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Abstract

Objective—To evaluate the validity of the PROMIS® Physical Function measures using 

longitudinal data collected in six chronic health conditions.

Study Design and Setting—Individuals with rheumatoid arthritis (RA), major depressive 

disorder (MDD), back pain, chronic obstructive pulmonary disease (COPD), chronic heart failure 

(CHF), and cancer completed the PROMIS Physical Function computerized adaptive test (CAT) or 

fixed-length short form (SF) at baseline and at the end of clinically-relevant follow-up intervals. 

Anchor items were also administered to assess change in physical function and general health. 

Linear mixed effects models and standardized response means were estimated at baseline and 

follow-up.

Results—1415 individuals participated (COPD n = 121; CHF n = 57; back pain n = 218; MDD n 
= 196, RA n = 521; cancer n = 302). The PROMIS Physical Function scores improved 

significantly for treatment of CHF and back pain patients, but not for patients with MDD or 
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COPD. Most of the patient subsamples that reported improvement or worsening on the anchors 

showed a corresponding positive or negative change in PROMIS Physical Function.

Conclusion—This study provides evidence that the PROMIS Physical Function measures are 

sensitive to change in intervention studies where physical function is expected to change and able 

to distinguish among different clinical samples. The results inform the estimation of meaningful 

change, enabling comparative effectiveness research.
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Introduction

Physical function is a concept that refers to the ability to carry out activities ranging from 

self-care (activities of daily living) to more vigorous behaviors that require increasing 

degrees of mobility, strength, or endurance. [1–6] Physical function emphasizes abilities 

above and below the population mean and thus reflects a more comprehensive range of 

abilities than the construct of disability. [7] It may be affected by chronic health conditions, 

including rheumatoid arthritis (RA), back pain, cancer, chronic obstructive pulmonary 

disease (COPD), and chronic heart failure (CHF). [8, 9]

Several extensively evaluated measures of physical function and disability exist, such as the 

Health Assessment Questionnaire Disability Index (HAQ-DI) [10, 11] and the SF-36 

Physical Function scale [12]. To improve upon these measures, the Patient-Reported 

Outcomes Measurement Information System (PROMIS®) developed a large pool of physical 

function items and calibrated it using item response theory to allow for administration using 

either computerized adaptive testing (CAT) or fixed-length short forms. [7, 13, 14]

Prior published articles have described the development process and information about the 

precision of the PROMIS Physical Function item bank in cross-sectional administrations. 

[13, 14] Examining data from a prospective observational study of RA, an additional report 

examines the responsiveness and minimally important difference for the PROMIS Physical 

Function 20-item short form. [15] The current paper reports on an evaluation of the 

PROMIS Physical Function measure in six longitudinal studies of adults with different 

chronic health conditions: RA, back pain, cancer, COPD, CHF, and major depressive 

disorder (MDD).

We hypothesize improvements in physical function after treatment for chronic heart failure 

(heart surgery), back pain (spinal injection), and the resolution of COPD exacerbation. [16] 

No firm a priori predictions are possible for physical function change in treatment for MDD 

or for physical function changes in people with cancer or RA when followed in an 

observational cohort study in the time line of these studies (6–12 weeks for cancer; 12 

months for RA). Nevertheless, we expect that subsamples of cancer and RA patients with 

improvements or deteriorations on general health anchors should show corresponding 

positive or negative changes in PROMIS Physical Function scores. [17] Finally, from a 

cross-sectional perspective, we also hypothesize that the MDD sample will have better 
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physical function than samples targeting individuals with physical diseases and that patients 

experiencing a COPD exacerbation will have worse physical function than patients with 

stable COPD. [18]

Method

Measures

PROMIS Physical Function—The PROMIS Wave 1 physical function 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 (daily living activities). [13, 19] The items in the 10-item short form were selected 

to represent the range of physical function with high levels of precision. The 10-item short 

form correlates very highly (r= .96) with the full item bank. [6] Other forms of the 

instrument selected from the 124-item bank include a brief CAT, a 20-item short form, [20] 

and another 10-item short form intended for use in a cancer population. [21]

For the COPD and CHF samples, both CAT and the 10-item short form (SF) were 

administered. For MDD and back pain samples, only the CAT was administered. For RA, 

only the short forms were given (both 10 and 20-item versions). For cancer, a different 10-

item short form was administered [21]; however, because all PROMIS SFs are scored using 

PROMIS item parameters, all resulting SF scores are on the same T-score metric. This paper 

evaluates PROMIS Physical Function scores based on CAT administration for the samples 

where CAT was administered and the 10-item short forms in the remaining samples. The 

PROMIS CAT administration applied the following stopping rules: items were administered 

until the SE was < 3.0 and the number of items administered was ≥ 4 items and ≤ 12 items 

(no more than 12 CAT items were administered). CAT item selection followed maximum 

posterior weighted information (MPWI) criterion. [22, 23]

Change Anchors—Each sample was administered either a retrospective global measure 

of change in health or global measures of health administered at baseline and follow-up. In 

addition, for all samples except MDD and back pain, we also had a physical function anchor 

item. We used either the retrospective measure of change or the difference between follow-

up and baseline on these global measures as anchors to evaluate prospective change on the 

PROMIS Physical Function measure. We defined three change groups based on the anchors: 

better, about the same, or worse than baseline. For the specific items used as anchors, please 

see the overview paper in this volume. [24]

Samples and Research Design

The samples and research designs for each clinical condition are described in detail in Cook 

et al (this volume). [24] Briefly, the samples were drawn from the following clinical 

populations: (1) back pain (2) cancer, (3) MDD, (4) COPD, subdivided into exacerbation 

and stable groups, (5) CHF, and (6) RA. The studies of MDD, back pain, and CHF followed 

patients as they enrolled in new treatments. Patients with COPD exacerbation were treated 

for their condition, which was expected to resolve over the course of the study. Both RA and 

cancer samples were heterogeneous with respect to intervention, but were dominated by 
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participants who were already receiving treatments by the time they enrolled in the current 

study. We examined the longitudinal data at baseline and follow-up, namely, 3 months after 

start of study (MDD, back pain, and COPD), 8–12 weeks after heart transplantation (CHF), 

6–12 weeks after enrollment (cancer), and 12 months after enrollment (RA). (Although the 

COPD-stable, cancer, and RA groups were not enrolled in new treatments, we apply the 

clinical trial terms “baseline” and “follow-up” to all study groups for consistency.) Missing 

follow-up data percentages for PROMIS instruments were as follows: 4% for COPD and 

MDD, 9% for RA, 10% for cancer, and 16% for CHF, and 21% for Pain.

Statistical Analyses

Physical function measures were administered to all six clinical groups at baseline and 

follow-up. Linear mixed models were estimated with random subject effects to account for 

repeated observations under the missing at random assumption. [25–28] Least squares 

means, standard errors and 95% confidence intervals were estimated.

As noted above, we divided each of the clinical samples into three subgroups, representing 

better health, about the same health, or worse health. For each of these subgroups, we 

calculated the change in PROMIS Physical Function score and the standardized response 

mean (SRM), defined as the mean change divided by the standard deviation of that change. 

[29–32]. Because of missing data at follow-up, subgroup sample sizes for the anchor-based 

analysis do not sum to the sample sizes for the mixed models analysis.

Because the cancer and RA samples were large (N = 302; N = 521) and we expected some 

patients in these groups to improve while others would deteriorate, we also computed least 

square means for the subsamples of patients who reported globally that their physical 

function became better, worse, and remained about the same over the course of the study.

Results

Least squares means and 95% confidence intervals from the mixed models are provided in 

Table 1.

Cross-sectional Group Differences

Physical function in the MDD group was at least 4.7 points higher than the other chronic 

conditions. Physical function was lower for the COPD-exacerbation group at baseline than 

the stable COPD group by 2.0 points, but this difference was not statistically significant, t 
(119) = 1.59, p = .114. At follow-up the difference was 2.3 points in the expected direction, 

but not statistically significant: t(114) = 1.85, p = 0.067.

Responsiveness to Change

Figure 1 illustrates the least square mean changes from baseline to follow-up. Consistent 

with our hypothesis, CHF and back pain groups improved significantly (mean changes of 7.2 

and 3.4 T-score points, respectively). Unexpectedly, patients with COPD exacerbations did 

not change significantly on physical function between baseline and follow-up (3 months). As 

expected, the mean score of the remaining groups (cancer, COPD-stable, MDD, and RA) did 
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not change significantly. However, as Table 2 shows, the cancer and RA change subgroups 

showed significant mean changes over time in the expected direction. For cancer, these 

effects were larger (2.7 and −4.6 T-score points) than for RA (1.3 and −1.9 T-score points).

Prospective Change on PROMIS Physical Function by Global Ratings of Change Anchors

Changes on the PROMIS Physical Function measure generally corresponded to changes on 

the global anchors (see Table 3). Individuals grouped in the better health subsamples on the 

general health anchor showed SRMs ranging from 0.21 (RA) to 1.05 (CHF). Patients in the 

worse health group showed the expected negative change in PROMIS scores for Cancer 

(−0.22), COPD-Stable (−0.55), and RA (−0.19). While the remaining worse health 

subgroups (Back Pain, COPD-Exacerbation, MDD, CHF) showed positive change (SRMs = 

0.04 to 0.29), each of these were smaller than the corresponding better health subgroups 

(differences in worse-better SRMs ranged from 0.26 to 0.35, excluding CHF [n = 2]).

Using the general physical function anchor, the results were also mostly in line with 

expectations. The better physical function subgroups showed positive SRMs change on the 

PROMIS measure, ranging from 0.11 (COPD-Stable) to 1.20 (CHF). With the exception of 

COPD-Stable, the worse physical function subgroups also showed expected negative SRMs 

for PROMIS change: −0.77 (Cancer), −0.38 (COPD-exacerbation), and −0.46 (RA), 

excluding CHF [n = 3]. For COPD-stable, however, the worse physical health subgroup 

showed an SRM of 0.02. The small SRMs for COPD-stable using the general physical 

function anchor, however, stand in contrast to the effects using the general health anchor in 

the same clinical group, showing a worse health SRM of −0.55 and a better health SRM of 

0.70.

Discussion

The usefulness of a measure for clinical research and practice depends upon its ability to 

detect change over time and response to clinical intervention. It is equally important that 

measures demonstrate stability in scores when no real change is present. This study extends 

that work by evaluating the performance on the measure longitudinally in six diverse clinical 

condition samples.

The prospective observational studies reported here provide an opportunity to compare 

PROMIS physical function scores across six clinical samples (back pain, cancer, COPD, 

CHF, MDD, and RA). These comparisons are made on the same T-score metric, across 

conditions, and within condition over time (Figure 1). Most of those comparisons over time 

(other than cancer and RA) included a baseline physical function assessment prior to 

initiating standard treatment for the condition. This enabled a view into the clinical 

responsiveness of PROMIS physical function assessment across these conditions.

We hypothesized that PROMIS Physical Function scores would improve over time in 

clinical samples receiving an intervention or experiencing a clinical course likely to result in 

enhanced physical function, namely CHF, back pain, and exacerbation of COPD. The 

findings from the CHF and back pain samples provided support for this hypothesis, with 

notable improvements over time. Contrary to our hypothesis, patients with COPD 
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exacerbation did not report significant change in physical function over time. This result 

may reflect on the PROMIS Physical Function measure’s ability to detect change in this 

clinical population, particularly if improvement was confined to a narrow set of physical 

tasks (e.g., climbing stairs). It is also possible that patients with COPD exacerbation simply 

did not have measurable improvement in physical function during the 12 weeks of treatment. 

Finally, COPD exacerbations represent acute worsening in health in contrast with CHF and 

back pain which represent relatively stable chronic disability. It is therefore possible that 

patients over-report their physical function during the acute exacerbation because they 

reference their usual state rather than their acutely ill state.

The MDD, RA, and cancer samples showed stability in average PROMIS Physical Function 

scores over time, consistent with our hypotheses. Given the more psychological than 

physical nature of depression, treatment for depression would not necessarily affect physical 

function. RA is considered an autoimmune, inflammatory condition and much of the sample 

in this study was already receiving heterogeneous interventions at the time of enrollment. 

Similarly, the cancer sample comprised individuals with diverse cancer diagnoses receiving 

a wide range of treatments. Some were likely to improve; some to worsen; and others to 

remain essentially the same, after a 2 to 3 month follow-up. The analysis of cancer and RA 

by subgroups reporting improvement or deterioration reflected that PROMIS Physical 

Function meaningfully distinguishes these subgroups. This pattern of effects has been found 

before in cancer patients. [17] Therefore, these findings indicate that the PROMIS Physical 

Function item bank generally captured expected change and stability in scores across clinical 

samples.

This study also evaluated change in the PROMIS Physical Function scores in relation to 

global change anchors, both general health and domain-specific health. As hypothesized, 

positive and negative change on the anchors corresponded to positive and negative change 

on the PROMIS Physical Function measure in most samples. This was most clearly evident 

in the five samples for which we had global physical function anchors. With the exception of 

COPD-stable, change for these subgroups was typically medium to large for PROMIS 

Physical Function in the expected direction (SRMs ranging from 0.29 to 1.20).

For clinical groups anchored on global change in health, the effects generally followed the 

same pattern. Contrary to prediction, patients experiencing worsening health in two studies 

(back pain and COPD-exacerbation) reported small improvements in PROMIS Physical 

Function. In both cases, however, the positive improvement in physical function was much 

higher in the better health than the worse health group (0.64 vs. 0.29 for back pain; 0.45 vs. 

0.15 for COPD-exacerbation), suggesting that the PROMIS instrument was nevertheless 

distinguishing these two subgroups. Finally, while the COPD-stable subgroups showed a 

sharp contrast in SRMs for better and worse health (0.70 vs. −0.55), the COPD-stable 

subgroups defined by the domain-specific anchor did not (0.11 vs. 0.02). The cause of this 

unexpected difference in SRMs between these two (using general vs. specific anchor) is 

unclear, but likely the result of sampling error, given the small subsamples (n ≤ 20) in 

COPD.
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The present study is not without limitations. First, while the use of global ratings of health or 

domain-specific change may be face valid and clinically relevant, they provide some 

methodological complications. Because retrospective ratings are assessed at follow-up, they 

are typically correlated more with follow-up (current) scores rather than pre-test or change 

scores. [33] Secondly, sample sizes for COPD and CHF were modest; when anchored to 

different change groups, several of the subsamples for COPD and CHF were below 20. 

Consequently, results for these subgroups should be interpreted cautiously. In addition, the 

forms of the PROMIS PF instrument (CAT vs. short form) differed across groups in our 

study. Although existing research on CAT vs. short form suggests that scores obtained are 

highly comparable across forms, [34] more research in multiple domains is needed to fully 

understand this, specifically focusing on longitudinal data and responsiveness. Also, all 

PROMIS CAT forms of the instrument were based on the v1.0 bank, which contained 124 

items. The current version of the bank (v1.2) contains 121 items (for details, see the online 

appendix). Finally, a key test of responsiveness is a comparison between established 

“legacy” instruments and the new PROMIS instruments. While such an analysis has been 

reported on elsewhere [7] (using the same RA sample), future outcome studies need to 

incorporate multiple measures of similar constructs to enable this analysis.

The present study serves as an important step in the ongoing evaluation of the PROMIS 

Physical Function item bank. The examination of the PROMIS Physical Function item 

bank’s validity across six diverse clinical samples extended past psychometric evaluations of 

the measure by demonstrating that it is not only appropriately sensitive to change over time 

and in response to intervention, but also able to meaningfully differentiate different clinical 

samples on the basis of physical function scores. Thus, while validity is not a static concept, 

this study extends past research by examining the performance of the PROMIS Physical 

Function item bank in real-world clinical samples longitudinally. As such, the findings of the 

present study can be used to inform the incorporation of the PROMIS Physical Function 

item bank into future clinical research and practice of CHF, COPD, back pain, RA, and 

MDD groups. The findings can also inform definitions of treatment response and assist with 

interpretations of results in comparative effectiveness research.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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What is new?

Key Findings

• PROMIS Physical Function measures are responsive in intervention 

studies that target back pain and congestive heart failure

What this adds to what was known?

• Clinical groups differ in hypothesized ways on the PROMIS Physical 

Function measures

What is the implication and what should change now?

• The PROMIS Physical Function measures are suitable for use in 

clinical trials and comparative effectiveness studies
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Figure 1. PROMIS Physical Function Scores in Different Clinical Groups from Baseline to 
Follow-Up
Higher scores indicate better physical function. A T-score of 50 reflects the mean (and 10 

the standard deviation) in the US general population sample that was used to center the T-

scores. [35] Cancer (Group 1) and RA (Group 1) patients reported better physical function 

on the domain-specific global change rating. Cancer (Group 2) and RA (Group 2) reported 

worse physical function on the domain-specific global change rating.

Abbreviations: COPD, chronic obstructive pulmonary disease.
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