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ABSTRACT 

Background
Aim of this study was to assess test–retest reliability of candidate instruments for the 
mandatory domains of the Assessment of Spondyloarthritis international Society (ASAS)-
Outcome Measures in Rheumatology core set for axial spondyloarthritis (axSpA).

Methods
Screening and baseline data from COAST-V, COAST-X and RAPID-axSpA was used to 
evaluate test-retest reliability of each candidate instrument for the mandatory domains 
(disease activity,  pain, morning stiffness, fatigue, physical function, overall functioning and 
health). A maximum time interval of 28 days between both visits was used for inclusion 
in this study. Test–retest reliability was assessed by intraclass correlation coefficient (ICC). 
Bland and Altman plots provided mean difference and 95% limits of agreement, which 
were used to calculate the smallest detectable change (SDC). Data were analysed for 
radiographic and non-radiographic axSpA separately.

Results
Good reliability was found for Ankylosing Spondylitis Disease Activity Score (ICC 0.79, 
SDC 0.6), C reactive protein (ICC 0.72–0.79, SDC 12.3–17.0), Bath Ankylosing Spondylitis 
Functional Index (ICC 0.87, SDC 1.1) and 36-item Short-Form Health Survey (ICC Physical 
Component Summary 0.81, SDC 4.7, Mental Component Summary 0.80, SDC 7.3). 
Moderate reliability was found for Bath Ankylosing Spondylitis Disease Activity Index (ICC 
0.72, SDC 1.1), patient global assessment (ICC 0.58, SDC 1.5), total back pain (ICC 0.64, SDC 
1.3), back pain at night (ICC 0.67, SDC 1.3), morning stiffness (ICC 0.52–0.63, SDC 1.5–2.2), 
fatigue (ICC 0.65, SDC 1.3) and ASAS-Health Index (ICC 0.74, SDC 2.5). Reliability and SDC 
for the radiographic and non-radiographic axSpA subgroups were similar.

Conclusion
Overall reliability was good, and comparable levels of reliability were found for patients 
with radiographic and non-radiographic axSpA, even though most instruments were 
developed for radiographic axSpA. Composite measures showed higher reliability than 
single-item measures in assessing disease activity in patients with axSpA.
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INTRODUCTION

Uniformity in reporting primary outcomes of clinical trials allows for a direct comparison 
between studies investigating different therapies in the same patient population. Herein, 
there is an essential role for core outcome sets (COS), which contain the mandatory 
outcomes (domains) that should be assessed and reported as a minimum in all trials1,2. 

Over time, new instruments to assess these domains may be developed and also more 
data may become available regarding measurement properties of already existing 
instruments, underlining the need to periodically review COS.  Currently, the Assessment 
of Spondyloarthritis international Society (ASAS) is working on an update of the original 
ASAS/Outcome Measures in Rheumatology (OMERACT) core set for ankylosing spondylitis 
(AS) of which the domains have been selected and endorsed3,4. An important aspect that led 
to this decision was that AS belongs to a broader disease spectrum, axial spondyloarthritis 
(axSpA), which includes two forms—that can also be regarded as two stages- of the same 
disease: radiographic axSpA (r-axSpA, traditionally known as AS, that is, axSpA with definite 
sacroiliitis according to the modified New York (mNY) criteria5) and non-radiographic 
axSpA (nr-axSpA, that is, axSpA without definite sacroiliitis on radiographs6). Even though 
both nr-axSpA and r-axSpA are now considered part of the same disease spectrum, most 
instruments used to assess effectiveness of treatment were developed for and tested only 
in patients with r-axSpA. 

The updated COS should be applicable to all patients with axSpA. Therefore, all 
instruments should have good psychometric properties for patients in both disease 
subgroups (i.e., r-axSpA and nr-axSpA) to be included as mandatory instruments1,2. 

The psychometric properties include truth (domain match, face and content validity), 
feasibility, construct validity and discrimination (test-retest reliability, responsiveness, 
clinical trial discrimination and thresholds of meaning)7. In this manuscript, we evaluate 
only one aspect in detail, namely test–retest reliability. Reliability is an important  
psychometric property, as it informs users whether the same result will be obtained if 
assessed twice in a situation where there is no change. Hence, the aim of this study was 
to assess test-retest reliability of the candidate instruments for the selected mandatory 
domains of the core set that should be assessed in all trials evaluating a new treatment 
in patients with r-axSpA and nr-axSpA4.
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MATERIALS AND METHODS 

Patients
For this study, we used screening and baseline data from three large samples in axSpA: 
data from COAST-V and COAST-X (initiated by Eli Lilly and Company and registered with 
ClinicalTrials.gov as NCT02696785 and NCT02757352 respectively) and RAPID-axSpA 
(initiated by UCB Pharma and registered with ClinicalTrials.gov as NCT01087762). These 
randomised controlled trials (RCTs) are described in detail elsewhere8-10. In brief, all 
RCTs included patients aged ≥18 years who fulfilled ASAS criteria for axSpA11 and had an 
inadequate response to NSAIDs or a history of intolerance to NSAIDs. COAST-V included 
patients with r-axSpA8 (i.e., with sacroiliitis according to the mNY criteria5) while COAST-X 
included patients with nr-axSpA9; and RAPID-axSpA comprised patients with either r-axSpA 
or nr-axSpA10. As these patients were entering an RCT, they needed to have active disease 
at screening and baseline, defined as a Bath Ankylosing Spondylitis Disease Activity Index 
(BASDAI)12 score of ≥4 and total back pain in the past week ≥4 (on a 0–10 Numeric Rating 
Scale (NRS)).

Outcomes
The ASAS-OMERACT core domain set for axSpA4 describes the domains that should 
be measured in axSpA trials investigating symptom modifying and disease-modifying 
therapies. Seven domains are mandatory in all axSpA trials: disease activity, pain, morning 
stiffness, fatigue, physical function, overall functioning and health and adverse events. 
Information from all the instruments (n=13) employed to assess these domains -with the 
exception of adverse events- at both screening and baseline in COAST-V, COAST-X and 
RAPID-axSpA was used to evaluate test–retest reliability of each instrument.

Four instruments that could be used to assess the domain disease activity were available: 
the Ankylosing Spondylitis Disease Activity Score (ASDAS) -specifically ASDAS-C reactive 
protein (CRP)13, the BASDAI using NRS answer modalities12, the patient global assessment 
(PtGA) using an NRS14 and CRP, measured in mg/L. Two of the instruments used to assess 
pain were available: 0–10 NRS for total back pain in the past week and 0–10 NRS for pain 
at night in the past week14. Questions 5 (How would you describe the overall level of 
morning stiffness you have had from the time you wake up?) and 6 (How long does your 
morning stiffness last from the time you wake up?) of the BASDAI and a composite score 
of questions 5 and 6 ((Q5 +Q6)/2) were the instruments available to evaluate morning 
stiffness. The one instrument available to estimate fatigue was question 1 of the BASDAI. 
To evaluate physical function, one instrument was present: the Bath Ankylosing Spondylitis 
Functional Index (BASFI)15. 
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Two of the instruments that could survey overall functioning and health were available: the 
ASAS-Health Index (ASAS-HI)16 and Medical Outcomes Study 36-item Short-Form Health 
Survey (SF-36)17. All these instruments are commonly used in trials assessing treatment 
effect in axSpA and have shown content, face and construct validity18. 

Spinal mobility was considered an important but optional domain in the axSpA ASAS/
OMERACT  domain core set4. Nonetheless, it was included in this study as it is often 
assessed in clinical trials and daily practice. One composite instrument and two additional 
single measures that can be used to evaluate spinal mobility were evaluated: the Bath 
Ankylosing Spondylitis Metrology Index (BASMI) linear19 (including modified Schober, 
lateral spinal flexion, tragus-to-wall distance, cervical rotation, intermalleolar distance) 
and chest expansion and occiput-to-wall distance14.

Analyses
Test–retest reliability was assessed by intraclass correlation coefficient (ICC) (two-way 
random effect model with absolute agreement20,21). An ICC >0.9 was an indication of 
excellent reliability, >0.75 to 0.9 of good reliability, 0.5 to 0.75 of moderate reliability and 
ICC <0.5 of poor reliability21. Bland and Altman plots were created for each instrument to 
assess mean difference and 95% limits of agreement and to evaluate homoscedasticity. 
Measurement error as a measure of the scale was assessed by analysing the smallest 
detectable change (SDC) based on the 95% limits of agreement using the formula: 
SDC=1.96×SD of the mean difference of the two assessments/(√2 x √2)22. The SDC 
corresponds to the minimum change beyond measurement error that can be detected in 
an individual patient over time with 95% likelihood. Calculation of the limits of agreement 
(and the SDC) assumed that reliability was homoscedastic.

In this study, we operated under an a priori assumption underlying the test–retest 
experiments,  namely that in truth the scores for all instruments do not change over 
the limited period of time between assessments (i.e., there is no systematic error). 
This assumption of no change has been proven by the Bland and Altman plots, which 
demonstrated that the mean difference between test and retest was always (very close to) 
zero, indicating that the no systematic error assumption holds. 

As there was a large variation in the number of days between screening and baseline 
assessments in both datasets, it was decided to use a maximum time interval of 28 days 
between both visits as a cut-off for inclusion in this study. 
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Unfortunately, in the RAPID-axSpA dataset the PtGA was only assessed at baseline, and 
the baseline values were used to calculate ASDAS both at screening and baseline. As the 
ASDAS is calculated from the PtGA, questions 2, 3 and 6 from the BASDAI and CRP13, the 
results of this dataset should be interpreted with caution, as variability in patient global 
was not considered and as a result the reliability of the ASDAS may be artificially improved. 
However, the values in the COAST trials were very similar.

Results were bundled per domain and presented for all axSpA patients, followed by 
information per disease subgroup (i.e., r-axSpA and nr-axSpA). Data from both COAST 
datasets were combined to assess test–retest reliability of the instruments in axSpA 
patients.

RESULTS

A total of 341 r-axSpA patients in the COAST-V dataset, 302 nr-axSpA patients in the COAST-X 
dataset and 326 patients (177 r-axSpA and 149 nr-axSpA) in the RAPID-axSpA dataset had 
data available at screening and baseline. From these, 104 r-axSpA patients from COAST-V, 
104 nr-axSpA patients from COAST-X and 221 patients from RAPID-axSpA (119 r-axSpA and 
102 nr-axSpA) who had both measurements for at least one of the assessed instruments 
within a time frame of 28 days were included in this analysis.

Of the included r-axSpA patients from COAST-V 81% were male median (IQR) age was 
39 (34–47) and mean (SD) symptom duration 15.1 (9.9) years. The selection of nr-axSpA 
patients from COAST-X included 55% male patients, with a median age of 38 (27–49) and 
mean symptom duration of 9.9 (8.8) years. In RAPID-axSpA 62% of the included patients 
were male (74% in r-axSpA, 49% in nr-axSpA), the median age range was 31–35 years 
(46–50 in r-axSpA, 31–35 in nr-axSpA) and mean symptom duration was 6.0 (6.9) years 
(7.4 (7.6) in r-axSpA, 4.3 (5.6) in nr-axSpA). 

The mean symptom duration in the patient selection included in this study was somewhat 
shorter than the mean symptom duration of the entire study populations (COAST-V 16.1 
(10.9); COAST-X 10.7 (9.7); RAPID-axSpA 6.7 (7.4)). Median age and the percentage of 
female patients were similar to the original study populations8-10. 

The number of days between assessments ranged between 8 and 28 days in COAST-V, 
between 9 and 28 days in COAST-X and between 2 and 28 days in RAPID-axSpA; the mean 
(SD) number of days between assessments were 22 (5) in COAST-V, 21 (5) in COAST-X and 
18 (7) days in RAPID-axSpA. The proportion of missing data varied somewhat between 
measurements and datasets, but was always very small (<5%). Participants with missing 
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data for an instrument at either screening or baseline were excluded from analysis for that 
specific instrument. The number of available data per instrument is provided in table 1. 
Information available from the literature regarding reliability of the instruments included 
in the current study is presented in table 123-36.

Detailed results from all trials and subgroups are provided in tables 1 and 2. In the text, 
reliability per domain is described only for the total axSpA group in the COAST datasets, as 
these included most instruments. Only if reliability varied considerably between subgroups 
or trials, reliability of these groups is discussed additionally.

Regarding the four instruments assessing disease activity: good reliability was found for 
ASDAS (ICC 0.79, SDC 0.6) and CRP in COAST (ICC 0.79, SDC 12.3), whereas reliability for 
CRP in the RAPID-axSpA dataset was slightly lower (ICC 0.72, SDC 17.0) (table 1). Reliability 
was moderate for BASDAI (ICC 0.72, SDC 1.1); and for the PtGA reliability was moderate (ICC 
0.58, SDC 1.5) too, except for the r-axSpA group, for which reliability was poor (ICC 0.48, 
SDC 1.6). The two instruments used to evaluate pain showed moderate reliability (NRS 
total back pain (ICC 0.64, SDC 1.3); NRS back pain at night (ICC 0.67, SDC 1.3)). Moderate 
reliability was found for the instruments used to assess morning stiffness (ICC 0.52–0.63, 
SDC 1.5–2.2) as well. The instrument used to determine fatigue showed moderate reliability 
(ICC 0.65, SDC 1.3). The data showed good reliability (ICC 0.87, SDC 1.1) for the BASFI, used 
to measure physical function. For the two instruments used to survey overall functioning 
and health, good reliability was found for the Physical Component Summary (ICC 0.81, SDC 
4.7) and Mental Component Summary (ICC 0.80, SDC 7.3) subscales of the SF-36, and the 
ASAS-HI had moderate reliability (ICC 0.74, SDC 2.5), except for the nr-axSpA subgroup in 
which reliability was good (ICC 0.77, SDC 2.5). In the domain spinal mobility, reliability was 
excellent (ICC 0.93, SDC 0.6) for BASMI in RAPID-axSpA. Tragus-to-wall and occiput-to-wall 
distance showed excellent reliability, except for the nr-axSpA subpopulation, for which the 
reliability was good. For all other mobility measures reliability was good (table 2)37-43.

Bland and Altman plots showed a reasonably homoscedastic variation for all measurement 
instruments, with the exception of CRP where the variation was more pronounced in the 
lower end of the range (online supplemental figures 1–27).
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DISCUSSION

The results from this study showed that the test-retest reliability of the investigated 
instruments was moderate to excellent and similar in the axSpA group and each of the 
disease subgroups r-axSpA and nr-axSpA. Furthermore, for those instruments where data 
was available from the COAST and RAPID-axSpA studies, levels of reliability were comparable 
between datasets as well. Finally, we found ICCs were higher for multi-item instruments 
compared with single-item instruments in the same domain. This is reasonable as the 
impact of variance caused by measurement error in the individual items of a multi-item 
instrument is reduced when they are combined into a single score, resulting in a more 
precise score for a multi-item instrument compared with its single-item counterparts44-46.
For all instruments assessed in this study, ICCs were somewhat lower than those previously 
reported in the literature, with the exception of the spinal mobility measures. This is not 
unexpected as all patients included in this study had high disease activity, which resulted 
in less variability in scores between patients for the investigated instruments (e.g., BASDAI 
and total back pain had a possible range of 4–10 instead of 0–10). It has been shown that 
reduced variability in scores decreases ICCs in case of unchanged number of observations 
and measurement error21,46. This might explain why for almost all measurement instruments 
the reliability found in this study was somewhat lower than those reported previously. 
Other characteristics, such as the proportion of female patients, age and symptom duration 
of the patients included in this study were comparable to the populations  included in 
previous studies investigating reliability23,25,27,29,30,32-35. The decreased variability in scores 
has an opposite effect on the SDCs, as the mean difference between two assessments 
(and its SD) is expected to be smaller when the scoring range is reduced, this applies to 
scores between patients as well as between two measurements within the same patient. 
An SDC represents a minimum that can be observed reliably based on measurement error. 
This can be compared with a minimal clinically important improvement (MCII, defined in 
relation to an external standard for an individual patient) and minimal clinically important 
difference (MCID, defined by an external standard between (groups of) patients). We 
compared the observed SDCs with the published SDCs, MCIIs and MCIDs in the literature. 
The SDCs for ASDAS found in this study were indeed lower than the MCII defined in the 
literature29, while SDCs for BASDAI, PtGA and BASFI found in these datasets were similar 
to the previously reported MCIIs27,33. Based on the data analysed in this study, we can 
conclude ASDAS has the best reliability and smallest SDC of the instruments used to assess 
disease activity.

For total back pain and pain at night in the past week, SDCs were smaller than the MCID 
defined in the literature34, and ICCs were comparable for both instruments. The data for 
the fatigue and stiffness questions of the BASDAI was inconclusive. In the COAST-X and 
COAST-V datasets SDCs were similar to the reported MCIDs34,47-49. Conversely, measurement 
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error in the RAPID-axSpA was somewhat larger, complicating detection of the MCID. 
Comparing the ICCs and SDCs of the various instruments used to assess morning stiffness 
in the COAST datasets, duration of morning stiffness seems slightly less reliable compared 
with severity of morning stiffness and the composite score. Finally, the SDC for the ASAS-
HI was slightly smaller than previously reported25, which could be the result of the afore 
mentioned limited range in disease activity in the current study populations. 

Compared with the SF-36, the SDC of the ASAS-HI was higher (12% vs 5%–7% of the total 
score range) and the ICC slightly lower, indicating the SF-36 might have better reliability. 
However, the ASAS-HI is a disease-specific instrument, whereas the SF-36 is a general 
instrument, thus other measurement properties are vital for a final conclusion. Before a 
definite decision can be made regarding which instrument is best to assess each domain, 
the other measurement properties will have to be collected too.

This study used data from three recent trials in axSpA, which ensured all instruments 
currently used in clinical trials were represented. All patients included in these datasets 
had active disease and were candidate to receive a disease-modifying therapy, which 
matches the target group of the ASAS-OMERACT core outcome set4. As the core 
outcome set will be used in clinical trials assessing the effect of treatment in axSpA and 
RCTs in principle require patients with active disease, the data from this study provide 
valuable information on the reliability of measurement instruments in this patient 
group. Furthermore, an equal number of patients with r-axSpA and nr-axSpA were 
included, thereby representing all patients with axSpA disease. Nonetheless, there were 
limitations to this study, the most important one being the relatively long time-interval 
used in the current study to ensure the sample sizes would be large enough, which 
might explain some of the differences found between the literature and the results in 
this study. Based on the data from this study and information available in the literature, 
ASDAS, BASDAI, PtGA and CRP are reliable measures to assess disease activity in all 
patients with axSpA, both total back pain and pain at night in the past week could be  
considered reliable in assessing pain, questions 5 and 6 of the BASDAI can be used to 
reliably assess morning stiffness, BASDAI question 1 can reliably evaluate fatigue, BASFI 
was found reliable to investigate physical functioning, ASAS-HI and SF-36 were found 
reliable to survey overall functioning & health, and BASMI and its components as well 
as chest expansion can be used to reliably assess spinal mobility. Further research will 
have to focus on collecting information on the other psychometric properties before a 
definite decision can be made regarding the best instrument for each domain.
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CONCLUSION

The results from this study showed overall reliability was good and levels of reliability were 
comparable for patients with r-axSpA and nr-axSpA, indicating ASDAS, BASDAI, PtGA, CRP, 
NRS total back pain, NRS back pain at night, BASFI, ASAS-HI, SF-36 and BASMI are reliable 
measures for all patients with axSpA, even though most instruments were developed 
for r-axSpA. Composite measures showed higher reliability than single-item measures in 
assessing disease activity and spinal mobility in patients with axSpA and may therefore be 
preferred over single-item instruments for this aspect of the OMERACT filter.

SUPPLEMENTARY DATA 

Supplementary data are published online on the website of RMD Open.
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