). However, the impact of

Figure 2. SEs of theta across the range of the Patient-Reported
Outcomes Measurement Information System (PROMIS) pain
interference T scores. Upper plot shows the total PROMIS pain
interference item bank (40-item bank), the standard 4- and 8-item
Short Form (SF), the 4- and 8-item simulated computerized adaptive
testing (CAT), and the standard PROMIS CAT. The horizontal
axis represents the different pain interference levels, with T = 50
representing the mean of the US general population with an SD
of 10. The vertical axis represents the SE of theta (reliability), with
reference reliabilities of 0.80, 0.90, and 0.95. The lower the curve,
the lower the SE, and the greater the reliability. The lower plot shows
the distribution of the rheumatoid arthritis (RA) sample along the T
score scale.

CRINS ET AL

Figure 3. SEs of theta across the range of the Patient-Reported
Outcomes Measurement Information System (PROMIS) pain
behavior T scores. Upper plot shows the total PROMIS pain behavior
item bank (39-item bank), the standard 7-item Short Form (SF), the
7-item simulated computerized adaptive testing (CAT), and the
standard PROMIS CAT. The horizontal axis represents the different
pain behavior levels, with T = 50 representing the mean of the US
general population with an SD of 10. The vertical axis represents
the SE of theta (reliability), with reference reliabilities of 0.80, 0.90,
and 0.95. The lower the curve, the lower the SE, and the greater the
reliability. The lower plot shows the distribution of the rheumatoid
arthritis (RA) sample along the T score scale.

the DIF of this item on the T scores was negligible. This result
indicates that the same IRT model can be used within and to
compare subgroups of patients who differ with respect to age,
sex, administration mode, or disease activity.
Construct validity. The PROMIS-PI correlated, as hypothesized, strongly with the Dutch-Flemish PROMIS global health
pain intensity (r = 0.80), the SF-36 PF10 (r = –0.71), and HAQ
DI (r = 0.71) (Table 1). The PROMIS-PB also correlated strongly with the Dutch-Flemish PROMIS global health pain intensity
(r = 0.61) (Table 1). These results contribute to the evidence that
the PROMIS-PI and PROMIS-PB banks are really measuring
pain interference and behavior, respectively.
Reliability. Figures 2 and 3 indicate good reliability of the
PROMIS-PI and PROMIS-PB. The reliability of the total banks,
short forms, and CATs was >0.80 or even >0.90 or >0.95 for
the range of the scale where the T scores of the RA sample
were located. This result indicates that the PROMIS-PI and
PROMIS-PB banks measure pain interference and pain behavior precisely in patients with RA, and even precisely enough
to be applied in individual patients. The plot of the PROMIS
PI demonstrates that the short forms and corresponding
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simulated fixed CATs show equal reliability. In comparison to
the 4-item short form and 4-item simulated CAT, the standard
PROMIS CAT showed almost equal reliability. However, this
finding reflects the fact that the standard PROMIS CAT stops
administering items when r > 0.90. The standard PROMIS CAT
also needed only a mean number of 4 items (range 2–12) to
achieve r, and 66% of the patients needed even <4 items. The
plot of the PROMIS-PB shows that, in comparison to the short
form, the fixed simulated CAT as well as the standard PROMIS
CAT show greater reliability. In comparison to the 7-item simulated CAT, the standard PROMIS CAT shows equal reliability,
albeit with a mean of only 5 items (range 2–12), and 70% of the
patients needed <7 items.
Floor and ceiling effects. The PROMIS-PI and PROMIS-PB
banks showed no floor or ceiling effects (Table 1). The 3 commonly used PROMs within RA had high ceiling (SF-36 PF10,
HAQ DI, and RAID) and floor (SF-36 PF10) effects (Table 1).

DISCUSSION
To the best of our knowledge, this is the first extensive study
worldwide of the psychometric properties of the PROMIS-PI and
PROMIS-PB banks in patients with RA. The results indicate good
psychometric properties of both the PROMIS-PI and PROMIS-PB
banks, short forms, and CATs in patients with RA. The IRT model
assumptions were met, and good IRT model fit was found. Both
banks showed good cross-cultural validity, measurement invari
ance related to age, sex, administration mode, and disease
activity, good construct validity, high precision in the range of the
patients with RA, and an absence of floor and ceiling effects.
A study strength is that RA samples with a broad spectrum of
disease activity (remission to high disease activity) and disability (mild
to very severe disability) were included. Despite this broad spectrum, the distribution and mean of the PROMIS-PI and PROMIS-PB
T scores of the RA samples were only slightly different from the US
general population. This finding suggests that most patients with RA
are currently doing quite well. The measurement invariance related
to disease activity (no DIF for disease activity) provides evidence that
both item banks, even though most participating patients (77%)
were in remission or had low disease activity, can also be applied in
patients with moderate or high disease activity.
Both the PROMIS-PI and PROMIS-PB banks have already
been applied as short forms and CATs in patients with RA (20),
and our study provides evidence that it is legitimate to do so. Pain,
pain interference, and pain behavior are important constructs
to measure in RA (5,7), which is supported by the recent literature
showing that a subgroup of early RA patients reports remaining
pain that is not inflammatory mediated (38).
Our study is the first to analyze cross-cultural validity of
PROMIS instruments between Dutch and Flemish language
groups. We found equivalent item parameters between Dutch
and Flemish language groups, which indicates that the same

|

1557

IRT models for the PROMIS-PI and PROMIS-PB can be used
across different language and disease groups, and that scores
between Dutch and Flemish patients can be compared directly.
The results of the current study, addressing the Dutch-
Flemish PROMIS-PI and PROMIS-PB banks, can most likely
be generalized to the original American-English PROMIS-PI and
PROMIS-PB banks. We previously examined DIF (Dutch/Flemish versus English) in chronic pain patients and found no DIF
(25,27). In another study, we examined DIF between patients with
chronic pain and RA and also found no DIF (39). Therefore, we
think that the probability that these items show language DIF in
patients with RA is very low. As a consequence, our study results
regarding the good psychometric properties of the PROMIS-PI
and PROMIS-PB banks in Dutch- or Flemish-speaking patients
with RA, combined with the previous studies’ results showing an
absence of DIF between Dutch- and English-speaking patients,
additionally legitimize the use of the PROMIS-PI and PROMIS-PB
banks in American English-speaking patients with RA.
Recently, Nagaraja et al (40) identified severity cut points
for the PROMIS-PI T scores from the perspectives of patients
with RA and their clinical providers. From the perspective of
patients, PROMIS-PI T scores of <50 correspond with “no,”
50–60 with “mild,” 60–65 with “moderate,” and >65 with
“severe” problems. From the perspective of the clinical providers, the corresponding T score classifications were <50,
50–60, 60–70, and >70, respectively. These results add clinically meaningful interpretations to the PROMIS T scores.
In addition to our study, studies by Khanna et al (4), Orbai
and Bingham (41), Bartlett et al (19), Bingham et al (20), and
Witter (14) all address the advantages and opportunities for the
use of PROMIS short forms and CATs in patients with RA. These
studies have shown, among others, that PROMIS CATs are more
applicable for use in daily clinical practice than traditional PROMs
because CATs are tailored to the individual’s ability and are more
efficient and precise than other PROMs. For instance, Rose et al
(42) showed that the PROMIS physical function CAT was more
precise than the HAQ DI (42). The study of Bingham et al (20) is an
illustrative example of applying PROMIS instruments in clinical RA
practice, outlining practical elements of implementing PROMIS
short forms and CATs. They reported that patients with RA specified a preference for CAT over traditional paper forms (20). All
studies mentioned address the fact that PROMIS facilitates disease progress monitoring, patient-provider communication, and
shared decision-making. Several so-called “cross-walk” tables
are available and can be used to convert scores of traditionally
used PROMs into PROMIS T scores, e.g., the HAQ DI scores into
PROMIS physical function T scores (43). With the use of these
tables, historical data can be mapped onto the PROMIS T score
scale, enabling a switch from traditional PROMs to PROMIS mea
sures with preservation of historical data.
PROMIS instruments are based on well-developed conceptual models, have been developed by extensive qualitative
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research with patients, and have been developed for elementary
school reading levels (4,17). Overall, PROMIS instruments are
less burdensome and are more precise than traditional PROMs
and are easy to interpret. Although PROMIS instruments have
advantages over traditional PROMs, and this study has provided
evidence of the good psychometric properties of the PROMIS-PI
and PROMIS-PB banks in patients with RA, future studies should
compare the psychometric properties of the PROMIS-PI and
PROMIS-PB instruments directly with other PROMs used for
the measurement of pain, such as the visual analog scale and
SF-36 bodily pain that are recommended for use in clinical practice in the ICHOM’s standard set for inflammatory arthritis, to
further reduce the variety of instruments being used in clinical
practice (7).
In the Netherlands and Flanders, PROMIS CATs are available
through the Dutch-Flemish Assessment Center (www.dutchflemi
shpromis.nl). As a starting point, US item parameters are used
because US item parameters are the current PROMIS recommendation across the world if there is no problematic DIF for language. Using the same item parameters across the world enables
international comparisons of PROMIS T scores. More research
is needed to identify conditions in which country-specific item
parameters may be more valid. In addition, we recommend future
studies on the psychometric properties of the PROMIS fatigue
item bank in patients with RA, as fatigue, in addition to physical
function and pain interference, is also a core outcome in RA.
In conclusion, both the PROMIS-PI and PROMIS-PB
banks showed good psychometric properties in patients with
RA. The highly efficient PROMIS-PI and PROMIS-PB CATs in
research and clinical practice are user friendly and feasible,
with little administration time, and have the potential for valid
and precise standardized and routine patient monitoring of
pain interference and pain behavior.
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