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Abstract

Objective—We assessed implementation of the 10-item PROMIS physical function form
(PF-10a) in routine practice in a racial/ethnically diverse population with rheumatoid arthritis
(RA). Objectives were to determine feasibility of implementing PF-10a in the electronic health
record (EHR) and PF-10a validity and longitudinal responsiveness.

Corresponding Author: Elizabeth Wahl, MD, Quality Scholars Fellow, Division of Rheumatology, Department of Internal Medicine,
San Francisco Veterans Affairs Medical Center, 4150 Clement Street, Building 1, room 207, #181G, San Francisco, CA 94121, Tel
(415) 221-4810 ext. 22546, Fax (415) 750-6641, elizabeth.wahl@va.gov.

COl/ statement

Dr. Wahl, Dr. Gross, Mr. Chernitsky, Ms. Trupin, Dr. Gensler, Dr. Chaganti, Dr. Michaud, Dr. Katz, and Dr. Yazdany have no
commercial or financial conflicts of interest to disclose.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Wahl et al. Page 2

Methods—Clinical and demographic data were abstracted from EHRs for all RA patients seen at
a university-based rheumatology clinic between February 2013 and February 2015. We evaluated
floor and ceiling (edge) effects and construct validity of PF-10a in a subgroup of patients with
HAQ scores (n=189). We used linear mixed effects models to assess responsiveness of PF-10a to
longitudinal changes in the Clinical Disease Activity Index (CDAI), for patients in the entire
clinical cohort with both scores recorded on at least two encounters (n=326).

Results—Half of patients were non-white, and 15% were non-English speakers. Over a two-year
period, PF10a was successfully implemented; 97% of patients and 89% of encounters had at least
one measurement performed. PF-10a had fewer ceiling (defined as best) effects than HAQ (8% vs.
22%) and convergent validity was high (r = —0.85). PF-10a was sensitive to expected differences
(older versus younger patients, more versus less active disease). Longitudinal changes in PF-10a
were highly associated with changes in CDAI score (p<0.0001).

Conclusion—The PF-10a was feasible to implement in a diverse RA population. It strongly
correlates with HAQ but has fewer ceiling effects and is responsive to changes in RA disease
activity, suggesting its validity for use in routine clinical practice.

Physical function is a strong predictor of clinical outcomes among patients with rheumatoid
arthritis (RA) (1,2). RA patients rank physical function as a top concern, and physicians
agree that functional status is an essential outcome in RA (3,4). Annual documentation of
patient-reported physical function is now endorsed by the National Quality Forum and
mandated by some insurance payers (5). However, the most widely used patient-reported
physical function measure in rheumatology, the Health Assessment Questionnaire (HAQ)
was designed to detect impairment among patients with greater disability than those seen
today (6), has significant floor effects, and is not sensitive to changes in disease activity over
time (7,8). Given increased recognition of the importance of measurement, documentation,
and integration of patient-reported outcomes into routine clinical care of RA patients,
identification of a self-reported physical function measure that is sensitive to a wide range of
functional status and changes in disease activity and is feasible to implement in a variety of
clinical settings is both essential and timely.

The Patient-Reported Outcome Measurement Information System (PROMIS), a NIH-
initiative to develop patient-reported outcome instruments with improved validity and
efficiency in experimental and observational studies, includes measures to assess patients’
physical, social, and emotional functioning (www.nihpromis.org). These measures are
efficient, sensitive to changes across a broad range of functioning, and are not disease
specific, yielding scores that can be compared across different disease states (9,10).
PROMIS Physical Function items can be administered by Computer Adaptive Test (CAT),
as a stand-alone 6-, 8-, 10- or 20-item paper questionnaire (PF-10a and PF-20), or as part of
a 29-item profile; mode of administration does not affect score precision (11,12).

Global quality of life measures, such as the EQ 5D, have been validated in RA (8,13),
though these measures are not adequately sensitive to clinically important changes in
function (14). Validity and responsiveness of the PF-10a and PF-20 to changes in RA
disease activity have been demonstrated in a predominantly Caucasian, well-educated,
research cohort (15-17). However, implementation of the PF-10a and validation of its
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sensitivity to changes in disease activity have not been described in a real world clinical
setting. A patient-reported measure of physical function that is responsive to changes over
time, actionable, generic and interpretable across disease states, and readily incorporated
into the EHR, is critically needed to advance care for individuals and populations with RA.
In this paper, we describe the implementation of the PF-10a in a racially/ethnically diverse
RA clinic population and evaluate its content validity, floor and ceiling effects, and
sensitivity to change over time.

Patients and Methods

Data sources

Clinical and demographic data were extracted from the electronic health record (EHR) for
all patients seen at the UCSF Rheumatology clinic with at least one face-to-face encounter
with a rheumatologist that was associated with an ICD-9 code for RA between February
2013 and February 2015. All individuals with a Clinical Disease Activity Index (CDAI)
score and a PF-10a score recorded at an encounter were included in the analysis. A subset of
patients were participants in the multi-site longitudinal University of California San
Francisco RA Cohort study (18), which collected additional clinical and demographic data.

The UCSF Committee on Human Research approved this study.

Measures

Physical function was measured using the PF-10a for all patients; the HAQ was also
administered to the RA Cohort subgroup. The PF-10a is a 10-item questionnaire assessing
current self-reported physical function. Raw scores range from 10 to 50 and can be
translated into T-scores, with a mean of 50 and a standard deviation of 10, for comparison
with the U.S. general population mean; for this study, all reported PF-10a scores are T-
scores. A higher PROMIS-PF10a T-score represents better physical function. Chinese and
Spanish PF-10a forms were obtained from www.nih.promis.gov and were utilized for
patients who preferred these languages and were not accompanied by a trained interpreter.
PF-10a can be scored if the participant answers at least 5 of the 10 items. All forms were
scored and entered by clinic staff prior to the clinic visit. The HAQ is a 40-item validated
questionnaire measuring functioning in RA; scores range from 0 to 3, with higher scores
reflecting greater functional limitations (6).

RA disease activity was measured using the Clinical Disease Activity Index (CDAI) (19), a
composite measure of Patient Global Assessment (visual analog scale from 0-100 mm),
Evaluator Global Assessment (visual analog scale from 0-100 mm), and 28-Tender and -
Swollen Joint counts. Scores range from 0-76 with higher values reflecting more severe
disease.

All patients completed a visual analog scale (0-100 mm) for pain at each visit, and serum C-
reactive protein (CRP) was measured at least every 3 months. Demographics (date of birth,
sex, self-reported race/ ethnicity, preferred language, and insurance status) were retrieved
from the EHR. Patients who were participants in the RA Cohort study had additional clinical
and demographic information available: rheumatoid factor and anti-cyclic citrullinated
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peptide serology, presence of erosive disease, date of RA diagnosis, and number of
comorbidities present at diagnosis.

In 2013, the UCSF rheumatology clinic implemented the PF-10a in routine clinical practice.
Several workflows were tested and optimized to achieve maximum patient participation and
to collect information efficiently. The final workflow included identifying patients with RA
through an “‘appointment type’ in our scheduling system, having front desk staff request that
patients complete the PF-10a short form in the waiting room, having medical assistants score
the PF-10a score and enter this information into a documentation flowsheet in our EHR.
Clinic staff tallied and entered raw scores into the EHR prior to the clinical encounter, which
are converted to T-scores for the clinician to view.

Statistical analysis

Floor and ceiling effects—We calculated the proportion of individuals with floor
(defined as worst) and ceiling (defined as best) scores for PF-10a and HAQ and compared
these proportions using Fisher’s exact test.

Validity—Construct validity, the extent to which a test measures the concept or construct
that it is intended to measure (20,21), was assessed by looking at convergent, discriminant,
and known-groups validity in a cross-sectional analysis of all patients with at least one HAQ,
one PF-10a, and one CDAI score. Convergent and discriminant validity were assessed by
comparing correlation of PF-10a to that of HAQ, patient global RA assessments, pain,
swollen- and tender- joint count, and CRP with Spearman’s correlation coefficient, as not all
scores were normally distributed. We expected that the PF-10a would correlate strongly (r<
-0.60) with other measures of physical function (HAQ) and other measures of physical
health (Patient Global Assessment VAS, Pain VAS), and moderately (-0.30 < r<-0.60)
with clinical outcome measures (28 Tender and Swollen Joint Counts) (20).

Known-groups validity was investigated by evaluating differences in mean PF-10a scores
among predefined groups of differing disease severity. PF-10a was hypothesized to show
poorer scores in older patients (age =65 compared with age <50), non-whites (22), those
with moderate or severe RA disease activity (CDAI score >10 compared with CDAI score
<10), those with more severe disease history (RF/CCP positive, history of erosive disease,
history of joint replacement), and those with more comorbid conditions (=2 comorbidities
compared to no comorbidities). T-tests were used to compare mean group differences, and
Cohen’s effect size (the difference in mean scores divided by the pooled standard deviation)
was reported. Effect size values for dichotomous variables were categorized as small (<0.5),
medium (0.5-0.8), or large (>0.8).

Responsiveness—Responsiveness was determined by correspondence of changes in
PF-10a scores to changes in disease activity (CDAI). Clinically important change in the
CDAI has been defined as a 12-point change (the minimal clinically important difference)
(23). To estimate the standardized response mean (SRM), patients with PF-10a measures
recorded on two occasions at least 1 month apart were divided into three groups: those with
a 12-point decrease in CDAI (clinical improvement), those with a 12-point increase in CDAI
(clinical worsening), and those with a <12 point change in CDAI (no change). ANOVA was
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used to test for difference in mean score changes in these subgroups, and the ratio of the
mean score change to the standard deviation of that change was calculated (SRM) (21).
Values were categorized a small (<0.5), medium (0.5-0.8), and large (>0.8).

We then used multi-level mixed effects linear regression to assess the responsiveness of
PF-10a to changes over time by modeling the relationship between PF-10a scores and
changes in CDAI scores among all patients with at least two clinical encounters with
recorded scores (24). This approach was selected for its ability to handle multiple levels of
clustering by provider and by patient, account for different patient intercepts and trajectories,
and handle missing data. We took a stepwise approach to model selection. A random effects
model was fit, first allowing each subject to have his/her own starting intercept and disease
trajectory. Next, since there may be systematic differences in how providers rate swollen and
tender joints in the CDAI, we accounted for clustering by provider. Because different
providers evaluated different sets of patients, a crossed random effects model was used.
Because the association between change in CDAI score and change in PF-10a could be
confounded by the magnitude of the initial CDAI score, we constructed a model separating
out initial CDAI score and change in CDAI score over baselines. We then stratified by race
(non-white/white) and language (non-English/English) to assess longitudinal changes in
PF-10a in these subgroups. Time was included as a linear predictor; adequacy of this was
evaluated for each model and addressed by including quadratic or cubic terms as
appropriate. Goodness of fit was evaluated using the likelihood-ratio test. More complex
models were considered to be statistically significantly better for p values <0.05. Model
checking to evaluate for linearity of predictors, normality, constant variance and outliers was
performed with sensitivity analyses and did not substantively affect results.

Analysis was performed using Stata (StataCorp. 2013. Stata Statistical Software. Release 13.
College Station, TX: StataCorp LP).

Results

Baseline demographic and clinical characteristics of the cohort included in the cross-
sectional validation study were similar to those included in the longitudinal responsiveness
study (Table 1). The majority of patients were female with mean age of 59 years (SD); the
group was racially/ethnically diverse (52% non-white), and the majority reported English as
their preferred language. Most (85%) were seropositive for RF or CCP, median disease
duration was 12 years (IQR 5-21), and about half had moderate or severe disease activity
scores at baseline.

Data from 485 RA patients from 1,989 encounters (mean 3.2 visits, range 1-12) were
extracted from the EHR. 472 (97%) of individuals had PROMIS scores recorded at 1780
(89%) encounters (Figure 1). The final dataset included 416 people who had both PF-10a
and CDAI scores recorded on at least one encounter. Of these, 189 also had HAQ scores
recorded and comprised the research subgroup used to evaluate construct validity. In the
entire clinical cohort used to evaluate responsiveness, 326 individuals had both PF-10a and
CDA scores recorded on at least two encounters, in 880 encounters (mean 3.4 visits, range
2-11), over the study period. This included data from 20 providers (average of 44 RA
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encounters per provider, range 1-530). Mean PF-10a score in the cross-sectional cohort was
42.4 (SD 10.2) (Figure 2), nearly a standard deviation lower than the overall US population.

A significant proportion (35/189, 19%) of HAQ scores clustered at the ceiling (highest level
of functioning), compared to only 16 (8%) of PF-10a scores (p<0.001). Neither PF-10a nor
HAQ had significant floor effects (one patient scored at the floor of the PF-10a score and
none at the floor of the HAQ). To assess whether the correlation between HAQ and PF-10a
was influenced by the substantial ceiling effect of the HAQ, we performed a sensitivity
analysis excluding 35 individuals with a HAQ score of zero (N=154), and found no
substantive change in the strength of the correlation (r=—-0.81).

Validity
Convergent and discriminant validity—PF-10a scores were strongly correlated with
HAQ scores, (r=—0.874) and patient global assessment of RA activity (r=-0.720), and
moderately correlated with pain scores (= —0.631) (Table 2). PF-10a did not correlate with
swollen or tender joint counts (r<-0.3 for both). Correlation with CRP was modest (r =
-0.446). Findings were similar for HAQ. Strength of correlation did not differ substantially
when stratifying by race (white/non-white), language (English/non-English), or age (>65/
<50).

Known-groups validity—Patients who were older, non-white, non-English speaking, had
more active disease (CDAI>=10), longer disease duration, and more comorbidities had
significantly lower PF-10a scores, as hypothesized (Table 3). Effect size (Cohen’s d) was
large in the group dichotomized by disease activity (0.93) and moderate in the group
dichotomized by age (0.62) and language (0.59). There were no significant differences in
groups based on RF or CCP status, a history of erosive disease, or a history of joint
replacement.

Responsiveness

Of 326 patients with at least two clinical encounters, median (IQR) interval between visits
was 104 (88-139) days. Patients with two encounters were divided into 3 subgroups based
on whether they had a 12-point change in CDAI (clinical improvement, n=34; stable disease,
n=273; and clinical deterioration, n=19). Mean PF-10a scores differed significantly between
groups (p <0.001). The standardized response mean was moderate in the improvement
group: 0.73, and small in the groups with stable disease (—=0.02) and clinical deterioration
(-0.43).

Linear mixed effects modeling showed that changes in CDAI scores over time were
significantly associated with changes in PF-10a scores over time (p<0.001), suggesting that
PF-10a is responsive to changes in disease activity. The rate of increase in CDAI score was
related to the rate of decline in PF-10a score (Table 4). In an unadjusted model (Model 1), in
which individuals were allowed their own starting intercept and trajectory, we found that
each 1-point increase in CDAI score was associated with a mean decrease of 0.30 points in
PF-10a score, 95% CI (0.26 to 0.35). In order to assess whether there was clustering by
provider, we tested a crossed mixed effects model; however this model did not converge and
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was subsequently excluded. Model 2 isolated specific within-person changes by including a
separate term for initial CDAI score. This modification resulted in improved model fit
(p<0.001) by the likelihood ratio test when compared to Model 1, but the point estimate was
similar to Model 1. Initial CDAI score was not significantly associated with changes in
PF-10a score (p=0.16). A 12-point increase in CDAI, reflective of the minimally important
difference in disease activity, was associated with a 3.3 (2.7-3.8) point decrease in PF-10a
score. Stratifying by non-white race/ethnicity and non-English language did not affect the
magnitude or significance of the point estimate.

Discussion

Demonstrating that a new, brief patient-reported measure is both valid and responsive to
change is critical prior to its widespread uptake and implementation in clinical practice. Our
study shows that PF-10a has strong psychometric properties and is responsive to clinically
important changes in disease activity over time. Our work also suggests that the validity of
PF-10a is not affected by non-White race/ethnicity or non-English language. In addition, we
demonstrate that PF-10a can be collected efficiently and consistently over a prolonged
period in a busy practice.

Physical function in our RA clinic population was relatively poor, about one standard
deviation below that of the average US population. This is consistent with PROMIS physical
function scores from other RA patients using PF-20 and CAT-based instruments (15), and
notably, similar to those with other chronic diseases, such as cancer (mean 44.9) (25),
chronic obstructive pulmonary disease (mean 40.6) (26), and congestive heart failure (mean
37.2) (27). In healthier or more highly-functioning individuals, and in settings where
detecting the smallest changes among the highest functioning individuals is key, PROMIS-
CAT may be more appropriate (9). However, given that the large majority of our patients did
not score at the ceiling, PF-10a seems both practical and acceptable for use in a general
practice setting. Impressively, all eligible patients had PF-10a scores recorded at each visit,
even those with non-English language proficiency. And while the PF-CAT may reduce item
response burden, implementation of a computer-based measure may not be feasible for all
practices, due to lack of access to equipment, challenges integrating technology into clinical
workflow, and limited computer literacy in certain patient populations (28).

In our evaluation of convergent and discriminant validity, PF-10a scores correlated strongly
with HAQ, patient global assessment by VAS, and pain scores, but did not correlate with
swollen or tender joint counts. The high correlation with HAQ strongly suggests that PF10a
and HAQ are measuring the same underlying construct, so clinicians will still be able to
monitor physical function as they have with HAQ. PF10a, however, is much more responsive
to change. Several interpretations of the poor correlation with joint counts are possible.
Tender and swollen joint counts are performed by a physician, and are not self-reported.
Others have suggested that clinical outcome measures (tender and swollen joints) should be
less strongly related to a patient-reported physical function scale (20); PF-10a may measure
a truly distinct component of patient-reported physical function. Alternatively, the cross-
sectional value may not be reflective of some features of disease activity (tender, swollen
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joints), but the score may be more useful when the trajectory of a patient over time is
considered.

Known group differences by demographic and clinical characteristics performed as
hypothesized. PF-10a score differences were greatest, and had the greatest effect size,
among those with moderate to severe disease activity (CDAI = 10) compared to those with
less active disease. This relationship has been noted in assessments of other PRO measures
of physical function (8), but ours is the first study to report known-groups validity of PF-10a
in an RA population. While significant differences in function were seen among Non-
Hispanic whites compared to others, and among non-English speakers compared to others,
this finding likely reflects racial/ethnic differences in physical function known to exist in our
population and described previously (22).

Ours is the first study to longitudinally evaluate and validate the responsiveness of PF-10a
scores to changes in disease activity measured by CDAL. Standardized response means
suggest that PF-10a may be more responsive to clinical improvement than to clinical
deterioration. This is consistent with previous studies of SF-36 physical function and role
limitation subscales, though not of HAQ, which does not appear responsive to change
(8,13,29). Better understanding of this phenomenon will be critical to help clinicians
interpret changes in PF-10a scores and use this information to talk with patients about
treatment decisions.

While a standard approach to evaluating responsiveness relies on patient self-reported
change anchors obtained at a fixed time point, this was not feasible in our retrospective
analysis of clinical data. Mixed effects modeling has been used previously to assess
longitudinal responsiveness of a measure (24), and was used here to model the relationship
between changes in CDAI and changes in PF-10a score. We found that for each 12-point
increase in disease activity measured by CDAI (the MID), there is, on average, a 3-point
worsening in physical function measured by PF-10a. Importantly, these findings are
quantitatively consistent with Hays’ evaluation of responsiveness of PF-20 in a large RA
cohort, using a change anchor (15). Taken together, these results support the clinical
significance of a 3-point change in PF-10a as the minimally important difference, though
less than the half-standard deviation (5.2) proposed by others (30,31). Future research
should examine responsiveness of PF-10a to patient-reported change using validated change
anchors.

Given data suggesting cultural factors influence patients’ selection of a survey response
questions (32), and the fact that the PROMIS physical function item bank has been validated
in a predominantly Caucasian population with high levels of education, it was especially
important to validate the PF-10a in our multi-ethnic population. Stratifying by non-white
race did not qualitatively affect the point estimate of the relationship between changes in
CDAI and changes in PF-10a score, although subgroups were not large enough to
specifically evaluate differences among Blacks, Hispanics, Asians and whites. Similarly,
stratifying by non-English speakers did not affect the relationship between changes in CDAI
and changes in PF-10a score, though we were limited by a relatively small non English-
speaking population. Interestingly, no patients were missing PF-10a scores, regardless of
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their language preferences, though 15% of eligible Chinese-speaking patients and 29% of
eligible Spanish-speaking patients were missing HAQ scores. Given that HAQ forms
become more cumbersome (more than 10 pages) in Chinese, and that non-English versions
of the HAQ have a reading level rated as ‘Difficult’ (33), this is not surprising and suggests
that use of the PF-10a in a multi-lingual clinical setting may be more appropriate.

Our study has several important limitations. First, for maximal efficiency, PF-10a score data
was entered as a raw score into the EMR, and individual questions were not recorded, so we
were not able to examine the item characteristics of the PF-10a. Second, we used real
clinical data from a two-year period, from individuals with different time intervals between
visits. Thus, although we were able to assess measure responsiveness, we were not able to
calculate measure repeatability, though this has been tested previously (16,17). Additionally,
patients with more frequent clinical encounters may have differed from those with less
frequent visits, which may have affected the beta-estimates from our mixed effects model.
However, in a sensitivity analysis, patients at different quartiles of visit frequency did not
differ in their baseline characteristics or in their starting PF-10a score, suggesting this would
not have affected the estimates we obtained. Finally, when evaluating responsiveness of
PF-10a to changes in CDAI in the mixed effects model, CDAI score was treated as a
continuous measure, and a 12-point minimally important difference in CDAI was used as a
reference. More recent work suggests that the MID for CDAI differs depending on an
individuals’ starting score and the directionality of the change (34). While this may be true,
we have nonetheless shown that PF-10a scores change in the expected direction and over
time.

Several important questions remain regarding the relationship between changes in CDAI and
PF-10a in RA patients. While our model suggests that PF-10a is responsive to changes in
CDAI over time, the optimal frequency with which we should be measuring PF-10a remains
unknown. Our work serves as the foundation for identifying those patients for whom
changes in CDAI do not predict changes in PF-10a, and understanding why this is the case.
Unraveling the contribution of other factors such as depression and fibromyalgia are also
critical to understanding the responsiveness of this measure and its clinical utility, and future
studies should focus on these factors. Most importantly, PF-10a is a generic instrument that
could be used by health institutions in many clinical settings to understand physical function
at the population level. Placing RA patients on a scale with population standards is an
important step forward in rheumatology patient care.
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Significance and Innovations

Patients, providers, and payers value integration of patient-reported measures
of physical function into rheumatoid arthritis (RA) care, but validity and
responsiveness of these measures have not been well studied in a real-world
clinic setting.

We found that a brief measure of patient-reported physical function,
PROMIS-PF10a (PF-10a), was feasible to implement in our RA clinic, with
high rates of completion even among non-English speakers, minimal ceiling
effects and robust construct validity.

This is the first study to demonstrate that changes in PF-10a are sensitive to
changes in RA disease activity measures over time, and that this association is
preserved among non-White and non-English speaking patients.

Incorporating a brief, responsive, patient-reported measure of physical
function into routine clinical care of RA patients provides an opportunity to
change how providers display information to patients and engage in treatment
decisions, and importantly, how health systems understand the burden of RA
relative to other diseases.
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Rheumatoid Arthritis clinic patients (n=485)
At least one face-to-face encounter with rheumatologist, coded as RA return visit

Associated with ICD-9 code for RA

Excluded (n=69)

> . Missing 21 PF-10a score (n=13)
+ Missing 21 CDAI score (n=64)

A4

Rheumatoid Arthritis clinic patients (n=416)
At least one encounter with both PF-10a and CDAI scores recorded

Excluded (n=231)

—> . Not RA cohort participant (n=144)
+ Missing HAQ score (n=87)

v

Research subcohort (n=189)

Included in assessment of floor/ceiling
effects and construct validity

Figure 1.

Excluded (n=90)

> . Patients with only a single
encounter

A4

Clinical cohort (n=326)

Included in assessment of longitudinal
responsiveness

Flow diagram of patients included in validation and responsiveness studies
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Percentage distributions of HAQ and PROMIS PF-10a T-score and scatterplot of correlation
between them (r=-0.85) in 189 RA clinic patients.
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Table 1

Baseline characteristics of the RA clinic population

Research subcohort

Entire clinical cohort

N=189 =
Age in years, mean + SD 59 + 14 59 + 14
Female, % 81.5 81.6
Race/Ethnicity, %
White 56 48
African American 5 8
Hispanic 16 15
Asian 14 18
Other 8 10
English preferred, % 87 82
Insurance type, %
Private or state plan 54 52
Medicare 36 36
Medicaid 9 11
RA disease activity
CDAI category, %
Remission 16 14
Low 39 39
Moderate 30 27
Severe 14 20

Patient Global RA Assessment VAS, median (IQR)
Pain VAS, median (IQR)
Tender 28-joint count, median (IQR)
Swollen 28-joint count, median (IQR)
CRP mg/dl, median (IQR)

RA disease severity
RF or CCP positive, n (%)
> 2 Comorbid conditions, n (%)
Disease duration in years, median (IQR)
History of erosive disease, %
History of joint replacement, %

PF10a, mean + SD

HAQ, mean + SD

29.0 (13.0 - 52.0)
27.0 (9.0 - 55.0)
1.0 (0.0-4.0)
2.0 (0.0-4.0)
3.6 (15-9.7)

159 (85)
44 (23.5)
13 (5-22)
58
10
42.4+10.2
09+0.8

35.0 (14.0 - 61.0)
34.0 (12.0 - 64.0)
1.0 (0.0-5.0)
1.0 (0.0-5.0)
3.8(1.9-9.8)

172 (87)
40 (20)
12 (5-22)
61
12
402105
09+0.8
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Table 2

Convergent and discriminant validity for PF-10a scores reflected by Spearman’s correlation coefficients in 189
RA clinic patients.

Domain and expected correlation Validated measures r

Strong correlation (r<-0.6)

Patient-reported physical function ~ HAQ -0.874
Patient-reported global RA activity ~ VAS global -0.720
Patient-reported physical health VAS pain -0.631

Moderate correlation (-0.3< r<-0.6)
Clinical outcomes Tender joint count -0.293
Swollen joint count ~ -0.280

Weak correlation (r <-0.3)

Biological process measure CRP (mg/dl) -0.446

Bolded values indicate domains for which PF-10a has good convergent or discriminant validity.

RA = Rheumatoid Arthritis; HAQ = Health-Assessment Questionnaire; VAS = Visual Analog Scale; CRP = C-Reactive Protein
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Table 3

Known-group validity for PF-10a in 189 RA clinic patients.

Known-group comparisons n Mean (SD)  Mean group difference  Effect size (Cohen’s d)

(95% CI)
Demographic characteristics

Age
>65 years 78 40.6(9.9) -6.0 (9.7, —2.4) 0.62
<50 years) 17 46.6 (9.7)

Race/Ethnicity
Non-white 83 39.8(9.7) -4.6 (-7.5,-1.7) 0.46
White 106 44.4(10.2)

Preferred language
Non-English 24 37.2(10.1) -5.9(-10.2, -1.6) 0.59
English 165  43.2(10.1)

Clinical characteristics at baseline

More active disease
CDAI 210 84 37.6 (9.0) -8.6 (-11.3, -6.0) 0.93
CDAI <10 105  46.2(9.5)

Seropositive
RF or CCP + 159 42.6 (10.1) 1.5 (2.6, 5.6) -0.15
RF and CCP - 28 41.1(10.8)

Disease duration
> 12 years 119 41.1(10.2) -3.4(-6.4, -0.4) 0.34
<12 years 70 44.6 (9.9)

Erosive disease
Present 109 41.1(9.9) -2.9(-5.9, 0.02) 0.29
Absent 78 44.1(10.2)

Joint replacement
Present 19  38.8(9.5) -3.9(-8.7, 0.9) 0.39
Absent 168 42.8(10.2)

Comorbidities
>2 present 44 39.3(9.8) -3.9(-0.2, -7.6) 0.39

None present 88 43.3 (10.3)

Bolded values indicate those with a significant effect size, Cohen’s > 0.6.
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Table 4

Linear mixed effects model coefficients (95% CI) representing the association between average change in
CDA score and change in physical function score (PF-10a) over time.
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B (95% CI)

Model 1

-0.30 (~0.35, —0.26)

Model 2 (baseline CDAI adjustment)

Entire group, n=326

-0.27 [-0.32 - —0.23]

Stratified by race

Non-white (n=169)

-0.28 [-0.34 - —0.21]

White (n=157)

-0.26 [-0.33 — -0.20]

Stratified by language

Non-English (n=60)

-0.27 [-0.37 - -0.17]

English (n=266)

-0.27 [-0.32 - —0.22]

Adjusting for age did not affect the point estimate of the model.
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