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ARTICLE INFO ABSTRACT
Keywords: Objective: To test trial and longitudinal known group discrimination of thresholds of meaning for improvement
Outcome and health states of the ASAS Health Index (ASAS HI) in patients with active axSpA treated in a randomized
Validation stud

y.
Functioning and health

Methods: Data from baseline and week 48 from the tight-controlled, treat-to-target trial TICOSPA study were
used. The performance of different thresholds to assess change or health states of the ASAS HI were evaluated
between arms and against changes in patients’ relevant outcomes and various external responder criteria. An-
alyses were performed by comparing the mean values t-tests or proportion of responders of continuous and
dichotomous external criteria respectively. Trial discrimination of the ASAS HI thresholds were assessed by odds
ratios and Phi coefficient in a large number of potential ASAS HI thresholds. Differences in health states in
relevant external outcomes between ASAS HI responders and non-responders was assessed by comparing the best
performing improvement and state thresholds by using t-tests and chi-square, as appropriate. Missing data on
outcomes was handled by non-responder imputation (NRI).

Results: All 160 patients had available ASAS HI data. Trial discrimination was larger for absolute ASAS HI change
of >2.0, >2.5, and >3.0 points followed by ASAS HI 20 % improvement. Odds ratio ranged between 1.27 and
1.75 for absolute and between 1.0 and 1.64 for relative improvement outcomes. Longitudinal discrimination of
ASAS HI improvement >30 % or > 3.0 points had a larger reduction in patient global and disease activity and
reached more often remission compared to patients with no significant improvement in global functioning.
Patients who achieved ASAS HI < 5.0 compared with patients who did not achieve such states were more likely
to have ASAS partial remission, ASDAS inactive disease or ASDAS low activity at week 48.

Conclusions: The data-driven thresholds of the ASAS HI identified in a longitudinal observational setting perform
well in the context of a randomized trial.
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Background

Impact of the disease on functioning and health is selected as a
mandatory domain in the Assessment of Spondyloarthritis international
Society (ASAS) - Outcome Measures in Rheumatology (OMERACT) Core
Domain Set for axial spondyloarthritis (axSpA). 0. 2 The ASAS Health
Index (ASAS HI) has been endorsed as the preferred measurement in-
strument to assess functioning and health in a clinical trial setting [1,2].
The construct ‘functioning and health’ includes health related impair-
ments in physical, cognitive, mental and social activities [3]. It therefore
reflects the impact of the disease on an individual’s ability to live a
normal fulfilling life.> The ASAS HI was developed several years ago as a
SpA-specific patient-reported measurement instrument and addresses
17 aspects of functioning and health including pain, emotional func-
tions, sleep and energy, sexual functions, mobility, self-care and com-
munity life [4-6]. The ASAS HI has been extensively validated and has
shown to be feasible, truthful and discriminative according to the
OMERACT Filter [4,7]. Discrimination included test-retest reliability,
construct validity and known group discrimination and sensitivity to
change, [4].

Thresholds of meaning have been developed for the ASAS HI but
until now the performance has been tested less thoroughly. ASAS HI
thresholds differentiating between health states of overall functioning
and health have been identified: the cut-off of 5.0 separates patients
with a good from those with a moderate health state, and the cut-off 12.0
differentiates patients with a moderate from those with a poor health
state [4]. The threshold improvement has been determined by an ab-
solute improvement of the ASAS HI of >3.0 - which represents the
smallest detectable change between two different time points [4].
However, the discriminant capacity of ASAS HI thresholds has been
tested in cohort studies on both, a cross-sectional and a longitudinal
level, where change was expected [8-12]. However, the performance of
the proposed status and change thresholds have not been evaluated in
interventional trials to date.

Different measures of change in patients’ relevant outcomes were
studied in the tight-controlled, treat-to-target (T2T) trial TICOSPA, a
pragmatic, prospective, cluster-randomised, controlled, open, 1-year
trial that compared the effect of a T2T in axSpA with those of usual
care (UC) [13]. The primary endpoint of this study was the percentage of
patients with a relative improvement >30 % on the ASAS HI, the
threshold of which was arbitrarily selected. The value of 30 % was
chosen based on expert opinion considering this a meaningful
improvement in global functioning. In that study, 160 bio-naive axSpA
patients with an ASDAS > 2.1 received either visits every 4 weeks
applying a prespecified T2T algorithm based on treatment intensifica-
tion until the target (i.e. ASDAS <2.1) was achieved or visits every 12
weeks and standard treatment at the rheumatologist’s discretion.
Improvement of the ASAS-HI by >30 % was reached by 47.3 % of pa-
tients treated based on the T2T strategy versus 36.1 % in the usual care
arm. However, it was questioned whether the choice of 30% improve-
ment was an optimal threshold and whether other thresholds would
have discriminated better between trial arms.

Objectives

Using data from the TICOSPA study, we aimed to test trial and lon-
gitudinal known group discrimination of the thresholds of meaning for
improvement and health states of the ASAS HI in patients with active
axSpA starting disease modifying anti-rheumatic treatment. The per-
formance of various thresholds to assess improvement (absolute
(ranging between >1 to >5 points)) and relative (ranging between >20
and >90%)) as well as achievement of ASAS HI health states (ASAS HI
<5.0 (good health state) and <12.0 (poor health state)) were evaluated
in trial arms and against changes in other instruments and various
external responder criteria at baseline and week 48.
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Methods
Trial design

The following section briefly summarize the methodology of the
TICOSPA study which was described in detail in the original publication
[13]. Eligible patients diagnosed with axSpA by their rheumatologist,
fulfilled the ASAS classification criteria for axSpA, and had high disease
activity (e.g. Axial Spondyloarthritis Disease Activity Score (ASDAS)
>2.1) were cluster-randomized into two arms: T2T versus UC per center.
In the T2T arm a prespecified T2T strategy based on current interna-
tional recommendations for axSpA was applied. Thus, if the target of low
disease activity (i.e. ASDAS <2.1) was not met, intensification of
treatment was executed by the investigator in order to reach the planned
target, whereas in the UC arm, all treatment decisions were left to the
investigator’s discretion. Visits took place every 4 weeks in the T2T arm
and every 12 weeks in the UC arm. All patients were followed up for 48
weeks. The primary outcome of TICOSPA was the percentage of patients
achieving an improvement of > 30 % in ASAS HI at the 48-week visit.

Selection of thresholds ASAS HI

To assess performance of thresholds for improvement, relative
improvement at week 48 of ASAS HI by 20, 25, 30, 35, 40, 50, 60, 70, 80
and 90 %, as well as an absolute improvement by ASAS HI >1.0, 2.0, 2.5,
3.0, 3.5, 4.0, and 5.0 points were considered. To assess performance of
previously defined threshold of ASAS HI, an ASAS HI threshold of <5.0
(good health state) and < 12.0 (poor health state) points were consid-
ered to identify patients achieving a meaningful health status at week 48

[4].
External anchors

Several outcomes were available that could be used as external
health outcomes to test longitudinal discrimination of the ASAS HI
thresholds including: (i) change scores in ASAS40, BASDAIS0 response,
ASDAS improvement and mean changes in patient global, BASDAI, and)
and (ii) external status scores (ASAS partial remission, ASDAS inactive
disease or ASDAS low activity status) which were available at baseline
and week 48 from the original trial.

Statistical analysis

All analyses were performed in the intent-to-treat (ITT) population.
Missing data on outcomes was handled by non-responder imputation
(NRI). Baseline demographic and disease characteristics were summa-
rized using descriptive statistics. First, we analysed performance of all
thresholds between treatment arms. Next, we analysed the performance
of the previously defined thresholds of relative (ASAS HI >30 %) and
absolute (ASAS HI >3 points) improvement between patients achieving
or not achieving such a meaningful improvement (longitudinal known
group discrimination) for a large number of external anchors. Trial
discrimination of the extended list of ASAS HI thresholds were assessed
by calculating the effect sizes (ES) as Phi Coefficient (calculated as ¢ =
\/ x2/ n), where: X2 is the Chi-Square test statistic and n is the total
number of observations. A value of Phi Coefficient of 0.1 is considered to
be a small effect, 0.3 a medium effect, and 0.5 a large effect [14]. Odds
ratios (OR) was analysed to facilitate interpretation of Phi Coefficient.
Differences in health states in relevant external outcomes between ASAS
HI responders and non-responders (longitudinal known group discrim-
ination) was assessed by comparing the best performing improvement
and state thresholds by using t-tests and chi-square, as appropriate.

Results

All 160 patients included in TICOSPA had complete data at baseline
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and at week 48 and were analysed (82 were male (51.2 %), mean age
37.9 (11.0) years). The mean ASDAS at inclusion was 3.0 (0.7) and the
mean ASAS HI 8.6 (3.7). At week 48, an improvement in ASAS HI of >
30 % or > 3.0 points was achieved by 56 (35 %) and 51 (31.9 %),
respectively and an ASAS HI score < 5.0 by 54 (33.7 %) patients.

Trial discrimination of ASAS HI

Table 1 refers to trial discrimination showing differences between
intervention groups. The effect sizes in the treatment arms for all tested
improvements and health states achieved in the ASAS HI are shown. OR
ranged between 1.27 and 1.75 for absolute and between 1.0 and 1.64 for
relative improvement outcomes. Overall, absolute improvement out-
comes showed larger effect sizes than percentage changes outcome
followed by status outcomes. The absolute ASAS HI improvement
showed the highest effect size for >2.0, >2.5, and >3.0 followed by
ASAS HI 20 % improvement but the differences were minor (Table 1).
The differences in the performance of the various thresholds of meaning
were relatively small.

Longitudinal known group discrimination

Patients with an improvement in ASAS HI of > 30 % or > 3.0 points
had a larger reduction in mean patient global and disease activity scores
and a higher chance to reach remission compared to patients not
reaching this level of improvement in global functioning (Table 2). The
Chi-square is higher for the ASAS HI of > 30 % response measure for the
BASDAIS50, ASDAS CII and ASDAS MI. There are only marginal differ-
ences for the continuous change in patient global and BASDAI based on
t-values. Patients who achieved ASAS HI < 5.0 compared with patients
who did not achieve such states were more likely to have ASAS partial
remission, ASDAS inactive disease or ASDAS low activity at week 48
(Fig. 1).

Discussion

In this validation study using data from the TICOSPA trial, we show
that different ASAS HI thresholds, including the relative improvement
>30 % of the ASAS HI chosen in TICOSPA trial and the absolute ASAS HI
change of >3.0 points defined in the ASAS HI international validation

Table 1
Comparison of thresholds by treatment groups (trial discrimination).

Non-responder Effect size measures

imputation at w48

T2T ucC Phi Coefficient ~ OR
ASAS HI 20 % improvement 56.9 % 45.8 % 0.11 [0-1.0] 1.56
ASAS HI 25 % improvement 51.4% 41.7% 0.10 [0-1.0] 1.47
ASAS HI 30 % improvement 431% 347 % 0.09 [0-1.0] 1.43
ASAS HI 35 % improvement 40.3 % 31.9% 0.09 [0-1.0] 1.43
ASAS HI 40 % improvement 37.5 % 31.9% 0.06 [0-1.0] 1.28
ASAS HI 50 % improvement 292% 222% 0.08 [0-1.0] 1.45
ASAS HI 60 % improvement 26.4 % 18.1 % 0.10 [0-1.0] 1.64
ASAS HI 70 % improvement 16.7 % 12.5% 0.06 [0-1.0] 1.41
ASAS HI 80 % improvement 139% 11.1% 0.01 [0-1.0] 1.28
ASAS HI 90 % improvement 9.7 % 9.7 % 0.00 [0-1.0] 1.00
ASAS HI improvement >1.0 66.7 % 61.1 % 0.06 [0-1.0] 1.27
ASAS HI improvement >2.0 55.6 % 41.7 % 0.14 [0-1.0] 1.75
ASAS HI improvement of >2.5 44.4% 319% 0.13 [0-1.0] 1.69
ASAS HI improvement of >3.0 41.7 % 29.2 % 0.13 [0-1.0] 1.72
ASAS HI improvement of > 3.5 29.2 % 22.2 % 0.08 [0-1.0] 1.45
ASAS HI improvement >4.0 29.2 % 22.2 % 0.08 [0-1.0] 1.56
ASAS HI improvement >5.0 16.7 % 125 % 0.06 [0-1.0] 1.47
ASASHI, end of study, <12.0 87.5% 80.6% 0.09 [0- 1.0] 1.43
ASASHI, end of study, <5.0 375% 33.3% 0.04 [0, 1.0] 1.43

ASAS=Assessment of Spondyloarthritis International Society; ASAS HI=ASAS
Health Index; OR=O0Odds Ratio; T2T=Treat-to-target; UC=usual care;
w48=week48.
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study, are able to discriminate between treatment arms and different
patient groups. In this active comparator trial, absolute improvement
scores of ASAS HI were generally superior to relative improvement
scores.

Regarding discrimination between treatment arms, the previously
proposed absolute improvement of >3.0 ASAS HI points demonstrated
the highest effect size. However, other tested thresholds also performed
well but the level of the Phi coefficient were relatively low for all
thresholds indicting moderate capacity to differentiate. Nevertheless, as
the ASAS HI >3.0 was the smallest detectable change for this outcome,
this seems to be the most appropriate threshold to be used in future trials
[4].

In addition, the thresholds for improvement that discriminated best
between treatment arms (trial discrimination) also discriminated be-
tween mean changes of the proportion of patients who improve in other
clinical relevant outcomes (longitudinal known group discrimination).
Both thresholds (absolute improvement of >3.0 and relative improve-
ment of >30 % of ASAS HI) were able to discriminate between treatment
arms. However, the improvement of >30 % of ASAS HI performed better
if you give most weight to the ASDAS improvement scores and BASDAI
50 % Furthermore, our data demonstrate that patients who achieved
ASAS partial remission, ASDAS inactive disease or ASDAS low activity at
week 48 were more likely to have an ASAS HI < 5.0 compared with
patients who did not achieve such a favourable state.

Our findings on thresholds of meaning of the ASAS HI are relevant
since global functioning is an important domain included in the ASAS-
OMERACT core set for reporting data in axSpA RCTs and longitudinal
observational studies in axSpA [1,2]. ASAS HI and Short Form Health
Survey (SF-36) were identified to assess global functioning in the in-
strument selection phase prior to the definition of the core set [2]. Both
SF-36 and ASAS-HI showed comparable construct validity, but ASAS-HI
performed better on test-retest reliability [2,4]. Based on the OMERACT
algorithm the ASAS HI was provisionally endorsed because data were
scarce to fulfil the domain “discrimination” of the OMERACT filter. The
need for more research on clinical trial discrimination is provided with
this study.

Data on ASAS HI thresholds are also available based on observational
trial data. Analysis of the German RABBIT registry showed that an
improvement in ASAS HI of > 3.0 at 12 months was present in 27 % of
patients starting a bDMARD compared to 14 % of control patients [8].
Findings revealed that the standardized response mean of ASAS HI was
higher in the bDMARD than in the control group (0.52 vs 0.15,
respectively). Further, it was also shown that the percentage of patients
reaching a good health state (ASAS HI < 5.0) increased in the bDMARD
group from 34 to 56 % at month 12. None of the observational studies
tested the relative improvement score of >30 % of the ASAS HI.

The use of thresholds helps us to better understand the burden of
disease on patients in routine clinical practice. Our data demonstrate
that patients who achieved ASAS HI < 5.0 compared with patients who
did not achieve this low level were more likely to have absent to low
disease activity. This is an accordance with published literature in which
it has been unequivocally shown that patients achieving low disease
activity were more likely to have lower scores of PRO and preserved
physical function [15-17]. Data from the DESIR cohort showed a strong
association between ASAS HI, disease activity and physical function
were also confirmed by a clinical study from Germany [18,19].

Disease activity (e.g. ASAS40, BASDAI50 response, ASDAS scores)
was chosen as the external health outcome to test longitudinal
discrimination of the ASAS HI thresholds in the context of an interven-
tion targeting disease activity, which means that we wanted to know if a
change in disease activity is reflected in the ASAS HI.

This study has some strengths and limitations. The strength of our
study is that the comparison of the thresholds is performed in a clinical
trial with two active arms, the most challenging situation to show
discrimination. Comparing thresholds in a placebo-controlled trial may
show more clear differences. . Patient populations included in clinical
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Table 2
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Comparison of clinical outcomes and ASAS HI response at follow up (longitudinal known group discrimination).

ASAS HI response > 30 % improvement (NRI)

ASAS HI response > 3 points improvement (NRI)

Achievement of ASAS HI

No achievement of ASASHI  Chi-

Achievement of ASAS HI No achievement of ASASHI  Chi-

response (n = 56) response (n = 104) square response (n = 51) response (n = 109) square

ASAS40 response at w48" 48.2 % 21.2 % 6.1 51.0 % 21.1% 8.7
BASDAI50 at w48 71.4 % 28.8 % 25.1 68.6 % 321 % 17.4
ASDAS Major improvement (0 23.2% 6.7 % 7.6 23.5% 7.3 % 6.9

to 48 w)
ASDAS Clinically Important 62.5 % 24.0 % 21.4 60.8 % 26.6 % 15.9

Improvement (0 to 48 w)

T value T value

Change in Patient Global (0 to 48 w) —3.54 (2.77) —1.81 (2.61) 3.7 —3.73 (2.85) —1.80 (2.53) 4.0
Change in BASDAI (0 to 48 w) —2.79 (2.09) —1.42 (2.04) 3.9 —2.95(2.17) —1.40 (1.96) 4.2

ASAS40 =Assessment of Spondyloarthritis International Society 40 % improvement;ASDAS=Axial Spondyloarthritis Disease Activity Score;BASDAI=Bath Ankylosing
Spondylitis Disease Activity Index; NRI= non-responder imputation;SD=standard deviation;T2T=Treat-to-target; w48=week48.
#: dichotomous variables are presented as percentages and continuous variables are presented as mean (standard deviation).

Proportion of patients with ASAS HI < 5.0 points at week 48

100%

90% B Patients who achieved disease status variable at week 48

80%

[ Patients who did not achieve disease status variable at week 48

70%
60%
50% 44%
40%

30% 24%

20%
10%
0%

Proportion of patients who achieved
ASAS partial remission

Proportion of patients who achieved
ASDAS inactive disease

67%

40%

37%

:

Proportion of patients who achieved
ASDAS low disease activity

Fig. 1. Proportion of patients achieving a status of good global functioning at week 48.
The columns, grouped in three domains (ASAS partial remission, ASDAS inactive disease, ASDAS low disease activity, represent the proportion of patients who

achieved or did not achieve a status of good global functioning at week 48.

trials are enriched with patients with high disease activity and therefore
expected change and status scores will be different from that in other
study settings. However, data on the psychometric properties of the
ASAS HI investigated in other clinical trials showed similar trends in
change and status scores of the ASAS HI [20-22].

Conclusion

The data-driven thresholds of the ASAS HI identified in a longitu-
dinal observational setting perform well in the context of a randomized
trial. A similar evaluation is needed in a placebo-controlled trial to be
able to further validate the best outcome for the ASAS HI in a trial.
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