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Key messages

What is already known about this subject?
►► Fatigue is an important domain of disease assess-
ment in patients with psoriatic arthritis (PsA).

What does this study add?
►► Using disease-specific clinician-reported and 
patient-reported data from two phase III ran-
domised, double-blind, parallel-group, placebo-
controlled, multicentre clinical trials of patients with 
PsA, Standard Protocol Items: Recommendations for 
Interventional Trials (SPIRIT)-P1 (NCT01695239) and 
SPIRIT-P2 (NCT02349295), this analysis showed 
that the fatigue numeric rating scale (NRS) is a well-
defined, valid and responsive patient-reported out-
comes instrument for evaluating fatigue over time in 
a clinical trial setting.

How might this impact on clinical practice?
►► The established psychometric properties from this 
study support the use of fatigue NRS in clinical tri-
als to evaluate treatment efficacy at group level and 
potentially in routine clinical practice to assess and 
manage PsA-related fatigue.

Abstract
Objectives  This study assessed the psychometric 
properties of the fatigue numeric rating scale (NRS) and 
sought to establish values for clinically meaningful change 
(responder definition).
Methods  Using disease-specific clinician-reported and 
patient-reported data from two randomised clinical trials of 
patients with psoriatic arthritis (PsA), the fatigue NRS was 
evaluated for test–retest reliability, construct validity and 
responsiveness. A responder definition was also explored 
using anchor-based and distribution-based methods.
Results  Test–retest reliability analyses supported the 
reproducibility of the fatigue NRS in patients with PsA 
(intraclass correlation coefficient=0.829). Mean (SD) 
values at baseline and week 2 were 5.7 (2.2) and 5.7 
(2.4), respectively. Supporting construct validity of the 
fatigue NRS, moderate-to-large correlations with other 
assessments measuring similar concepts as measured by 
Sackett’s conventions were demonstrated. Fatigue severity 
was reduced when the underlying disease activity was 
improved and reductions remained consistent at week 12 
and 24. A 3-point improvement was identified as being 
optimal for demonstrating a level of clinically meaningful 
improvement in fatigue NRS after 12–24 weeks of 
treatment.
Conclusions  Fatigue NRS is a valid and responsive 
patient-reported outcome instrument for use in patients 
with PsA. The established psychometric properties from 
this study support the use of fatigue NRS in clinical 
trials and in routine clinical practice. Robust validation 
of reliability for use in routine clinical practice in treating 
patients with active PsA in less active disease states and 
other more diverse ethnic groups is needed.

Introduction
Psoriatic arthritis (PsA) is a chronic muscu-
loskeletal disease affecting ~30% of patients 
with psoriasis in the USA,1 with an estimated 
30–100 cases per 10 000 adults.2 Manifesta-
tions of PsA are heterogeneous, and assessing 
domains associated with disease activity drives 
treatment choices.2

Fatigue is a relevant and important 
symptom to patients with PsA. Studies have 
shown that up to 50% of patients with PsA 

experience moderate-to-severe fatigue.3–5 
Fatigue is multifactorial and related to phys-
ical disability, pain, psychological distress and 
poor sleep quality.6 7 Patients with PsA experi-
ence inflammation, chronic pain and reduced 
physical fitness.8 These symptoms, coupled 
with decreased self-esteem and depression, 
manifest as fatigue and sleep disorders, ulti-
mately affecting a patient’s ability to work,9 as 
well as their social relationships and quality 
of life.10 11 Assessing fatigue is paramount 
because it is considered an important domain 
for both clinical practice and clinical trials in 
patients with PsA, second only to pain.6

The area of fatigue assessment in PsA 
is evolving and requires further consider-
ation.12–14 Although up to 78% of patients 
with PsA consider the fatigue domain a 
priority, fatigue is rarely reported as a core 
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outcome.5 7 14–16 The PsA core domain set includes 
peripheral joint assessment, skin assessment, pain, 
patient global assessment, physical function and health-
related quality of life,5 17 18 and, since 2016, musculo-
skeletal disease activity (arthritis, enthesitis, dactylitis, 
spondylitis), fatigue and systemic inflammation have 
been included.15

Several patient-reported outcome (PRO) scales have 
been used to assess fatigue in patients with PsA.12 Until 
2016, 10 different instruments have been used to assess 
fatigue in PsA randomised, controlled trials, observa-
tional studies or registries.16 Few have been validated in 
PsA,8 18 and no single measure is favoured to evaluate 
symptoms of fatigue in PsA patients.12

The fatigue numeric rating scale (NRS) is a single-item 
PRO measure assessing severity of fatigue. The fatigue 
NRS is validated for use in rheumatoid arthritis,19 and it 
is currently used in a PsA-specific composite score (psori-
atic arthritis impact of disease, PsAID). The objective of 
this study was to assess the psychometric properties of 
the fatigue NRS, including (1) test–retest reliability, (2) 
construct validity and (3) responsiveness and to establish 
an appropriate clinically meaningful responder defini-
tion for the fatigue NRS using disease-specific clinician-
reported and patient-reported data from two randomised 
clinical trials of patients with PsA.

Methods
Eligibility criteria
Patients were males or females at least 18 years old who 
had an established diagnosis of active PsA for a minimum 
of 6 months according to the classification criteria for 
psoriatic arthritis, active PsA defined as the presence 
of ≥3 tender and ≥3 swollen joints, and the presence of 
active psoriatic skin lesion or a documented history of 
plaque psoriasis. Patients in Standard Protocol Items: 
Recommendations for Interventional Trials (SPIRIT)-P1 
were naïve to biological disease-modifying antirheumatic 
drugs,20 and participants in SPIRIT-P2 had been treated 
with one or two tumour necrosis factor inhibitors and 
discontinued due to either an inadequate response (≥12 
weeks on therapy) or intolerance.21

Study design
The dataset used for these analyses came from two 
phase III randomised, double-blind, parallel-group, 
placebo-controlled, multicentre clinical trials; SPIRIT-P1 
(NCT01695239)20 and SPIRIT-P2 (NCT02349295),21 
conducted to assess the efficacy and safety of ixekizumab 
(IXE), a high-affinity monoclonal antibody that selectively 
targets IL-17A, for the treatment of active PsA. Details of 
these studies are reported elsewhere.20 21 Patients were 
randomised to IXE, placebo or adalimumab in SPIR-
IT-P120 and IXE or placebo in SPIRIT-P2.21 Both studies 
involved an initial 24-week treatment period; the primary 
safety and efficacy endpoints of the trials focused on this 

24-week treatment period. The analyses described in this 
report do not evaluate treatment effects.

The studies20 21 were conducted in accordance with the 
consensus ethics principles derived from international 
ethics guidelines, including the Declaration of Helsinki 
and Council for International Organizations of Medical 
Sciences International Ethics Guidelines, the Interna-
tional Conference on Harmonisation Good Clinical 
Practice Guidelines, and applicable laws and regulations. 
The protocols were reviewed and approved by the institu-
tional ethical review board, and all participants provided 
informed consent.

Measures
Fatigue numeric rating scale
The fatigue NRS is a patient-administered, single-item, 
11-point horizontal scale anchored at 0 and 10, with 0 
representing ‘no fatigue’ and 10 representing ‘as bad as 
you can imagine’. Patients are asked to ‘please rate your 
fatigue (weariness, tiredness) by selecting the number 
that describes your worst level of fatigue during the past 
24 hours’ (online supplementary figure 1). In the SPIR-
IT-P1 study, the fatigue NRS was administered at baseline 
and weeks 4, 12, 16 and 24. The SPIRIT-P2 study had an 
additional time point: week 2. The following instruments 
were used in the evaluation of the psychometric proper-
ties of the fatigue NRS.

Health assessment questionnaire-disability index
The health assessment questionnaire-disability index 
(HAQ-DI) is a patient-reported standardised question-
naire that is commonly used in PsA to measure disease-
associated disability (assessment of physical function).22 
It consists of 24 questions referring to eight domains: 
dressing/grooming, arising, eating, walking, hygiene, 
reach, grip and other daily activities. The range of scores 
is from 0 to 3, with higher scores reflecting higher disa-
bility.

Patient global assessment
In the patient global assessment (PGA), the patient’s overall 
assessment of her or his PsA activity was recorded using the 
100 mm horizontal visual analogue scale (VAS), where the 
left (score=0) anchor represents no disease activity and the 
right anchor represents extremely active disease.23

Disease activity index for psoriatic arthritis
The disease activity index for psoriatic arthritis (DAPSA) 
is a composite sum score for joint disease activity, 
including patient global and pain VAS, numeric swollen 
and tender joint count, and C reactive protein level.13 
The range is from 0 to ~160, with higher scores reflecting 
higher disease activity.24

Medical outcomes study short-form 36
The short-form 36 (SF-36) is a 36-item patient-
administered measure designed to be a generic, multi-
purpose assessment of health in the areas of physical 
functioning, role physical, role emotional, bodily pain, 
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vitality, social functioning, mental health and general 
health.25 Physical component summary (PCS) and mental 
component summary can be calculated using weighted 
SF-36 domain scores (scoring manual).26 Higher scores 
reflect better health status.

Psoriatic arthritis disease activity score
The psoriatic arthritis disease activity score (PASDAS) is 
a composite outcome measure that includes the varia-
bles of patient and physician global VAS scores, dactylitis, 
enthesitis, C reactive protein (CRP), swollen joint 
counts (SJC), SF-36 PCS and tender joint counts (TJC). 
The PASDAS is represented by the equation: PASDAS 
= (((0.18 × √physician global VAS) + (0.159 × √patient 
global VAS) – (0.253 × √SF36 – PCS) + (0.101×LN (swollen 
joint count +1)) + (0.048×LN (tender joint count +1)) 
+ (0.23×LN (Leeds Enthesitis Index+1)) + (0.377 LN 
(tender dactylitis count +1)) + (0.102×LN (CRP mg/
dL+1))+2)*1.5.27

Composite psoriatic disease activity index
The composite psoriatic disease activity index (CPDAI) 
is a measure in which disease involvement is assessed in 
up to five domains: peripheral joints, skin, entheseal, 
dactylitis and spinal manifestations.13 28 Measures used are 
patient self-administered, physical examination and labo-
ratory tests, recorded on paper or electronically. Higher 
scores correspond to more severe disease activity. In the 
SPIRIT studies, a modified CPDAI (mCPDAI) was used 
by the exclusion of the Ankylosing Spondylitis Quality of 
Life (ASQoL), which was not measured in SPIRIT-P1.

Statistical analysis
Descriptive statistics (means, percentages) are presented 
for study participant characteristics at baseline. We 
assessed test–retest validity, construct validity and respon-
siveness of the fatigue NRS. Since SPIRIT-P1 and SPIR-
IT-P2 enrolled different patient populations, all the 
analyses were conducted separately, and presented side-
by-side. Within each study, all treatment groups were 
pooled. Missing data were low (<3% missing fatigue NRS 
in both studies at baseline and <10% on or before week 
16). Missing postbaseline fatigue NRS scores and other 
continuous measures were imputed using the last obser-
vation carried forward.

Test–retest validity
Test–retest validity was assessed using SPIRIT-P2 data from 
baseline and week 2 in patients with stable disease. Stable 
disease was defined as patients in the placebo group with 
<20% change in tender joint count. An intraclass correla-
tion coefficient (ICC) was calculated between the initial 
and retest scores (week 2), and paired t-tests were used 
for differences in means. An ICC of ≥0.70 was considered 
acceptable.29

Construct validity
Construct validity assesses the degree to which a measure 
correlates with other measures that are evaluating a 

similar construct.30 Construct validity was determined by 
Pearson correlations at baseline, week 12, and week 24 
between scores of the fatigue NRS and HAQ-DI, PGA, 
DAPSA and SF-36 role emotional, social functioning, 
role physical, physical functioning and vitality domains. 
Analyses were conducted on pooled cohort data within 
each trial and missing data at weeks 12 and 24 were 
imputed using a last observation carried forward anal-
ysis. We hypothesised a high correlation of fatigue NRS 
with the SF-36 vitality scale which measures a very similar 
concept, and moderate correlations with other measures 
of disease activity and impact.

Responsiveness
Responsiveness was evaluated by associating calculated 
changes from baseline to week 12 and 24 in scores on 
the fatigue NRS with American College of Rheuma-
tology (ACR) 20% (ACR20) and 50% (ACR50) response 
criteria. Effect size, defined as change from baseline divided by 
baseline SD, is also provided to help interpret the magnitude. 
The association was evaluated using the analysis of covar-
iance model, including ACR response status and baseline 
fatigue NRS score. The anchor was defined as disease 
activity at endpoint or outcome. Missing data at weeks 
12 and 24 were imputed using a last observation carried 
forward analysis. Data from the trials were not pooled for 
this analysis.

Responder definition
A responder definition for the interpretation of the 
fatigue NRS score that corresponds with marked clinical 
improvement in PsA was identified using both an anchor-
based and a distribution-based approach.31 Selected 
anchors included ACR20, ACR50, HAQ-DI minimum 
clinically important difference (MCID),32 minimal disease 
activity (MDA)33 and psoriatic arthritis response criteria 
(PsARC).13 Receiver operating characteristic method was 
utilised to identify the cut-off best representing treatment 
benefit. In addition to the commonly used metrics, like 
sensitivity and specificity, three more metrics, including 
positive prediction, negative prediction and phi correla-
tion,34 were also utilised in the method.

Results
A total of 780 patients (SPIRIT-P1 (n=417) and SPIRIT-P2 
(n=363)) were included in this analysis. Table 1 describes 
the demographics and disease characteristics, in addition 
to baseline fatigue NRS scores. Mean patient age was 49.5 
years in SPIRIT-P1 and 51.9 in SPIRIT-P2, ≥91% were 
white, and mean baseline fatigue NRS scores were 5.5 
and 6.0, respectively. In SPIRIT-P1 and SPIRIT-P2, mean 
baseline tender joint count out of 68 joints (TJC 68) was 
20.1 and 23.4, respectively, and swollen joint count out of 
66 joints (SJC 66) was 11.0 and 12.3, respectively.

The test–retest reliability supported the reproducibility 
of the fatigue NRS in patients treated with placebo with 
stable PsA (n=38; ICC (95% CI 0.829 (0.697 to 0.907)). 
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Figure 1  Change from baseline in fatigue numeric rating scale (NRS) score was evident in associations with week 12 and 24 
ACR outcomes (NRI), intent-to-treat population, last observation carried forward. Effect size is defined as the magnitude of 
change from baseline divided by baseline SD. ‡p<0.001 versus anchor not met, from analysis of covariance model, including 
anchor status and baseline fatigue NRS score. ‘Anchor’ refers to ACR50 or 20 responder if ‘anchor met’, and non-responder if 
‘anchor not met’. ACR20, American College of Rheumatology 20% response rate; ACR50, American College of Rheumatology 
50% response rate; ES, effect size; NRI, non-responder imputation.

The mean (SD) values at baseline and week 2 were 5.7 
(2.2) and 5.7 (2.4), respectively (p=0.815).

Construct validity was supported by correlations 
between fatigue NRS and other outcomes at weeks 12 and 
24 (online supplementary table 1). Fatigue NRS had the 
lowest correlations with mCPDAI (r=0.28 (0.10, 0.45) for 
SPIRIT-1 and r=0.51 (0.43, 0.59) for SPIRIT-P2 at week 
12; r=0.48 (0.39, 0.55) for SPIRIT-P1 and r=0.53 (0.45, 
0.61) for SPIRIT-P2 at week 24) and the highest correla-
tion with the SF-36 vitality domain (r=−0.66 (−0.71, –0.60) 
for SPIRIT-P1 and r=−0.75 (−0.79, –0.70) for SPIRIT-P2 
at week 12; r=−0.71 (−0.75, –0.66) for SPIRIT-P1 and 
r=−0.76 (−0.80, –0.72) for SPIRIT-P2 at week 24), with the 
other outcome measures falling in the moderate range 
for correlation as measured by Sackett’s conventions.35 
Responsiveness of fatigue NRS was associated with week 
12 and 24 outcomes, ACR20 and ACR50 (figure  1). 
Fatigue severity was reduced when the underlying disease 
was improved and reductions remained consistent at 
week 12 and 24. Consistent results were observed in both 
clinical trials.

When using ACR20 as the anchor, the clinically mean-
ingful change in fatigue NRS was identified by maximising 
the selected metrics shown in table 2A,B separately for 
each randomised controlled trial.

Considering the trade-off between the metrics, a 
2-point to 4-point improvement (effect size 0.8–1.7) best 
balanced the selected metrics. Similar patterns were 
observed using other anchors, such as ACR50, MDA, 
PGA MCID and PsARC (online supplementary table 

2). A 3-point improvement was chosen because corre-
sponding effect size (1.2) was sufficiently large, and it was 
also greater than the SE of measurement of 1.3 suggested 
by distribution-based method. The distribution-based 
method aims to quantify a lower bound, and any change 
within that range can be considered random variation 
and hence not statistically meaningful.

Discussion
These analyses examined the psychometric properties 
of the fatigue NRS using data from two randomised clin-
ical trials of ixekizumab in patients with PsA. These trials 
assessed different patient populations, one biological-
naïve and one biological-experienced, thus psychometric 
properties were evaluated for the two trials separately. 
The baseline characteristics of the two SPIRIT trials 
are representative of a typical PsA trial population and 
demonstrate PsA patients are burdened by a clinically 
significant level of patient-reported fatigue (score of 6 on 
a 10 point scale, with 10=worst). This is consistent with the 
baseline characteristics reported from other biological or 
targeted synthetic disease-modifying antirheumatic drug 
clinical trials. While different measures of fatigue were 
used across studies, a trial using the fatigue assessment 
scale (range 0–10; higher score=greater fatigue) reported 
baseline scores of 5.8–6.3 across treatment groups,36 trials 
reporting scores from the FACIT-fatigue (0–52; higher 
score=less fatigue) reported scores of 24.5–30.8 across 
treatment groups,37–40 and a trial using a fatigue 0–100 

https://dx.doi.org/10.1136/rmdopen-2019-000928
https://dx.doi.org/10.1136/rmdopen-2019-000928
https://dx.doi.org/10.1136/rmdopen-2019-000928
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Table 2  Receiver operating characteristic analyses of fatigue NRS—SPIRIT-P1

Change in fatigue NRS Sensitivity Specificity Positive predictive value Negative predictive value Phi coefficient

A: NRS—SPIRIT-P1

 � −8 0.009 0.995 0.667 0.464 0.022

 � −7 0.042 0.995 0.900 0.472 0.116

 � −6 0.111 0.995 0.960 0.491 0.218

 � −5 0.213 0.973 0.902 0.516 0.279

 � −4 0.310 0.914 0.807 0.533 0.276

 � −3 0.454 0.828 0.754 0.566 0.300

 � −2 0.653 0.634 0.675 0.611 0.287

 � −1 0.806 0.478 0.642 0.679 0.302

 � 0 0.912 0.290 0.599 0.740 0.262

B: NRS—SPIRIT-P2

 � −8 0.007 1.000 1.000 0.587 0.063

 � −7 0.062 1.000 1.000 0.601 0.192

 � −6 0.123 1.000 1.000 0.617 0.276

 � −5 0.226 0.966 0.825 0.638 0.298

 � −4 0.342 0.937 0.794 0.668 0.359

 � −3 0.425 0.879 0.713 0.683 0.346

 � −2 0.541 0.723 0.581 0.690 0.268

 � −1 0.678 0.490 0.485 0.682 0.168

 � 0 0.870 0.291 0.465 0.759 0.190

Receiver operating characteristic analyses suggested –3-point fatigue NRS score improvement is the minimum clinically important difference 
after 24 weeks.
NRS, numeric rating scale; SPIRIT, Standard Protocol Items: Recommendations for Interventional Trials.

VAS (higher score=greater fatigue) reported scores of 
54.7–55.9 across treatment groups.41

Results from these two studies support the fatigue NRS 
as a valid and responsive PRO instrument for evaluating 
fatigue over time in a clinical trial setting. The test–re-
test reliability analyses supported the reproducibility of 
the measure (ICC=0.829). However, this value was lower 
than the ICC value of 0.95 reported by Chandran et al18 
in determining the reliability and validity of the func-
tional assessment of chronic illness therapy-fatigue scale 
in PsA. This was due, in part, to limitations in how the 
fatigue instrument was administered in the SPIRIT trials: 
(1) we assessed reliability between two measurements 2 
weeks apart rather than 1 week apart in the FACIT study 
and (2) the two assessment points were before and after 
randomised treatment was initiated, rather than at both 
measurement points prior to the start of study treat-
ment. The latter point is the most significant limitation. 
We tried to circumvent this by looking at patients who 
had stable TJC scores; however, it did not change the 
fact that these patients were undergoing a clinical trial 
potentially affecting this reliability analysis. In addition, 
reliability in the current analysis was assessed only in the 
placebo group, and was only based on tender joint count, 
resulting in a low sample size of 38.

Fatigue levels correlated with disease activity. Notably, 
a 3-point change is optimal for demonstrating a level of 

clinically meaningful improvement in severity after 24 
weeks of treatment, which corresponds to marked clinical 
improvements in PsA disease activity. This is consistent 
with Gudu et al4 who found that fatigue levels were signifi-
cantly high in PsA patients with more swollen (p=0.002) 
and tender (p=0.0005) joints. Tender joint count (OR 
for five extra joints 1.30 (95% CI 1.01 to 1.68)) was also 
an independent variable associated with high level of 
fatigue.

A cross-sectional correlation with other patient-reported 
and physician-reported outcome measures supported 
the construct validity with the highest correlation with 
the SF-36 vitality domain and substantial correlation 
also seen with joint pain, HAQ-DI, physical functioning 
SF-36 role physical and PGA at week 24. Responsiveness 
of the fatigue NRS was evident in correlations with week 
12 and 24 outcomes. In particular, significant differ-
ences in improvement of fatigue NRS scores between 
ACR20 and ACR50 responders and non-responders were 
evident. Our results are consistent with Minnock et al42 
who confirmed responsiveness in identifying statistically 
significant differences in fatigue levels using NRS in PsA 
patients 12 weeks after initiating treatment. Contrary to 
what we found, data from a longitudinal study by Husted 
et al5 suggest that a change in a patient’s clinical status 
is weakly associated with a change in fatigue. Their 
data suggest that the change in fatigue is more strongly 
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associated with a 6-month change in chronic pain, 
depression and physical ability. This is related to the fact 
that fatigue has many facets associated with pain, physical 
disability and psychological difficulties.6

The SPIRIT trials included the fatigue NRS as the sole 
measurement of fatigue because at the time the trials 
were designed, there was no single measure favoured to 
assess symptoms of fatigue in PsA patients and the fatigue 
NRS was considered a clinically relevant (useful and 
easy to apply in a clinical practice setting) and accept-
able endpoint. Since that time, additional publications 
describing the psychometric properties of the FACIT-
fatigue in PsA patients are now available and the evolu-
tion of the PsAID, which includes a fatigue NRS item, has 
now been provisionally endorsed by Outcome Measures 
in Rheumatology (OMERACT) for use in PsA clinical 
trials, further expanding options for evaluating fatigue in 
this patient population.43 44

Data regarding patient perceptions of fatigue are 
essential in the clinic, as well as in clinical trials. Patients’ 
perceptions of fatigue as measured by NRS yield 
important information for clinicians to consider and 
relate to patients’ perceptions of treatment success. Such 
understandings have the potential to affect decisions on 
treatment escalation or discontinuation.45 It is recom-
mended that clinical trials for treatment of PsA collect 
PRO data to supplement other efficacy and safety data.46 
Our study supports previous findings37 of the feasibility 
of a single-item, one-dimensional scale for measuring 
fatigue and its potential successful use in clinical trials.

Limitations
One limitation associated with this study is the lack of 
ethnic diversity within the cohorts, as the majority of 
patients were white. These findings, therefore, may not 
be generalised to other ethnicities. This analysis does not 
take into account comorbidities or psychological and 
cognitive aspects of fatigue in PsA. Other PROs strongly 
correlated with fatigue, such as pain, functional disability, 
sleep quality and depression, were not included in the 
analysis. This study does not include another multidi-
mensional fatigue measure in the trial to allow for direct 
comparison but does include the vitality domain in the 
SF-36. Finally, although our reported ICC supports the 
reliability of the fatigue NRS within an acceptable range, 
the definition of the unchanged group using TJC 68 at 
week 2 and the 2-week interval between the assessments 
represent limitations.

In conclusion, fatigue NRS is a well-defined PRO instru-
ment that was valid and responsive for measuring fatigue 
in patients with PsA in a clinical trial setting. The estab-
lished psychometric properties from this study support 
the use of fatigue NRS in clinical trials to evaluate treat-
ment efficacy at group level and potentially in routine 
clinical practice to assess and manage PsA-related fatigue; 
however, robust validation of reliability for use in routine 
clinical practice in treating individual patients with active 
PsA is needed.
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