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Abstract

Objective: To assess the interchangeability of the Health Assessment Questionnaire-Disability
Index (HAQ-DI) with the Patient-Reported Outcomes Measurement Information System-Physical
Function (PROMIS-PF) in the calculation of minimal disease activity (MDA) in psoriatic arthritis
(PsA).

Methods: Comprehensive PsA disease activity was collected concomitantly with HAQ-DI and
PROMIS-PF measures in a PSA cohort. PROMIS-based MDA definitions were built using the
existing cross-walk between the scores: HAQ-DI<0.5 equivalent to a PROMIS-PF Tscore=41.3.
We assessed agreement between MDA (MDA HAQ-DI) and PROMIS-PF MDA definitions (MDA
PROMIS-PF4a, MDA PROMIS-PF Bank) at each visit and longitudinally (MDA state changes
between consecutive visits) through the kappa statistic. The predictive value of MDA PROMIS-PF
for MDA HAQ-DI was assessed using ROC curve analysis.

Results: One hundred participants contributed 352 observations with up to five visits. Mean (SD)
age was 52 (12) years, 60% were female, and 43% were in MDA at baseline. Kappa statistic for
PROMIS-PF based MDA reflected excellent agreement with HAQ-DI MDA: kappa=0.94 (95% CI
0.90-0.97) for MDA PROMIS-PF Bank, and kappa=0.90 (95% CI 0.80-0.95) for MDAPROMIS-
PF4a. Higher longitudinal agreement was seen between MDA HAQ-DI and MDA PROMIS-PF
Bank versus MDA PROMIS-PF4a between consecutive visits: kappa ranged between 0.81-0.94
versus 0.72-0.84, respectively. Area under ROC curve for predicting MDA HAQ-DI was 0.97 for
MDA PROMIS-PF Bank and 0.95 for MDA PROMIS-PF4a.

Conclusion: Excellent agreement was seen between HAQ-DI and PROMIS-based MDA
definitions statically and longitudinally. The PROMIS-PF Bank and PROMIS-PF4a are accurate
replacements for the HAQ-DI in calculating MDA state in PsA.
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Psoriatic arthritis (PsA) is an autoimmune disease that affects up to 1% of the US population
and about 1:3 people living with the skin disease psoriasis. PSA is heterogeneous in
pathophysiology, affecting the joints, entheses, digits, spine, skin, and skin appendages.

Its impact on quality of life is equally broad and manifests with symptoms of pain, fatigue,
depression/anxiety, as well as decreased physical function and social participation, disability,
and work loss.1:2

The PsA treat-to-target (T2T) state was established through consensus among international
experts,3 and provisionally endorsed by the American College of Rheumatology and the
National Psoriasis Foundation®. Minimal disease activity (MDA) is a PsA T2T state
defined by meeting pre-specified criteria for disease activity across PSA pathophysiologic
manifestations (swollen and tender joints, enthesitis, psoriasis) and patient reported
outcomes (PRO) (physical function, pain, and patient global assessment of psoriatic
disease).® The original MDA criteria capture patient reported physical function through the
Health Assessment Questionnaire-Disability Index (HAQ-DI).6

The Patient-Reported Outcomes Measurement Information System (PROMIS) is a library
of PRO instruments developed using state-of-the art psychometric science, and normed

to the general US population (a T-score of 50 represents the US population mean and

the standard deviation is 10 points).8 PROMIS measures are increasingly available in
medical records and can be incorporated into routine care.8 Through the PROsetta Stone®
project,? “walkways” have been developed between PROMIS scores and commonly used
legacy instruments such as linking PROMIS Physical Function (PF) scores with HAQ-DI
scores.10 Specifically, for assessing physical function, it is increasingly relevant to adapt
PRO to include activities that reflect therapeutic advances in rheumatology.}! PROMIS
measures have been developed using qualitative research as the basis of item content and
item formulation for each questionnaire/item bank and assessments are focused on each
individual’s physical function ability, not merely on the lack of disability and/or frequency
of tasks performed.12 From this perspective, the PROMIS Physical function items cover
the basic activities of daily living (walking, dressing) and also complex activities (dancing,
jogging, taking part is sports, and strenuous activities); items are formulated in the present
tense using simple syntax for clarity and comprehension, and each item has four or five
response options instead of three, as is the case with the HAQ-DI, to reduce floor and ceiling
effects and provide greater discrimination. 12

Thus, while physical function has been assessed for a long time using the HAQ-DI, it is of
interest to transition to more current population normed instruments such as PROMIS-PF.10
Schalet et al. conducted a single-group design study using a large standardization sample
centered on the 2000 US census and linked legacy physical function PRO to the PROMIS-
PF scale. Thus, there now exists a common reporting metric that can support transition from
legacy instruments to PROMIS-PF scales.
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In our study, we sought to determine whether PROMIS-PF can replace the HAQ-DI as

a measure of physical function to accurately classify the MDA T2T state in PsA. The
objective was to compare agreement between the routine HAQ-DI based MDA definition
and PROMIS-based MDA definitions in a PSA cohort where we conducted longitudinal
PsA-specific disease status assessments.

Patients and Methods

The Johns Hopkins Psoriatic Arthritis Cohort

Measures

The Johns Hopkins Psoriatic Arthritis cohort is approved by The Johns Hopkins Institutional
Review Board (IRB00063222). All study subjects signed written informed consent prior to
participating in the study. Research visits were conducted every 3-6 months in conjunction
with guideline-based rheumatologic care for PSA.

Adult patients with rheumatologist-diagnosed PsA were eligible to participate if they met
Classification Criteria for Psoriatic Arthritis (CASPAR).13 At each visit, PsA specific
measures included: tender joint count (range 0-68), swollen joint count (0-66),14 enthesitis
count using the Leeds Enthesitis Index (0-6),1° active tender dactylitis count (0-20), percent
body surface area affected by active psoriasis (0-100%), Pain numeric rating scale (NRS)
(0-10), Patient global psoriatic disease NRS (0-10), Patient global psoriatic arthritis NRS
(0-10) and the HAQ-DI (0-3).

In addition, we collected PROMIS PF measures including the PROMIS bank v1.2 -Physical
Function, and the PROMIS Short Form v2.0 Physical Function 4a (collected as part of

the PROMIS Profile-29 v1.0)8. Participants completed all questionnaires in the clinic

room, prior to the rheumatology visit with the physician, through self-report and without
assistance.

HAQ-DI.—The HAQ-DI is a legacy physical function PRO developed by the Stanford
Avrthritis Center for Rheumatoid Arthritis.® It has been used in every PsA randomized
controlled trial as part of the American College of Rheumatology response criteria and

is also included in the MDA definition. The HAQ-DI 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 “No difficulty” to
“Unable to do,” corresponding to scores from 0 to 3.5 Lower HAQ-DI scores mean better
function. Minimally important difference, or the smallest improvement considered to be
clinically important in PsA, is defined by a longitudinal improvement in HAQ-DI of 0.35
points.1® The PsA minimal disease activity criterion for HAQ-DI is met by a score of <0.5.5
The HAQ-DI was administered on paper clinical research forms concomitantly with the pain
and patient global NRS.

PROMIS Instruments.—The PROMIS instruments were developed using item response
theory by the National Institute of Health (NIH).” PROMIS scores are normed to the US
population, and expressed as T-scores with a mean of 50 (representing the US population
mean for the measure as the reference) and a standard deviation of 10. Higher PROMIS-PF
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scores mean better function. The PROMIS-PF measures can be administered either as
fixed-content short forms or as a computer adaptive (CAT) test that selects items from

the entire physical function item bank (PROMIS-PF Bank). For CAT administration, items
from the PROMIS Physical Function bank are dynamically selected based on a patient’s
prior response to precisely capture each patient’s functional status.1”-18 The equivalent
PROMIS-PF T-score for a HAQ-DI score <0.5 has been defined as =41.3.10 Participants
completed the fixed PROMIS-PF short form 4a which includes PROMIS items: PFA11,
PFA21, PFA23, and PFA53 (Supplement Figure 1). They also completed the PROMIS
Bank v1.2 - Physical Function, administered on a tablet through the Assessment Center
platform (www.assessmentcenter.net) using CAT limited to maximum 8 items, followed
by the PROMIS-PF 4a. The short form was programmed without repetition with the

CAT. English language versions, developed for adult participants, were used in the study.
Scoring was performed automatically through the Assessment Center platform and results
downloaded. Reporting of study results is being done in accordance with the recently
published “Reporting checklist for ASCQ-Me, Neuro-QoL, NIH Toolbox Emotion, and
PROMIS Measures” 19,

Treat-to-target (T2T) states.—The MDA criteria are listed in Supplement Table 1. If
five out of the seven criteria are met [tender joint count (0-68)<1, swollen joint count (0-66)
<1, enthesitis (0-6)<1, pain NRS (0-10)<1.5, patient global assessment psoriatic disease
(0-10)<2, HAQ-DI (0-3)<0.5, body surface area affected by psoriasis (0-100)<3%), then PSA
disease activity corresponds to the MDA state and the T2T objective has been achieved. We
also examined the very low disease activity state (VLDA) defined as all seven MDA criteria
being met.> In addition, we calculated the clinical Disease Activity in Psoriatic Arthritis
(cDAPSA) score, defined as the sum of the tender (0-68) and swollen (0-66) joint counts,
pain NRS (0-10) and patient global psoriatic arthritis NRS (0-10). Clinical DAPSA disease
activity thresholds were defined as remission (REM<4), low (LDA>4 & <13), moderate
(MoDA>13 & <27), and high disease activity (HDA>27).20 A cDAPSA score of <13 is
considered as an alternate T2T state to MDA.3

Statistical analysis

Descriptive analyses for PSA disease characteristics, disease activity, and demographics were
calculated. The established crosswalk tables between the HAQ-DI criterion (HAQ-DI<0.5)
and PROMIS-PF corresponding cutoffs (T score =41.3)10 were used to build PROMIS-based
MDA definitions. For each patient, we assessed MDA using the usual method with the
HAQ-DI<0.5 criterion (HAQ-DI MDA) and alternate MDA definitions using PROMIS-PF
>41.3 as a replacement for the HAQ-DI criterion, with all other MDA criteria except PF/
HAQ-DI being kept constant (PROMIS-PF4a MDA and PROMIS-PF CAT MDA).

To measure agreement between the original HAQ-DI MDA definition with the PROMIS
MDA definitions (MDA state met, MDA state not met), we used the kappa statistic with

the following interpretation: <0.2 slight; 0.2<0.4 fair; 0.4<0.6 moderate; 0.6<0.8 substantial;
>0.8 excellent agreement.21 We calculated kappa statistic at each visit, globally across

all visits, and longitudinally for state changes in MDA between consecutive visits. We

used bootstrapping of individual patients with 2000 repetitions to calculate bias corrected
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95% confidence intervals for the kappa statistic.22 Additionally, we conducted sensitivity
analyses by estimating kappa in subgroups including gender, age, pain level, patient global
assessment, T2T state, and levels of physical function and disability. To further assess

the validity of PROMIS-based MDA definitions we calculated agreement of all MDA
definitions with the alternative definition of T2T state using the clinical Disease Activity
Score in Psoriatic Arthritis (cDAPSA) cutoff of cDAPSA <13.20 Where the number of
available observations was less than 50 the kappa statistic was not calculated.

We calculated the sensitivity and specificity of PROMIS-MDA for the HAQ-DI based MDA
by assessing the area under the curve from logistic regression, modeled to predict the HAQ-
DI MDA using each PROMIS MDA definition by visit and globally across all visits. In

an exploratory analysis we build a receiver operator characteristic (ROC) curve to compare
different thresholds of the PROMIS scores to identify which cutoff best approximates
patients with HAQ-DI less than 0.5. Using each measured value of the PROMIS score

as a cutoff, we plotted the true positive rate (sensitivity) against the false positive rate (1

— specificity).23 In order to define the most favorable cutoff among this PSA cohort, we
calculated Youden’s Index (sensitivity+specificity-1) for each cutoff of the PROMIS score,
and chose the cutoff with the highest value.24

To assess longitudinal construct validity of PROMIS-based MDA definitions, we calculated
agreement of change in PROMIS MDA with change in HAQ-DI MDA. To accomplish this,
each participant was evaluated for longitudinal change in their MDA status at consecutive
visits. MDA state change was determined between consecutive visits for each MDA
definition (MDA HAQ-DI change, MDA PROMIS-PF4a change, and MDA PROMIS-PF
CAT change). Participants were categorized as either “improved” if they transitioned from
non-MDA to MDA at consecutive visits; “worsened” if they transitioned from MDA to
non-MDA,; or “unchanged” if their MDA category remained stable across consecutive visits.

For all analyses specified above, when the number of observations was sufficient, we also
assessed the kappa statistic between HAQ-DI VLDA and PROMIS VLDA definitions for
static and change states.

Results

Participant characteristics

One hundred patients contributed 352 total observations with up to five visits. Mean age
(SD) was 52 (12) at cohort enrollment, 60% were female, 92% were white, 4% African-
American, and 4% Asian. Majority of participants were working full time (56%) while 15%
were retired and 14% were on disability. Among participants, 93% had at least 2 consecutive
visits, 84% had at least 3, 71% had at least 4, and 4% had 5. The average time intervals
between consecutive visits were 18.4, 12.1, 13.3, and 17.2 weeks, respectively. Participants
completed an average number of PROMIS-PF Bank items (SD) as follows: 4.39 (1.07) at
baseline, 4.39 (1.09) at the second visit, 4.37 (1.04) at the third visit, and 4.35 (0.99) at the
fourth visit.
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At baseline, mean (SD) tender (out of 68) and swollen (out of 66) joint counts were 3.23
(4.87) and 3.08 (3.74). Seven percent had enthesitis, and 3% had active dactylitis. Mean
(SD) pain NRS was 3.61 (2.87), patient global psoriatic disease 3.77 (3.18), HAQ-DI1 0.71
(0.76), PROMIS-PF 4a T-score 43.03 (9.39), and PROMIS-PF CAT T-score 43.76 (10.29).
At baseline 43% met HAQ-DI based MDA/ PROMIS-PF 4a based MDA/PROMIS-PF CAT
based MDA, and 53% met cDAPSA (<13). Majority (56%) were treated with biologicals
alone or in DMARD combination and 25% were treated with DMARD alone (Table 1). At
baseline, 25% of participants had a HAQ-DI score of zero (floor effect) and at subsequent
visits percentages ranged from 23% to 30% with a HAQ-DI score of zero (Table 1). This
floor effect did not occur with the PROMIS-PF scores. More so, the PROMIS-PF CAT
scores were approximately normally distributed in the PsA population (Supplement Figure
2).

Missing data on all variables used are summarized in Supplement Table 1.

Agreement among MDA/VLDA definitions

Kappa statistic for HAQ-DI and PROMIS- PF based MDA definitions reflected excellent
agreement (kappa>0.8) consistently at each visit: kappa ranged between 0.83-0.93 for
PROMIS-PF 4a based MDA and between 0.91-0.98 for PROMIS-PF CAT based MDA
(Table 2). Kappa values for VLDA were consistent with MDA, and ranged between
0.81-0.88 for PROMIS-PF 4a based VLDA and between 0.76-0.91 for PROMIS-PF CAT
based VLDA (Table 2).

Agreement between physical function equivalence thresholds for HAQ-DI and PROMIS-
PF reflected substantial agreement (kappa>0.6) at each visit and overall, across visits:
kappa=0.73 (95% CI 0.65-0.80) for PROMIS-PF4a and kappa=0.75 (95% CI 0.67-0.81) for
PROMIS-PF CAT (Supplement Table 2).

Sensitivity analyses in subgroups

Agreement between MDA HAQ-DI and MDA PROMIS-PF CAT was generally greater than
between MDA HAQ-DI and MDA PROMIS-PF4a among subgroups of male and female,
age<51 and ag >51, high and low pain as defined by Pain NRS median, high and low global
psoriatic disease as defined by the Patient global psoriatic disease NRS median, and T2T
state subgroups using cDAPSA (<13/>13) (Supplement Table 3).

Agreement between MDA HAQ-DI and MDA PROMIS-PF CAT reflected excellent
agreement in gender groups: kappa=0.93 (95% CI 0.86-0.98) for females and kappa=0.95
(95% C1 0.87-1.00) for males. Agreement was slightly higher between MDA HAQ-DI

and MDA PROMIS-PF4a in females: kappa=0.91 (95% CI 0.84-0.96) compared to males:
kappa=0.86 (95% CI 0.77-0.95). Agreement was higher between MDA HAQ-DI and both
PROMIS-MDA states in patients who were younger than the median age of 51 years:
kappa=0.91 (95% CI 0.84-0.97) for MDA PROMIS-PF4a and kappa=0.96 (95% ClI
0.91-1.00) for MDA PROMIS-PF CAT, compared to those older than 51 years: kappa=0.89
(95% CI 0.80-0.96) for MDA-PROMIS-PF4a and kappa=0.92 (95% CI 0.84-0.97) for MDA
PROMIS-PF CAT. There was higher agreement between MDA HAQ-DI and both PROMIS
MDA states in participants with lower pain: kappa=0.82 (95% CI 0.68-0.93) for MDA
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PROMIS-PF4a and kappa=0.90 (95% CI 0.79-0.98) for MDA PROMIS-PF CAT compared
to higher pain: kappa=0.76 (95% CI 0.55-0.91) for MDA PROMIS-PF4a and kappa=0.84
(95% CI 0.66-0.96) for MDA PROMIS-PF CAT (Supplement Table 3)

Taking physical function as the grouping criterion, agreement between MDA HAQ-DI

and PROMIS MDA was higher in those with HAQ-DI scores <0.5: kappa=0.86 (95% CI
0.77-0.93) for MDA PROMIS-PF4a and kappa=0.94 (95% CI 0.88-0.99) for MDAPROMIS-
PF CAT) compared to those with worse HAQ-DI scores >0.5: kappa=0.76 (95% ClI
0.53-0.95) for MDA PROMIS-PF4a and kappa=0.76 (95% CI 0.53-0.95) for MDAPROMIS-
PF CAT. Analysis using grouping defined by T scores for physical function (=41.3 vs <41.3)
yielded similar results (Table 3).

Findings for agreement between VLDA definitions were consistent with the findings for
MDA except when physical function ability was grouped by PROMIS-PF CAT scores:
agreement was slightly higher in the subgroups with PROMIS-PF CAT T score <41.3 versus
>41.3, although in the excellent range for all subgroups (Table 3).

Validity of PROMIS-MDA using DAPSA T2T states and area under the curve

We calculated agreement between clinical cDAPSA T2T state (cDAPSA<13) with each

of the MDA definitions and found substantial agreement for each. As seen in Table 4,

kappa (95%CI) was 0.70 (0.62-0.77), 0.67 (0.59-0.75) and 0.71 (0.63-0.78) for MDA HAQ-
DI, MDA PROMIS-PF4a, and MDA PROMIS-PF CAT, respectively. Figure 1 represents
agreement among the three MDA definitions with cDAPSA T2T using Venn diagrams and
reflects almost overlapping agreement among the MDA definitions with the cDAPSA, while
confirming cDAPSA as a more generous T2T classification compared to any of the MDA
definitions (Figure 1).

VLDA agreement with cDAPSA remission (cDAPSA<4) was substantial with kappa
(95%Cl) values of 0.65 (0.52-0.76), 0.68 (0.59-0.79) and 0.68 (0.56-0.78) for MDA HAQ-
DI, MDA PROMIS-PF4a, and MDA PROMIS-PF CAT, respectively (Supplement Table 4).

Areas under ROC curve to predict HAQ-DI based MDA using MDA PROMIS-PF4a or
MDA PROMIS-PF CAT across all visits were 0.95 and 0.97, respectively. These calculations
were consistent at each visit. (Supplement Figure 3).

The best cutoffs of the PROMIS PF T-scores to represent whether the HAQ-DI is less than
0.5 in this PSA cohort, were based on the Youden’s index and are presented in comparison
with the performance of the external cutoff, as exploratory analyses. For the PROMIS-PF4a,
the best cutoff in the PSA dataset was represented by a T-score of 39.8 which had a
sensitivity of 81.6%, a specificity of 95.4%, and a corresponding Youden’s index of 0.770.
Comparatively, the external cutoff determined by Schalet B.D., et al'%, a T-score of 41.3,
had a sensitivity of 85.8%, a specificity of 87.3%, and a corresponding Youden’s index of
0.731, for representing a HAQ-DI less than 0.5 in the cohort (Supplement Figure 4). For the
PROMIS-PF CAT, the best cutoff was a T-score of 40.2, which had a sensitivity of 77.3%, a
specificity of 97%, and a corresponding Youden’s index of 0.742. Comparatively the cutoff
represented by a T-score of 41.3 had a sensitivity of 79.4%, a specificity of 92.4%, and
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a corresponding Youden’s index of 0.719, for representing a HAQ-DI less than 0.5 in the
cohort (Supplement Figure 5).

Longitudinal validity of PROMIS-based MDA definitions

Kappa (95% Cl) between MDA HAQ-DI change and MDA PROMIS-PF4a change was 0.75
(0.47-0.95), 0.84 (0.58-1.00), and 0.72 (0.37-0.94) across consecutive visits 1-2, 2-3 and 3-4.
Kappa (95%CI) between MDA HAQ-DI change and MDA-PROMIS-PF CAT change was
0.81 (0.49-1.00), 0.94 (0.75-1.00), and 0.84 (0.48-1.00) across consecutive visits (Table 5).
Agreement between transitions was similarly in the substantial to excellent range for VLDA
definitions (Table 5).

Discussion

Measuring patient outcomes efficiently and accurately is crucial to evaluating therapies and
monitoring disease progression in PSA. Patients who are receiving newer biologic agents
are now functioning above average. Early detection of deterioration in clinical status in
those with high levels of physical function is essential to providing optimal clinical care.
Because the HAQ-DI focuses on assessing degree of disability, it performs well in disabled
populations but not as well in those with average or above average physical function.?®
Thus, those classified as having no disability and at T2T as defined by HAQ-DI MDA
criteria may have an overestimated measure of physical functioning. Similarly, deterioration
or improvement within the range of no disability may not captured. Compared to the
HAQ-DI, the PROMIS-PF item Bank is expanded to include items assessing higher levels
of physical functioning (i.e. strenuous and vigorous exercise such as running and weight
lifting). Thus, PROMIS scales are designed to focus on ability and are more sensitive

than the legacy HAQ-DI in detecting clinical improvement or deterioration on newer
therapies.17-26.27 PROMIS instruments are also designed to be less taxing on patients and
offer higher precision in assessing physical function than the legacy HAQ-DI with fewer
questions,17:26 especially with CAT administration.

Our study is the first to compare agreement of PROMIS and HAQ-DI MDA definitions in a
PsA cohort, based on the equivalency of a HAQ-DI score of 0.5 to a PROMIS-PF T score
of 41.3.10 Our findings suggest that PROMIS is an accurate replacement for HAQ-DI given
substantial to excellent agreement between PROMIS and HAQ-DI based MDA definitions,
in cross-sectional as well as longitudinal analyses.

In our cohort, agreement was always higher between HAQ-DI and PROMIS-PF CAT based
MDA states than between HAQ-DI and PROMIS-PF4a based MDA states which may

be explained by higher precision and reduced ceiling and floor effects with the use of

CAT. On average, the kappa statistic was 0.90, indicating near perfect agreement between
the HAQ-DI based MDA and both PROMIS-based MDA states in this guideline-based
treated PsA population. Furthermore, area under the curve for predicting the HAQ-DI

based MDA using either PROMIS definition was consistently greater than 0.90 at each

visit supporting excellent accuracy for both PROMIS-based MDA definitions. Agreement of
MDA definitions with DAPSA T2T state was substantial, and in the ranges observed in other
studies?8,
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Substantial agreement (kappa > 0.6) was observed between HAQ-DI and PROMIS scores
at the equivalence cutoff used, compared to excellent agreement (kappa > 0.8) between
HAQ-DI and PROMIS based MDA states. At baseline, agreement between HAQ-DI and
each PROMIS-PF based MDA definition remained high despite lower agreement between
HAQ-DI and each PROMIS score. Since the physical function score was the only changing
variable in calculation of HAQ-DI versus PROMIS-PF based MDA state, perfect agreement
of raw physical function scores may not be necessary for high MDA state agreement.
However, at lower states of physical functioning, MDA agreement dropped from excellent
(at high PF level) to moderate-substantial, reflecting that differences in the physical function
score were more likely to change the MDA status in this group, likely because other MDA
criteria were not met.

Excellent agreement between HAQ-DI and PROMIS based MDA states was maintained
within subgroups of gender, age, and pain levels. Agreement was overall higher between
MDA HAQ-DI and MDA PROMIS-PF CAT than MDA PROMIS-PF4a; it was also
generally higher in men versus women, in participants younger versus lower than age

51 years, lower versus higher pain/patient global assessment, those at treat to target state
versus not, lower HAQ-DI scores, and higher PROMIS scores. In sum, agreement between
HAQ-DI and PROMIS-PF4a based MDA was highest in those doing well on multiple MDA
criteria. The observed differences in agreement between the MDA HAQ-DI with PROMIS-
PF4a definitions among people doing well versus people doing not so well, attenuated
significantly with the use of PROMIS-PF CAT based MDA. These findings were also
observed for VLDA.

We provided an additional anchor for T2T state, cDAPSA low disease activity, for greater
generalizability of our results to other cohorts. We confirmed cDAPSA T2T was easier to
achieve than MDA For all MDA definitions, whether PROMIS or HAQ-DI were used as

measures for physical function, agreement with cDAPSA T2T was substantial and similar
between definitions.

Our study also provides comparative performance results for the external standard cutoff,
a T-score of 41.319, and the best cutoff determined through an exploratory analysis in the
PsA cohort. The best T-score cutoff was numerically very close to the external cutoff for
both PROMIS instruments. The external cutoff had slightly higher sensitivity (an increase
by 4% for PROMIS-PF4a, and 2% for PROMIS-PF CAT) that came with a trade-off in
specificity of 8% for PROMIS-PF4a, and 5% for PROMIS-PF CAT in this PSA dataset.
However, cutoffs used in the dataset in which they were derived would bias toward higher
agreement than using other standard measures. The analysis was conservative in using the
external cutoff for agreement and supports the validity of this external cutoff in the PSA
population.

Finally, there was substantial to excellent longitudinal agreement between HAQ-DI and
PROMIS-PF based MDA states over time. However, as we may expect, PROMIS-PF CAT
was more sensitive to MDA change as exhibited by higher kappa values compared to
PROMIS-PF4a. These findings remained consistent when we examined VLDA definitions.
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Our study findings may encourage clinicians who administer HAQ-DI based measures

to switch to PROMIS-PF. Additionally, institutions that collect PROMIS-PF need not
re-collect HAQ-DI for the purposes of calculating MDA and T2T determination. Given
interchangeability of PROMIS and HAQ-DI in determining MDA, the use of PROMIS-PF
offers the advantage of capturing a broader range of physical functioning more efficiently.
PROMIS-PF CAT measures disability just as well as the HAQ-DI, as the item bank still
contains questions focused on limited functioning (i.e. opening jars) without requiring
completion of an extensive questionnaire. Further, PROMIS-PF CAT is able to measure
maximum functional capacity for each patient regardless of whether they meet MDA, as
higher scores correlate with greater performance status.

The characteristics of our guideline-based treatment cohort may limit generalizability to
other cohorts, as most patient were Caucasian, slightly more than half were treated with
biologic DMARDs, and about 50% were at treatment targets. As discussed by Schalet et
al., validity of the crosswalk table may be sensitive to population differences and weaker

at extreme ends of the physical function continuum.19 Consistent with this observation, we
observed a drop from excellent agreement when physical function was good, to moderate
and substantial agreement in participants with low physical function ability. Finally, a
limitation to crosswalk tables is that they are based on summed raw scores and can only

be used when there are no missing values. However, the HAQ-DI has similar limitations
and cannot be computed unless at least one item in a category score has been completed.
Strengths of our study are collection of HAQ-DI, PROMIS-PF4a and PROMIS-PF CAT
concomitantly at each study visit in addition to comprehensive PsA-specific phenotype and
disease activity data. We performed analyses by visit which showed stability of our findings
longitudinally and by subgroups of interest (gender, T2T, and physical function ability).
Results were consistent when we triangulated methods of agreement (kappa) with prediction
(ROC analysis).

In conclusion, we demonstrated interchangeability of the HAQ-DI threshold of <0.5 with a
PROMIS-PF threshold of 241.3 in the calculation of PsA MDA and VLDA, which provides
supportive data towards the validity of this cross-walk between HAQ-DI and PROMIS-PF
scores in the PsA population. Results from our study demonstrate agreement between
legacy HAQ-DI and PROMIS based MDA definitions statically, longitudinally, and within
demographic, disease activity, functioning, and symptom subgroups. Thus, PROMIS-PF can
replace HAQ-DI in calculating MDA state in PsA, and cohorts switching from HAQ-DI to
PROMIS-PF can convert scores longitudinally on the physical function scale of their choice.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Significance and Innovations

. This study demonstrates excellent cross-sectional and longitudinal agreement
between HAQ-DI and PROMIS-based minimal disease activity (MDA)
definitions in PsA.

. PROMIS Physical Function short form 4a or computer adaptive test
can adequately replace the HAQ-DI for the purpose of MDA and T2T
determination in PSA.

. PROMIS Physical Function has the advantage of assessing physical function
on an extended spectrum of ability and can concomitantly be used for MDA
calculation in PsA.
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PROMIS PF Bank Clinical DAPSA
based MDA treat-to-target state

HAQ-DI PROMIS PF
based MDA > 3 )\ 4abased MDA

Figure 1 Legend.
Classification overlap between the four proposed definitions of T2T: MDA HAQ-DI, MDA

PROMIS-PF 4a, MDA PROMIS-PF CAT, and cDAPSA T2T. Numbers represent available
observations across all visits where participants were classified as having met one of the
treatment targets. Diagram is not represented to scale.
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Summary statistics of psoriatic arthritis cohort at each visit

Table 1.

Measures Visit 1 N=100  Visit2 N=93  Visit3N=84 Visit4 N=71
Tender joint count [0-68], mean (SD) 3.23 (4.87) 3.97 (5.92) 3.94 (4.95) 5.66 (7.98)
Swollen joint count [0-66], mean (SD) 3.08 (3.74) 3.09 (3.78) 3.65 (3.69) 4.14 (5.16)
Enthesitis, n (%) 7(7) 7 (7.53) 8 (9.52) 12 (16.90)
Dactylitis, n (%) 3(3) 5 (5.38) 4 (4.76) 2(2.82)
Psoriasis BSA [0-100], mean (SD) 223(473)  3.07(9.35) 4.77(12.03)  3.03(6.25)
Percent BSA =10, n (%) 5 (5) 5 (5.38) 10 (11.90) 6 (8.45)
Pain NRS [0-10], mean (SD) 3.61(2.87) 3.45(2.89)  3.73(3.13)  3.48(293)
Patient global psoriatic disease NRS [0-10], mean (SD) 3.77 (3.18) 3.29 (2.99) 3.34 (2.99) 3.53(2.98)
Patient global psoriatic arthritis NRS [0-10], mean (SD) 3.79 (3.02) 3.33(2.87) 3.31 (2.95) 3.57 (2.98)
PROMIS-PF4a [0-100], T-score mean (SD) 43.03(9.39) 44.15(9.74) 4370 (9.86)  45.15(9.71)
PROMIS-PF CAT [0-100], T-score mean (SD) 4376 (10.29)  45.02 (9.97) 44.49 (10.23)  44.85 (9.46)
HAQ-DI [0-3], mean (SD) 071(0.76)  0.61(0.70)  0.68(0.73)  0.64(0.73)
HAQ-DI=0, n (%) 25 (25) 30 (32.26) 25 (29.76) 23 (32.39)
MDA HAQ-DI, n (%) 43 (43) 47 (57.32) 33 (45.21) 28 (48.28)
MDA PROMIS-PF4a, n (%) 43 (43) 43 (51.81) 31 (42.47) 28 (46.67)
MDA PROMIS-PF CAT, n (%) 43 (43) 46 (54.76) 33 (44.59) 31 (51.67)
VLDA HAQ-DI, n (%) 9(9) 11 (11.83) 10 (11.90) 9 (12.68)
VLDA PROMIS-PF4a, n (%) 9(9) 11 (11.83) 10 (11.90) 9 (12.68)
VLDA PROMIS-PF CAT, n (%) 10 (10) 12 (12.90) 10 (11.90) 9 (12.68)
cDAPSA T2T state, n (%) 53 (53) 54 (63.53) 45 (55.56) 34 (54.29)
Biologicals alone or in DMARD combination, n (%) 56 (56) 58 (62.37) 58 (69.05) 52 (73.34)
DMARD alone, n (%) 25 (25) 25 (26.88) 17 (20.24) 15 (21.13)

Abbreviations

Page 15

SD: Standard Deviation; NRS: Numeric Rating Scale; HAQ-DI: Heath Assessment Questionnaire-Disability Index; PROMIS-PF 4a: Patient
Reported Outcomes Measurement Information System Short Form v2.0 Physical Function 4a; PROMIS-PF CAT: PROMIS Bank v1.2 — Physical
Function Computer Adaptive Test; BSA: body surface area affected by psoriasis; MDA HAQ-DI: Minimal disease activity that includes the HAQ-
DI <0.5 criterion; MDA PROMIS-PF4a includes the PROMIS-PF4a T-score 241.3 criterion; MDA PROMIS-PF CAT includes the PROMIS-PF
CAT T-score 241.3 criterion; VLDA Very Low Disease Activity, VLDA variables similarly defined to MDA variables; cDAPSA: clinical disease
activity psoriatic arthritis; T2T: treat-to-target; DMARD: disease modifying anti-rheumatic drug.
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Table 2.

Agreement between HAQ-DI based MDA/VLDA and PROMIS-PF based MDA/VLDA definitions at each
visit

Agreement” Visit 1 Visit 2 Visit 3 Visit 4

D S DL QIE%)’?I (0.8(()23201.98) (0.8%?113.00) (0.8(2);212.00) (0.6%?96)
MDA BEQ-DI and QIE%)’?I (0.801;01.98) (0.9%218.00) (0.8(%?314.00) (0.8%?00)
VLDAHAQ-DI and QIE%)’?I (0.7025;91) (0.7%?95) (0.7%2593) (0.608;()1.92)
vioatso-Diad QIE%)’?I (0.6%—?86) (0.7%%?95) (0.8%3—?98) (0.7072(;96)

*
Bias corrected 95% CI were calculated using bootstrapping with 2000 repetitions of individual patients.

Abbreviations

Cl: confidence interval; N: number of observations; HAQ-DI: Heath Assessment Questionnaire-Disability Index; PROMIS-PF 4a: Patient Reported
Outcomes Measurement Information System Short Form v2.0 Physical Function 4a; PROMIS-PF CAT: PROMIS Bank v1.2 - Physical Function
Computer Adaptive Test; MDA HAQ-DI: Minimal disease activity that includes the HAQ-DI <0.5 criterion; MDA PROMIS-PF4a includes the
PROMIS-PF4a T score 241.3 criterion; MDA PROMIS-PF CAT includes the PROMIS-PF CAT T-score 241.3 criterion; VLDA HAQ-DI Very

low disease activity that includes the HAQ-DI <0.5 criterion; VLDA PROMIS-PF4a includes the PROMIS-PF4a T-score 241.3 criterion; VLDA
PROMIS-PF CAT includes the PROMIS-PF CAT T-score 241.3 criterion.
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Table 3.

Agreement between HAQ-DI based MDA and PROMIS-PF based MDA in subgroups defined by Physical
Function ability across all visits

HAQ-DI VLDA &

Agreement in HAQ-DI MDA & HAQ-DI MDA & HAQ-DI VLDA & PROMIS-PE CAT
subgroups” PROMIS-PF4a MDA PROMIS-PF CAT MDA  PROMIS-PF4a VLDA VLDA
HAQ-DI<0.5, less/no disability
Kappa 0.86 0.94 0.84 0.93
95% ClI (0.77-0.93) (0.88-0.99) (0.78-0.90) (0.88-0.97)
N 184 186 159 160
HAQ-DI > 0.5, more disability
Kappa 0.76 0.76 0.80 0.70
95% ClI (0.53-0.95) (0.53-0.95) (0.71-0.88) (0.60-0.79)
N 116 116 116 116
PROMIS-PF 4a T-score >41.3, better physical function ability
Kappa 0.93 0.93 0.86 0.86
95% ClI (0.85-0.98) (0.85-0.98) (0.79-0.91) (0.79-0.91)
N 182 182 157 157
PROMIS-PF 4a T-score < 41.3, worse physical function ability
Kappa 0.55 0.86 0.78 0.81
95% ClI (0.31-0.78) (0.70-0.97) (0.70-0.86) (0.72-0.88)
N 118 120 118 118
PROMIS-PF CAT T-score 241.3, better physical function ability
Kappa 0.87 0.94 0.80 0.81
95% ClI (0.79-0.94) (0.88-0.99) (0.73-0.87) (0.74-0.87)
N 203 205 177 178
PROMIS-PF CAT T-score < 41.3, less physical function ability
Kappa 0.65 0.65 0.88 0.88
95% ClI (0.17-0.92) (0.17-0.92) (0.80-0.95) (0.79-0.94)
N 98 98 98 98

*
Bias corrected 95% confidence intervals for the kappa statistic were calculated using bootstrapping with 2000 repetitions of individual patients.

Abbreviations

Cl: Confidence interval; HAQ-DI: Heath Assessment Questionnaire-Disability Index; PROMIS-PF 4a: Patient Reported Outcomes Measurement
Information System Short Form v2.0 Physical Function 4a; PROMIS-PF CAT: PROMIS Bank v1.2 - Physical Function Computer Adaptive Test;
MDA: HAQ-DI Minimal disease activity that includes the HAQ-DI <0.5 criterion; MDA PROMIS-PF4a includes the PROMIS-PF4a T-score 241.3
criterion; MDA PROMIS-PF Bank includes the PROMIS-PF CAT T-score 241.3 criterion; VLDA HAQ-DI: Very low disease activity that includes
the HAQ-DI <0.5 criterion; VLDA PROMIS-PF4a includes the PROMIS-PF4a T-score 241.3 criterion; VLDA PROMIS-PF CAT includes the
PROMIS-PF CAT T-score =41.3 criterion.
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Table 4.

Agreement between MDA definitions and Clinical Disease Activity in Psoriatic Arthritis (cDAPSA) T2T state
(cDAPSA<13) across all visits

Agreement* MDA PROMIS-PF 4a MDA PROMIS-PF CAT  cDAPSA T2T (<13)
MDA HAQ-DI
Kappa 0.90 0.94 0.70
(95% CI) (0.84-0.95) (0.90-0.97) (0.62-0.77)
N 301 303 299
MDA PROMIS-PF4a
Kappa } 0.96 0.67
(95% ClI) (0.93-0.99) (0.59-0.75)
N 307 303
MDA PROMIS-PF CAT
Kappa ) : 0.71
(95% ClI) (0.63-0.78)
N 305

*
Bias corrected 95% confidence intervals for the kappa statistic were calculated using bootstrapping with 2000 repetitions of individual patients.

Abbreviations

Cl confidence interval; HAQ-DI: Heath Assessment Questionnaire-Disability Index; PROMIS-PF 4a: Patient Reported Outcomes Measurement
Information System Short Form v2.0 Physical Function 4a; PROMIS-PF CAT: PROMIS Bank v1.2 - Physical Function Computer Adaptive Test;
MDA HAQ-DI: Minimal disease activity that includes the HAQ-DI <0.5 criterion; MDA PROMIS-PF4a includes the PROMIS-PF4a T-score 241.3
criterion; MDA PROMIS-PF CAT includes the PROMIS-PF CAT T-score 241.3 criterion; cDAPSA: Clinical disease activity in psoriatic arthritis;
T2T: treat-to-target.
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Table 5.

Page 19

Longitudinal agreement between HAQ-DI based MDA and corresponding PROMIS-PF based MDA state

changes

Agreement* V1-V2 V2-V3 V3-V4
VDA HASDIsHEchn it Gl (0705 (©SB10) (057080
mgﬁ EQSI\-/IDIIS?éﬁec(i:{a'ns%gt\évétr?ange gg);’p%\? (0-4(%-8;11-00) (0.7%—?.00) (0.408;-?00)
VLSAsASDIsHEchg it i€ oa0s) osilo)

VLSASASDsHEc it w6l ossio) @siloo)

*

MDA (or VLDA) state changes were defined as transitions in corresponding MDA (or VLDA) state between consecutive visits, for example
V1-V2 represents agreement between transitions in MDA (or VLDA) HAQ-DI state from visit 1 to visit 2 with transitions in each MDA (or VLDA)
PROMIS-PF state from visit 1 to visit 2. Bias corrected 95% confidence intervals for the kappa statistic were calculated using bootstrapping with

2000 repetitions of individual patients. When sample size was less than 50, kappa and 95% CI were not calculated, designated with “-*.

Abbreviations

Cl: confidence interval; N: available observations; HAQ-DI: Heath Assessment Questionnaire-Disability Index; PROMIS-PF 4a: Patient Reported
Outcomes Measurement Information System Short Form v2.0 Physical Function 4a; PROMIS-PF CAT: PROMIS Bank v1.2 — Physical Function
Computer Adaptive Test; MDA HAQ-DI: Minimal disease activity that includes the HAQ-DI <0.5 criterion; MDA PROMIS-PF4a includes the
PROMIS-PF4a T-score 241.3 criterion; MDA PROMIS-PF CAT includes the PROMIS-PF CAT T-score 241.3 criterion; VLDA HAQ-DI: Very
low disease activity includes the HAQ-DI <0.5 criterion; VLDA PROMIS-PF4a includes the PROMIS-PF4a T-score 241.3 criterion; VLDA
PROMIS-PF CAT includes the PROMIS-PF CAT T-score 241.3 criterion.
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