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Abstract

Background: Fatigue is prevalent and impactful in rheumatoid arthritis (RA). There is no standardized measure for its
assessment nor data concerning the performance of PROMIS-Fatigue short forms (SFs) in people with RA. We evaluated
the construct validity of 4-, 7-, and 8-item PROMIS-Fatigue SFs in RA patients across the range of disease activity.

Methods: Adult RA patients were recruited from an online patient community and an observational cohort from three
academic medical centers. Measures included PROMIS-Fatigue SFs, other PROMIS measures, and other patient reported
outcomes including RAND-36 Vitality, Fatigue NRS, and patient global assessment of disease activity. Other measures
from the observational cohort included 28-joint swollen and tender joints, physician global assessment, and the
composite RA clinical disease activity index (CDAI).

Results: Two-hundred online participants and 348 participants from the observational cohort were included. PROMIS
Fatigue SF scores spanned the measurement continuum and correlated highly with each other (r's 2 091) and other
fatigue measures (r's 2 0.85). PROMIS-Fatigue SF scores were highly and inversely associated with Physical Function and
Participation (r's — 0.77 to — 0.78), and moderately-highly and positively correlated with pain, sleep disturbance, anxiety,
and depression (r's 0.60 to 0.75). PROMIS-Fatigue SF scores showed dose-response relationships across fatigue severity
descriptors and CDAI categories.

Conclusions: These results provide robust evidence supporting the construct validity of the 4, 7, and 8-item PROMIS-
Fatigue SFs. They capture fatigue across the spectrum of RA disease activity in diverse groups of individuals and should

be considered for use as patient-centered assessments of disease control and treatment efficacy.
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Background

Fatigue in rheumatoid arthritis (RA) is a prevalent symp-
tom that greatly impacts day-to-day function and quality
of life [1, 2]. Fatigue experienced by patients with RA en-
compasses a broad spectrum, ranging from mild tiredness
to an overwhelming, pervasive state of exhaustion that
greatly impacts physical, emotional, and social function
and quality of life. Higher levels of fatigue often track with
other indicators of increasing RA disease activity [3]. Fa-
tigue has been prioritized by RA patients as one of the
most important symptoms for which they seek improve-
ment with treatment [4]. Routine measurement of fatigue
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has been recommended for use in RA clinical trials, and
when assessing remission of disease [5, 6].

Existing patient-reported outcome measures (PROMs)
range from single item rating scales to multidimensional
assessments, with no consensus on the optimal approach
to fatigue assessment [6—8]. Many of the fatigue mea-
sures used in RA research (e.g., SF36-vitality, fatigue vis-
ual analog scale (VAS), Bristol Rheumatoid Arthritis
Fatigue questionnaire (BRAF) have suboptimal psycho-
metric properties, lack precision across the measure-
ment continuum, or are poorly sensitive to change [7].
The NIH-developed Patient Reported Outcomes Meas-
urement Information System (PROMIS®) fatigue mea-
sures have been shown to have robust psychometric
properties across multiple chronic conditions although
minimally studied in RA [9-12].
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More than 90 items in the PROMIS-Fatigue item
bank query the experience and impact of fatigue [9].
Computer-adaptive testing (CAT) using fatigue bank
items provides reasonably reliable and valid estimates
with efficiency and participant burden. While attract-
ive for use in many settings, CATs require the avail-
ability of the internet, computers, or mobile
technology (e.g., Smartphones), and algorithms for
real-time administration and scoring. Moreover, the
use of CATs in international clinical trials would re-
quire that the complete item bank has undergone
translation and cultural validation into multiple lan-
guages. Thus in clinical trials and across health sys-
tems, where internet access to support CAT platforms
may be limited, the use of fixed-item short forms
(SFs) may be preferable to ensure reliable collection
of data.

To measure fatigue over the past 7 days in adults, 4-,
7-, and 8- item PROMIS Fatigue SFs are available in
English and other languages. Each SF asks about fatigue
experience and impact. We administered the 8a short
form which includes the 4 items on fatigue in the
Profile-29; the 8-item adds 4 items. The 7-item SF con-
tains different items. We have previously shown that
PROMIS Fatigue SF items are easily understood and
meaningful to people with RA [13].

There is limited information concerning the perform-
ance of PROMIS Fatigue SFs in RA. Here, we evaluate
the reliability and validity and compare the performance
of the SFs with each other, with legacy measures, and
with other indicators of disease activity. We hypothe-
sized PROMIS Fatigue scores would correlate highly
with each other and be strongly and positively associated
with worsening disease activity indices, pain, function,
sleep and mood and reduced social participation.

Methods

Participants

We engaged participants from different locations to
evaluate construct validity of PROMIS Fatigue SFs.
We partnered with an online arthritis community
(CreakyJoints.org) between July and September 2015
inviting them to participate (hereafter referred to as
the “online” participants). They completed inflamma-
tory arthritis questions from the Connective Tissue
Screening Questionnaire [14] and an RA medication
checklist (described elsewhere; (12) to exclude those
with a personal or family history of psoriasis or psori-
atic arthritis (PsA). The surveys were completed be-
tween July—September 2015. We also used the
baseline data of 348 RA patients enrolled in an obser-
vational trial at academic arthritis centers in
Baltimore, MD, New York City, NY, and Birmingham,
AlL.
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Fatigue measures

PROMIS SFs included the Fatigue 7a and 8a, Pain Inter-
ference 8a, Physical Function 20a, Depression 8a, Par-
ticipation in Social Roles and Activities 8a, and PROMIS
Adult Profile 29 [15], which also queries sleep disturb-
ance and anxiety. The four RAND-36 [16] vitality items
were added shortly after data collection began. Everyone
rated average fatigue over the past 7 days using 5- and
11-point scales. Clinic patients also described their fa-
tigue (‘How would you rate your fatigue: none, mild,
moderate, severe). Additional PROs included the patient
global assessment of RA disease activity (0—100 NRS).

Other outcomes

Among clinic patients, swollen and tender joint counts,
physician global assessment, laboratory values, and Clin-
ical Disease Activity Index (CDAI) scores from the visit
were abstracted from patient charts. CDAI scores combine
the patient and physician global assessments and joint
counts to provide an index of disease activity; cut points
define remission, low, moderate, and high disease activity.

Statistical methods

We used the PROMIS Assessment Center Scoring
Service to obtain item-response theory (IRT)-calculated
scores. PROMIS scores are reported on a T-score metric
(population mean of 50 and standard deviation of 10),
with higher values representing more of the trait mea-
sured. We examined score distributions and compared
descriptive statistics between clinic and online groups
using t-tests or chi square. As participants from the
three academic centers had similar characteristics, data
were collapsed for subsequent analysis.

To evaluate reliability, we calculated Cronbach’s
alpha within scales, and intra-class correlation coeffi-
cients (ICC; two-way mixed effects model where
people were random and measures were fixed) to as-
sess absolute agreement between measures. We used
Bland-Altman plots to view the limits of agreement
among measures and systematic differences. We con-
sidered values of 0.70 and 0.90 as evidence of accept-
able group and individual reliability, respectively [17].
Convergent validity with two legacy fatigue measures
(Rand Vitality and 10-point fatigue numeric rating
scale) was assessed using Pearson’s r with correlations
>0.70 providing evidence of acceptable validity. We
used ANOVA and trend tests to compare scores
across disease activity groups. To examine floor and
ceiling effects, we evaluated the proportion of partici-
pants at the lowest and highest scores (as provided in
PROMIS Fatigue SF lookup tables); > 15% of people
at either end was considered evidence of an effect
[18]. All analyses were performed in SPSS (v25), and
a p<0.05 was considered statistically significant.


http://www.creakyjoints.com
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Results

Participant characteristics

Participants were mostly female, white, and middle
aged and had lived with RA on average for 14 years,
with 13% having RA <2vyears (Table 1). Compared
with clinic patients, online participants were signifi-
cantly younger, more likely to be white and disabled
due to their RA, and reported shorter disease dur-
ation, more years of education, and more active dis-
ease. Across clinical sites, characteristics were similar,
except New York participants were more likely to re-
port a higher level of education and urban residence
and Birmingham participants reported greater disabil-
ity due to RA.

Fatigue scores

SF scores were relatively normally distributed, spanned a
wide measurement continuum, and mean scores
reflected significantly greater fatigue than the general

Table 1 Characteristics of participants
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population (Fig. 1). Scores on the 7a spanned a larger
range than 8a and 4a, and more closely approximated a
normal distribution (Table 2). Scores on the other fa-
tigue scales also spanned a wide range. As expected,
PROMIS Fatigue SF scores were strongly correlated with
each other (r’s>0.91) (Table 3) and with other fatigue
measures (r's > 0.85).

There was no evidence of floor or ceiling effects using
PROMIS SF lookup tables. On the 7a, 1% had scores at the
lowest (29.4) and highest (83.2) levels, based on PROMIS SF
lookup tables. On the 8a, 6% were at the lowest (33.1) and
7% at the highest (77.7), while on the 4a 7% scores at the
lowest (33.7) and 10% at the highest (75.8), well below the
threshold of 15% for evidence of floor and ceiling effects.

Reliability

Cronbach’s alpha showed evidence of adequate reliability
at the individual level for 7a (0.96) and 8a (0.95), and at
the group level for 4a (0.84). ICCs between scales for 7a

Mean (SD) or % All Sites Online P-value
S“:”;C% NY MD AL n=200
N=82 N=217 N =49

Age (years) 57 (14) 56 (15) 56 (14) 60 (10) 51(12) <.001
Female (%) 81% 85% 80% 78% 84% 422
Race® (%)

American Indian or Alaskan 3% <1% 3% - 4%

Asian 4% 9% 5% - 1%

Black or African American 10% 11% 13% 20% 4%

Middle Eastern/North African - - - - -

Native Hawaiian/Pacific Islander 2% - - - 0.5%

White 84% 71% 79% 80% 95%

Other 1% 2% 2% - -

Declined 1% 6% <1% - -
Ethnicity

Hispanic 7% 16% 4% 2% 6% 714
Education > High school (%) 79% 91% 76% 74% 93% <001
Employment (%) 01

Full time 36% 44% 35% 27% 32%

Part time 8% 6% 9% 6% 8%

Retired 23% 26% 25% 12% 15%

Disabled due to RA 22% 14% 19% 49% 32%

Other® 1% %% 12% 6% 15%
Urban 80% 90% 76% 80% 74% 098
RA Characteristics

RA duration (years) 14 (11) 13(12) 13 (10) 17 (12) 10 (10) <.001

Patient Global Disease Activity (0-100) 30 (27) 27 (23) 32 (28) 28 (27) 57 (23) <001

“Multiple categories selected by some individuals. ABetween clinic and online samples

POther includes unemployed, homemaker, students, disabled — not due to RA
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and 8a were 0.93 (95% CI 0.92, 0.95), for 7a and 4a were
0.91 (95% CI 0.90 and 0.92), and for 8a and 4a were 0.98
(95% CI 0.98, 0.99). As Bland-Altman plots show (Fig. 2),
mean differences between scores ranged from - 0.56 for
the 7a and 8a to 0.02 for the 7a and 4a with no system-
atic differences evident. The 95% limits of agreement
were 7.6 to — 8.7 for the 7a and 8a, and were somewhat
larger for the 7a and 4a, and smaller for the 8a and 4a.
Mean standard errors for the 7a, 8a, and 4a were 2.8,
2.1, and 2.7. Across CDAI categories, mean SE were in-
versely related to disease activity level, and ranged from
2.7 to 3.1 for the 7a, 1.9 to 2.4 for the 8a, and 2.7 to 3.0
for the 4a suggesting adequate reliability at the individ-
ual level (i.e., >.90) for all levels of RA disease activity.

Relationship of fatigue with other symptoms associated
with RA disease activity

PROMIS-Fatigue SF scores were strongly and negatively
associated with Physical Function and Participation (r’s
-0.77 to -0.78), and moderately-highly and positively
correlated with pain, sleep, anxiety, and depression (r’s
0.60 to 0.75) (Table 4). Associations were strongest be-
tween fatigue and other symptoms affected by worsening
disease activity (pain, function, participation) [19]. As
predicted, fatigue SFs scores were moderately and directly
correlated with the patient assessments of disease activity
(r's 0.56-0.59), weakly to moderately and directly with ten-
der joint counts, MD assessments of disease activity, and
CDALI (r’s 0.32-0.50), but only minimally with observable

Table 2 Scores on PROMIS Fatigue short forms and other patient reported outcomes

N Mean SD Median 25% 75% Range Min Max
Fatigue
PROMIS Fatigue 7a 548 580 115 587 50.1 66.4 533 294 82.7
PROMIS Fatigue 8a 548 586 116 60.1 505 67.3 446 33.1 77.7
PROMIS Fatigue 4a 546 580 11.6 589 486 66.6 421 337 758
Rand36 Vitality® 388 441 26.3 45.0 20.0 65.0 100.0 0.0 100.0
7-day fatigue (11 pt. NRS) 347 42 28 40 20 6.0 100 0.0 100
Fatigue Likert (1-5) 546 33 13 35 20 4.0 4.0 1.0 50
Other Measures
PROMIS Physical Function 20a 546 387 94 373 318 44.1 43.7 18.8 62.5
PROMIS Pain Interference 8a 548 593 10.2 61.0 533 66.9 36.3 40.7 770
PROMIS Anxiety 4a 546 529 10.1 538 403 60.2 411 40.3 81.4
PROMIS Depression 8a 546 515 105 513 382 59.2 429 382 81.1
PROMIS Sleep Disturbance 4a 546 539 10.0 545 481 61.1 413 320 733
PROMIS Social Participation Ability 8a 548 448 10.3 439 37.1 517 395 259 654
Patient Global Disease Activity 547 22.7 296 250 20 49.0 1000 0.0 1000

Collected only in clinic participants and added after data collection began
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Table 3 Correlations among PROMIS fatigue 7a, 8a, 4a, Rand Vitality and 10-point fatigue scores

Fatigue 8a Fatigue 4a Rand36 Fatigue NRS 7d Fatigue

Fatigue 7a

Fatigue 8a

Fatigue 4a

Rand-36 Vitality

Fatigue NRS
(0-10)

0.94
548

091
546

098
549

0.86 0.85 0.86
388 347 546
0.87 0.88 093
388 351 546
0.86 0.88 0.96
387 348 544
0.81 0.82

344 387

0.87

345

250
15.0

-15.0

Difference 7a8a

-25.0

250

15.0

Difference 7a 4a

500 600 700 80.0 900

10.0

-10.0

Difference 8a 4a
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Fig. 2 Bland-Altman plot showing correspondence between scores
of PROMIS Fatigue short forms. Lines represent average difference
and + 1.96 standard deviation of the difference

characteristics such as swollen joint counts and laboratory
markers of inflammation (r’s 0.15-0.22) (Table 4).

Scores on all PROMIS fatigue SFs showed evidence of a
dose-response relationship across the fatigue descriptors
and CDAI categories (Table 5). The increase in mean
PROMIS Fatigue SF scores across categories was at least
%-1 SD (i.e, 5-10 points). Within CDAI disease activity
levels, considerable variability in fatigue scores was evi-
dent as shown in the box-plots in Fig. 3. Among those in
remission, very few had fatigue scores >60 (1 SD worse
than the US population mean); whereas, among those
with high disease activity few had fatigue scores <50.
Within descriptors of fatigue, there was also considerable
variability though no patients with high fatigue had scores
within the normal range (ie, 45-55), and few patients
reporting no fatigue had scores >50.

Discussion
Fatigue is ubiquitous in active RA, and can vary greatly in
severity among individuals, and even within individuals
from day-to-day. Among a large, geographically and ra-
cially diverse group of people whose RA symptoms varied
from none (i.e., remission) to severe, fatigue levels also
spanned the full measurement continuum. Scores on the
three PROMIS SFs showed evidence of adequate reliability
at the group level and correlated highly with each other,
with legacy fatigue measures, and with other PROMs that
reflect disease activity supporting construct validity. These
results are consistent with our earlier work where we eval-
uated the performance of PROMIS-Fatigue CATs in rela-
tion to legacy fatigue scales and other PROMS, and our
debriefing studies that showed the Fatigue items were easy
to understand and relevant to people with RA [13].
Fatigue in RA has been hypothesized to result from
several things including the greater physiological burden
associated with high systemic inflammatory activity to
increased difficulty moving due to swollen, painful joints.
However, living with a chronic disease is also associated
with greater depression and anxiety, sleep disturbance,



Bingham Il et al. Journal of Patient-Reported Outcomes (2019) 3:14

Page 6 of 9

Table 4 Correlation of PROMIS fatigue short forms with other PROMIS measures and other clinical disease indicators of RA

PROMIS  Physical  Participation  Pain Sleep Anxiety Depression TJC28 SJC28 MD  Patient CDAI ESR  CRP (mg/L)
Fatigue  Function Interference  Disturbance
7a r  -078 -0.81 0.78 0.65 063 067 034 019 032 059 047  021* 017*
N 546 548 548 546 546 546 345 346 343 547 340 219 254
8 r -0.78 -0.78 0.75 0.63 0.60 0.64 037 0.21 034 057 050 023 0.15*
N 546 548 548 546 546 546 345 346 343 547 340 219 254
4 r -0.77 -0.77 0.75 0.65 0.59 0.63 037 0.22 035 056 050 022 0.15*
N 546 546 546 546 546 546 343 344 341 545 338 219 252

All p <0.001 except *p <.005 and **p <.02

and challenges maintaining participation in social roles
and activities — each of which may also contribute to fa-
tigue. Many fatigue measures query different aspects of
fatigue ranging from simple global severity rating scales
to multidimensional measures that ask about different
ways people experience fatigue (e.g., cognitive difficul-
ties, muscle weakness) to how it impacts daily activities
(e.g., participation, work productivity, activities of daily
living). Existing fatigue measures that are widely used
vary in scope, length, domains, and statistical properties.
PROMIS Fatigue SFs ask about the intensity of fatigue
and its impact on day-to-day function. Our results sug-
gest that each of the SF measures can discriminate
among levels of fatigue across the full range of RA dis-
ease activity. PROMIS developers showed that Fatigue
SF scores correlate highly (r’s > 0.95) with scores derived
from CATs (see Fatigue Scoring Guide at healthmeasur
es.net) using the full item bank, with greatest precision
of the SFs in the range from roughly 48 to 70, or in
those with RA who describe their fatigue as ranging
from none to severe.

Although it has been widely reported that fatigue in-
creases with disease activity, additional mechanisms
through which fatigue contributes to disability and sub-
optimal wellbeing associated with RA are not well
understood. The Fatigue SF scores correlated most with
other measures that are directly impacted by RA disease

activity, including pain, function, and social participation
(r's>0.7). Notably, though this sample included individ-
uals with RA disease activity ranging from remission
(i.e., no evidence of active disease) to high, mood and
sleep disturbance were within the normal range in all
but those with the highest levels of disease activity (data
not shown), as we reported in an earlier study (11).

PROMIS-Fatigue SFs can quantify fatigue across the
full continuum of RA disease activity. Scores increased
significantly across CDAI levels by 20.5 SD (5 units), an
amount that is widely recognized as clinically meaning-
ful [20]. There was also evidence of dose-response rela-
tionships in SF scores as patients described the intensity
of their fatigue worsening from ‘none’ to ‘severe’.

Mean scores were similar among SFs as shown by high
ICCs, and on average differed by <1 point even though
the 7- and 8-item forms contain different items. These
results from larger, more diverse samples of RA patients
are similar to those we have previously obtained using
PROMIS-Fatigue CATs [12]. However, the 95% limits of
agreement between the 7a and 8a showed that there
were often important differences at the individual level
of up to 8-9 points (i.e., nearly 1 SD) which could result
in misclassification.

The option to administer different subsets of test items
via CAT or paper-based SFs reflects an important
strength of using IRT-derived measures. While CATs

Table 5 Mean PROMIS fatigue scores by patient descriptors of symptom severity and indicators of RA disease activity

N Mean SD N Mean SD N Mean SD N Mean SD
Descriptors None Mild Moderate Severe
Fatigue 7a 47 388 6.4 135 486 6.4 127 596 6.1 39 69.7 49
Fatigue 8a 47 36.3 5.1 135 49.2 53 127 61.1 49 39 714 4.7
Fatigue 4a 47 36.8 50 135 484 55 125 604 5.1 39 71.1 46
CDAI Remission Low Moderate High
Fatigue 7a 80 463 84 132 520 96 94 584 10.7 34 62.7 84
Fatigue 8a 80 46.7 88 132 525 9.7 94 593 1.2 34 64.5 84
Fatigue 4a 80 463 87 131 519 9.8 93 586 11.0 34 63.9 85

Mean values in the same row are significantly different from each other at p <.05
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result in better precision and efficiency, our results in-
crease confidence that SFs containing 4-, 7-, or 8-items
offer an acceptable alternative to measuring fatigue in
RA when CAT administration of measures is not feas-
ible. Notably, the 4-item version is contained in the
PROMIS-29 Profile. The opportunity to choose from
among SFs available with differing lengths is also a
strength  of PROMIS and IRT approaches to

measurement optimization and may appeal to investiga-
tors who are hesitant to stop using existing familiar fa-
tigue measures with which they are more familiar (and
from which some PROMIS items may have been drawn).

Other benefits to using PROMIS SFs to measure fatigue
include the reduced item number compared to some other
legacy measures (e.g., FACIT-Fatigue, BRAF), thus redu-
cing respondent burden. The availability of US general
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population norms facilitates comparisons of scores with
those of age and sex-matched individuals. Finally,
PROMIS-Fatigue SFs have been widely translated (7a-25
languages, 8a-29 languages, source: healthmeasures.net,
accessed April 4, 2018), with additional efforts ongoing fa-
cilitating their use in multi-lingual populations and multi-
national studies.

Strengths of the study are the large diverse sample with
a broad range of socio-demographic and RA characteris-
tics. Our two-step screening approach increases confi-
dence that the online sample included people with
inflammatory arthritis. Among clinic participants, we tri-
angulated fatigue scores with observations from clinicians
and laboratory data. There are also limitations. Partici-
pants in the online sample had higher levels of reported
symptoms and were self-selected for participation in the
online survey, perhaps limiting generalizability of their re-
sults. However, in combination with the clinic-based sam-
ple with an average lower levels of symptoms we covered
the range of disease activity across the studies. Data were
drawn from the baseline visit of patients with established
RA who were receiving care at tertiary arthritis clinics and
enrolled in an observational trial. We recognize that co-
morbidities common to people with RA (e.g., diabetes,
fibromyalgia, obstructive sleep apnea) could influence fa-
tigue. However, our large sample size drawn from multiple
sources likely helps overcome these concerns. As we used
cross-sectional data, we could not examine responsive-
ness, and change in fatigue in relation to RA treatments
or other intervention remain topics for future investiga-
tion. We did not evaluate structural validity; others have
published results of extensive validity test of PROMIS
Fatigue items across chronic diseases [9, 10, 21]. The evi-
dence presented in our study came from IRT-based scor-
ing of PROMIS scores through the Assessment Center
rather than look-up tables. Finally, we examined perform-
ance of PROMIS Fatigue SFs in relation to a limited num-
ber of legacy fatigue measures.

Conclusions

These results provide robust evidence supporting the con-
struct validity of the three versions of PROMIS-Fatigue
SFs that include 4, 7, and 8 items. Though CATs offer
greater precision, the SFs can efficiently measure fatigue
across the spectrum of RA disease activity in diverse
groups of individuals and justify their consideration as one
of the important patient-centered assessments that reflect
disease control and treatment efficacy. Precise measures
of fatigue using these PROMIS SFs can quantify fatigue
associated with RA disease activity and its impact. Ultim-
ately, these measures of fatigue can contribute to
patient-centered discussions to help match individuals
with optimal therapies based on health considerations that
matter most to them.
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