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Abstract

Patient-Reported Outcomes Measurement Information System (PROMIS) instruments can provide
valid, interpretable measures of health status among adults with osteoarthritis (OA). However,
their ability to detect meaningful change over time is unknown. We evaluated the responsiveness
and minimally important differences (MID) for four PROMIS Short Forms: Physical Function,
Pain Interference, Depression, and Anxiety. We analyzed adults with symptomatic knee OA from
our randomized trial comparing Tai Chi and physical therapy. Using baseline and 12-week scores,
responsiveness was evaluated according to consensus standards by testing 6 a priori hypotheses of
the correlations between PROMIS and legacy change scores. Responsiveness was considered high
if =5 hypotheses were confirmed, and moderate if 3 or 4 were confirmed. MIDs were evaluated
according to prospective change for people achieving previously-established MID on legacy
comparators. The lowest and highest MIDs meeting a priori quality criteria formed an MID range
for each PROMIS Short Form. Among 165 predominantly female (70%) and white (57%)
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participants, mean age was 61 years and body mass index was 33kg/m2. PROMIS Physical
Function had 5 confirmed hypotheses and Pain Interference, Depression, and Anxiety had 3 or 4.
MID ranges were: Depression=3.0-3.1; Anxiety=2.3-3.4; Physical Function=1.9-2.2; and Pain
Interference=2.35-2.4. PROMIS Physical Function has high responsiveness, and Depression,
Anxiety, and Pain Interference have moderate responsiveness among adults with knee OA. We
established the first MIDs for PROMIS in this population, and provided an important standard of
reference to better apply or interpret PROMIS in future trials or clinical practice.

Osteoarthritis; Patient-Reported Outcomes; Responsiveness; Minimally Important Difference

Introduction

Patient-reported outcomes (PROs) are increasingly used in clinical research of osteoarthritis
(OA), and may serve as tools for monitoring disease status or treatment effect in patient-
centered clinical care.8” However, many challenges associated with currently-available
PROs, including the need for better accessibility, comparability, and interpretability,>:6:34.56
have impeded their application in research or clinical-care settings.11:23.25.56 Ag 3 result, the
European League Against Rheumatism and other scientific societies have called for the use
of structured methodological frameworks, such as the Consensus-based Standards for the
Selection of Health Measurement Instruments (COSMIN), to identify superior PRO
instruments for consideration in hierarchical lists of recommended instruments.811.25 PROs
are meaningful to OA clinical practice and research if they are able to measure change over
time (i.e. responsiveness); particularly, a minimal amount of change that can be considered
clinically meaningful (i.e. minimally important difference [MID]). In particular, PROs that
are succinct, easy to interpret, and applicable across heterogeneous groups of patients are
most practical for clinical use because OA is commonly treated in both rheumatology and
primary-care. However, no standard PROs are currently used to monitor outcomes in the
routine clinical setting for OA.2

In the past decade, Patient-Reported Outcomes Measurement Information System
(PROMIS) was created as a freely-accessible, national resource of universal PRO
instruments by the National Institutes of Health (NIH), and recently completed initial
calibration. PROMIS is uniquely intended to be comparable and interpretable among both
the general population and across various patient groups.19:32 Thus, as an ideal candidate for
use in both research and clinical care, PROMIS represents a novel solution to the limitations
of available PROs used in arthritis. PROMIS Physical Functioning has been well-
characterized in rheumatoid arthritis, and was found to have superior responsiveness over
existing measures.2? Recent studies have also demonstrated clinical validity of PROMIS
instruments across various chronic conditions, including rheumatoid arthritis2. In a cross-
sectional study, we found that four PROMIS short forms had construct validity among
people with knee OA.18 Furthermore, cross-sectional known group validity (comparison
with general population) and ecological validity (comparison of aggregated daily measures
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with a 7-day recall score) were found among participants with OA’. However, as identified
in 2 recent systematic reviews, the responsiveness or MIDs of PROMIS instruments are
unknown in OA.2577 Therefore, a longitudinal examination of how PROMIS instruments
perform in OA will fill an important research gap.

The purpose of this study is to evaluate the responsiveness and MIDs of four PROMIS Short
Forms: Physical Function, Pain Interference, Depression, and Anxiety; which are important
health outcomes among persons with knee OA.38 We hypothesize that all four PROMIS
Short Forms will demonstrate at least moderate responsiveness to treatment. These PROMIS
measures are relevant for evaluating treatments in OA because both pain interference and
physical function are widely recognized as primary symptoms of interest in OA clinical
research3840.65 Moreover, because they are able to both affect treatment efficacy and be
improved PY treatments in this patient group, psychological health outcomes such as anxiety
and depression are also important outcomes of OA research38:40.65_ Following state-of-the-
art methodology from the COSMIN and PROMIS Standards,*243:54 this work can help
researchers and clinicians meaningfully use PROMIS in future research and patient-care33,
and help health systems make informed decisions on whether to integrate PROMIS for
routine electronic medical record collection.25

METHODS

Study participants

This study was conducted as part of an NIH-funded, randomized trial comparing Tai Chi vs.
Physical Therapy among adults with symptomatic knee OA (Trial Registry
#NCT01258985). There is a substantial body of evidence supporting the beneficial effects of
both interventions on pain interference, physical function, depression, and
anxiety20.24.3546.62.71,73,74 EJjgible participants had to meet the following criteria: 1) age =
40 years; 2) Western Ontario and McMasters Arthritis Index (WOMAC) pain subscale >
40mm on at least 1 out of 5 questions; 3) fulfillment of the American College of
Rheumatology criteria for knee OA; 4) radiographic evidence of knee OA defined as the
presence of osteophytes in the tibiofemoral and/or the patellofemoral compartment, as
assessed on standing anterior-posterior and lateral views; and 5) confirmation of knee pain,
discomfort, or disability by clinical examination. We excluded individuals who had
experience in the past year with physical therapy, Tai Chi, or similar types of alternative
medicine (e.g., Qi Gong or Yoga); serious medical conditions limiting their ability to fully
participate as determined by a primary care physician; intra-articular steroid injections or
replacement surgery on the affected knee in the previous three months; or a Mini-Mental
examination score<24.

Data were collected at Tufts Medical Center, an urban tertiary care academic hospital in
Boston, USA. Both interventions were administered for 12 weeks and resulted in similar
improvements in pain, function, and other health-related outcomes.”3 Therefore, we used the
pooled data from participants receiving either intervention. Further details of the trial
protocol’2 and primary results are published elsewhere.”3 PROMIS instruments were
administered for the intended purpose of this investigation. Because establishing
responsiveness among PROs requires at least 2 time points, only participants who completed

J Pain. Author manuscript; available in PMC 2018 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Leeetal.

Page 4

PROMIS Short Forms at baseline and follow-up were included. Ethics approval was given
by Tufts Medical Center/Tufts University Human Institutional Review Board. All enrolled
participants provided informed consent.

PROMIS Short Forms

PROMIS instruments are calibrated on Item Response Theory (IRT) models®8, which allows
for the creation of short forms from large item banks without sacrificing precision.102° The
instruments use a 7-day recall period (except physical function, which measures the present
time) and a 5-point Likert scale. Raw scores are converted to an interval-standardized T-
score, which is calibrated on large samples of the general population to facilitate normative
comparisons. T-scores are centered on a mean of 50 and a standard deviation (SD) of 10.
Higher scores indicate a greater amount of the target domain.3-51:53.57 Missing items from
PROMIS instruments were imputed according to recommended algorithms from the
PROMIS manuals (Supplementary Text).

Pain Interference short form (v.6b) measures self-reported consequences of pain on relevant
aspects of life, including engagement with social, cognitive, emational, physical, and
recreational activities.3 Physical Function short form (v.10a) measures the self-reported
capabilities of physical activities, including dexterity, mobility, neck and back functioning,
and instrumental activities of daily living.3 Anxiety short form (v.7a) measures self-reported
fear (fearfulness, panic), anxious misery (worry, dread), hyperarousal (tension, nervousness,
restlessness), and somatic symptoms related to arousal (racing heart, dizziness).>!
Depression short form (v.8b) measures self-reported negative mood (sadness, guilt), views of
self (self-criticism, worthlessness), social cognition (loneliness, interpersonal alienation),
and reduced positive affect and engagement (loss of interest, meaning, and purpose).>!
Somatic symptoms of depression (change in appetite or sleeping patterns) are not included
to prevent potential confounding when assessing patients with comorbid physical conditions.

Legacy instruments

The SF-36'is the most widely used PRO in the world, has a 28-day recall, contains 36
Likert-scale items, and measures 8 physical and psychosocial health domains: Physical
Functioning, Social Role Functioning, Energy and Vitality, Bodily Pain, Mental Health,
Physical Role Functioning, Emotional Role Functioning, and General Health Perceptions.
All subscale scores are converted to a standardized 0-100 score. Higher scores indicate a
greater amount of the target domain.”®:78 The WOMAC subscales measure pain (5 items)
and function (17 items), have a 2—day recall period, and uses a 100mm visual analog scale
per item. Higher scores respectively indicate greater pain or worse physical functioning®C.
Beck Depression, 2" edition, contains twenty-one 4-point Likert-scale items, total score of
0-63, and is extensively used to measure the psychological and somatic manifestations of 2-
week major depressive episodes, as operationalized in the Data Statistical Manual-1V.
Higher scores indicating greater level of depressive symptoms.”® The Perceived Stress Scale
has a 30-day recall, ten 5-point Likert-scale items, measures an individual’s perception of
psychological stress, and a total score of 0-40 with higher scores indicating greater level of
stress.36 The Patient Global Assessment consists of a single, 0-10cm visual analog scale
item, with higher numbers indicating greater perception of disease activity.34 The Six-
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minute and 20-Meter Walk are performance tests that respectively assess functional capacity
(measured in meters) and gait speed (measured in seconds).19:45

Responsiveness analyses

Both the COSMIN and PROMIS Instrument Validation Standards recommend assessing
responsiveness according to a priori hypotheses concerning the expected relationships
between changes on PROMIS and changes on legacies; or expected differences between
groups of change correlations (Supplementary Figure 1).41:43.54.69 Using this method, the
evaluation of responsiveness is less dependent on the magnitude of change and more
dependent on the change of the intended construct.#1:43:54.69 After comparing each
instrument, we came to consensus on 6 independently formulated hypotheses for each
PROMIS Short Form (Table 1). Each pre-specified hypothesis was created by estimating
degree of relatedness after an item-by-item analysis of each instrument and its relevant
properties, including specific target construct, recall period, scale type, scale range, total
score range, and total number of items (Supplementary Table 1). In each hypothesis, we
clearly defined the anticipated (Spearman) correlation direction and magnitude (or
difference in group magnitudes), according to Cohen’s estimate of correlation strength,12
and a rationale for each hypothesis.*! We determined an overall responsiveness rating for
each PROMIS instrument based on its total number of confirmed hypotheses: High, 5 or 6
(275%); Moderate, 3 or 4 (50%< x<75%); or Poor, 0 to 2 (<50%).4! In addition to
descriptive information and correlation coefficients, we used t-tests and chi-square tests to
check for demographic (i.e. age, body mass index, pain duration, radiographic severity, sex,
race, and education) or clinical (i.e. WOMAC pain and function, Patient Global Assessment,
SF-Mental Health, Beck Depression, and Perceived Stress) differences between the
participants from the parent trial and the participant group included in this analysis. All
analyses were calculated using SAS statistical software (MVersion 9.4). In accordance with
COSMIN guidelines, statistical significance was not used to formulate or interpret the pre-
defined hypotheses of anticipated correlations because low correlations can become
statistically significant in large populations and because it is not relevant whether the
correlation deviates from zero, but whether there is some predefined magnitude of
correlation24142.68.69,

In psychometric methodology, assessing responsiveness according to a priori hypotheses is a
continuous process of accumulating evidence. In general, the more specific the hypotheses
or the more hypotheses tested, the better the evidence.58.89 However, concrete
methodological guidelines do not yet exist for: 1) cut-off scores of correlation magnitude; 2)
total number of hypotheses to include; or 3) adjusting for floor/ceiling effects. Floor/ceiling
effects were considered significant if more than 15% of respondents achieved the lowest/
highest possible score.#3 Accounting for floor/ceiling effects are important because,
inherently, they can interfere with instrument responsiveness. Some define the ceiling of a
measure as the score that indicates the best possible state or performance, and the floor as
the score that indicates the worst possible8L. Therefore, the lowest value on PROMIS
Physical Function represents the floor but the lowest value on Pain Interference, Anxiety and
Depression represents the ceiling.
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Accordingly, we “stress-tested” the methodology by performing 3 sensitivity analyses: 1)
thresholds of correlation strength was increased by 0.1; 2) total number of hypotheses per
instrument was changed from 6 to 8; and 3) participants with floor/ceiling effects were
excluded, and change correlations were re-calculated. Each sensitivity analysis was
employed to isolate the effects of each methodological aspect (Tables 2A&B and
Supplementary Tables 2A&B; Note: for brevity, the hypotheses for PROMIS Depression and
Anxiety were moved to the Supplement).

Minimally important differences

It is well documented that the MID is best estimated using multiple anchors that are selected
based on valid criteria of relevance for the disease indication, clinical acceptance, and
evidence that the anchors have some relationship with the PRO measure®. This approach is
especially useful so long as a portion of participants experience important, but minimal,
change®®. Accordingly, we followed highlighted methodology from the PROMIS Instrument
Validation Standards wherein longitudinal anchor variables (e.g. SF-36 subscales) are used
as an external reference to classify participants (who have completed both anchor
instruments and PROMIS instruments) into a distinct group that experiences important, but
minimal, improvement (Supplementary Figure 2).5479 It is conceptually necessary to
identify the smallest difference or change that is important to the patient when estimating an
MID because the change in PROMIS scores reported by this subgroup is used as the
PROMIS MID estimate®®. In this way, the final MID estimates will reflect minimally
important differences rather than the type of intervention used. A more comprehensive
description of this methodology is found elsewhere.*79 In brief, legacy anchors were paired
with each PROMIS instrument based on similarity of their target constructs or clinical
relevance®®. Minimal important change in each multi-item anchor (e.g. SF-Physical
Function) was defined based on an MID that was previously published for the legacy anchor
(range=MID to 2x MID).”® Minimal important change in a single-item anchor (i.e. Patient
Global Assessment), was defined as: (range=MID to 1+MID).”® Hence, by establishing an
upper limit for what constitutes minimal important change, we exclude participants who
experienced important change beyond the minimal amount®®. When available, we used
legacy anchor MIDs that were previously published from among participants with OA.
However, legacy anchor MIDs estimated from among other patient groups or from using
universal benchmarks (e.g. one half of the standard deviation)*” are also
acceptablel854.79.80 \\e calculated the absolute mean change (and percent change) of the
PROMIS T-scores from among participants classified with minimal important change based
on a given legacy anchor to determine a single potential MID estimate.

Next, both anchor-based and distribution-based methods were used to evaluate the quality of
each potential MID estimate, and only MIDs that met 3 a priori criteria were selected. 79
These criteria were designed to ensure that the: 1) Legacy anchor is associated with the
PROMIS measure (Spearman correlation=0.3 between change scores®®); 2) Important
change group has =10 participants (i.e. legacy change score greater than or equal to the
legacy MID, but no greater than twice the legacy MID); and 3) Effect size (Cohen’s d) of
each MID falls within plausible range (0.2< x< 0.8)%>79, The lowest- and highest-selected
MIDs respectively formed the lower- and upper-bounds of an initial MID range for each
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PROMIS instrument. If the absolute value of the lower bound estimate was smaller than the
mean Standard Error of Measurement (SEM, i.e. smallest change score exceeding
measurement error), then the lower bound would be set to the SEM.66:79 SEM for PROMIS
Short Forms correspond to the mean T-score at a given time point, and, rather than through
the traditionally-used formula for SEM, its value can be found in the respective PROMIS
scoring manual.5379 We averaged the SEM at baseline and follow-up to create a mean total
SEM. By using anchor-based methods to estimate multiple potential MID estimates for each
PROMIS instrument and distribution-based methods to evaluate the quality of each potential
MID estimate, this approach triangulates a range of MIDs across multiple methods18:55.79.80,

The COSMIN Standard recommends to report distribution-based MIDS as secondary
estimates because they are solely based on statistical distribution and do not take into
account information directly from the patient.33.70 Accordingly, we determined a T-score
range that corresponds to a widely-used range of 1/5 to % of our sample’s Standard
Deviation (SD) at baseline [Effect Size] and of our sample’s SD of change, from baseline to
follow-up, [Standardized Response Mean] as secondary estimates of MIDs33. (See
Supplementary Text for further description of study procedure, PROs, and handling of
missing items)

Among 165 predominantly female (70%) and white (57%) participants, mean age was 61
years, pain duration was 8.7 years, body mass index was 33kg/m?, and most (92%) had a
Kellgren/Lawrence grade=2 (Supplementary Table 3). 81% of participants from the parent
trial were included in this analysis. When comparing participants included in this analysis
and participants from the parent trial, no statistically significant or clinically meaningful
differences were found (data not shown).

Descriptive statistics and correlations for PROMIS

All PROMIS measures reflected improved health outcomes after intervention (Table 3).
Change in physical outcomes was larger than change in psychological outcomes. Significant
ceiling effects were detected in PROMIS Anxiety at baseline (17%) and 12 weeks (20%);
and in Pain Interference at 12 weeks (22%). Compared to the general population, our
participants reported having worse baseline physical health (PROMIS Pain Interference
scores and Physical Function T-scores at 78! and 18 percentiles respectively), but similar
psychological health (PROMIS Depression and Anxiety T-scores at 48" and 50t percentiles
respectively). All change associations were in the anticipated direction; that is, PROMIS
change scores indicating better health were positively associated with legacy change scores
indicating better health (Table 4). For each PROMIS Short Form, no more than 3 individuals
had missing items. Among these individuals, the total number of missing items was 2 or less
at either baseline or 12 weeks (Supplementary Text).

Responsiveness

We confirmed 5 of 6 a priori hypotheses (83%) for PROMIS Physical Function. For Pain
Interference, Depression, and Anxiety, respectively 4 of 6 (67%), 3 of 6 (50%) and 4 of 6

J Pain. Author manuscript; available in PMC 2018 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Leeetal.

MIDs

Page 8

(67%) hypotheses were confirmed (Tables 2A&B and Supplementary Tables 2A&B).
Therefore, PROMIS Physical Function has high responsiveness, and Pain Interference,
Depression, and Anxiety have moderate responsiveness.

Increasing the correlation cut-points (Sensitivity Analysis 1) resulted in a lower overall
responsiveness rating for each PROMIS measure (Table 5). Using 8 total hypotheses instead
of 6 (Sensitivity Analysis 2) did not result in different responsiveness ratings. Excluding
people with floor/ceiling effects (Sensitivity Analysis 3) did not change the responsiveness
rating for PROMIS Pain Interference, but Anxiety changed from Moderate to High.

Of 14 estimated MIDs, 8 met all criteria (Supplementary Table 5). Four MIDs did not meet
criterion #3 (MID effect size); 3 MIDs did not meet criterion #1 (anchor correlation); and no
MIDs failed to meet criterion #2 (sample size; Table 6). The lower bounds of the respective
MID range for PROMIS Anxiety (1.6) and Physical Function (1.8) did not exceed the SEM
(2.3 and 1.9 respectively), and were, therefore, replaced with their respective SEMs to
ensure that the final MID ranges exceeded the amount of change that cannot be
distinguished from statistical noise. Final anchor-based MID ranges (% change) were:
PROMIS Depression= 3.0 to 3.1 (6.0 to 6.2%); Anxiety= 2.3 to 3.4 (4.5 to 6.6%); Physical
Function= 1.9 to 2.2 (4.5 to 5.3%); and Pain Interference= 2.35 to 2.4 (4.2%; Figure 1).
These MIDs correspond to 26-39% of the normalized SD units of our study sample per
scale. (See Supplementary Text for descriptive statistics for legacy instruments, distribution-
based MID estimates, and detailed missing PROMIS items)

DISCUSSION

This is the first study to evaluate responsiveness and establish a range of MIDs for PROMIS
Short Forms among adults with knee OA. We specifically found that PROMIS Physical
Function has high responsiveness, while Pain Interference, Depression, and Anxiety have
moderate responsiveness. Our results support that PROMIS Physical Function, Pain
Interference, Depression, and Anxiety Short Forms are able to detect change over time and
convey the minimal amount of change that can be considered clinically meaningful.

Our study provides important information to support the utility of PROMIS Short Forms in
both research and clinical care of OA. For the research setting, our findings imply that
PROMIS Short Forms, which complement recommended outcome domains for clinical trials
in pain and knee OA,38:63 can detect response from novel treatments; and our MIDs can
guide power analyses for novel clinical studies. While response criteria for use in OA trials
have been established by Outcome Measures in Rheumatology/Osteoarthritis Research
Society International (OMERACT/OARSI)*?, these thresholds predominantly involve
composite improvements in physical domains: pain and physical function. Our MID results
for Depression and Anxiety contribute thresholds of minimally important response for
psychological health domains to the OA literature. However, because our MID estimates are
intended, we clarify that this threshold may differ from the OMERACT/OARSI response
criteria to indicate minimally important change rather than change beyond the minimally
important amount (i.e. >50% improvement in pain or function)*®. For the clinical setting,
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our findings imply that PROMIS Short Forms could be used to monitor effects of treatment
policy at the group level over time. For example, by indicating a minimally important
improvement, the PROMIS Pain Interference MID can provide an early indication that
referral to a new exercise program helped reduce the interference of knee OA pain on
activity participation.2® Indeed, PROMIS is a landmark achievement that can revolutionize
how PROs are used in OA.10 While instrument validation is a continual process of
accumulating evidence, our results support the consideration of these PROMIS Short Forms
in both research and clinical settings.

As a universal metric, PROMIS is uniquely suited to facilitate comparison of MID estimates
across various chronic conditions!3. Our PROMIS MID findings are consistent with those of
Yost and colleagues, whose estimated longitudinal MIDs ranged from 2.4 to 3.5 among
cancer patients’®. Notably, Yost and colleagues observed that their longitudinal MID
estimates were smaller in magnitude than their cross-sectional estimates, which ranged from
4 t0 5.7. They theorized that this discordance may be due to the methodological approach
used for cross-sectional MIDS, which relies on established cross-sectional cut-points of
legacy measures to categorize patients into clinically distinct groups. In fact, it may be that
the clinical difference between subgroups categorized by cross-sectional cut-points is larger
than the minimal amount’®. This may also explain the slightly larger MID estimates (3.5 to
5.5) recently found among patients with low back pain and depression®. Our findings are
also concordant with those from our cross-sectional study, which detected ceiling effects in
PROMIS Anxiety and supported the cross-sectional construct validity of each PROMIS
instrument.18 Importantly, our combined results establish the principal evidence of overall
construct validity (i.e. construct validity at both a single point and over time) for these
PROMIS Short Forms in an OA clinical sample. Overall construct validity is arguably the
most crucial measurement property of PROs because it requires confirmatory testing among
specific disease groups. Therefore, our results fulfill a crucial step of the instrument
validation process for this patient population,21:55.68 and can serve as a timely point of
reference for researchers and clinicians developing PROMIS cross-cultural validation studies
throughout Europe.! A noticeable finding in our results is that the physical performance-
based measures were not correlated with PROMIS Physical Function or Pain Interference,
which is discordant with what we found at baselinel®. This may be partially due to the
relatively larger standard errors found among change scores compared to single scores. In
addition, there is a substantial body of literature showing that patient-reported and physical
performance-based measures do not always correlatel®:30.61.64 Thys, the accumulating
evidence supports that patient-reported and physical performance-based measures may
provide complementary, rather than identical information1®:30.61.64 A more comprehensive
discussion of this topic, including the potential role of common method variance, can be
found elsewhere39.59-61.64 Fyrther study may be needed to further disentangle any
discordance between PROMIS measures and physical performance-based measures.
Nevertheless, the responsiveness of these PROMIS instruments are supported by the strength
and number of confirmed hypotheses concerning their anticipated correlations with legacy
measures.

Our study’s strengths have implications for the interpretation and application of PROMIS
Short Forms. For responsiveness, our findings advance the conversation on refining the
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methodological approach; and for MIDs, our ranges communicate nuanced information to
assist the interpretation of PRO change scores, and our MID analyses highlight
methodological elements that can confound the quality of a given MID estimate. We used
sensitivity analyses to “stress-test” 3 different aspects of the responsiveness methodological
model. First, regarding correlation thresholds, our findings confirm that higher thresholds
can reduce responsiveness of PROMIS Short Forms. Despite the wide application of
Cohen’s estimated thresholds, opposing views exist regarding interpretation.1”:52 Moreover,
because more lenient cut-points would likely yield higher responsiveness ratings of PRO
instruments, additional examination using sensitivity analyses with more lenient cut-points
are warranted. Our findings underscore the need for consensus guidelines on threshold-levels
and can contribute toward their data-driven development. In addition, further refinement of
hypotheses testing methodology may be needed, including whether to interpret correlation
results using exact differences or standard errors. Second, floor/ceiling effects can also
reduce responsiveness. As PROMIS Short Forms were developed from large item banks,
they are less likely to detect floor/ceiling effects than other PRO instruments.22 Additionally,
different versions of PROMIS Short Forms can target specific areas of the domain
spectrum.22 Other precautions in study design, including requiring a minimal symptom
severity for study inclusion or excluding those from extreme ends of the spectrum, can
mitigate the influence of floor/ceiling effects. 7#ird, after increasing the number of
hypotheses, we found no difference in responsiveness. Therefore, the relevance of the
assumption, in which adding hypotheses generally improves precision when testing
responsiveness,*4:69 may depend on the number or quality of hypotheses added. From a
practical perspective, advancing the methodology for responsiveness is important because
PROs can often best quantify the life-changing effects of novel treatments. Our simplified
methodological paradigm for responsiveness contributes a practical point of reference for
further study (Supplementary Figure 1).

Our approach to estimating MIDs has notable strengths. First, by reporting a range of MIDs,
we provide more robust interpretive information compared to a single fixed-value. PROMIS
change scores above a MID range (i.e. 2 or more single point-estimates) inherently indicate
meaningful change with greater certainty than a change score above a single point.
Accordingly, a PROMIS change score falling withinan MID range indicates meaningful
change with lesser certainty than one falling above the range. Traditionally, the MID was
operationalized as a single fixed value.33 However, recent evidence shows that MID can be
influenced by several factors, including clinical population or variability of baseline
values.>® Therefore, these findings underscore the fundamental fluidity of MIDs, and can
promote a more accurate interpretation of PRO change scores. However, it is important to
note that the ranges presented for PROMIS Depression and Pain Interference are narrow.
Therefore, additional research is needed to further elucidate the range of MID for these
instruments. Second, each of our final MID estimates met 3 a priori quality criteria. These
criteria accentuate methodological elements, including anchor correlation, sample size, or
effect size, from both anchor-based and distribution-based approaches that can confound
MID quality. In other words, our final MID estimates: 1) were derived from legacy anchors
that were at least moderately (rho: =0.3) associated with the respective PROMIS
instrument14:18; 2) were derived from a participant size classified as having ‘minimally
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important change’ that was large enough (n=10) to estimate PROMIS MIDs with adequate
stability”; and 3) represent an effect size of change that was both large enough to be
considered important (=0.2) and small enough to be considered minimal (0.8=>). Although a
consensus on the ideal thresholds for these criteria is not yet established, this methodology
uniquely employs both anchor and distribution-based approaches to triangulate a range of
MID estimates, which is a widely recommended approach®18:27.28,33,55.79.80 | addition,
this approach promotes a better understanding of the underlying quality of MIDs and can
inform the decision-making process of clinicians and researchers on how to ideally apply
them (Supplementary Figure 2). Importantly, we emphasize that rather than a static property
of an instrument, the MID is best conceptualized as a value that may vary by context and
setting.

This study has limitations. Although PROMIS instruments were administered for the
purpose of this study, the parent clinical trial had a distinct primary purpose, and therefore
has effects which limit this study. First, the generalizability of our findings may not include
participants with severe psychological distress, recent surgery, or without active pain.
Second, the types of legacy instruments available for use were limited to the instruments
from the parent trial. Accordingly, PROMIS Anxiety was not compared with an anxiety-
specific legacy measure, and the most commonly-used anchor for MIDs, the Global Rating
of Change, was not applied. Third, this study lacked a control group receiving no treatment.
Thus, confirmation of discriminant validity of these PROMIS instruments is still required.
Despite these limitations, our results generalize to a large portion of patients with
symptomatic knee OA that are likely to be encountered in a clinical setting or recruited for
clinical trials. Furthermore, anxiety-related legacy measures, including mental health and
perceived stress, were appropriately utilized in the responsiveness and MID analyses
according to accepted methodological standards.#42455 Although commonly used, Global
Rating of Change instruments have well-documented limitations with recall bias, and
recently were ineffective at establishing high-quality MIDs in PROMIS.26:33.79 |n fact,
prospective, longitudinal approaches have been recommended as a superior alternative3’:7°,
The criterion developed by Yost and colleagues requiring =10 participants with minimally
important change may require further refinement because the optimal number required may
be larger’®. Yet in our study, all but one MIDs estimated in our study were based on sub-
sample sizes no smaller than 20 participants, which is twice the required amount.
Importantly, this limitation does not detract from the overall value of the methodological
approach, which is one of the few existing approaches that triangulate both anchor-based
and distribution-based principles to identify higher quality MID estimates. Finally, some
legacy anchor MIDs that were used to determine our MID estimates for PROMIS
Depression and Anxiety were not derived from participants with OA (Supplementary Table
5). Because instrument validation studies in OA more commonly involve measures of
physical health rather than psychosocial health, this was not unexpected. While inherently
optimal to utilize legacy MIDs estimated from among OA participants, the methodological
use of 3 distinct criteria to appraise the quality of each potential MID estimate supports the
utility and applicability of our final range of MIDs among groups with OA.

Future studies should confirm responsiveness of these PROMIS Short Forms among groups
that are expected to change versus those that are not. In addition, our MID estimates should
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be compared with those that are derived from legacy anchor MIDs that were reported from
among participants with OA. Because MID thresholds for symptom improvement may differ
from those for deterioration, MIDs for symptom deterioration should be examined in future
studies. Furthermore, the various cross-cultural validation studies developing throughout
Europe may confirm the versatility of PROMIS instruments among different languages and
cultures. 131

In conclusion, we found that PROMIS Depression, Anxiety, Physical Function, and Pain
Interference are sensitive to change in adults with knee OA, and established a range of MIDs
for each instrument. This standard of reference can assist investigators and clinicians in the
application or interpretation of these novel instruments in the future. PROMIS Short Forms
are less daunting options for older individuals and easily deployed in community-based
settings.#® Therefore, our results provide important evidence for healthcare systems
considering PROMIS as a standard tool for patient-centered care,2° and for scientific groups
considering PROMIS for hierarchical lists of recommended instruments.>:11:32

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Perspective

This study examined whether PROMIS short form instruments (Physical Function, Pain
Interference, Depression, and Anxiety) were able to detect change over time among
adults with knee osteoarthritis, and provided minimally important change estimates for
each measure. This standard of reference can help apply or interpret these instruments in
the future.
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Highlights
Four PROMIS short forms were responsive to treatment in knee osteoarthritis.
Physical Function had high responsiveness.
Pain Interference, Depression, and Anxiety had moderate responsiveness.
Minimally important difference estimates ranged from 1.9 to 3.4.

This standard of reference can help apply or interpret these instruments in the
future.
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Figure 1. Range of Minimally Important Differences for PROMIS Short Forms in Knee

Osteoarthritis

All Minimally Important Difference (MID) estimates was calculated using prospective,
longitudinal anchors. Anchor-based MIDs were only included if all 3 a priori quality criteria

were met.
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PROMIS Short Forms with Corresponding Legacy Measures Used for Hypotheses Testing of Responsiveness

Depression

PROMIS Short Forms

Anxiety Physical Function Pain Interference

Beck Depression Inventory

Beck Depression Inventory ~ SF-Physical Function ~ SF-Bodily Pain

SF-Mental Health Perceived Stress Scale WOMAC Function WOMAC Pain
Perceived Stress Scale SF-Mental Health WOMAC Pain SF-Physical Function
SF-Role Emotional SF-Role Emotional SF-Role Physical WOMAC Function
SF-General Health ™ SF-Physical Function ™ 6 Minute Walk SF-Mental Health *
WOMAC Pain ™ 6 Minute Walk * SF-Mental Health™ 20 Meter Walk *

SF=Short Form-36; WOMAC=

*
Used as discriminant variable.

Western Ontario and McMasters Osteoarthritis Index.
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Table 5

Responsiveness of PROMIS Short Forms in Knee Osteoarthritis
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PROMIS Short Form Sensitivity Analysis Type (l’\/loumber of Hypotheses Confirmed, Responsiveness Rating™
Depression Without Sensitivity Analysisf 3 of 6; 50% Moderate

Sensitivity Analysis 1 |ncreasing Correlation Cut-Off Points? 2 0f 6; 33% Poor

Sensitivity Analysis 2 Using 2 Additional Hypotheses 4 of 8; 50% Moderate

Sensitivity Analysis 3 Controlling for Floor/Ceiling Effects” Not applicable: Floor/ceiling effects were not found in Depression
Anxiety Without Sensitivity Analysis” 4 0f 6; 67% Moderate

Sensitivity Analysis 1 |ncreasing Correlation Cut-Off Points? 1 0f 6 17% Poor

Sensitivity Analysis 2 Using 2 Additional Hypotheses 7 6 of 8; 75% Moderate

Sensitivity Analysis 3 Controlling for Floor/Ceiling Effects* 5 of 6; 83% High
Physical Function Without Sensitivity Analysis’ 5of 6; 83% High

Sensitivity Analysis 1 Increasing Correlation Cut-Off Points? 3 of 6; 50% Moderate

Sensitivity Analysis 2 Using 2 Additional Hypotheses” 7 of 8; 83% High

Sensitivity Analysis 3 Controlling for Floor/Ceiling Effects? Fulr:lgtti:rﬁ)plicable: Floor/ceiling effects were not found in Physical
Pain Interference Without Sensitivity Analysis” 4 0f 6; 67% Moderate

Sensitivity Analysis 1 ncreasing Correlation Cut-Off Points? 2 0f 6; 33% Poor

Sensitivity Analysis 2 Using 2 Additional Hypotheses” 6 of 8; 75% Moderate

Sensitivity Analysis 3 Controlling for Floor/Ceiling Effects?” 4 0f 6; 67% Moderate

Note: for further details and individual hypotheses, see Tables 2A&B and Supplementary Tables 2A&B.

*
Responsiveness Rating based on % of hypotheses confirmed: 75%< High, 50-75% Moderate, <50% Poor;

fBased on the results of the 6 original a priori hypotheses;

IOriginaI correlation cut-off points were increased by 0.1;

”Based on the original 6 hypotheses plus 2 additional a priorihypotheses;

Based on the 6 original a priori hypotheses after removing participants with lowest/highest possible scores.
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Table 6

Quality Criteria for Minimally Important Difference Estimates
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PROMIS Depression

MID Legacy Anchor

Spearman correlation® (Criterion #1)

Sub-sample sizet (Criterion #2)

MID Effect Size (Criterion #3)

Patient global * X X
SF-36 Mental Health X X
Beck Depression X X

Perceived Stress X X

PROMIS Anxiety

MID Legacy Anchor

Spearman correlation (Criterion #1)

Sub-sample Size (Criterion #2)

MID Effect Size (Criterion #3)

Patient global * X
SF-36 Mental Health X X X
Beck Depression X X
Perceived Stress X X X

PROMIS Physical Function

MID Legacy Anchor

Spearman correlation (Criterion #1)

Sub-sample Size (Criterion #2)

MID Effect Size (Criterion #3)

Patient global * X X X
SF-36 Physical Function X X X
WOMAC Function X X

PROMIS Pain Interference

MID Legacy Anchor

Spearman correlation (Criterion #1)

Sub-sample Size (Criterion #2)

MID Effect Size (Criterion #3)

Patient global * X X
SF-36 Bodily Pain X X X
WOMAC Pain X X

SF=Short Form-36; WOMAC= Western Ontario and McMasters Osteoarthritis Index.

*
Because the Patient Global is a single-item scale, important change was defined as having an improvement at least as large as its previously
published MID, but no more than (1 + legacy MID).

fMID Quality Criteria 1: Anchor estimates must have had a Spearman correlation of (0.3<) between its anchor and PROMIS change scores.

7

MID Quality Criteria 2: At least 10 participants must have been classified with minimal important change.

A
0.8 (plausibly minimal).
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MID Quality Criteria 3: MID estimate must reflect an Effect size (Cohen’s @) that is no smaller than 0.2 (plausibly important), but no larger than
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