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Abstract

Background: The evaluation of Patient Reported Outcomes Measurement Information System (PROMIS) computerized
adaptive test (CAT) in adults with systemic lupus erythematous (SLE) is an emerging field of research.We aimed to examine
the test–retest reliability and construct validity of the PROMIS CAT in a Canadian cohort of patients with SLE.
Methods: Two hundred twenty-seven patients completed 14 domains of PROMIS CAT and seven legacy instruments
during their clinical visits. Test–retest reliability of PROMIS was evaluated 7–10 days from baseline using intraclass
correlation coefficient (ICC (2; 1)). The construct validity of the PROMIS CAT domains was evaluated against the
commonly used legacy instruments, and also in comparison to disease activity and disease damage using Spearman
correlations. A multitrait-multimethod matrix (MMM) approach was used to further assess construct validity comparing
selected 10 domains of PROMIS and SF-36 domains.
Results: Moderate to excellent reliability was found for all domains (ICC [2;1] ranging from lowest, 0.66 for Sleep
Disturbance and highest, 0.93 for the Mobility domain). Comparing seven legacy instruments with 14 domains of PROMIS
CAT, moderate to strong correlations (0.51–0.91) were identified. The average time to complete all PROMIS CAT
domains was 11.7 min. The MMM further established construct validity by showing moderate to strong correlations (0.55–
0.87) between select PROMIS and SF-36 domains; the average correlations from similar traits (convergent validity) were
significantly greater than the average correlations from different traits.
Conclusions: These results provide evidence on the reliability and validity of PROMIS CAT in SLE in a Canadian cohort.
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Key Messages

1. The data from this SLE cohort demonstrate that the
PROMIS CAT domains have moderate to excellent
test–retest reliability and moderate to strong construct
validity compared to all seven legacy instruments.

2. Using the multitrait-multimethod matrix, six a priori
hypotheses were confirmed showing moderate to
strong correlations between select PROMIS and SF-
36 domains (convergent validity).

3. The PROMIS CAT instruments seem feasible for
many clinical environments as the median time to
completion of all 14 PROMIS CAT domains was
11.7 min without additional time needed to score.

Introduction

Systemic lupus erythematous (SLE) is a multi-organ au-
toimmune disease with significant impact on overall health-
related quality of life (HRQoL).1–3 Studies have shown that
physician assessments of disease burden do not always align
with patient reports.4 As a result, patient-reported outcome
(PRO) measurement tools have become invaluable in
clinical practice and are central to patient-centered care.
PROs have the potential to increase participation of patients
in their medical care and to facilitate earlier identification
and access to mental health and social support.2

Currently, there are multiple generic and SLE-specific
questionnaires that have validity evidence in SLE to evaluate
HRQoL called legacy instruments.5,6 Specifically, these in-
struments include the following: The Medical Outcomes
Study Short-Form 36 Health Survey (SF-36),7 Lupus Quality
of Life (LupusQoL),8 Beck Anxiety Inventory (BAI),9 The
Perceived Deficits Questionnaire (PDQ-20),10 Beck De-
pression Scale-second edition (BDI-II),11,12 The Assessment
of Chronic Illness Therapy Fatigue Scale (FACIT-F),13 and
Epworth Sleepiness Scale (ESS).14 Often these legacy in-
struments are administered on paper, and scoring each
separately can become cumbersome at point of care.15

The Patient Reported Outcome Measurement Information
System (PROMIS) was created by the National Institute of
Health in 2004 to describe and evaluate physical, mental and
social health.16–19 It purports to have widespread utility in both
the general population and in individuals living with chronic
conditions.16–18,20 PROMIS instruments have been shown to
capture the experiences of patients across the broad continuum
of symptoms and function, especially at low disease activity
levels in a variety of rheumatological illnesses.21

A derivative of PROMIS tools based on item response
theory (IRT), computerized adaptive tests (CAT) have been
shown to efficiently (i.e., feasibility), accurately (i.e., val-
idity) and precisely (i.e., reliability) incorporate patient self-
report of health into research, potentially reducing research
costs.22,23 Administered on an iPad or computer platform,

PROMIS CAT has the ability to incorporate multiple do-
mains of health. Current literature suggests that CAT-based
assessments have the ability to modify the number of
questions based on previous answers leading to reductions
in responder burden.21,22 PROMIS CAT instruments or
domains incorporate patient self-report of health into re-
search, allowing for reduced number of measurements and
therefore, reduced research costs.23,24

Initial studies of the PROMIS CAT instruments provide
promising measurement property evidence supportive of use
in English speaking North American SLE populations.
Kasturi et al. (2017) reported that in 204 patients with SLE, 10
PROMIS CAT domains had moderate to strong correlations
(ρ =�0.49 to 0.86, p < 0.001) with SF-36, and LupusQoL-US
version and moderate to good test-retest reliability (ICC
were >0.7 across all domains).25 Despite the supportive initial
evidence, gaps in evidence exist and research is still needed to
endorse the use of the PROMIS CAT instruments in SLE
populations. No study to date has compared all 14 domains of
PROMIS CAT with legacy instruments in patients with SLE
in Canada. Furthermore, no study has used multitrait-
multimethod (MMM) analysis as proposed by Campbell
and Fiske to examine the validity of similar and different traits
of PROMIS CAT and legacy instruments simultaneously for
use in SLE.26 Creating a multi-dimensional measurement
model has the added benefit of further examining whether
PROMIS actually measures the given traits it purports to
evaluate.26 Having more comprehensive reliability and val-
idity evidence for a PRO tool to assist rheumatologists, the
health care team and patients in the assessment and early
identification of physical, mental, and social concerns is
crucial for optimal disease management of patients with SLE.

Hence, this study aims to: (1) compare time to completion
of the PROMIS CAT domains with legacy instruments; (2)
assess intra-rater test–retest reliability of PROMIS CATs; (3)
evaluate construct validity of PROMIS CATs compared to
legacy PROmeasures, in addition to SLE disease activity and
organ damage metrics; and (4) evaluate convergent validity
of PROMIS CAT in relation to SF-36 using an MMM
analysis comparing similar and different traits.

Materials and methods

Study design

This was a prospective observational study whereby par-
ticipants were asked to complete selected legacy instru-
ments and the PROMIS CATon a laptop or tablet in clinic or
at home. Patients were also asked if they would complete
the PROMIS CAT 7–10 days after baseline at home to study
intra-rater test–retest reliability. Of 227 patients, 38% (n =
87) agreed to complete the PROMIS CAT again 7–10 days
after baseline at home. This study was approved by the
hospital-based research institutional ethics board.
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Recruitment and sample

All consecutive English-speaking adults (≥18 years old) with
SLE receiving care at a Toronto Lupus Center between July
2018 and Jan 2020 were screened for potential inclusion.

To be included in the study, recruited patients fulfilled at
least four of the ACR revised criteria for the classification of
SLE or three ACR criteria and a biopsy (lupus nephritis and
cutaneous lupus).27 Patients consented to participate at their
regular appointments. Patients either agreed to complete the
questionnaires in clinic on an iPad or computer or at home
accessed through an email.

Measures

Patients completed the PROMISCATduring their clinical visit
and 7 days later at home (for test–retest intra-rater reliability)
assessing 14 domains of health, specifically: Physical Function
(V2.0), Applied Cognitive Abilities (V2.0), Applied Cognitive
General (V2.0), Mobility (V2.0), Pain Behavior (V2.0), Pain
Interference (V1.1), Ability to Participate in Social roles
(V2.0), Satisfaction with Social Roles (V2.0), Sleep Distur-
bance (V1.0), Sleep Related Impairment (V1.0), Fatigue
(V1.0), Anger (V1.1), Anxiety (V1.0), and Depression (V1.0).

The PROMIS CAT is scored using T score metrics where
the mean ± standard deviation T score is 50 ± 10 in the US
general population. Higher T scores reflect more of a par-
ticular domain. For some domains, a higher score is more
desirable such as Physical Function, but for others it is less
desirable such as Fatigue. The number of questions ad-
ministered for each PROMIS CAT domain ranges from 4 to
12. Questions within domains are based on a 7-day recall
period except for the physical and social health domains
which do not specify a recall time frame.

Patients were also asked to complete: The SF-36,7 Lu-
pusQoL,8 Beck Anxiety Inventory (BAI),9 The Perceived
Deficits Questionnaire (PDQ-20),10 Beck Depression Scale-
second edition (BDI-II),11,12 The Assessment of Chronic
Illness Therapy Fatigue Scale (FACIT-F),13 and Epworth
Sleepiness Scale14 (see Supplement 1 for details on scores
and recall periods for each). High scores on SF-36 in any
domain indicate better health.7,19 Disease activity was
quantified using the Systemic Lupus Erythematosus Disease
Activity Index 2000 (SLEDAI-2K).28 SLEDAI-2K ranges
from 0 (no disease activity) to 105 (most organ involvement).
SLE-related organ damage was quantified using Systemic
Lupus International Collaborating Clinics (SLICC)/ACR
Damage Index (SDI).27,29 SDI ranges from 0 (no organ
damage) to 46 (most organ damage).

Statistical analysis

Sample characteristics. Study participants socio-demographic
and disease related information was collected at baseline

including: age at study enrolment, SLE disease duration at
study enrolment, sex, self-identifying ethnicity and highest
education at enrolment. The mean and standard deviation (SD)
for continuous variables and frequency (percent) for categorical
variables) was calculated. Differences between patients who
agreed to participate (participants) and those who declined to
participate (non-participants) were evaluated by examining
clinical and socio-demographic characteristics using un-paired
t-test for continuous variables, chi-square test for binary and
Cochran–Armitage trend test for categorical variables. Baseline
T scores for PROMIS domains are reported as mean ± SD.

Instrument interpretability and feasibility. Floor and
ceiling effects for each instrument, an indicator of instru-
ment score interpretability was determined by calculating
the percentage of respondents with the minimum and
maximum scores (i.e., floor and ceiling effects, respec-
tively). Floor or ceiling effects were considered meaningful
when >15% of respondents scored at extremes.30 Median
time to completion for each PROMIS domain and the legacy
instruments were displayed in seconds and were used as an
indicator of instrument feasibility or usability.

Intra-rater test–retest reliability. Test–retest reliability
was evaluated with intra-class correlation coefficient (ICC
(2; 1)) analysis of PROMIS CATscores at baseline and 7–10
days after baseline.31 ICC (2; 1) values were interpreted in
the following way: < 0.5 was indicative of poor reliability,
between 0.5 and 0.75 indicated moderate reliability, be-
tween 0.75 and 0.9 indicated good reliability, and >0.9
indicated excellent reliability.31

Construct validity. PROMIS CAT 14 domains were
evaluated against the seven commonly used legacy in-
struments (The SF-36,7 LupusQoL,8 Beck Anxiety In-
ventory [BAI],9 The Perceived Deficits Questionnaire
[PDQ-20],10 Beck Depression Scale-second edition [BDI-
II],11,12 The Assessment of Chronic Illness Therapy Fatigue
Scale [FACIT-F],13 and Epworth Sleepiness Scale,14) in
addition to SLEDAI-2K and SDI. We hypothesized that
most legacy instruments would have at least a moderate
correlation with corresponding PROMIS domain and that
SLEDAI-2K and SDI would have a weak correlation with
PROMIS domains.

Construct validity was also evaluated using the MMM
approach comparing a similar construct using two different
tools (in our case PROMIS-CAT and SF-36).32–34 10
PROMIS-CAT domain scores (Physical Function, Mobility,
Pain Behavior, Pain Interference, Fatigue, Anger, Anxiety,
Depression, Ability to Participate in Social Roles, Satisfac-
tion with Social Roles) and SF-36 domains scores (Physical
Function, Role Physical, Bodily Pain, Vitality, Role Emo-
tional, General Health, Mental Health, Social Function) were
compared. We hypothesized that similar traits (convergent
validity) on average would have higher correlations than
different traits between SF-36 and PROMIS-CAT domains
(similar and different trait correlations are represented in
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Supplement 2). Using the MMMmatrix, construct validity
was also evaluated using additional six a priori hypotheses
to explore the relationships of PROMIS-CAT domains
with corresponding SF-36 domains. We hypothesized that
the following associations with at least moderate strength
in the same direction would be found (Spearman corre-
lation ρ>0.3): (1) PROMIS-CAT Physical Function and the
SF-36 domains of Physical Function and Role Physical;
(2) PROMIS-CAT Pain Behavior and Pain Interference
and the SF-36 domain Bodily Pain; (3) PROMIS-CAT
Anger, Anxiety, and Depression with SF-36 Role Emo-
tional scores; (4) PROMIS-CAT Ability to Participate in
Social Roles and Satisfaction with SF-36 Social Roles; (5)
PROMIS-CAT Fatigue with SF-36 Vitality; (6) PROMIS-
CAT Depression, Anger and Anxiety with SF-36 Mental
Health. The values were interpreted in the following way:
ρ <0.3 was indicative of weak association, ρ = 0.3–0.7 was
indicative of moderate correlation, and ρ > 0.7 was indicative
of strong correlation.35

Analytical software used in this project was SAS 9.3
(SAS Institute Inc., Cary, NC, USA.), and a p value <0.05
was regard as statistically significant.

Results

Sample characteristics

Four hundred and fourteen patients were approached, with
227 patients (55%) agreeing to participate in the study. 211

(93%) completed PROMIS CAT remotely, and 87 (38%)
participants completed the retest within 7–10 days. Out of the
14 PROMIS domains, 11 domains had no missing data, the
Physical Function domain had 13 (5.7%) missing, while Pain
Behavior and Pain Interference had 2 (0.9%) data points
missing. For the legacy instruments, less than 5% of the data
were missing per domain except for ESS having 12 (5.3%)
missing. Subjects were predominantly female (90.3%), with a
mean age of 48.6 ± 14 years. Significant differences were
found between participants and the 187 patients who declined
participation in age, ethnicity, and SLEDAI-2K score
(Table 1). Reasons cited by patients that did not want to
participate included the following: no time, resistance to use
technology, and no email address to administer survey at
home among others. The mean disease activity by SLEDAI-
2K in participants was 2.1 ± 2.3 and in non-participants was
2.8 ± 3.2 (p = 0.01). The mean damage by SDI in participants
was 1.7 ± 1.9 and non-participants was 1.8 ± 2.2 (p = 0.38). A
complete description of characteristic can be found in Table 1.

Instrument interpretability and feasibility

PROMIS CAT and legacy instrument score distributions, an
indication of instrument interpretability, can be found in
Supplement 1. Mean scores on all PROMIS CAT domains
were significantly worse than the general population (p <
0.05), (participation social roles, satisfaction social roles, and
anger were not statistically different from general population

Table 1. Group Characteristics in comparison to non-participants.

Variable Value
Participants
(n = 227)

Non-participants
(n = 187) p-value

Age (years) at study enrolment Mean ± SD 48.6 ± 14.1 53.3 ± 14.3 0.001
SLE disease duration at study enrolment (years) Mean ± SD 18.5 ± 12.4 19.6 ± 12.3 0.37
Female Yes n (%) 205 (90.3%) 172 (92.0%) 0.55
Ethnicity Black n (%) 31 (13.7%) 48 (25.7%) 0.005

White n (%) 144 (63.4%) 101 (54.0%)
Asian n (%) 25 (11.0%) 11 (5.9%)
Others n (%) 27 (11.9%) 27 (14.4%)

Highest level of education </= Grade 8 n (%) 1 (0.4%) 3 (1.6%) 0.07
>Grade 8 n (%) 7 (3.1%) 7 (3.8%)
High school
graduate n (%)

42 (18.8%) 53 (29.0%)

College n (%) 73 (32.6%) 55 (30.1%)
University n (%) 101 (45.1%) 65 (35.5%)

SLEDAI-2K score Mean ± SD 2.1 ± 2.3 2.8 ± 3.2 0.01
SLEDAI- 2K immunological score
(dsDNA and complements)

Mean ± SD 1.4 ± 1.5 1.4 ± 1.6 0.59

Low complements or elevated dsDNA antibodies Yes (%) 98 (51.9%) 84 (52.2%) 0.95
SDI Mean ± SD 1.7 ± 1.9 1.8 ± 2.2 0.38
Anti-malarial Yes (%) 140 (61.7%) 169 (90.4%) <0.001
Prednisone % (mean dose) Yes (%)

(mean ± std)
79 (34.8%)
(8.3 ± 7.1)

159 (85.0%) (23.3 ± 18.6) <0.001
<0.001

Immunosuppressants (%) Yes (%) 94 (41.4%) 126 (67.4%) <0.001
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after Bonferroni adjustments for multiple tests). Ceiling effects
were found for the Mobility domain of PROMIS CAT where
17.2% of the participants had the highest score. Floor effects
were found with Pain Behavior and Interference whereby
20.9% of the population had the lowest score (Table 2).

Median time taken to complete PROMIS and legacy
questionnaires are displayed in Table 3. Each PROMIS
domain took less time to complete than the corresponding
domain on the legacy instruments. The only exception to
this is that the median time to complete the Sleep Related
Impairment domain was 87 s (IQR: 59.5–129.5) versus the
median time to complete the ESS questionnaire was 72 s
(IQR: 56–100). In total, all 14 PROMIS domains took
700.5 s (IQR: 50.75–1016.5) or 11.7 min (IQR: 0.84–16.9)
to complete (Table 3). SF-36 (8 domains) took 317 s (IQR:
236–460.5) to complete, LupusQoL (8 domains) took 264 s
(IQR: 191–411), while the other five legacy instruments
together (BAI, PDQ-20, BDI-II, FACIT-F, ESS) took 567 s
(IQR: 421–796) to complete. Total time for all legacy in-
struments was 22.13 min (IQR: 16.75–31.7).

Test–retest reliability

Eighty-seven (38%) participants completed the retest within
10 days. Moderate to excellent reliability was found for all
domains (ICC (2; 1) range 0.66–0.93). The lowest ICC (2;
1) were identified for Sleep Disturbance (ICC (2;1) 0.66;
95% CI: 0.51, 0.80) and Satisfaction with Social Roles (ICC
(2;1) 0.70; 95% CI: 0.45, 0.89) (Table 4).

Construct validity

Table 6 explores the relationships between PROMIS CAT
domains and the corresponding legacy instruments, in

addition to disease activity (SLEDAI-2K) and damage (SDI).
Moderate to strong correlations (ρ = 0.51–0.91) were found
for each PROMIS CAT domains with most closely corre-
sponding legacy instrument domains (Table 5). The only
legacy instrument that did not correlate as highly with
PROMISCATwas ESS (ρ = 0.19with SleepDisturbance and
ρ = 0.33 with Sleep Impairment). The highest correlations
were found between SF-36 Physician Function and Mobility
of PROMIS CAT (ρ = 0.91) and Physical Function of
PROMIS CAT (ρ = 0.87). Correlations between SLEDAI-2K
and SDI were generally weak.

Using the MMM, construct validity was tested again. All
a priori developed hypotheses in Supplement 2 were sat-
isfied. As we hypothesized, PROMIS CAT demonstrated
significant correlations with legacy instruments in compa-
rable domains and weaker correlations with domains of
different traits (Table 6). Furthermore, the average corre-
lations of similar traits between the 10 domains of PROMIS
CAT and SF-36 were greater than the average correlations
from different traits confirming our hypotheses. All six a
priori hypotheses were satisfied with moderate to strong
correlations (Spearman correlation, ρ = 0.55–0.87) between
PROMIS-CAT and most SF-36 domains.

1. Patients with lower Physical Function (PF) scores on
PROMIS CAT also have lower Physical Function
scores across the two related SF-36 domains
(Physical Function (PF) and Role Physical (RF))
with at least a moderate correlation (ρ>0.3).
PROMISPF/SF-36PF (ρ = 0.87, p < 0.0001)
PROMISPF/SF-36RF (ρ = 0.76, p < 0.0001)

2. Patients that scored higher on Pain Behavior (PB)
and Pain Interference (PI) on PROMIS CAT scored

Table 2. PROMIS CAT score distributions.a

Domain Mean ± SD Floor n (%) Ceiling n (%)

Physical Function 43.9 ± 9.1 1 (0.5%) 1 (0.5%)
Mobility 44.9 ± 9.4 2 (0.9%) 39 (17.2%)
Pain Behaviour 53.3 ± 10.7 47 (20.9%) 1 (0.4%)
Pain Interference 54.9 ± 10.6 47 (20.9%) 1 (0.4%)
Fatigue 57.3 ± 10.3 2 (0.9%) 1 (0.4%)
Sleep Disturbance 55.4 ± 10.2 4 (1.8%) 1 (0.4%)
Sleep-Related Impairment 56.3 ± 10.3 2 (0.9%) 1 (0.4%)
Anger 51.3 ± 9.8 7 (3.1%) 1 (0.4%)
Anxiety 55.7 ± 8.9 3 (1.3%) 1 (0.4%)
Depression 52.4 ± 9.8 16 (7%) 1 (0.4%)
Ability to Participate in Social Roles 48.3 ± 9.6 1 (0.4%) 19 (8.4%)
Satisfaction with Social Roles 48.4 ± 11.0 2 (0.9%) 22 (9.7%)
Applied Cognitive Abilities 46.9 ± 9.4 2 (0.9%) 14 (6.2%)
Applied Cognitive General 46.5 ± 8.8 1 (0.4%) 9 (4.0%)

aBold values are the only scales for which the criterion for floor or ceiling effects was met.
Mean scores on all PROMIS CAT domains were significantly worse than the general population (p < 0.05) (participation social roles, satisfaction social
roles, and anger were not statistically different from general population after Bonferroni adjustments for multiple tests).
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lower (worse) Bodily Pain (BP) on SF36 with at least
a moderate correlation (ρ > 0.3).
PROMISPB/SF-36BP (ρ = �0.80, p < 0.0001)
PROMISPI/SF-36BP (ρ = �0.82, p < 0.0001)

3. Patients that scored higher on Anger (ANG), Anx-
iety (ANX), or Depression (DEP) on PROMIS CAT,
rated a lower Role Emotional (RE) health on SF-36
with at least a moderate correlation (ρ > 0.3).
PROMISANG/SF-36RE (ρ = �0.55, p < 0.0001)
PROMISANX/SF-36RE (ρ = �0.61, p < 0.0001)
PROMISDEP/SF-36RE (ρ = �0.65, p ≤ 0.0001)

4. Patients with lower scores on Ability to Participate in
Social Roles (APSR) and Satisfaction with Social
Soles (SSR) on PROMIS CAT also rated lower on
Social Function (SF) on SF-36 with at least a
moderate correlation (ρ > 0.3).
PROMISAPSR/SF-36SF (ρ = 0.78, p = <0.0001)
PROMISSSR/SF-36SF (ρ = 0.71, p = <0.0001)

5. Patients with higher Fatigue (FA) score on PROMIS
CAT would have a lower Vitality (VT) score on SF-
36 with at least a moderate correlation (ρ > 0.3).
PROMISFA/SF-36VT (ρ = �0.85, p= < 0.0001)

6. Patients with a higher Depression (DEP), Anxiety
(ANX), or Anger (ANG) score on PROMIS CAT
would have a lower Mental Health (MH) score on
SF-36 with at least a moderate correlation (ρ > 0.3).

Table 3. Demonstration of average number of items administered per questionnaire and median time to completion.

No. Items patients answered in
each domain mean (SD)

Median (IQR) time (in seconds) to
complete the question

PROMIS CAT
Physical Function 4.3 (1.6) 87 (59.5, 129.5)
Pain Interference 5.9 (3.3) 45 (32, 68)
Pain Behavior 5.9 (3.3) 4 (4, 6)
Fatigue 4.2 (1.1) 41.5 (30.5, 60)
Mobility 5.9 (3.3) 49 (33, 78)
Depression 5.4 (2.6) 27 (19.5, 45.5)
Anxiety 4.8 (1.9) 29 (23, 46)
Anger 7.1 (2.3) 49 (29.5, 69)
Ability to Participate in Social Roles 5.0 (2.4) 43 (31, 58)
Satisfaction with Social Roles 5.5 (2.9) 46.5 (32.5, 66)
Applied Cognitive General 5.7 (3.0) 53 (38, 87.5)
Applied Cognitive Abilities 5.3 (2.6) 45 (30, 68.5)
Sleep Disturbance 5.1 (2.2) 39.5 (27.5, 58)
Sleep-Related Impairment 5.1 (2.4) 87 (59.5, 129.5)

Total PROMIS 75.3 (21.1) 700.5 (50.7.5, 1016.5)
TheMedical Outcomes Study Short-Form 36 Health Survey (SF-36) 36 317 (236, 460.5)
Lupus Quality of Life (LupusQoL) 34 264 (191, 411)
Beck Anxiety Inventory (BAI) 21 112 (85, 148)
The Perceived Deficits Questionnaire (PDQ-20) 20 136 (103, 182)
Beck Depression Scale-2nd edition (BDI-II) 21 236 (159, 340)
The assessment of chronic illness therapy fatigue scale (FACIT-F) 13 85 (64, 119)
Epworth sleepiness scale (ESS) 8 72 (56, 100)
Total for BAI, PDQ-20, BDI-II, FACIT-F, ESS 83 567 (421, 796)
Total for all legacy instrument 153 1328 (1005, 1902)

Table 4. Test–retest reliability of PROMIS CAT (n = 87).

Domain ICC (2, 1) and 95% CI

Physical Function 0.91 (0.85, 0.95)
Mobility 0.93 (0.89, 0.97)
Pain Behaviour 0.80 (0.59, 0.93)
Pain Interference 0.82 (0.69, 0.93)
Ability to Participate in Social Roles 0.85 (0.78, 0.92)
Satisfaction with Social Roles 0.70 (0.45, 0.89)
Fatigue 0.81 (0.71, 0.90)
Sleep Disturbance 0.66 (0.51, 0.80)
Sleep-Related Impairment 0.77 (0.66, 0.88)
Anger 0.74 (0.60, 0.85)
Anxiety 0.75 (0.62, 0.90)
Depression 0.86 (0.80, 0.91)
Applied Cognitive Abilities 0.71 (0.55, 0.85)
Applied Cognitive General 0.85 (0.77, 0.92)
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Table 5. Spearman Correlation, ρa between 14 domains of PROMIS CAT and seven legacy instruments in addition to SLEDAI-2K and
SDI.

PROMIS CAT domains Legacy instrument domains Spearman correlation SLEDAI-2K SDI

Physical Function SF-36 Physical function 0.87 0.20 �0.35
SF-36 Role Physical 0.76
SF-36 Physical Component Summary 0.84
Lupus QoL Physical 0.82

Mobility SF-36 Physical Function 0.91 0.17 �0.39
SF-36 Role Physical 0.70
SF-36 Physical Component Summary 0.83
Lupus QoL Physical 0.80

Pain Behavior SF-36 Bodily Pain �0.80 �0.17 0.25
Lupus QoL Pain �0.77

Pain Interference SF-36 Bodily Pain �0.82 �0.15 0.24
Lupus QoL Pain �0.76

Fatigue SF-36 Vitality �0.85 0.09a 0.07a

Lupus QoL Fatigue �0.72
FACIT 0.82

Anger SF-36 Mental Health �0.64 �0.13a 0.02a

SF-36 Role Emotional �0.55
SF-36 MCS �0.64
Lupus QoL Emotional �0.61

Anxiety SF-36 Mental Health �0.78 0.00a �0.03a

SF-36 Role Emotional �0.61
SF-36 MCS �0.74
LupusQoL Emotional �0.70
BAI 0.65

Depression SF-36 Mental Health �0.80 �0.02a 0.03a

SF-36 Emotional Role Functioning �0.65
SF-36 MCS �0.79
LupusQoL Emotional Health �0.74
BECK depression 0.72

Ability to Participate in Social Roles SF-36 Social Function 0.78 0.12a �0.25
Lupus QoL Intimate Relationships 0.48
Lupus QoL Emotional Health 0.59

Satisfaction with Social Roles SF-36 Social Function 0.71 0.12a �0.18
Lupus QoL Intimate Relationships 0.47
Lupus QoL emotional health 0.59

Applied Cognitive General PDQ20 �0.80 0.16 �0.04a

Lupus-QoL Planning 0.56
Applied Cognitive Abilities PDQ20 �0.74 0.21 �0.09a

Lupus-QoL planning 0.52
Sleep disturbance ESS 0.19 �0.11a 0.12a

Lupus QoL Fatigue �0.51
SF36 Vitality �0.53

Sleep-Related Impairment ESS 0.33 �0.11a 0.08a

Lupus QoL Fatigue �0.65
SF36 Vitality �0.67

aAll values were significant at p < 0.05 except those in bold.
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PROMISDEP/SF-36MH (ρ = �0.80, p < 0.0001)
PROMISANX/SF-36MH (ρ = �0.78, p < 0.0001)
PROMISANG/SF-36MH (ρ = �0.64, p < 0.0001)

Discussion

The importance of PRO measurement tools has been pre-
viously emphasized in the literature.2 The measurement
evidence, including the interpretability, feasibility, reliability,
and validity of the PROMIS Computerized Adaptive Tests
(CAT), in a cohort of patient living with SLE in Canada was
examined. This is the first study to use an MMM to evaluate
construct validity and to test hypothesized relationships
developed a priori. This study further provides evidence that
PROMIS CAT can perform as well as legacy instruments,
encompass many HRQoL domains, and will ultimately save
time without the added work of individualized data man-
agement platform, grading, and paper forms.

To date, only one other study has examined the validity
and reliability of PROMIS CAT in SLE.25 Kasturi et al.
(2017) examined 204 participants finding a moderate to
good agreement for test–retest reliability in all their domains
with ICC ranging between 0.72 (for Anger) and 0.88 (for
Mobility and Sleep Disturbance).25 In contrast, this study
had excellent test–retest reliability for PROMIS CAT
Mobility domain (ICC (2;1) 0.93; 95% CI: 0.89, 0.97) and
Physical Function domain (ICC (2;1) 0.91; 95% CI: 0.85,
0.95), and moderate to good agreement for all other do-
mains. It also had the lowest reliability for Sleep Distur-
bance (ICC (2;1) 0.66; 95% CI: 0.51, 0.80) and Satisfaction
with Social Roles (ICC (2;1) 0.70; 95% CI: 0.45, 0.89),
while Kasturi et al. (2017) found higher reliability in these
domains.25 This difference may be due to the time between
the two measurements. This study allowed 7–10 days for
test–retest, and Kasturi et al. (2017) allowed only 7 days.25

Since these constructs are not very stable overtime, this
increases the chances of variability with longer intervals.36

Similar to this study, Kasturi et al. (2017) found moderate
to strong correlations between two legacy instruments (Lu-
pusQoL and SF-36) and 10 corresponding PROMIS CAT
domains.25 However, this study encompassed seven legacy
instruments and also examined a greater number of PROMIS
CAT domains including Cognition and Sleep.14 Kasturi et al.
(2017) similarly found that the majority of the associations
between disease activity and damage and PROMIS CAT
were weak.25 This finding highlights the importance of in-
corporating PROs in research and clinical settings as disease
activity and damage do not cover the entire spectrum of SLE.

Using anMMM, construct validity of PROMIS CATwas
further solidified by testing six a priori hypothesis. It was
demonstrated that correlations of similar traits on average
have higher correlations than correlations of different traits
between SF36 and PROMIS CAT. The PROMIS domain
Anger had the lowest correlation with SF-36 Role

Emotional but still demonstrated a moderate correlation
(ρ = �0.55).

Other studies have examined the time to completion of
the PROMIS CAT domains in different rheumatic diseases.
However, only one study has measured time to completion
in PROMIS CAT in patients with SLE. Kasturi et al. (2017)
noted that the average item per PROMIS CAT domain was
four and the median time to completion of each PROMIS
domain was 32 s.25 For all 10 domains studied, they found
the median time to completion was 7.4 min while for SF-36
it took 5.2 min and LupusQoL 4.6 min.25 In this study, the
average number of items per PROMIS CAT domain (total =
14 domains) was 5.4 (STD 2.5) and the median time to
completion per domain was 50 s (IQR 36.3–72.6). It also
took the participants about the same time, 5.2 min, to
complete SF-36, 4.4 min, to complete Lupus QoL, and
22 min to complete all legacy instruments. In contrast, it
took about 11.6 min to complete all 14 PROMIS domains.
PROMIS CAT in this study included an additional four
domains compared to Kasturi et al. (2017) which, combined
with the higher number items per domain, explains the
longer time to completion.25 Overall, the 14 domains of
PROMIS CAT take approximately 11 min less to complete
than the legacy tests needed to assess the same domains,
without the time needed for individualized grading.

PROMIS also provides static short forms ranging in
length from four to eight items that can be used to assess
different PROMIS domains as opposed to CAT. Multiple
studies have evaluated PROMIS short forms (SF) in various
rheumatologic conditions.37–39 These studies all found at
least moderate correlations between the PROMIS short
form and their corresponding legacy instruments, as well as
good test–retest reliability.37–39

This study was able to undercover several limitations to
PROMIS CAT. PROMIS CAT showed floor or ceiling ef-
fects for three domains. Importantly, there were floor effects
in one domain: Mobility, which may demonstrate that ap-
propriate functional status may not be captured by this tool.8

Further, the legacy instrument ESS had weak associations
with the PROMIS CAT domain Sleep Disturbance but a
moderate association with Sleep Related Impairment. In a
previous study comparing PROMIS Sleep Related Im-
pairment and Sleep Disturbance with ESS, only Sleep
Related Impairment and Sleep Disturbance correlated with
active SLE, whereas ESS did not.40 The less robust asso-
ciations with ESS may also be due to differences in in-
strument content. The ESS assesses daytime sleepiness,
which is only one aspect of Sleep Disturbance covered in
the PROMIS Sleep Disturbance scale. The Sleep Distur-
bance scale measures sleep quality, which may or may not
have an impact on daytime sleepiness.

Limitations of this study include that consecutive pa-
tients from one clinic completed PROMIS CAT only in
English, limiting generalizability and internal validity.
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Secondly, although all participants were encouraged to
participate, non-participants included a higher proportion of
Black patients and those with higher levels of disease ac-
tivity, greater use and higher doses of prednisone, and
immunosuppressants. This shows that individuals with
more severe burden of SLE disease activity, were less in-
clined to participate which should be considered when
interpreting the measurement property evidence.

This study has four main strengths. First, this study
collected data from a large number of patients. Second, this
is the first study that examines PROMIS CAT in a Canadian
cohort of patients with SLE, providing wider international
evidence for instruments developed in the US. Third, the
analysis used an MMM approach which can simultaneously
measure correlations of similar and different traits. Lastly, it
was able to compare seven legacy instruments with 14
domains of PROMIS CAT, allowing the incorporation of a
wide range of HRQoL manifestations in this study.

Conclusions

This study provides further evidence that PROMIS CATcan
be used as a PRO measurement tool for patients living with
SLE to measure a wide range of domains associated with
HRQoL. It has the capability of combining many different
commonly assessed domains in an easy-to-use platform. In
comparison to legacy instruments, it is able to perform well
and has moderate to strong construct validity and moderate
to excellent reliability for most domains. It takes approxi-
mately 11.6 min to complete PROMIS CAT with all its 14
domains without additional time needed for scoring. It can
easily be incorporated as part of a regular outpatient clinic
visit. The association between PROMIS CAT domains and
disease activity and damage was mainly weak and non-
significant. Future studies should focus on the respon-
siveness on PROMIS and score interpretability.
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