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BACKGROUND:Physical function (PF) is a commonhealth
concept measured in clinical trials and clinical care. It is
measured with different instruments that are not directly
comparable, making comparative effectiveness research
(CER) challenging when PF is the outcome of interest.
OBJECTIVE: Our goal was to establish a common
reportingmetric, so that scores on commonly used physical
function measures can be converted into PROMIS scores.
DESIGN: Following a single-sample linking design, all
participants completed items from the NIH Patient Re-
ported Outcomes Measurement Information System
(PROMIS®) Physical Function (PROMIS PF) item bank
and at least one other commonly used Blegacy^ measure:
the Health Assessment Questionnaire (HAQ) or the Short
Form–36 physical function ten-item PF scale (SF-36 PF). A
commonmetric was created using analyses based on item
response theory (IRT), producing score cross-walk tables.
PARTICIPANTS: Participants (N=733) were part of an in-
ternet panel, many of whom reported one or more chronic
health conditions.
MAIN MEASURES: PROMIS PF, SF-36 PF, and the HAQ–
Disability Index (HAQ-DI).
RESULTS: Our results supported the hypothesis that all
three scalesmeasure essentially the same concept. Cross-
walk tables for use in CER are therefore justified.
CONCLUSIONS: HAQ-DI and SF-36 PF results can be
expressed on the PROMIS PF metric for the purposes of
CER and other efforts to compare PF results across stud-
ies that utilize any one of these threemeasures. Clinicians
seeking to incorporate PROs into their clinics can collect
patient data on any one of these three instruments and
estimate the equivalent on the other two.
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INTRODUCTION

Patient-reported-outcome (PRO) data quantify patients’ perspec-
tives on their symptoms, function, and well-being. PROs are
frequently employed in clinical research, including clinical trials,
to help evaluate treatment effectiveness from the patient’s perspec-
tive.1 Patient-reported physical function—including self-care, in-
strumental activities of daily living, mobility and dexterity—is a
frequently assessed endpoint. Physical function can range from
low-level activities, such as brushing one’s teeth orwalking across
a room, to strenuous exercise. Measures of physical function can
quantify the impact of chronic health conditions, and in so doing,
they can help evaluate whether and how well patients are recov-
ering from disease, trauma or restorative surgery.2–4

Across these applications, people use different measures of
PF. Three of the more common choices include the Health
Assessment Questionnaire (HAQ), the SF-36® ten-item PF
scale derived from the Medical Outcomes Study, and the
Patient Reported Outcomes Measurement System
(PROMIS®) PF item bank, including its various short form
and computerized adaptive testing (CAT) options. As a result
of having these and other instruments to choose from, there is
no current way to standardize PF measures around a common
language or metric. Yet, item response theory (IRT) measure-
ment and instrument linking methods make this possible.
Adapting the World Health Organization’s (2007) tripartite

framework of physical, mental, and social health, PROMIS
researchers developed multiple item banks5, including one for
physical function.6–8 Physical Function is one of several
PROMIS domains that overlap with concepts in the Body
Functions (B) and Activity and Participation (S) components
of the International Classification of Functioning.9 The
PROMIS Physical Function bank (PROMIS PF) comprises
items that assess a large range of physical ability and target the
subdomains of mobility, upper extremity, and central body
function. Because the PROMIS PF, like other PROMIS mea-
sures, is supported by an item bank, a collection of items that
measure the full range of the domain are calibrated to a
mathematical model. This allows users to administer the
PROMIS PF in a number of ways. Items can be tailored to
individual levels of function with a brief computer adaptive
test (CAT). Short-forms of different lengths can be adminis-
tered (e.g., PROMIS PF short forms of 4, 6, and 8 items are
available for download). The instruments have generally
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shown improved measurement precision over existing mea-
sures such as the HAQ-DI and the SF-36® PF, particularly for
PROMIS PF CATand in the moderate range of function.8,10 In
addition, the PROMIS metric uses the T-score (mean=50;
standard deviation=10), which is centered on the US general
population.11 Thus, a PROMIS Physical Function T-score of
60 can be interpreted as being one standard deviation higher
(better function) than the Baverage person^ in the US.
Although these features havemade PROMIS an emerging and

appealing option for PF assessment, there will likely continue to
be researchers and clinicians who prefer to use existing Blegacy^
PF assessments such as HAQ-DI and the SF-36 PF. For example,
pharmaceutical clinical trials in rheumatology often deploy the
HAQ-DI, and may continue to do so, because the US Food and
Drug Administration (FDA) has recommended a response mea-
sure that relies upon HAQ-DI scores.12 If the HAQ-DI could be
co-located on the same underlying PF continuum as PROMIS,
then it would give the FDA the opportunity to extend that same
response measure to PROMIS, with its improved measurement
precision, or it could enable investigators to express their HAQ-
DI scores on the PROMIS metric (mean=50; SD=10).
To create a common PF metric for common outcome

reporting and comparative effectiveness research (CER), we
set out to Blink^ the scores from legacy measures to PROMIS
by establishing the mathematical relationships between legacy
and PROMIS scores. If scores from different instruments can
be linked to a common metric, a cross-walk table can be
constructed that associates scores from one measure to corre-
sponding scores on another measure.

METHOD

Measures

PROMIS Physical Function. The PROMIS PF item bank
consists of 124 items that assess mobility (lower extremity),
dexterity (upper extremity), axial or central (neck and back
function), and complicated actions that cover multiple domains
(e.g., daily living activities).7,8,13 An example of an item is: BAre
you able to carry a laundry basket up a flight of stairs?^ The five
response options range from BWithout any difficulty,^ to
BUnable to do.^ The item bank can be administered in
multiple ways. For example, there is a PROMIS PF 10-item
short form with items selected to target the range of physical
function with high levels of precision. Scores on this short form
correlate very highly (r=0.96) with scores on the full item bank.
Other forms of the instrument selected from the 124-item bank
include a brief CAT, a 20-item short form, as well as CATs that
assess mobility or upper extremity exclusively.14

Of the 124 items in the bank, we used 76 as anchor
items. By combining these PROMIS PF anchor items
with the items of a legacy scale and then concurrently
calibrating them, we linked the items of the legacy scale
to the PROMIS PF metric. These 76 items were selected

because they were included in the final PROMIS PF
item bank and each had responses in all five response
categories. Because PROMIS items are not scored as
sums, but rather on a standardized T-score metric using
IRT, scores obtained from different item subsets are
readily comparable.

Health Assessment Questionnaire—Disability Index (HAQ-
DI). The HAQ-DI15 consists of 20 questions in eight
categories (Dressing and Grooming, Hygiene, Arising,
Reach, Eating, Grip, Walking, Outside Activities). Each
item has four response options, ranging from BNo
difficulty^ to BUnable to do,^ corresponding to scores
from 0 to 3. Ignoring the use of aids and devices, the
items may be scored by identifying the highest score
(most disability) on each item in each category,
summing these eight items, and then dividing by 8.
This yields a score from 0 (no disability) to 3 (most
disability).16 Alternatively, some users of the HAQ-DI
sum (or average) each of the 20 items, yielding a
summary score ranging from 0 to 60. This later scoring
rule has not been as well validated.17 For the current
study, we chose to link scores based on each of these
two scoring strategies to the PROMIS PF metric.

Short Form-36 Health Survey Physical Function (SF-36
PF). The SF-36 PF is a subset of the SF-36v2,18,19which
measures multiple domains of physical and mental health.
The PF subscale consists of ten items, using a three point
scale in which respondents indicate to what extent their
health limits their physical function (e.g., climbing stairs).
The items are scored such that higher scores indicated
better physical function. In this study, we linked to the
raw scores, which ranged from 10 to 30. The SF-36v2
manual provides information on how to convert raw
scores to normed-based scores.

Sample

The linking sample was selected from a subset of individuals
(N=818) whowere part of the original PROMIS PF calibration
sample.8 The data were collected during the PROMISWave 1
testing phase by Polimetrix (now YouGov; www.research.
yougov.com), a national, web-based polling firm. The sample
was drawn from nonclinical participants; however, they in-
cluded both healthy and unhealthy participants, representing a
wide range of physical function. Participants provided back-
ground information, ratings of global health, and responses to
candidate PROMIS PF items. Most of the sample also com-
pleted the HAQ-DI (N=733) and the SF-36 PF (N=719). Note
that the SF-36 PF responses were a subset of those who
completed the HAQ-DI. Table 1 shows the demographics for
the larger group (N=733). The sample’s mean score was 0.34
on the HAQ-DI (SD=0.43, range 0 to 3) and 25.8 on the SF-36
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PF (SD=5.0, range 10 to 30). For sample details, see Appendix
A.

Analysis

Multi-Method Approach. Our analytic plan followed the
multi-method approach applied in the PROsetta Stone Project
and recommended by linking experts.20 This approach in-
cludes methods based on IRT and one commonly used non-
IRT method (equipercentile linking). IRT is a family of math-
ematical models that allow researchers to assign unique values
(i.e., parameters) to each item based on how likely people with
different levels of the measured construct are to endorse reach
response category.21,22 In the current study, the results of each
linking method showed a high degree of similarity, consistent
with previous reports for the domains of depression23, anxi-
ety24, and fatigue25. Here we report only the results of the
fixed IRT calibration, consistent with other published reports.
We fit the data to the graded response model (GRM)26, which
is the standard IRT model for the calibration of PROMIS
instruments.27 Details on linking methods are in Appendix
B; we report on the accuracy of linking in Appendix D.

HAQ-DI Scoring Considerations. IRT-based linking methods
use individual item scores as the basis for the link. When
legacy measures are scored in a complex way, however, this
may pose a problem for IRT linking. In the case of the HAQ-
DI, the 0 to 3 summary score is obtained by averaging the
maximum score in each of eight functional categories.
However, IRT-based linking is most accurate when parameters
are estimated on all possible items; therefore, we linked using
all 20 items (not just the eight maximum items). This scoring
strategy yields a summary score ranging from 0 to 60 score for
each participant. Because this manner of scoring incorporates
all of the items, however, the 0 to 60 scale is not directly

comparable to the 0 to 3 scale. That is, dividing the 0 to 60
score by 20would likely result in a lower score (less disability)
than using the maximum eight method described above.
Given these considerations, we conducted two differ-

ent IRT-based links for the HAQ-DI. In one link, we
used each of the 20 HAQ-DI items and estimated pa-
rameters for them. This resulted in a PROMIS PF cross-
walk table to HAQ-DI scores that range from 0 to 60.
In the second link, we treated the maximum scores
(within each category, e.g., Hygiene) as a single item
score, such that we estimated parameters for only those
eight worst HAQ-DI items. This resulted in a PROMIS
PF cross-walk table to HAQ-DI scores that ranged from
0 to 3. For short-hand, we distinguish the two resulting
linkages as max-8 and sum-20.

Linking Assumptions. The first assumption to be tested is that
the linked measures are measuring essentially the same
concept. We tested this by inspecting item content, calculating
correlations, and estimating the proportion of general factor
variance of the combined set of items. In addition to linking
assumptions, we tested the unidimensionality assumption of
IRT using both confirmatory and exploratory factor
analytic methods. Since our planned IRT calibrations
required only that the combined item set is sufficiently
unidimensional, we conducted these analyses on the
combined items (e.g., PROMIS PF and HAQ-DI). For
details, see Appendix C.

Score Cross-Walk Table and Figures. We used the item
parameter estimates derived from the fixed-parameter
calibration to construct a cross-walk table by applying
expected a posteriori (EAP) summed scoring. Cross-
walk tables can be used to map simple raw summed
(or mean) scores from each legacy instrument to T-score
values on the PROMIS PF metric. To visualize the
relationship and demonstrate the ranges, we plotted
linked scores from each legacy measure against their
corresponding PROMIS PF scores.

RESULTS

Item Content Overlap

Inspection of item content indicated substantial overlap be-
tween the PROMIS and legacy measures. For the HAQ-DI, 16
of 20 items had content that was similar to one or more of the
76 PROMIS PF items. The remaining four HAQ-DI items
were similar to items in the full PROMIS PF bank. The
contents of each of the ten items of the SF-36 PF were
represented by one or more of the 76 items on the PROMIS
PF bank. At least 20 % of the PROMIS PF and HAQ-DI items
assess upper extremity and mobility function exclusively. The

Table 1 Demographic Characteristics of Participants for Sample to
Link HAQ-DI and SF-36 PF to PROMIS Physical Function (N=733)

Percentage

Gender
Female 51
Ethnicity
Hispanic 11
Race
White 83
Black / African American 12
Native American 4
Asian 1
Education
Some high school 2
High school diploma or GED 21
Some college/technical degree/vocational program 45
Further educational attainment 33
Mean age (range) 51 (18–88)

Note. Sample size for linking SF-36 PF was slightly smaller (N=719).
Numbers do not necessarily sum to 100 % due to rounding
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SF-36 PF, however, included only mobility and mixed activ-
ities items; no specific upper extremity items are included in
the measure.

Correlations and Classical Item Statistics

Correlations between scores on the PROMIS PF and the
legacy instruments were high: 0.91 for PROMIS PF and
HAQ-DI (sum-20), 0.93 for PROMIS PF and HAQ-DI
(max-8), and 0.91 for PROMIS PF and SF-36 PF. These
values are well above suggested thresholds for linking.28

Classical item statistics calculated on both individual and
combined instruments suggested relatively high levels of in-
ternal consistency and homogeneity. (See Appendix C for
details.).

Cross-Walk Tables and Figures

Once we obtained IRT parameters for legacy items, we scored
the data to obtain the PROMIS T-score equivalents of each
legacy summed score. Tables 2, 3 and 4 map simple raw
summed scores from each legacy instrument to T-score values
on the PROMIS PF metric. Each raw summed score and
corresponding PROMIS T-score is presented with the standard
error associated with the scaled score. Because there were too
few people with sufficiently severe disability scores above 53
on the 20-item HAQ-DI, we could not estimate PROMIS
values associated with HAQ-DI scores worse than 53. The

same holds for the top HAQ-DI score (> 2.88) using the
maximum-of-eight-categories rule.
To illustrate the cross-walk results, we also provided two

figures that map the PROMIS PF scores (x-axis) to each of the
two legacy instruments (y-axis). Figure 1 displays the rela-
tionships of scores on both the HAQ-DI (sum-20) and the SF-
36 PF to scores on the PROMIS PF. The figure shows that
PROMIS scores cover a much wider range of physical func-
tion than do either of the legacy measures. The HAQ-DI
captures scores in the very low range of physical function,
whereas the SF-36 PF covers a higher (and narrower) range.

Table 2 HAQ-DI Scores (20 items summed) Associated with
PROMIS Physical Function T-Scores

HAQ-
DI
Score

PROMIS
PF
T-score

T-Score
SE

HAQ-DI
Score

PROMIS
PF
T-score

T-Score
SE

53 12.5 1.7 24 29.9 1.5
52 13.4 2.0 23 30.4 1.5
51 14.2 2.1 22 30.8 1.5
50 15.1 2.2 21 31.3 1.5
49 16.0 2.1 20 31.8 1.5
48 16.9 2.1 19 32.3 1.5
47 17.7 2.0 18 32.8 1.5
46 18.4 1.9 17 33.3 1.5
45 19.1 1.8 16 33.9 1.5
44 19.8 1.8 15 34.4 1.5
43 20.4 1.7 14 35.0 1.6
42 21.0 1.7 13 35.5 1.6
41 21.6 1.6 12 36.1 1.6
40 22.1 1.6 11 36.7 1.6
39 22.7 1.6 10 37.4 1.7
38 23.2 1.6 9 38.1 1.7
37 23.7 1.5 8 38.8 1.8
36 24.2 1.5 7 39.6 1.8
35 24.7 1.5 6 40.4 1.9
34 25.2 1.5 5 41.4 2.0
33 25.7 1.5 4 42.5 2.2
32 26.1 1.5 3 43.9 2.6
31 26.6 1.5 2 45.7 2.9
30 27.1 1.5 1 48.6 3.8
29 27.5 1.5 0 56.8 6.8
28 28.0 1.5
27 28.5 1.5
26 28.9 1.5
25 29.4 1.5

HAQ-DI=Health Assessment Questionnaire–Disability Index; PROMIS
PF=PROMIS Physical Function

Table 3 HAQ-DI Scores (Average of Eight Maximum Scores)
Associated with PROMIS Physical Function T-Scores

HAQ-DI Score PROMIS PF T-score T-score SE

2.88 17.4 3.4
2.75 20.0 3.1
2.63 21.6 3.0
2.50 23.2 2.7
2.38 24.6 2.5
2.25 25.9 2.4
2.13 27.1 2.3
2.00 28.2 2.2
1.88 29.2 2.2
1.75 30.2 2.1
1.63 31.2 2.1
1.50 32.2 2.1
1.38 33.2 2.1
1.25 34.2 2.1
1.13 35.3 2.2
1.00 36.3 2.2
0.88 37.4 2.3
0.75 38.6 2.3
0.63 39.9 2.3
0.50 41.3 2.4
0.38 43.0 2.7
0.25 45.0 2.9
0.13 48.0 3.6
0.00 56.7 6.8

HAQ-DI=Health Assessment Questionnaire–Disability Index; PROMIS
PF=PROMIS Physical Function

Table 4 SF-36 PF Scores Associated with PROMIS Physical
Function T-Scores

SF-36 PF Score PROMIS PF T-score T-Score SE

10 24.5 4.0
11 28.3 2.8
12 30.3 2.5
13 32.0 2.2
14 33.4 2.1
15 34.8 2.0
16 36.0 2.0
17 37.2 2.0
18 38.4 1.9
19 39.5 1.9
20 40.7 1.9
21 41.8 1.9
22 42.9 1.9
23 44.1 2.0
24 45.3 2.0
25 46.7 2.1
26 48.2 2.3
27 49.9 2.5
28 52.0 2.9
29 55.0 3.5
30 61.7 5.7

PROMIS PF=PROMIS Physical Function; SF-36 PF=Short Form 36
Physical Function
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Not shown is the upper range of the PROMIS PF measure,
which extends to a T-score of 73. Neither legacy measure
extends much beyond the mean of the US population (T-
score=50). Figure 2 shows the HAQ-DI on the 0–3 scale.

DISCUSSION

Other researchers have found that measures of physical
function are generally amenable to linking and the
creation of score cross-walks.29–31 This study, however,
represents the first to link established measures of
physical function to the new PROMIS metric. This work
has resulted in three cross-walk tables that can be used
by researchers and clinicians to convert legacy scores
from two popular measures to PROMIS T-scores. In so
doing, we have enabled researchers and clinicians to
compare scores obtained from one of these instruments
with the scores of another.
Our study has a number of strengths. First, the single-group

design produces the most robust links.32 Administering all
instruments to all respondents also allowed us to measure
directly the accuracy of the linkages by examining differences
between actual scores and those predicted by the linking.

Second, the correlations of our linked instruments were quite
large, exceeding the thresholds recommended by linking ex-
perts in the field of high-stakes testing.28 Finally, our calibra-
tions were not determined by the current sample, but were
anchored on PROMIS calibrations derived from the larger
standardization sample8 and centered on the 2000 US
census.11

The cross-walk tables have several practical uses. For ex-
ample, current users of legacy measures contemplating a
switch to PROMIS PF will be able to Bretrofit^ their historical
patient data by assigning PROMIS PF scores using the cross-
walks we provided. This is especially powerful at the aggre-
gate level (e.g., groups of patients), as the error associated with
these linkages becomes very small as the sample size exceeds
75 (see Appendix D). Secondly, our results allow clinical
investigators to compare results across treatment trials in
which different instruments were used. That is, using the
IRT-based cross-walk tables, investigators can convert sum-
mary mean scores reported in the literature from one metric to
another.
These results have particular relevance for investigators

conducting clinical trials. Recent draft recommendations from
the Federal and Drug Administration (FDA) endorsed the
HAQ-DI for use in drug trails of rheumatoid arthritis (RA)12.

Figure 1 Linking relationships for theHAQ-DI (sumof 20 items) and SF-36 PF to the PROMISPFmetric. The y-axis denotes the raw summed score for
both the HAQ-DI and SF-36 PF. The error bars represent±one standard error of measurement derived from the unidimensional IRT model. HAQ-
DI=Health Assessment Questionnaire–Disability Index; PROMIS PF=PROMIS Physical Function; SF-36 PF=Short Form 36 Physical Function.
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Nevertheless, recent studies have demonstrated the advantage
of a ten-item CAT and 20-item short-form of the PROMIS PF
instrument compared to the HAQ-DI in terms of measurement
precision and range of coverage8,10. These results suggest that
the PROMIS PF-20 can be used in place of the HAQ-DI in
clinical trials, and still allow for the estimation of HAQ-DI
scores for comparison with earlier clinical trials.
Our results also facilitate PRO use in clinical settings. Given

the advantages of PROMIS instruments,33 clinicians in med-
ical centers who are already administering the HAQ or SF-36
PF may choose to switch to PROMIS PF. By using Tables 2, 3
and 4, they can compare historical patient data to newly
obtained scores on PROMIS. Clinicians already using
PROMIS may now connect their patient scores to recom-
mended norms and clinical cutoffs established for the HAQ
or SF-3633–35 and can provisionally apply these linked
PROMIS cut-offs to inform treatment decisions.
There are some study limitations. First, scores linked to the

PROMIS metric based on legacy scores may have more error
than scores obtained directly from the PROMIS PF
measure and vice versa. Standard errors for cross-
walked scores with samples of less than 25 participants

may not be adequate for some purposes. Secondly,
linking results (regardless of statistical method) may be
sensitive to population differences.32 A recent study,
however, found that the linking relationships for
PROMIS Pain Interference and the Brief Pain Inventory
were very similar when derived from general population
and multiple sclerosis groups.36,37 Nevertheless, it will
be necessary to replicate our study with samples drawn
from populations with a higher density of scores at
either end of the physical function continuum.
In conclusion, the concept of physical function is measured

quite comparably by the HAQ-DI, the SF-36 PF, and the
PROMIS-PF. We encourage investigators and clinicians to use
these cross-walk tables (Tables 2, 3 and 4). We also encourage
others to extend this work by linking still other PF measures to
PROMIS, making it possible to arrive at a common, unifying
language for self-reported physical function.
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Figure 2 Linking relationship for the HAQ-DI (0 to 3 score) and the PROMIS PF. The HAQ-DI is scored by taking the average of each
maximum item score in eight function categories. The error bars represent±one standard error of measurement derived from the

unidimensional IRT model. HAQ-DI=Health Assessment Questionnaire–Disability Index; PROMIS PF=PROMIS Physical Function; SF-36
PF=Short Form 36 Physical Function.
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