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Validation of Patient-Reported Outcomes
Measurement Information System Short Forms
for Use in Childhood-Onset Systemic

Lupus Erythematosus

JORDAN T. JONES,' ADAM C. CARLE,? JANET WOOTTON,® BRIANNA LIBERIO,* JIHA LEE,*
LAURA E. SCHANBERG,® JUN YING,* ESI MORGAN DEWITT,®> axo HERMINE I. BRUNNER®

Objective. To validate the pediatric Patient-Reported Outcomes Measurement Information System short forms (PROMIS-
SFs) in childhood-onset systemic lupus erythematosus (SLE) in a clinical setting.

Methods. At 3 study visits, childhood-onset SLE patients completed the PROMIS-SFs (anger, anxiety, depressive
symptoms, fatigue, physical function-mobility, physical function-upper extremity, pain interference, and peer relation-
ships) using the PROMIS assessment center, and health-related quality of life (HRQoL) legacy measures (Pediatric
Quality of Life Inventory, Childhood Health Assessment Questionnaire, Simple Measure of Impact of Lupus Erythema-
tosus in Youngsters [SMILEY], and visual analog scales [VAS] of pain and well-being). Physicians rated childhood-
onset SLE activity on a VAS and completed the Systemic Lupus Erythematosus Disease Activity Index 2000. Using a
global rating scale of change (GRC) between study visits, physicians rated change of childhood-onset SLE activity
(GRC-MD1: better/same/worse) and change of patient overall health (GRC-MD2: better/same/worse). Questionnaire
scores were compared in support of validity and responsiveness to change (external standards: GRC-MD1, GRC-MD2).
Results. In this population-based cohort (n =100) with a mean age of 15.8 years (range 10-20 years), the PROMIS-SFs
were completed in less than 5 minutes in a clinical setting. The PROMIS-SF scores correlated at least moderately
(Pearson’s r=0.5) with those of legacy HRQoL measures, except for the SMILEY. Measures of childhood-onset SLE
activity did not correlate with the PROMIS-SFs. Responsiveness to change of the PROMIS-SFs was supported by path,
mixed-model, and correlation analyses.

Conclusion. To assess HRQoL in childhood-onset SLE, the PROMIS-SFs demonstrated feasibility, internal consistency,

construct validity, and responsiveness to change in a clinical setting.

INTRODUCTION

Childhood-onset systemic lupus erythematosus (SLE) is a
chronic autoimmune disease that often negatively impacts
health-related quality of life (HRQoL), especially when per-
manent disease damage, increased disease activity, and
fatigue are present (1-4). Traditional disease measures or
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physician assessment of disease activity have proven insuf-
ficient to accurately assess the impact of childhood-onset
SLE disease on patient HRQoL (5). Therefore, various
patient-reported outcomes (PROs) have been developed
and validated in childhood-onset SLE to provide comple-
mentary information in support of optimal patient manage-
ment and heightened satisfaction with care (6,7).
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Significance & Innovations

e The pediatric Patient-Reported Outcomes Measure-
ment Information System short forms (PROMIS-SFs)
demonstrated construct validity, internal consis-
tency, and responsiveness to change in childhood-
onset systemic lupus erythematosus (SLE).

e The PROMIS-SFs are easily completed in a clinical
setting, thus decreasing the burden of health-related
quality of life (HRQoL) measurement compared to
currently used HRQoL legacy measures.

e Different from some HRQoL measures, the PROMIS-
SFs did not correlate with overall childhood-onset
SLE disease activity or damage.

Recently, the Patient-Reported Outcomes Measurement
Information System (PROMIS), a publicly available system
supported by the National Institutes of Health, has become
available (http://nihpromis.org). PROMIS offers effective
PRO measurement in various HRQoL domains, flexibility in
administration of measures, and electronic data collection for
both adult and pediatric populations. PROMIS aims at
decreasing respondent burden and offering a comparison of
PROs across disease groups, while improving the delineation
of clinically relevant changes in HRQoL (8). To make full
use of PROMIS to measure PROs in childhood-onset SLE, the
pediatric PROMIS short forms (PROMIS-SFs) require valida-
tion to determine their measurement properties. The objectives
of this study were to investigate feasibility, internal consis-
tency, construct validity, and responsiveness to change of the
PROMIS-SFs when used in childhood-onset SLE in a clinical
setting.

MATERIALS AND METHODS

Study design and setting. This longitudinal study enrolled
eligible childhood-onset SLE patients at 2 tertiary care
centers (Cincinnati Children’s Hospital Medical Center
and Duke University Medical Center). Patients were consec-
utively recruited during routine clinic visits, between
March 2012 and August 2014, and evaluated in 3-month
intervals for up to 3 visits. At each visit, patients were asked
to complete legacy HRQoL questionnaires in addition to the
PROMIS-SFs; the treating physician rated disease activity,
damage, and change of childhood-onset SLE severity and
patient overall health between visits. Demographic data
were obtained along with information collected as part of
standard clinical care of childhood-onset SLE (medications,
disease activity, duration, and damage) at each study visit.

Approval from local research ethics boards was obtained
at each site. Prior to participation, the study was explained
to each eligible patient and legal guardian, and written
informed consent was obtained. Written assent was also
obtained from participants ages =11 years. The study was
conducted in accordance with the Declaration of Helsinki.

Study patients. Patients ages 8—20 years with a diagno-
sis of SLE prior to their 18th birthday (9), followed at a

participating site, were approached to participate.
Excluded were patients with a history of a comorbid
chronic disease that might impact HRQoL besides
childhood-onset SLE.

Pediatric PROMIS-SFs. Eight distinct HRQoL domains
probed by the PROMIS-SFs were included in this study:
anger (PROMIS p,,q0,), anxiety (PROMISapyiery), depressive
symptoms (PROMISpepression), fatigue (PROMISgagigue), peer
relationships (PROMISpeerel), physical function-mobility
(PROMISpp.pobility), Physical function-upper extremity
(PROMISpp_ygxt), and pain interference (PROMISp,;iy).
Besides the PROMISg,tigue (10 items) and PROMIS o pger
(6 items), all other included PROMIS-SF's consist of 8 items
each for a total of 64 items across 8 domains.

Each item included in the PROMIS-SFs has 5 ordinal
response options, which consider the preceding 7 days.
Response options for PROMIS pnger,  PROMIS pnxietys
PROMISpepressions PROMISkatigues PROMISp,in, and PRO-
MISpeerrel are as follows: never, almost never, sometimes,
often, and almost always, and for PROMISpg_pobitity and
PROMISpr.ygxi: 0 trouble, with little trouble, with some
trouble, with a lot of trouble, and not able to do. Additional
details about PROMIS, definitions of domain framework,
and domain profiles are provided elsewhere (10).

For each PROMIS-SF, a score can be calculated using
either item response theory (IRT)-based response pattern
scoring (preferred by PROMIS) or look-up tables that approx-
imate the response pattern—based scoring. We used IRT scor-
ing (11,12), with scores reported as T scores with normative
mean values of 50 and SDs of 10. Additional information is
provided in the PROMIS scoring manuals (12).

The PROMIS-SF scores reflect the presence of the con-
struct measured. Hence, lower scores correspond to better
HRQoL for PROMIS ppger, PROMIS pyiotys PROMIS poprossions
PROMISgtigues and PROMISp,;,. Conversely, lower scores
indicate lower HRQoL for PROMISpeirel, PROMISpp.nobititys
and PROMISpr g« The internal consistency of each
PROMIS-SF when used in other pediatric populations
achieved a Cronbach’s alpha of =0.85 (13—16).

Patient- and parent-completed HRQoL legacy measures.
The Pediatric Quality of Life Generic Core Scale 4.0
(PedsQL-GC) is a self-report tool, composed of 23 items
divided among 4 domains that include physical, emotional,
social, and school function. Internal reliability was
a = 0.89. The Pediatric Quality of Life Rheumatology Mod-
ule 3.0 (PedsQL-RM) is similar to the PedsQL-GC but is rele-
vant for children with rheumatic diseases and has 22 items
across 5 domains that include pain and hurt, daily activi-
ties, treatment, worry, and communication. Internal valid-
ity for the PedsQL-RM ranged 0.75-0.86. For both the
PedsQL-GC and PedsQL-RM, a form for children (ages 8—13
years) and teens (ages 14—18 years) was used for the age-
appropriate patients. Items are rated on a 5-point scale
(where 0 =never and 4 = almost always), and from the raw
scores a summary score of 0 to 100 can be calculated, with
higher scores representative of better HRQoL.

The functional disability inventory (FDI) is a self-report
measure that evaluates difficulty in physical and psycho-
logical function due to physical health. The instrument
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has 15 items that evaluate perception of activity limita-
tions; total score is summed, with higher scores indicative
of greater disability. FDI scores <12 reflect no or minimal
disability, scores of 13-29 indicate moderate disability,
and =30 shows severe disability (17). In previous studies
Cronbach’s alpha was 0.86—0.91 (18).

The Simple Measure of Impact of Lupus Erythematosus in
Youngsters (SMILEY) is a 26-item, childhood-onset HRQoL
questionnaire, specific for SLE, that features 4 domains: effect
on self, limitations, social, and burden of SLE. Responses are
reported with a 5-faces scale. Each score ranges 1-5 and the
total score is transformed to a 1-100 scale, with higher values
representative of better HRQoL, and an internal reliability of
0.9 in other childhood-onset SLE populations (19).

The Childhood Health Assessment Questionnaire (C-HAQ)
is an adaptation of the Stanford Health Assessment Question-
naire for pediatric use, consists of 30 items, and measures
physical function in 8 domains: dressing/grooming, arising,
eating, walking, hygiene, reach, grip, and activities. Within
each domain, degree of difficulty (where 0=no difficulty,
1=some difficulty, 2 =much difficulty, and 3 = unable to
do), use of aids/devices, and requirement for personal assis-
tance with tasks is assessed. The item with the highest score
for any given area is used as the score for that domain. The
domain scores are averaged without weighting to yield a
single disability index score (0-3) (20). Internal reliability as
measured by Cronbach’s alpha was 0.94 (21).

The Child Health Questionnaire (CHQ-PF50) is parent
proxy-report of generic health status. The CHQ-PF50 is a
profile measure of 50 questions that measures 10 mental and
physical domains, or subscales: physical functioning, bodily
pain, general health perceptions, role/social limitations—
physical, role/social limitations-emotional/behavioral, parent
impact—time and parent impact—emotions, self-esteem, mental
health, and general behavior. Each subscale score ranges
0-100, with higher scores representing better health status.
Two scores, CHQ-physical summary and CHQ-psychosocial
summary, are calculated by aggregation of the subscales.
Scores are standardized to a mean of 50 and SD of 10, where
higher scores reflect better health status (22). The internal
reliability for domains and subscales ranges 0.65-0.96 (23).

All questionnaires were administered on a laptop com-
puter after clinic check-in, and study visits were conducted
by a trained clinical research coordinator. At the end of the
clinic visit, the research coordinator would check the ques-
tionnaires for completion and perform debriefing with the
study participant. All questionnaires used in this study are
child self-report except the CHQ-PF50, which is parent
proxy-report.

Traditional childhood-onset SLE measures. Disease
damage was evaluated with Systemic Lupus International
Collaborating Clinics/American College of Rheumatology
Damage Index (SDI; range 0-47, where 0= absence of
damage) (24,25). Disease activity was measured using a
physician global disease assessment (MD-global; a 10-
point Likert visual analog scale, where 0= inactive dis-
ease), the Systemic Lupus Erythematosus Disease Activity
Index 2000 (SLEDAI-2K; range 0—105, where 0 = inactive
disease) (26), and the British Isles Lupus Assessment Group
index (BILAG) with alphabetical converted to numerical
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PROMIS-SF PROMIS-SF PROMIS-SF
score > score > score
Visit 1 Visit 2 Visit 3
Change Change
between Visit between Visit
1 and Visit 2 » 2and Visit 3
(GRC-MD) (GRC-MD)

Figure 1. Path analysis model. Bold arrows are paths of interest
and examine whether a Patient-Reported Outcomes Measure-
ment Information System short form (PROMIS-SF) score at a
given visit predicts change in childhood-onset systemic lupus
erythematosus, using a physician’s global rating scale (GRC-
MD), rating both change and overall health status from the pre-
vious visit to the given visit.

domain scores (A=12,B=8,C=1,D =0, and E = 0, where
0 =inactive disease) (27). While the SLEDAI-2K considers
only objectively measurable findings with childhood-onset
SLE, the BILAG score also includes subjective symptoms
such as arthralgias and myalgias (28).

Measures of childhood-onset SLE change. During the
second and third visits, physicians used a global rating scale
of change (GRC) to rate change in childhood-onset SLE
severity (GRC-MD1) and overall health status (GRC-MD2),
using 5-point Likert scales (much worse, somewhat worse,
unchanged, somewhat better, and much better). GRC-MD1
and GRC-MD2, respectively, used the sentence stem “Has
there been any change in your patient’s lupus since his/her
last study visit?” and “Has there been any change in your
patient’s overall health since his/her last study visit?”

Statistical analysis. Numerical variables were summa-
rized by the mean * SD, and binary and categorical vari-
ables were summarized by frequency and percentage.
Feasibility was assessed by determining the proportion of
patients who successfully completed the PROMIS-SFs
(90% successful completion was considered feasible)
along with measuring respondent burden as time (in
minutes) needed for completion, along with a short, infor-
mal debriefing interview after completion to assess admin-
istration and understanding of PROMIS-SFs. We also
assessed internal consistency of each of the PROMIS-SFs
using Cronbach’s alpha. We considered scores <0.5 unac-
ceptable, 0.5-0.59 poor, 0.6-0.69 questionable, 0.7-0.79
acceptable, 0.8-0.89 good, and =0.9 excellent (29).

In support of construct validity (30,31), relationships
between PROMIS-SF scores, HRQoL legacy measures, and
traditional childhood-onset SLE measures (SLEDAI-2K,
BILAG, MD-global, and SDI) were assessed with Pearson’s
correlation coefficient (r). Pooled or overall correlation
coefficients (rpo01), using data from all visits and all
patients, were estimated through a variance—covariance
matrix, using a mixed-effect model (32) that adjusted for
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Table 1. Demographics, childhood-onset SLE features, Table 1. (Cont’d)
and PROs at visit 1 baseline (n = 100)*
Self-esteem 79.2+19.8
Age, years 15.8 + 2.2 Mental health 78.5*+17.3
Female, no. (%) 80 (80) Behavior 80.0*+17.7
Race, no. (%) val h SD unless indicated oth All quest
. . * Values are the mean * SD unless indicated otherwise. question-
Afrl.CaIl American 48 (48) naires are child self-report except Child Health Questionnaire P50
White 33 (33) (CHQ-PF50), which is parent proxy-report. SLE = systemic lupus ery-
Othert 19 (19) thematosus; PROs = patient-reported outcomes; SLEDAI-2K = Systemic
Hispanic 8 (8) Lupus Erythematosus Disease Activity Index 2000; BILAG = British Isles
SLEDAIL-2K score 6.0+ 5.9 Lupus Activity Group index; SDI = Systemic Lupus International Collab-
o orating Clinics/American College of Rheumatology Damage Index;
BILAG score# 6.4+7.6 MD-global = physician global disease assessment; PROMIS = Patient-
SDI score 0.4+0.7 Reported Outcomes Measurement Information System; PedsQL-GC =
MD-global§ 21+1.7 Pediatric Quality of Life Generic Core Scale 4.0; PedsQL-RM = Pediatric
. Quality of Life Rheumatology Module 3.0; SMILEY = Simple Measure
Pediatric PROMIS . of Impact of Lupus Erythematosus in Youngsters; C-HAQ = Childhood
short form domains Health Assessment Questionnaire.
Anger 51.1*12.1 t Another option for completion of the questionnaires if the pro-
Anxiety 48.0 +11.0 vided choices did not apply or there was an overlap of the choices.
. ¥ Where A=12,B=8,C=1,D=0,E=0.
Depresswe symptoms 47.811.9 § On a 10-point Likert scale, where 0 = inactive disease.
Fatigue 50.7 = 14.1
Mobility 46.9+10.1
Upper extremity function 46.4+7.90
Pain 50.3 =11.7 dependency of observations. A correlation coefficient (r or
Peer relationships 49.7+£13.1 Tpool) is considered low, fair, moderate, high, and very
PedsQL-GC 70.6+17.8 high if its estimated value is <0.3, 0.30-0.49, 0.50-0.69,
EhYSI.Cal fluflleUO.n 68.9 f 22.1 0.70-0.89, and =0.9, respectively (33).
motional function 72.1220.9 In measuring responsiveness to change, we employed 3
Social function 79.9£19.8 . . . . -
School function 62.9 + 20.6 strategies: correlation of change between visits, association
PedsQL-RM 74.4 +16.2 of raw T score change between visits, and path-analysis
Pain and hurt 65.1 + 28.0 models of change across visits, with T scores and path analy-
Daily activity 86.7 +17.6 sis models using physician reported change in childhood-
Treatment 76.9+17.3 onset SLE (GRC-MD1) and overall health status (GRC-MD2)
Worry 65.2£25.3 as an external standard. For these analyses we condensed
Communication 69.6 = 27.6 the GRC-MD1 and GRC-MD2 response options from 5
4
Sl\élflf‘Ef 1§ Sé; N 133 (much worse, somewhat worse, unchanged, somewhat bet-
ect on se 2z .
Limitations 68.3 - 15.6 ter, and much better) to 3 (better, same, and worse).
Social 64.1+17.6 For the correlation of change between visits, we corre-
Burden of childhood-onset 58.9 = 18.3 lated changes of the legacy HRQoL measure scores with
SLE changes in PROMIS-SF scores between visits and over
Functional disability 8.4+9.2 time, using a mixed-effect model that adjusted for differ-
Inventory ences in patient demographics (age, sex, and race) and
C-HAQ . 0.47 0.6 within-person correlation, using a random-effect model.
llir‘?s,'smg/ grooming 0.36 f 0.7 This model provides information about the relationship of
E;:isling 8";2 N 8; the responsiveness of legacy PROs to that of PROMIS-SF's.
Walk?ng 0.29+ 0.6 For the association of raw T score change, we estimated
Hygiene 0.32+ 0.7 changes in PROMIS-SF scores (T score) over time for patients
Reach 0.64+0.8 who were considered better, same, or worse (GRC-MD1,
Play 0.82 0.9 GRC-MD2), using a similar mixed model as detailed
Grip 0.57+0.8 above. Lastly, for the path-analysis models of change
CHQ-PF50 (11,12) (Figure 1), we evaluated the extent to which a given
Psychosocial 50.4£10.6 PROMIS-SF score at visit 1, 2, or 3 predicted a change (better
summary score or worse) in GRC-MD1 and GRC-MD2 ratings at visits 2
Physical summary score 40.9*12.5 L. . .
Physical functioning 504 + 255 and 3. Path analysis is a special case of structural equation
Bodily pain 671+ 258 modeling, in which a single variable is used to measure each
General health 53.5 + 17.0 construct in the model (as opposed to multiple indicators per
perception construct). Path analysis is a statistical technique that simulta-
Role/social-physical 82.8 = 25.6 neously solves a set of regression equations evaluating the
Role/social-emotional/ 80.4 * 28.6 hypothesized relationships among a set of variables. Figure 1
behayloral ) shows a path model that examines whether a PROMIS-SF
garent }mpact—tlmet. | gg‘i f ig‘; score at a given visit (e.g., visit 2) predicts change in
arent impact-emotiona (conti ) _d] ) childhood-onset SLE (GRC-MD1) or overall health (GRC-MD2)
continue:

status from the previous visit to the given visit (change from
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Table 2. Bivariate correlation (r,,01) between pediatric PROMIS short forms and legacy measure subscales*

Depressive Upper Peer
Legacy measures Anger Anxiety symptoms Fatigue Mobility extremity Pain relationships
SLEDAI-2K 0.12 0.06 0.03 0.11 —0.23 —0.12 0.16 0.11
BILAGT 0.01 0.07 —0.03 0.08 —0.26 —0.13 0.21 0.11
MD—ngbal* 0.10 0.09 0.07 0.08 —0.16 —0.02 0.12 0.08
SDI§ —0.07 —0.06 —0.07 —0.01 —0.11 —0.14 —0.00 —0.05
Functional Disability Inventory 0.379 0.489 0.429 0.629 —0.709 —0.559 0.629 —-0.19
PedsQL-GC
Summary score —-0.577 —0.689 —0.649 —0.789 0.699 0.499 —-0.749 0.309
Physical function —0.449 —0.53] —0.489 —0.709 0.729 0.509 —0.689 0.16
Emotional function —0.639 —-0.739 —-0.729 —-0.679 0.519 0.389 —-0.619 0.25
Social function —0.469 —0.509 —0.499 —0.549 0.499 0.380  —0.549 0.449
School function —0.45] —0.58] —0.539 —0.719 0.529 0.330  —0.66q 0.26
PedsQL-RM
Summary score —-0.529 —0.669 —0.629 —0.749 0.629 0.519 —-0.729 0.25
Pain and hurt —0.44] —0.529 —0.479 —0.729 0.68 0.44q  —0.729 0.12
Daily activity —0.349 —0.439 —0.419 —0.53] 0.569 0.619 —0.549 0.19
Treatment —0.479 —0.549 —0.56 —0.519 0.439 0.390 —0.519 0.24
Worry —0.359 —0.529 —0.439 —0.53] 0.369 0.25 —0.529 0.09
Communication —0.359 —0.50] —0.459 —0.499 0.329 0.24 —0.449 0.30
SMILEY
Summary score 0.26 0.26 0.25 0.28 —0.22 —0.14 0.29 0.02
Effect on self 0.339 0.349 0.349 0.399 —0.30 —0.18 0.399 —0.09
Limitations 0.10 0.07 0.06 0.03 —0.05 —0.03 0.03 0.12
Social —0.469 —0.509 —0.499 —0.549 0.49q 0.389 —0.549 0.449
Burden of childhood-onset SLE 0.30 0.339 0.28 0.369 —0.319 —0.20 0.389 —0.08
C-HAQ
Summary score 0.24 0.28 0.28 0.429 —0.629 —0.749 0.459 —-0.11
Dressing/grooming 0.23 0.319 0.28 0.429 —0.58] —0.669 0.419 —0.10
Arising 0.24 0.28 0.27 0.46q —0.68 —0.549 0.519 —-0.16
Eating 0.18 0.25 0.22 0.380 —0.55q —0.749 0.409 —0.11
Walking 0.23 0.29 0.24 0.369 —-0.619 —0.55] 0.429 —0.09
Hygiene 0.27 0.26 0.319 0.430 —0.619 —0.679 0.45] —0.12
Reach 0.26 0.28 0.29 0.469 —0.58] —0.659 0.509 —0.10
Play 0.329 0.379 0.349 0.539 —0.68q —0.60] 0.599 —0.14
Grip 0.28 0.33 0.319 0.44q —0.549 —0.699 0.499 —-0.18
CHQ-PF50
Psychosocial summary score —-0.379 —0.329 —0.349 —0.369 0.409 0.21 —0.369 0.329
Physical summary score —-0.16 —0.26 —-0.21 —0.379 0.529 0.379 —0.419 0.03
Physical functioning —-0.17 —0.26 —0.22 —0.359 0.579 0.339 —0.359 0.06
Bodily pain —0.21 —0.29 —0.25 —-0.419 0.529 0.339 —0.439 0.08
General health perception -0.11 -0.27 -0.18 -0.25 0.28 0.21 —0.30 0.02
Role/social-physical —0.24 —0.20 —0.27 —0.28 0.349 0.329 —-0.339 0.18
Role/social-emotional/behavioral —0.16 —0.25 —-0.25 —0.359 0.499 0.359 —0.379 0.17
Self-esteem -0.329 —0.329 —0.359 —0.359 0.48] 0.19 —-0.28 0.329
Mental health —0.459 —-0.379 —0.409 —-0.379 0.379 0.20 —-0.389 0.21
Behavior —0.349 —-0.19 —0.23 —0.25 0.14 0.06 —0.23 0.319
Mental health —0.459 —0.379 —0.409 —0.379 0.379 0.20 —-0.389 0.21

* Values are the pooled correlation coefficients (ryo01) across visits (n =280 patient visits). PROMIS = Patient-Reported Outcomes Measurement
Information System; SLEDAI-2K = Systemic Lupus Erythematosus Disease Activity Index 2000; BILAG = British Isles Lupus Assessment Group
index; MD-global = physician global disease assessment; SDI = Systemic Lupus International Collaborating Clinics/American College of Rheuma-
tology Damage Index; PedsQL-GC = Pediatric Quality of Life Generic Core Scale 4.0; PedsQL-RM = Pediatric Quality of Life Rheumatology Module
3.0; SMILEY = Simple Measure of Impact of Lupus Erythematosus in Youngsters; C-HAQ = Childhood Health Assessment Questionnaire; CHQ-
PF50 = Child Health Questionnaire with 50 questions.

1 Scoring: A=12,B=8,C=1,D=0,E=0.

# On a 10-point Likert scale, where 0 = inactive disease.

§ Range 0-47, where 0 = absence of damage.

q P<0.001 and r>0.30.

visit 1 to visit 2), and the extent to which the visit 1 PROMIS GRC-MD2). The path models produced a standardized coeffi-
score predicts the visit 2 and 3 PROMIS scores. Using Mplus cient (B) of how many SDs the dependent variable (y axis:
software (34), we fit a path model for each PROMIS-SF across GRC-MD1, GRC-MD2 at visits 2 and 3) changes given a SD
2 different physician-reported change variables (GRC-MD1, increase in predictor variable (x axis: PROMIS-SFs at visits 1,



138 Jones et al
Table 3. Pediatric PROMIS short form domain score change across visits and relationship to change in childhood-onset SLE,
health status, and disease activity*

Depressive Upper extremity Pain Peer
Variable/category Anger Anxiety symptoms Fatigue Mobility function interference relationships
Change in childhood-onset
SLEt
Better —3.2*14% —2.7*1.3%+ -1.3*14 —26*1.6 2.9=*1.2% 2.8*X15 —3.2*1.3F —-0.0x15
Same -05*1.3 1.0%1.1 1.7*1.2 03*x14 05*1.1 0.1*+1.3 —-0.1*1.2 -03*1.4
Worse 0.4=*2.0 1.1*£1.8 20*+19 —-0.2*x21 —-4.0*x1.7% —-1.4*2.0 1.3£1.8 —-09*21
Change in health§
Better —3.3*14% -3.1*1.3%F -14*14 —25*1.5 3.1*1.2% 24=*15 —3.3*1.3F —-0.6%*15
Same -03*+13 13*1.2 21*12 06*x14 -05=*1.1 -0.4*+1.3 0.2*1.2 0.1*+1.4
Worse 04=*19 1.2*1.7 16*18 —-09*20 —-1.7X1.6 0119 09=*1.7 —-09x20
Change in MD-global
(MD-VAS)
Better —52*19% —-1.7*1.7 -16*1.7 —-1.2*+21 24=*1.6 2.2*1.5 —25*x19 -—-19=x21
Same -05*10 06*09 08*09 —-04*11 —-0.1%£0.9 —0.4*0.8 04*+1.0 —-0.5*1.1
Worse -09*25 19*22 50*23Ff -1.4*2.7 —-0.8*x2.1 29*1.8 —-1.2x24 3.1%£2.6
Change in SLEDAI-2K
Better —4.1*+18% —0.7*1.6 —-0.8*1.7 —1.7*+2.0 4.2*1.5% 1.8*+1.4 —2.2*18 -—-2.0*x20
Same -06*+*11 09*£09 1.7%£10 —-0.2*x1.2 —-0.8*0.9 —0.2*0.8 0.6 1.0 —-0.3*x1.1
Worse -16*+*21 —-11*18 —-03*19 -0.3*x23 —-1.7*1.8 0.8 1.6 -1.1x21 0.2*x2.3
Change in BILAG
Better —-22*15 —-1.0*13 13*14 07*17 3.1x13% 3.1 *£1.1% —3.3*1.5+ —-2.2*1.6
Same -1.2*x12 12=x1.1 1.0x1.1 00x13 —-1.0x1.0 -1.0x0.9 1.0x1.2 -06*1.3
Worse -1.2*18 —-02*16 —-01*16 —3.2*x19 —-1.7%£15 —04*1.3 1.4*1.7 1.7%+1.9
* Values are the T score means=* SE across visits (pooled data). PROMIS = Patient-Reported Outcomes Measurement Information System;
SLE = systemic lupus erythematosus; MD-global = physician global disease assessment; VAS = visual analog scale; SLEDAI-2K = Systemic Lupus
Erythematosus Disease Activity Index 2000; BILAG = British Isles Lupus Assessment Group index.
1+ GRC-MD1: visit 2: better 52 (54%), same 33 (34%), worse 11 (11%); visit 3: better 32 (38%), same 38 (45%), worse 14 (17%).
+ P<0.05.
§ GRC-MD2: visit 2: better 56 (58%), same 25 (26%), worse 15 (16%); visit 3: better 36 (43%), same 34 (40%), worse 14 (17%).

2, and 3). The B can be interpreted similarly to a correlation
coefficient (r). All statistical analyses were completed with
Stata 13 and Mplus software, version 7.1.

RESULTS

Demographics and PROs. A total of 100 patients were
enrolled (demographics and disease features at baseline are
summarized in Table 1), representing all patients within the
target age stratum fulfilling eligibility criteria at each site. Six
patients declined study participation. Of the 100 patients
who completed visit 1, 96 completed visit 2, and 84 com-
pleted visit 3. Patients not completing all study visits did not
significantly differ in demographics or disease features from
patients who remained in the study. The same held true for
the 6 patients declining study participation.

As summarized in Table 1, the cohort (n=100) was
80% female with a mean = SD age of 15.8 = 22 years. For
the racial profile, 33% self-identified as white, 48% as
African American, and 11% as other, with 8% reporting
Hispanic ethnicity. At visit 1, there were 16% and 14% of
patients who had SLEDAI-2K and BILAG scores of 0,
respectively, and 73% had no damage (SDI=0). PRO
responses for all HRQoL measures at baseline (visit 1) are
also shown in Table 1.

Feasibility. For all completed visits, 100% of the
patients successfully completed the PROMIS-SFs. Elec-
tronic completion through the assessment center of all 8
PROMIS-SFs averaged less than 5 minutes, with an individ-
ual item average of 5 seconds. Time to complete the indi-
vidual PROMIS-SF domains averaged 37 seconds (range
28-48). PROMISyyig,e completion took the longest (48
seconds), and the PROMISpp.upx the least amount of time
(28 seconds) to complete. None of the patients reported dif-
ficulty understanding the items according to the informal
debriefing after completion of the PROMIS-SFs.

Reliability. Cronbach’s alpha for all PROMIS-SFs
ranged 0.88-0.96 for visit 1 and exceeded 0.91 for visits 2
and 3. Cronbach’s alpha for all PROMIS-SFs pooled data
across all visits ranged 0.91-0.97. Details are provided
online in Supplementary Table 1 (available on the Arthri-
tis Care & Research web site at http://onlinelibrary.wiley.
com/doi/10.1002/acr.22927/abstract).

Construct validity. As summarized in Table 2, the
PROMIS-SF scores were moderately to highly correlated
(rpoot > 0.5) with the summary scores of the HRQoL legacy
measures (PedsQL-GC, PedsQL-RM, CHQ-psychosocial
summary, CHQ-physical summary, C-HAQ, and FDI). The
highest correlations were observed for the PedsQL-GC and
PedsQL-RM scores and the lowest with the SMILEY. The
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Table 4. Path analysis of the pediatric PROMIS short forms and prediction of change in childhood-onset SLE and
health over time*

Change in health (GRC-MD2)
Between visits 1 & 2

Depressive Upper Pain Peer
Variable category Anger Anxiety symptoms Fatigue Mobility extremity interference relationships
Change in childhood-
onset SLE (GRC-MD1)
Between visits 1 & 2
Better -0.7*0.3t -0.3*0.2 -04*0.3 —0.7*0.3%r 04*0.2 0.7*0.3t —-0.6*0.3t —-0.2%x0.3
Worse -0.2*04 —-0.2*04 00*x03 —-03*05 03=*0.3 0.6+0.3 —0.3*0.3 04*0.4
Between visits 2 & 3
Better 01*0.2 -01X*0.1 0.0X0.2 0.0*£0.2 0.3*0.1 0.1*+0.1 —-0.1*0.1 0.1*£0.2
Worse 0.2+0.2 0.1*+0.2 0.1*0.2 0.0+x0.2 -04=*0.1%f -0.2*£0.1 0.3*0.2 —0.1*£0.2

-0.6 0.3t -0.3*0.2 -04*0.3 —0.7*0.3t 0.3*x0.2

Better

Worse —0.0*x0.3 —-0.2*x0.3 0.1*0.3
Between visits 2 & 3

Better 0.0£0.1 -0.0x0.1 0.0x0.2

Worse 0.1*+0.2 0.1 +0.1 0.1*0.2

0.6 £0.3t -06*+0.3t —-0.1*0.3

-0.0*x04 -0.1£03 02%x03 -0.2*0.3 0.2*+0.4
0.0*0.1 0.2*+0.1 0.2+x0.1 —-0.1*0.1 0.1*0.2
01*x0.1 -0.6=*0.1f -0.2*x0.1 0.3*0.2 0.1+0.2

of change, physician rated change in overall health status.
1 P<0.05.

* Values are the standardized coefficients = SE. PROMIS = Patient-Reported Outcomes Measurement Information System; SLE = systemic lupus
erythematosus; GRC-MD1 = global rating scale of change, physician rated change in childhood-onset SLE severity; GRC-MD2 = global rating scale

psychosocial PROMIS-SFs (PROMIS 56, PROMIS p ety
PROMISpepressions PROMISpeerrel) correlated highly with
the CHQ-psychosocial summary and FDI, while the physi-
cal function PROMIS-SF domains (PROMISpr.pobititys
PROMISPF_UEXt, PROMISFatiguey PROMISpain] correlated
highly with CHQ-physical summary, C-HAQ, and FDIL
Further summarized in Table 2, legacy subscale correla-
tions are similar to legacy summary score correlations
with the PROMIS-SFs.

The SMILEY summary score correlated only weakly at
best with the PROMIS-SFs, but a few of the SMILEY sub-
scales had mild to moderate correlation with the PROMIS-
SFs. In addition, PROMIS-SF scores were no more than
weakly correlated (rpoo1 < 0.26) with measures of disease
activity (SLEDAI-2K, BILAG, or MD-global) or damage (SDI).

Responsiveness to change. Based on GRC-MD1 and GRC-
MD2, 33 patients (34%) and 25 patients (26%) remained
stable (unchanged) between visits 1 and 2, and 38 patients
(45%) and 34 patients (40%) between visits 2 and 3, respec-
tively. Also based on GRC-MD1 and GRC-MD2, between
visits 1 and 2, 52 patients (54%) and 56 patients (58%) were
considered improved (somewhat or much better), and
between visits 2 and 3, 32 patients (38%) and 36 patients
(43%), respectively. Few patients worsened between study
visits (GRC-MD1/GRC-MD2 rated as somewhat worse or
much worse; between visits 1 and 2, 11 and 15 patients, and
between visits 2 and 3, 14 and 14 patients, respectively).

For the first strategy for measuring responsiveness to
change, the correlation of change between visits, correla-
tion analysis of PRO change scores for patients who
improved or worsened between visits showed mostly
low-to-fair correlation (rpq01 = 0.42, P<0.001) of change of
the legacy measure summary scores (FDI, C-HAQ, CHQ-
psychosocial summary, CHQ-physical summary, PedsQL-GC,
PedsQL-RM, and SMILEY) with the change of the scores of

the PROMIS-SFs (see Supplementary Table 2, available on
the Arthritis Care & Research web site at http://onlinelibrary.
wiley.com/doi/10.1002/acr.22927/abstract).

The second strategy, correlation of raw T scores between
visits, which evaluated changes of the PROMIS-SF scores
with changes of childhood-onset SLE and overall health as
rated by the physician (GRC-MD1, GRC-MD2), using mixed
repeated-measure models, showed appropriate parallel
changes in scores of PROMIS-SFs with physician-rated change
(Table 3). Significant improvement (P < 0.05) in PROMIS ;g
PROMIS ppyietys PROMISprpobitity, and PROMISp,;, was ob-
served, with improvement in childhood-onset SLE and overall
health, while worsening childhood-onset SLE was associated
with significant (P < 0.05) decrease in PROMISpp.pobility SCOTe.
Also, PROMIS-SF scores remained stable in the setting of
stable (unchanged/same) childhood-onset SLE and overall
health status. Further, childhood-onset SLE disease activity
improvement was accompanied by significant (P < 0.05) im-
provement in scores for PROMIS apge; (SLEDAI-2K, MD-global),
PROMISpg.pobitity (SLEDAI-2K, BILAG), PROMISpg.ygy, and
PROMISp,;, (BILAG only). Further, MD-global worsening was
associated with a statistically significant (P < 0.05) increase in
PROMISpepression SCOTE.

The results of the path analysis models of the PROMIS-
SFs predicting change in childhood-onset SLE and overall
health (GRC-MD1, GRC-MD2) demonstrated appropriate
prediction change in childhood-onset SLE and overall
health (Table 4). Statistically significant change (P < 0.05)
was predicted in the setting of childhood-onset SLE improve-
ment when PROMIS s pger, PROMISgqigue, PROMISp,;, and
PROMISpr.ugxt improved and predicted childhood-onset
SLE worsening when PROMISpg.nobitiy Worsened. Similar
results were observed for change in overall health. We
did not observe statistically significant relationships for
PROMIS g psietys PROMISpaprossions 0 PROMISpaagel, but
expected patterns were present.
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DISCUSSION

The objectives of this study were to investigate the feasibil-
ity, internal consistency, construct validity, and responsive-
ness to change of the PROMIS-SFs in a pediatric population
with childhood-onset SLE in a clinical setting. Our study
focused on 8 distinct PROMIS-SFs: anger, anxiety, depres-
sive symptoms, fatigue, physical function-mobility, physical
function-upper extremity, pain interference, and peer rela-
tionships, i.e., health domains that seemed most relevant to
childhood-onset SLE, among the PROMIS-SFs available for
pediatric populations at the time of the study. Our findings
show that PROMIS-SFs offer a valid option to efficiently col-
lect PROs in childhood-onset SLE in a clinical setting, given
outstanding feasibility and minimal time burden.

Construct validity of the PROMIS-SFs was demon-
strated with high correlation with similar constructs (e.g.,
PROMISpg_pobitity and C-HAQ, FDI, and fatigue) and low
correlation with dissimilar constructs (e.g., PROMISpeerel
and SLEDAI-2K, pain, and SDI). This correlation held
true when PROMIS-SFs were compared with the legacy
subscales as well (e.g., high correlation: PROMISpg.mobitity
and C-HAQ for arising; PROMISp,;, and PedsQL-RM for
pain and hurt; and low correlation: PROMISpeerer and
PedsQL-GC for physical function; PROMIS ey and
C-HAQ for eating). As expected, the physical domains moved
together and the psychosocial domains trended together.

Responsiveness of the PROMIS-SFs was demonstrated
by 3 complementary strategies, all supporting sensitivity to
change. The different approaches provide strong support
for the usefulness of the PROMIS-SF's to capture clinically
relevant changes in HRQoL in patients with childhood-
onset SLE. As there was relatively low disease activity at
baseline and only a few patients experienced a significant
childhood-onset SLE flare during the study, as rated by the
GRC-MD1 scale, statistical significance was not consis-
tently reached when the PROMIS-SF scores were used as
predictors of change in childhood-onset SLE.

In all of the analyses that used the GRC-MD scales for
assessing responsiveness of the PROMIS-SFs, physician
ratings rather than patient ratings served as external
standards. Based on the known weakness of physicians to
gauge patient HRQoL, lower estimates of responsiveness
might have been expected. Arguably, the strongest sup-
port for the responsiveness of the PROMIS-SFs is pro-
vided in our analyses of the association of raw T score
change between visits, showing moderate associations
with the score changes of patient-completed legacy
HRQoL measures.

On the other hand, physicians’ rating of improvement
in childhood-onset SLE and overall health tracked well
with improved disease control (SLEDAI-2K, BILAG, and
MD-global) and was associated with important changes in
physical function, anger, anxiety, depression, and pain
as measured by the PROMIS-SFs. There was also high cor-
relation of fatigue with FDI scores, and as expected, the
PROMISgatigue score underlines the relevance of addressing
patients’ reports of fatigue in the medical management of
childhood-onset SLE. Together, these results stress the pro-
found impact of childhood-onset SLE on many aspects of
physical health and HRQoL.

Another objective of PROMIS is to develop meaningful,
precise instruments while reducing respondent burden
(35). In this study the entire battery of PROMIS-SFs was
completed in approximately 5 minutes, which equates to
less than 1 minute per domain. Our experience is in line
with observations made in previous studies (36,37). This
timing supports a decreased respondent burden when com-
pared with legacy measures that require 5 to 15 minutes
each for completion (38—40).

PROMIS offers flexibility and customization, as PROMIS-
SFs can be selected, collected and maintained electronically
through an assessment center. While the electronic fea-
tures of the assessment center can improve data manage-
ment and improve feasibility, we encountered difficulties
with assessmentcenter.net, resulting in loss of data or repli-
cated data. Such shortcomings can probably be addressed
quite easily by minimal programming changes or instruc-
tions for the use of the software.

Offering a comparison of PROs across disease groups is
another aim of PROMIS (35), and as the PROMIS-SFs are
validated for different disease groups, comparison across
the disease groups can be achieved. In this study we vali-
dated the PROMIS-SF for use in childhood-onset SLE, giv-
ing providers another tool to use to measure HRQoL in
childhood-onset SLE, but also allowing for comparison of
HRQoL between childhood-onset SLE and other chronic
diseases to enhance understanding of HRQoL in different
chronic conditions.

There are several limitations to our study. During the
study period, only English versions of the PROMIS-SFs
were available, and as a result only English-speaking partici-
pants were enrolled in this study. The PROMIS-SFs are
now available in Spanish and Dutch, with PROMIS spger
PROMISratigues PROMISpain, PROMISpeerrel, PROMISpp.nobilitys
and PROMIS__ translation efforts underway for simpli-
fied Chinese, Portuguese, German, and Swedish. Also, as
expected for childhood-onset SLE, the majority of patients
were teenagers. Thus findings and experiences with the
electronic data capture may be different in younger chil-
dren with childhood-onset SLE. Nonetheless, our study
included children as young as age 10 years. As in many
studies in pediatric theumatology, sample size was limited
and likely contributed to difficulty demonstrating respon-
siveness to change for all of the PROMIS-SFs included in
the study. This difficulty is especially true as it pertains to
worsening of childhood-onset SLE and overall health.
However, use of 3 complementary strategies to support
sensitivity to change are reported, all suggesting that
PROMIS-SFs are suitable to capture clinically relevant
change in HRQoL in childhood-onset SLE. As this study
took place at 2 centers, a center bias cannot be excluded,
and next steps would include expanding this study to other
centers. There was an excellent retention rate throughout
the study, with few missing data values for the cohort, and
patients studied were well phenotyped and representative
of the childhood-onset SLE populations followed at the 2
tertiary pediatric centers, adding to the validity of analyses
presented.

In conclusion, this study shows preliminary evidence of
validation of the PROMIS-SFs for use as HRQoL measure-
ment in childhood-onset SLE. The PROMIS-SFs are a
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reliable, responsive, and efficient choice for PRO measure-
ment in childhood-onset SLE, taking advantage of easy
interpretation of scores and change in scores, thereby
reducing respondent burden and making HRQoL assess-
ment feasible in research and clinical care settings as well
as across disease groups.
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