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Introduction: To help researchers in MS take advantage of the measurement properties of the
PROMIS Pain Interference instruments while maintaining continuity with previous research, a
co-calibration table was developed that transforms scores from the Brief Pain Inventory (BPI-PI)

to scores from the PROMIS-PI short form (SF).

Methods: Data for the development of the score co-calibration were collected as part of a
longitudinal study of pain and fatigue in adults (n=369) with Multiple Sclerosis (MS). Data for
the co-calibration validation were collected as part of a separate longitudinal study of Aging in
individuals with physical disabilities (n=360). The development of the co-calibration was a
multistage procedure that included dimensionality assessment, fitting an item response theory
based two-parameter logistic model, estimating difficulty and discrimination parameters for items
of the BPI-PI, deriving trait scores of pain interference, and matching instrument level summary

SCores.

Results: The co-calibration table functioned well with a mean difference between the actual SF
scores and SF scores predicted by the table of 0.51 (sd=3.9). The largest differences were
observed at the low-end of pain interference where variance in measurement is typically higher
and where high precision is not necessarily as important as it is at higher levels of pain

interference. The co-calibration performed nearly as well in terms of predictive accuracy in the



validation dataset. With respect to residual errors from the equating procedure, approximately
80% of the predicted scores in the developmental sample were within 4 points difference (<1/2
sd) of their respective PROMIS-PI SF scores, and 70% were within 4 points in the validation

sample.

Conclusions: Two measures of pain interference were co-calibrated and a reference table of
corresponding scores is presented. MS researchers and clinicians can use this table to facilitate

comparisons between studies and to maintain continuity with previous research.
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Introduction

A large number of self-reported questionnaires are available to assess health-related
quality of life (HRQOL) and disease symptomology. The proliferation of patient reported
outcome measures indicates increasing awareness of the importance of the patient perspective in
clinical assessment and HRQOL in clinical research. An unintended consequence of this
proliferation is that results from different studies are often not comparable, because they use
different instruments to assess similar or even identical traits. In 2004, the National Institute of
Health sponsored the Patient Reported Outcomes Measurement Information System (PROMIS)
initiative to develop new measures of psychological, social, and functional dimensions of health
states that would maximize comparability across multiple diseases and conditions while
maintaining sufficient sensitivity across the entire range of the construct of interest. (1, 2) To
enhance generalizability and interpretability, all PROMIS measures have been centered on the
U.S general population, i.e. the mean score of 50 on all PROMIS measures represents average
ability or difficulty reported by the general US population, and the standard deviation is scaled to
10. Developed using Item Response Theory (IRT), these instruments offer important advantages
over previously developed instruments, as they provide more detailed item-level response
characteristics, allow inspection of measurement precision and bias across all levels of the
domain of interest, and facilitate administration through computerized adaptive testing (CAT). A
PROMIS item bank for measuring Pain Interference (PROMIS-PI) and the short form (SF)
derived from the bank are now available. To help researchers in Multiple Sclerosis take
advantage of the measurement properties of the PROMIS-PI while maintaining continuity with
previous research, an item response theory based co-calibration was developed and tested to
transform sum scores from a the Brief Pain Inventory pain interference subscale (BPI-PI) to the

PROMIS-PI short form. (3, 4)



Methods
Participants

Data for the development of the crosswalk were collected as part of a larger longitudinal
study of pain and fatigue in adults with Multiple Sclerosis (MS). At the fifth assessment time
point (16 months) study participants were asked to indicate whether they had bothersome
recurrent pain within the previous 3 months. 81.6% (n=376) endorsed this item and responded to
both the BPI-PI and the PROMIS-PI SF. Scoring was not possible for 1.5% (n=7) of respondents
who did not respond to a sufficient number of items. The co-calibration table was developed
using the data from the remaining 369 respondents. Data for the validation of the co-calibration
were collected by a different longitudinal study of Aging with physical disabilities. Detailed
descriptions of recruitment procedures are available.(5) In the third year of follow-up, 360

participants with MS completed both the BPI-PI and the PROMIS-PI SF.

Measures

The PROMIS-PI was developed using item response theory, and as a result, it can be
administered in a variety of formats including computer adaptive testing, targeted fixed length
instruments with item selection guided by relevance to study population, and PROMIS fixed
length short forms. A total of 41 items comprise the PROMIS-PI item bank, and the bank has
sound psychometric properties with respect to construct validity, fit, precision, and population
invariance. (3, 6) Study participants responded to the 6-item PROMIS-PI SF, version 1. The
PROMIS-PI SF is centered on the US general population average of 50 with a standard deviation
of 10.

The Pain Interference subscale of the Brief Pain Inventory (BPI-PI) has demonstrated
validity and reliability.(7-9) The BPI-PI was developed using traditional factor analytic methods
of classical test theory and has been used in studies of pain associated with multiple chronic

disease conditions.(4) Seven items comprise the BPI-PI, each with a 0 (no interference) to 10



(complete interference) response scale. The summary score represents the average of all item

responses.

Statistical Analysis
Pre-calibration assessment

Dorans and Holland outlined terminology, criteria, and methods used to link scores
across different measures.(10, 11) The criteria for equating are the most strict and are rarely met
in practice. Nevertheless, calibration (or concordance) can still be carried out when several
critical criteria have been satisfied. We evaluated criteria relating to construct equivalence,
reliability, symmetry, and population invariance. More specifically, we evaluated the equal
construct requirement through item-inspection and dimensionality assessment. Findings of
multidimensionality indicate that the equal construct requirement is not satisfied and that
application of a unidimensional IRT model would be inappropriate. Reliability was evaluated
through comparisons of PROMIS-PI SF and BPI-PI internal consistency statistics. Symmetry was
not of concern, because we aimed to develop a table of matched scores as opposed to matching
with a linear function that is particularly problematic for the symmetry requirement. Each of these
criteria can be evaluated before calibration, but population invariance must be assessed
afterwards. Accordingly, population invariance is evaluated with other performance indicators as

part of the calibration validation.

Equating procedure

Unidimensionality is an important assumption underlying IRT-based trait estimation, and
unidimensionality of the PROMIS-PI SF and the BPI-PI was evaluated in the context of a one-
factor confirmatory factor analysis. Adequacy of model fit was assessed by multiple indices
including X°, Comparative Fit Index (CFI), and the Tucker-Lewis Index (TLI). CFI and TLI

values above 0.95 have served as indicators of good fit to a unidimensional construct, (12). If the



results of the one factor CFA indicated the data were not sufficiently unidimensional, a bi-factor
analysis was planned to assess the impact of modeling multidimensional data with a
unidimensional model.

Next, a two-parameter logistic graded response model was fit to derive item-difficulty (B)
and discrimination (a) parameters for each of the BPI-PI items. The parameters for the PROMIS-
PI SF items were constrained to maintain direct comparability with the US general population.
The PROMIS-PI SF item parameters that center these measures have been previously established
as part of the larger NIH-PROMIS initiative, and Amtmann and colleagues detail this process for
the PROMIS-PI item bank. (3) Once the BPI-PI item parameters were derived, the PROMIS-PI
items were removed from the model, and equivalencies in BPI summary scores and BPI-PI trait
scores on the PROMIS metric were derived using expected a priori sum score estimation.(13)

The requirement of population invariance is considered one of the most important, as the
utility of scale equating is directly tied to how well the equating procedure functions in varying
subgroups. (11) To assess variability in the performance of this co-calibration, the standardized
Root Mean Square Difference (RMSD)(11) was compared across multiple subgroups defined by
gender, race, age, education level, type of MS, and self-reported mobility status. In addition,
multiple F-tests were carried out to assess variability in the performance of the equating
procedure by subgroups with the criterion defined as the difference between PROMIS-PI SF
scores and the scores predicted from the BPI-PI. Next, precision of the co-calibration was
assessed by comparing differences between the SF scores and those predicted by the BPI-PI with
published Minimal Important Differences (MIDs).(14) Bland-Altman plots facilitated inspection
of differences across all levels of the trait. As a last step, the co-calibration was cross-validated in
an independent sample of individuals with MS. Differences between the actual SF scores and the
scores predicted from BPI-PI were again examined across the continuum through inspection of
scatterplots and Bland Altman plots. Data coding and preparation was performed using STATA

(IC 12.1, StatCorp, College Station, TX), dimensionality assessment with Mplus (v6.11, Muthén



& Muthén, Los Angeles, CA), and all IRT-based analyses were carried out with IRTPRO v2.1

(Scientific Software International, Lincolnwood, IL).



Results

Consistent with the distribution of MS in the population, the sample of individuals with
MS (n=369) from the developmental dataset was predominantly Caucasian (92%) and female
(84%) with a mean age of 53 (Table 1). Over half of participants reported relapsing/remitting type
of MS, nearly one-quarter reported secondary progressive MS, and average time since MS
diagnosis was 12 years (range: 2 - 61). The characteristics of the validation sample were quite
similar, with an exception of median age and duration of disease (4 years later for both in the
validation dataset) due to the nature of the study (aging with a physical disability).

Study investigators examined item content of both instruments and concluded that pain
interference has been operationalized in similar fashion across both instruments. Both instruments
have items related to pain interference with respect to work tasks, socializing, day-to-day
activities, and general life enjoyment. Items unique to the SF relate to concentration and
recreational activities, and those unique to the BPI relate to mobility, mood, and sleep. While
both instruments have unique items, none of the items were considered extrinsic to the pain
interference construct. The X” test of model fit for the confirmatory factor analysis was
statistically significant, but unidimensionality was supported by a CFI of 0.96 and TLI of 0.95.
The estimates of internal consistency also supported scale calibration with nearly identical
Chronbach a coefficients (PROMIS-PI SF = 0.94; BPI-PI = 0.93). Findings related to common
item content, unidimensionality, and reliability all indicate that co-calibration is appropriate.

The BPI-PI and PROMIS-PI SF co-calibration is presented in Table 2. Matched scores
are also presented in Figure 1a with x’s representing SF scores and o’s representing scores
predicted from the BPI scores by using the calibration table. The shape and location of the
prediction line suggest minimal if any bias related to level of pain interference. Mean differences
between the PROMIS-PI SF and predicted scores are also presented as a Bland-Altman plot
(Figure 2a). The overall mean difference was 0.51 (95%CI=0.11 to 0.91), and the standard

deviation was 3.92. The largest differences were observed at the extreme low-end of pain



interference where variance in measurement is typically higher and where high precision is not
necessarily as important as it is at higher levels of pain interference. In the validation dataset, the
co-calibration performed nearly as well in terms of predictive accuracy. As in the developmental
dataset, the shape and location of the prediction line provide further support that the co-
calibration is unbiased with respect to location on the latent trait. (Figure 1b) The average
difference was -1.47 (95%CI=-1.91 to -1.04) with a standard deviation of 4.17. These differences
are also illustrated as a Bland-Altman plot in Figure 2b. With respect to error in prediction from
the co-calibration, nearly 80% of the predicted scores in the developmental sample were within 4
points difference of their respective PROMIS-PI SF scores, and 90% were within 6 points.
Likewise for the validation dataset, 70% were within 4 points, and 87% were within 6 points
difference of their PROMIS-PI SF scores.

Subgroup comparisons indicated that RMSD estimates ranged from 0.01 to 0.06 and were
well below suggested upper-bounds,(11) indicating that the table of co-calibrated scores
functioned well across subgroups. In addition, residual comparisons indicated non-significant
differences in predictive accuracy across all subgroups (gender: F=0.36, p=0.55; race: F=0.73,
p=0.39; age: F=0.40, p=0.67; education: F=0.48, p=0.82; MS type: F=1.22, p=0.30; mobility:
F=1.38, p=0.25). Low RMSD estimates and non-significant F-tests indicate that the remaining

requirement of population invariance for the calibration was satisfied.



Discussion

In this study, a table was developed of co-calibrated scores for 2 instruments that measure
pain interference in MS. Co-calibration within the latent variable framework offers several
advantages over other methods, particularly with respect to comparability. A simpler scale-level
regression-based procedure would not partition measurement error appropriately, lead to larger
error in prediction, and generally do not meet the outlined requirements for score calibration (e.g.
symmetry, population invariance). Additionally, estimating difficulty levels simultaneously
enables meaningful comparisons of items from the BPI-PI with those from the SF, the PROMIS-
PI item bank, and even the trait levels of individuals, if desired.

The Bland-Altman plots suggested that the residual differences at very low levels of pain
interference (theta: 40-50) were not sufficiently accurate, so the calibration table should not be
used for samples of individuals with negligible levels of pain interference. As expected, when the
crosswalk was applied to a different dataset, the average difference in prediction error was greater
than in the developmental dataset. The average difference between actual SF scores and the
scores predicted from the BPI PI using the table was nearly three times (|]-1.47| vs |0.51|) the size
of the error in the developmental dataset. Nevertheless, the magnitude of these residuals in the
validation dataset was not overly concerning when taking into account that the PROMIS-PI has a
standard deviation of 10, and the average residual was approximately 1.5 points. Minimal
clinically important differences for the PROMIS-PI have been reported to be between 4-6
points.(14) Although these were derived within the context of cancer research, and it is unclear
whether these MID estimates would be similar in MS; nevertheless, these are the only MIDs
published to date. Absolute differences in SF scores and predicted SF scores for a majority of the
individuals in this study were within this range, even when using the more conservative lower
limit. It is important to note that co-calibration tables, such as this are only recommended for
group level analysis and are not intended for estimating individual scores for use in the clinical

care. Nevertheless, this score co-calibration table provides researchers who are interested in



capitalizing on the benefits of PROMIS a way to incorporate the PROMIS-PI SF into their study
while maintaining research continuity and the ability to examine longitudinal trajectories of pain

interference.

Limitations

In this study the co-calibration was not carried out using the full PROMIS-PI item bank, so the
accuracy of this table for scores obtained through computer adaptive testing or customized short
forms would need to be further investigated. In addition, this co-calibration was developed
specifically for matching scores of individuals with MS. While the calibration table is expected to
perform well beyond this diagnostic group, its functioning in different diagnostic groups will

need to be validated before broader adoption and application.



Table 1. Demographic and clinical profiles of development and validation samples

Development dataset

Validation dataset

n=369 % n=360 %
Age: mean [sd] 53.16[10.5] 57.26 [5.5]
Gender
Male 60 163 58 16.1
Female 309 83.7 302 83.9
Ethnicity
Caucasian 338 91.6 337 939
Other 31 8.4 22 6.1
Education level
< High School Diploma / GED 52 14.1 35 9.8
Some college / vocational training 148  40.1 122 34.1
College graduate 106  28.7 115 32.1
Graduate or professional school 63 17.1 86 24.0
Annual household income
< $25,000 61 165 54 15.0
$25,000 - 40,000 54 14.6 60 16.7
$41,000 - 55,000 45 122 29 8.1
$56,000 - 70,000 51 138 38 10.6
$71,000 - 85,000 32 8.7 25 6.9
$86,000 - 100,000 40 109 35 9.7
>$100,000 58 157 57 158
Decline to answer/Missing 28 7.6 62 17.2
Disease duration in years: median [range] 12 [2-61] 16 [2-41]
Self-reported disease course
Relapsing / remitting 203 55.0 200 556
Secondary progressive 86 233 93 258
Primary progressive 41 11.1 34 9.4
Progressive relapsing 34 9.2 7 2.0
Missing 5 1.4 26 7.2
Expanded Disability Status Scale (EDSS) -
Mobility
<4.0 111 30.1 100 284
45-17.0 195 529 182 51.7
>17.0 63 17.0 70 199

10



Table 2. BPI scores on PROMIS metric

11

BPI Average T-
Sum BPI SD
Score Score Score

0 0.0 38.6 5.8
1 0.1 44.2 3.8
2 0.3 45.9 3.5
3 04 47.0 34
4 0.6 48.2 3.1
5 0.7 49.1 2.9
6 0.9 49.9 2.9
7 1.0 50.6 2.8
8 1.1 51.1 2.8
9 1.3 51.8 2.5
10 14 52.3 2.6
11 1.6 53.0 2.3
12 1.7 53.5 2.2
13 1.9 54.0 2.1
14 2.0 54.4 2.1
15 2.1 54.9 2.0
16 2.3 55.3 2.0
17 2.4 55.7 2.0
18 2.6 56.1 2.0
19 2.7 56.5 2.0
20 2.9 56.9 1.9
21 3.0 57.3 1.9
22 3.1 57.6 1.9
23 33 58.0 1.9
24 34 58.3 1.9
25 3.6 58.7 1.9
26 3.7 59.0 1.9
27 3.9 59.4 1.9
28 4.0 59.7 1.9
29 4.1 60.0 1.9
30 4.3 60.4 1.9
31 4.4 60.7 1.9
32 4.6 61.0 1.9
33 4.7 61.4 1.9
34 4.9 61.7 1.9
35 5.0 62.0 1.9

BPI Average T-
Sum BPI SD
Score Score Score
36 5.1 62.3 1.8
37 53 62.7 1.8
38 54 63.0 1.8
39 5.6 63.3 1.8
40 5.7 63.6 1.8
41 5.9 64.0 1.8
42 6.0 64.3 1.8
43 6.1 64.6 1.8
44 6.3 65.0 1.8
45 6.4 65.3 1.8
46 6.6 65.6 1.9
47 6.7 66.0 1.9
48 6.9 66.3 1.9
49 7.0 66.7 1.9
50 7.1 67.0 1.9
51 7.3 67.4 1.9
52 7.4 67.8 1.9
53 7.6 68.2 1.9
54 7.7 68.5 1.9
55 7.9 68.9 1.9
56 8.0 69.3 1.9
57 8.1 69.8 2.0
58 8.3 70.2 2.0
59 8.4 70.7 2.0
60 8.6 71.2 2.1
61 8.7 71.7 2.1
62 8.9 72.2 2.1
63 9.0 72.8 2.2
64 9.1 73.4 2.2
65 9.3 74.0 2.3
66 9.4 74.8 2.3
67 9.6 75.7 2.4
68 9.7 76.8 2.6
69 9.9 78.0 2.7
70 10.0 81.2 3.7
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Figures la/b. Scatterplots of pain interference T-scores from the PROMIS-PI Short Form (black

x) and the BPI-derived estimates (red o)
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Figures 2a/b. Differences in pain interference T-scores from the PROMIS-PI Short Form and the

BPI-PI derived estimates.
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