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A New Approach to Defining Disease Status in
Ankylosing Spondylitis: The Bath Ankylosing
Spondylitis Disease Activity Index

SARAH GARRETT, TIM JENKINSON, L. GAIL KENNEDY, HELEN WHITELOCK, PENNY GAISFORD, and

ANDREI CALIN

ABSTRACT. Objective. Disease status, in terms of disease activity, disease progression and prognosis is difficult

to define in ankylosing spondylitis (AS). No gold standard exists. Therefore, the Bath Ankylosing
Spondylitis Disease Activity Index (BASDAI), a self-administered instrument, has been developed
as a new approach to defining disease activity in patients with AS.

Methods. The index, designed by a multidisciplinary team with input from patients, consists of six
10 cm horizontal visual analog scales to measure severity of fatigue, spinal and peripheral joint
pain, localized tenderness and morning stiffness (both qualitative and quantitative). The final BASDAI
score has a range of 0 to 10. The index was distributed to a cross section of patients, including
inpatients receiving 3 weeks of intensive physiotherapy treatment and hospital outpatients. BASDAI
was completed by a total of 154 patients. Validation of the new instrument was achieved through
analysis of user friendliness, reliability (consistency), score distribution and sensitivity to change.
Comparisons were made with a previous Bath disease activity index (DAI) and the Newcastle Enthesis
Index.

Results. The BASDAI was found by patients to be quick and simple to complete (mean: 67 s). Test-
retest reliability was good (r = 0.93; p <0.001), as was the distribution of scores across the scale
(score range: 0.5-10; mean: 4.31). BASDAI was sensitive to change, reflecting a 16% (mean) im-
provement in inpatient scores after 3 weeks of treatment. It is superior to the DAI in terms of con-
struct and content validity and to the Enthesis Index in all aspects.

Conclusion. In summary, BASDAI is user friendly, reliability, sensitive to change and reflects the
entire spectrum of disease. It is a comprehensive self-administered instrument for assessing disease
activity in AS. (J Rheumatol 1994,21:2286-91)
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Disease status, in terms of disease activity, disease progres-
sion and prognosis is difficult to define in ankylosing spon-
dylitis (AS)!. Fundamental to investigating the natural his-
tory of the disease is the assessment of outcome?, for which
radiology, metrology, and measures of functional (dis)abil-
ity are tools!3. Such measurements of damage and its func-
tional consequences should, however, be distinguished from
measures of disease activity!. The assessment of disease
activity in a predominantly axial disease such as AS is notori-
ously difficult and, as yet, no gold standard exists*. In
contrast to the situation in rheumatoid arthritis (RA), labora-
tory indicators of disease activity reflect neither clinical
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activity nor radiological progression, and their use in AS is
controversial! In RA, a core set of disease activity measures
has been introduceds-7, providing an advance over previous
techniques®-1°. In AS, such experience is limited. The
Newecastle Enthesis Index!! and a previous Disease Activity
Index (DAI)!2 have been described, but these either fail as
true measurements of disease activity or have not been ade-
quately validated. In addition, neither are fully comprehen-
sive. For example, recent research at the Royal National
Hospital for the Rheumatic Diseases (RNHRD) has demon-
strated that fatigue is a major component of AS for many
patients!> and this should now be incorporated into any
measurement of disease activity. A new and comprehensive
index is therefore necessary. To this end, the Bath Ankylos-
ing Spondylitis Disease Activity Index (BASDAI), a self-
administered instrument, has been developed.

Combining individual variables, which may have little
value as single measures, into an index bestows a number
of advantages, such as improved validity?, avoidance of
duplicity and increased sensitivity to change$.!4, producing
a more powerful indicator of outcome's. Increased sensitiv-
ity of an index can provide statistical advantages and may
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substantially reduce the size of the required sample®!s. As
stressed by Bombardier and Tugwell!¢, measurement in-
dices must satisfy 5 recognized validity criteria: content (the
choice and relative importance of each component is appro-
priate for the purpose of the index); face (the methods of
weighting and aggregating components into an index are sen-
sible); criterion (the index produces consistent results that
reflect the true clinical state of the patient); discriminant (the
index detects the smallest clinically significant difference
between and within patients); and construct (the index agrees
with expected results based on the hypothesis of the investi-
gator). A self-assessment instrument should be reliable,

reproducible and reflect the entire spectrum of the disease
severity. It needs, in addition, to be quick and simple to com-
plete. Finally it has the advantage of providing an inexpen-
sive method of obtaining clinical information that can be
safely and frequently repeated.

MATERIALS AND METHODS

The index BASDAI was developed, on the basis of clinical experience, by
a team of physiotherapists, research associates and rheumatologists, with
a major input from patients with AS. The resulting instrument consists of
6 questions relating to 5 major symptoms relevant to AS: fatigue, spinal
pain, joint pain/swelling, areas of localized tenderness and morning stiff-
ness (Figure 1). The last is measured in terms of both quality (degree of
stiffness) and quantity (length of time for which stiffness persists). BASDAI

BASDAI
The Bath Ankylosing Spondylitis Disease Activity Index

PLEASE PLACE A MARK ON EACH LINE BELOW TO INDICATE YOUR ANSWER TO EACH QUESTION,
RELATING TO THE PAST WEEK.

(1) How would you describe the overall level of fatigue / tiredness you have experienced?

NONE

VERY
SEVERE

(2) How would you describe the overall level of AS neck, back or hip pain you have had?

NONE

VERY
SEVERE

(3) How would you describe the overall level of pain/swelling in joints other than neck, back or hips you have had?

NONE

VERY
SEVERE

(4) How would you describe the overall level of discomfort you have had from any areas tender to touch or

pressure?

NONE

VERY
SEVERE

(5) How would you describe the overall level of morning stiffness you have had from the time you wake up?

NONE

VERY
SEVERE

(6) How long does your morning stiffness last from the time you wake up?

L N I

0 Y/ '
hrs
Fig. 1. The BASDAL

1
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requires patients to indicate the degree to which they have experienced these
symptoms over the past week.

Ten centimetre visual analog scales (VAS) were used to measure the
patient’s response to each question as they allow maximum reliability, and
sensitivity to change and improve the capacity of an index to elicit a range
of responses across the entire scale. In accordance with previous work!?
the VAS were unmarked, except by the words “‘none”” at the start and “‘very
severe’” at the end of each line. The exception was a 0-2 h time scale (marked
at every quarter of an hour) used to measure quantity of morning stiffness.
The time scale given for this measurement was derived from an analysis
of retrospective data regarding duration of morning stiffness, in about 2000
patient questionnaires (unpublished data). From the range of possible answers
(““over 4 hours’’ to ‘‘do not have morning stiffness’’) the mean response
was found to be 30 min to 1 h. Thus 1 h was taken as the midpoint of the
time scale, with 2 or more h being given the maximum score.

Each visual analog scale was scored from 0 to 10. The mean of the 2
scores relating to morning stiffness was taken, providing an aggregate score.
Thus each symptom is given equal weighting. The resulting 0-50 score for
the overall index was converted to a 0-10 scale to give the final BASDAI
score.

A pilot questionnaire was given to a group of patients on a 3-week inten-
sive physiotherapy course. Modifications to the index, such as the wording
of questions and the inclusion of quality of morning stiffness were made
as a result of patient feedback.

The final version of the BASDAI was completed by 4 sets of inpatients
(n = 46) on 4 separate occasions during their physiotherapy course: Days
0, 1, 8 and 18. One hundred and eight other spondylitics, including RNHRD
outpatients and members of various NASS (National Ankylosing Spondy-
litis Society) self-help groups also completed the instrument. This resulted
in a total of 292 questionnaires completed by 154 patients.

As a means of comparison, the earlier Bath DAI'2 was given to patients
each time they completed the BASDALI. In addition, the Newcastle Enthe-
sis Index!! was carried out by a physiotherapist on Days 8 and 18 of treat-
ment with 25 inpatients. Both the DAI and the Newcastle Enthesis Index
scores were converted to a 0-10 scale to enable direct comparison with the
BASDAL

User friendliness, test-retest reliability, score distribution and sensitivity
to change were all analyzed for the BASDAI and were compared to results
from the DAI and the Newcastle Enthesis Index. Reliability was assessed
by testing the correlation between BASDAI scores taken at the same time
of day on Days 0 and 1 of the inpatient course; appropriate use of the scale
was ascertained from the range and mean of scores given by the total patient
population (using the Day O score for the inpatient cohort); while sensi-
tivity of the BASDALI to change was analyzed by a comparison of inpatient
scores on Day 0 and Day 18 of treatment.

Possible redundancy within the index was tested for by analyzing the degree
of association between scores given for each of the 6 questions.

Analysis of results was carried out using the UNISTAT statistical soft-
ware on an IBM compatible PC. The Pearson correlation coefficient was
used to perform correlations; the Wilcoxon signed rank test and the Kruskal-
Wallis one way ANOVA for analyses of difference.

RESULTS _

The mean age of the 154 patients (115 men: 39 women —
a 2.9:1 ratio) who completed the BASDAI was 47.7 (SD
11.29; inpatients: 47.1, outpatients 47.9), with a mean age
at disease onset of 23.0 (SD 7.81; inpatients: 23.8, out-
patients: 22.6), and a mean disease duration of 24.7 years
(inpatients: 23.3, outpatients 25.3).

The BASDAI was found by patients to be both a quick
and simple index, taking between 30 s and 2 min to com-
plete (mean: 67 s). The index proved to be highly reliable
in terms of the consistency of inpatient scores measured 24

Number of Patients

h apart (Day O of treatment: mean score = 5.434, SD 2.38;
Day 1: mean score = 5.438, SD 2.24; r = 0.93; p <0.001).

The capacity of the BASDALI to elicit a range of responses
across the scale was good, with a score range of 0.5-10 from
the whole patient sample (n = 154), with a mean score of
4.31, SD 2.12 (Figure 2). The mean BASDALI score for the
inpatients (5.06) was significantly higher than that of the out-
patients (4.0; p = 0.005).

All of the individual symptoms showed good score distri-
bution, with scores spread across at least 95% of the scale.
Correlations between each set of symptom scores ranged be-
tween r = 0.34 (“‘fatigue’” versus ‘‘joint pain’’) and r =
0.66 (‘“‘spinal pain’’ versus ‘‘localized tenderness’’). The
correlation between quality and quantity of morning stiff-
ness was closer: r = 0.79.

The comparison of inpatient scores on Day 0 with those
on Day 18 of physiotherapy showed the BASDALI to be sen-
sitive to change. The mean scores for Days 0 and 18 were
5.31 (SD 1.74) and 4.46 (SD 2.21), respectively, reflecting
a significant improvement over this period of treatment
(p = 0.009; mean score change = —0.85 [16.4 % improve-
ment]; range = —4.0 to +2.1).

Mean Score =4.31
Median Score =4.26

BASDAI Score

Fig. 2. The distribution of BASDAI scores among 154 patients (mean score
= 4.31).

Table 1. Comparison of DAI vs BASDAI in terms of the
validity criteria analyzed

DAI versus BASDAI
Time 75 NS 67
(mean seconds)
Reproducibility r = 0.96 NS r = 0.93
(Day 0 vs Day 1)
Score distribution
Mean: 4.12 4.31
Range: 0-9.5 L 0.5-10
Sensitivity
(Day 1 vs Day 18)
Mean change: —1.22 —0.87
(® = 0.002) N3 (@ = 0.009)
Range: —-6.3-+2.1 —4.0-+2.1
% Improvement: . 22.8% 16.4%
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The BASDAI correlated well with the DAI in all aspects
of validity criteria (Table 1). However, a significantly higher
number of patients (x> = 7.21, p = 0.009) felt that the
BASDAI contained the most suitable questions for obtain-
ing information on the symptoms of those with AS. Inpatients
took a mean of 75 s (SD: 34.59) to complete the DAI which,
like the BASDAI, was highly reliable (mean score on Day
0 of treatment = 5.38, SD 2.29; mean score on Day 1 =
5.66, SD 2.46; r = 0.96, p <0.001). Score distribution
across the scale was equal to that of the BASDAI (mean score
= 4.12, SD 2.10; range = 0-9.5; Figure 3), and there was
a good correlation between the 2 sets of scores (r = 0.75;
p <0.001). The mean inpatient DAI score (5.13) was again
significantly higher than that of the outpatients (3.79;
p = 0.001). The DAI reflected the sensitivity to change
shown by the BASDALI, with mean inpatient scores improv-
ing from 5.34 on Day O of the 3 week course to 4.12 by
Day 18 (p = 0.002; mean score change = —1.22 [22.8%
improvement]; range = —6.3 to +2.1). There was no sig-
nificant partiality among the patients for either the DAI or
the BASDALI in terms of which questionnaire was the easi-
est to understand and complete, or overall questionnaire
preference.

Among the cohort of 25 inpatients on whom the Newcastle
Enthesis Index was also carried out, the BASDAI showed
superior distribution of scores across the scale and greater
sensitivity to change over 10 days of physiotherapy. The
mean Enthesis Index score on Day 8 of treatment was 1.96,
with a range of 0-5.33, compared to a mean BASDAI score
of 5.06, with a range of 0.83-8.79. While the mean BAS-
DALI score improved significantly from 5.06 to 4.15 by Day
18 of treatment (p = 0.009; mean score change = —0.91;
range = —3.7 to +1.66), there was no comparable change
in the Enthesis Index scores over this period (mean score
on Day 8 = 1.96 vs mean on Day 18 = 1.79, p = 0.35;
mean score change = —0.18; range = —1.73 to +1.22).
Reliability of the Newcastle Enthesis Index has already been
shown to be poor!!.

Mean Score=4.12
Median Score =4.28

Number of Patients

2 3 2 2 12BN G 08 O
] - o © < w ~ @ I

DAI Score

Fig. 3. DAI: The distribution of DAI scores among 154 patients (mean score
4.12).

DISCUSSION

The development of the BASDAI was stimulated by a dis-
satisfaction with existing measurements of disease activity.
For example, the Newcastle Enthesis Index is inadequate.
Specifically, it is very limited in content, focussing purely
on the entheses, and thus does not fully address the range
of symptoms in AS. It exhibits neither sufficient reliability,
score range, nor sensitivity to change. A further (major) dis-
advantage of the measurement is that it requires a trained
clinician or physiotherapist to perform the assessment and
is thus expensive in terms of time and finance. Likewise,
the earlier Bath DAI is not fully comprehensive. Specific-
ally, it omits reference to fatigue, quality of morning stiff-
ness and localized tenderness.

Naturally, the components included in any assessment in-
strument are not exhaustive, but represent only a few of the
possible questions. If there is a very high correlation between
the responses to 2 different questions, then the information
obtained from one question mirrors that obtained from the
other (internal redundancy). It is therefore possible to develop
indices which adequately repre'éent a dimension of disease
(e.g., disease activity) without specifically addressing every
possible question'®, This is an important concept since there
is an inverse correlation between the number of components
included in an instrument and the accuracy of responses
obtained!®.

The five components of the BASDAI were regarded as vital
in ascertaining a comprehensive picture of a patient’s dis-
ease activity. Fatigue, previously overlooked in AS, was in-
cluded in the light of recent research concluding that it is
an important and common symptom in this disease®. This
research was a direct result of patient feedback. It was recog-
nized that there are 2 main sources of pain in AS, spinal pain
and pain in peripheral joints. These constitute separate
symptoms and need to be measured as such. Localized
tenderness was included in order to assess severity of enthe-
sitis. Morning stiffness was recognized as having two sig-
nificant aspects: not only is the length of time for which
morning stiffness persists important, but the degree of stiff-
ness should also be taken into account. For example, a patient
with only 15 min of stiffness each morning but who suffers
severe debility during this period is (arguably) as severely
affected as a patient with stiffness for over 2 h each day but
who suffers very little reduction of function as a result. The
inclusion of both the quality and quantity of morning stiff-
ness does not however give this symptom excess weighting
in the index since an aggregate (mean) score is taken.

None of the individual components of the BASDAI cor-
related closely, signifying that none of the questions in the
index are redundant and thus vindicating the inclusion of each
symptom. The highest correlation in the index was, as ex-
pected, between the quality and quantity of morning stiff-
ness (r = 0.79, p <0.001). However, there was sufficient
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noncorrelation to justify the inclusion of both aspects of the
symptom (Figure 4).

Although, after validation, the DAI showed greater change
over 3 weeks of treatment than did the BASDAI (22.8 vs
16.4% score improvement; NS), this may be a result of its
bias towards pain and its inclusion of a scale measuring the
patient’s well-being. The score change is, arguably, more
likely to be a reflection of the effects of the intensive phys-
iotherapy program on these aspects than a greater sensitivity
of the DAI to change in disease activity as a whole. The
BASDAI does not differ from the DAI in any of the other
areas analyzed (reliability, use of the scale and user friend-
liness), but is superior, from the perspective of both patients
and clinicians, in terms of face and content validity, com-
prehensiveness of symptoms and their weighting. The BAS-
DAI has, in addition, proved to be superior in all aspects
to the Newcastle Enthesis Index as a measure of disease
activity.

The difference apparent between the mean scores of the
inpatients and outpatients for both the BASDAI and the DAI
were predictable, since patients on an intensive hospital
course would naturally tend to be those with worse disease.

The ability of the BASDALI to distinguish clinically sig-
nificant differences in both inter and intrapatient responses
(discriminant validity)® was shown by the total range of
scores among patients, reflecting the entire disease spectrum,
and further by the sensitivity of the index to change within
patients on the 3-week physiotherapy course. The 16%
(mean) improvement in the symptoms of those patients after

10 T L] L] L] L]
]
g Ak
= n
n
n
8
7 4
(2] =
s ° 7
Y
(=] []
.':; Bl =i ] @ ] - [ ]
-
5 "
S 4 T
g = (] L] "
3
[ | [
2 L L] L)
]
[ |
1T
L]
= [
0 t i ‘ 1 f f ; f f 1
(0] 1 2 3 4 b 6 7 8 9 10
Quality of M.S.

Fig. 4. Morning Stiffness: The degree of association between the quality
and quantity.

3 weeks of physiotherapy is likely to be of clinical sig-
nificance. Further study is required however into the sensi-
tivity of the index in relation to drug therapy. This may have
a more dramatic effect on results than did the inpatient pro-
gram of physiotherapy. Although there is no disease modify-
ing drug for AS (in contrast to the perceived situation in RA),
nonsteroidal antiinflammatory drugs do have a marked effect
on symptoms and therefore on disease activity. BASDAI
could thus be incorporated into clinical pharmaceutical
studies.

In summary, BASDAI is a comprehensive new index for
the measurement of disease activity in AS. It is user friendly,
highly reliable, reflects the entire spectrum of disease and
exhibits the ability to be sensitive to clinical changes. Most
striking is its recognition of the five major symptoms experi-
enced by patients with AS, some of which have not been
addressed in previous measurements of disease activity. A
more precise definition of disease activity will lead to an
enhanced understanding of outcome and prognosis in AS?.
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