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Abstract
Objectives: To test the Bath Ankylosing Spondylitis Disease Activity Index (BASDAI)
according to Rasch Measurement Theory and investigate whether measurement precision can
be improved.
Methods: Secondary analysis of a BASDAI database. The data had been collected from
individuals starting an Ankylosing Spondylitis Exercise Course at the Royal National
Hospital for Rheumatic Diseases in Bath, UK.
Results: Data were available for 250 (23.6% female) participants aged between 18 and 85
(mean 52.8; SD 14.6) years. Initial fit of the data to the Rasch model appeared good and item
thresholds were consistent, but local item dependence (LID) was identified. After addressing
the LID a unidimensional measure was achieved. The Person Separation Index (reliability)
was 0.83 and the location of the items was well matched to that of the respondents. A
transformation table was generated to convert total raw BASDAI scores into linearized Rasch
transformed scores, that form an interval scale. The Smallest Detectable Difference improved

modified BASDAI is required to achieve meaningful change.
Conclusion: Applying the Rasch transformed scores simplifies completion and scoring of the
measure and confirms internal construct validity. It also ensures linear measurement and
justifies the use of parametric statistical analyses when analysing datasets. The transformation
table can be used with existing BASDAI datasets to allow direct comparisons of disease
activity scores with those generated from future studies.
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from 2 to 1.2. This finding suggests that a change score of greater than 1.2 points on the
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Introduction
Ankylosing spondylitis (AS) is a chronic rheumatic disease that targets the axial skeleton,
causing inflammatory back pain. Characteristic symptoms of AS include spinal stiffness and
loss of spinal mobility [1]. The prevalence of AS is estimated to be between 0.2 and 0.5% [2].
In the context of radiographic disease, approximately twice as many men as women are
affected by the condition [3].
In AS clinical trials, three key disease components are commonly assessed: disease activity,
physical functioning and structural damage [4]. Disease activity in AS has not been clearly
defined due to the variation in the clinical picture for different patients [5].
The most frequently used questionnaire for assessing disease activity in AS clinical trials is
the Bath Ankylosing Spondylitis Disease Activity Index (BASDAI) [6]. It was developed in
Bath, England by a multidisciplinary team of rheumatologists, physiotherapists and
researchers. It is completed by patients and has employed a range of different response
formats. The version used in the present study has an 11-point numerical rating scale. The

been found to be sensitive to change [6]. Calin et al. employed factor analysis to define
disease activity in AS using the BASDAI [7]. They concluded that all items could be summed
to provide a total score.
The National Institute of Health and Care Excellence (NICE) guidance recommends that the
BASDAI is used to evaluate selection and response to biologic treatments for prescribing
purposes [4]. A BASDAI score greater than or equal to 4 is one of the eligibility criteria for
initiation of biologic treatment. This requirement also applies in Australia [8]. A score of 4
or more is considered by the Assessments in AS (ASAS) Working Group to indicate the

Downloaded on January 9, 2023 from www.jrheum.org

3

This accepted article is protected by copyright. All rights reserved.

BASDAI is quick and easy to complete, demonstrates good psychometric properties and has
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presence of active disease and is the cut-off value generally required for individuals to be
included in clinical trials [9].
Franchignoni and colleagues, using Rasch Measurement Theory (RMT), found that the
number of response categories used with the BASDAI exceeds the number of levels of a
construct that participants can discriminate [10]. Furthermore, the BASDAI was developed
without the application of RMT, which offers a more powerful paradigm for the measurement
of latent traits [11]. RMT [12] is a simple logistic unidimensional measurement model that
satisfies fundamental measurement requirements [13]. RMT is applied when a set of items in
a scale are intended to be summed together to represent a common unidimensional latent
variable [14]. Unless unidimensionality has been established, it is not valid to add together
the scores for any set of items [15].
The aim of the study was to determine whether the BASDAI meets the requirements of RMT,
and, if so, whether the measure could be simplified without losing measurement precision.

Bristol UK local research ethics committee (LREC) for National Health Service research
approved the study, and all participants provided informed, written consent (The Bath
Spondyloarthritis (SpA) Biobank; REC reference: 13/SW/0096).

Participants
BASDAI data were available from participants starting an Ankylosing Spondylitis Exercise
Course at the Royal National Hospital for Rheumatic Diseases in Bath, UK. A target sample
size of 250 was selected for the survey as this is within the recommended range for use with
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the RUMM software [16] and gives 99% confidence that RMT item parameter estimates are
within half a logit of the stable value [17].

The Bath Ankylosing Spondylitis Disease Activity Index (BASDAI)
The BASDAI is a patient-reported outcome measure (PROM) designed to represent disease
activity in AS [6]. It consists of six items; severity of fatigue, spinal pain, peripheral joint
pain, localized tenderness (enthesitis), and severity and duration of morning stiffness. An 11point numerical rating scale (scored 0 to 10) is employed for each of the questions. A higher
score on the BASDAI indicates greater disease activity. To score the questionnaire, the mean
of the two items assessing morning stiffness is calculated. This value is added to the sum of
the scores on the remaining items. The total is divided by 5, to give a score ranging from 0 to
10.

Rasch analyses
Internal measurement validity of the BASDAI was tested by RMT [12]. RMT assumes that

item location parameter and the respondent location parameter. In terms of disease activity,
the item location parameter refers to the severity represented by the item and the respondent
location parameter refers to the patient’s AS activity. RMT provides a method of
transforming raw scores at the ordinal level into interval-level latent trait units, referred to as
logits [18]. Interval-level measurement implies that differences between scores are equal
along the whole measurement continuum (i.e. the difference in disease activity between 1 and
2 is the same as that between 6 and 7 or between 9 and 10). Where the data fit the
assumptions of RMT, conceptual support for a common latent variable is provided and the
scale can be used to produce interval-level measures rather than ordinal raw scores.
Downloaded on January 9, 2023 from www.jrheum.org
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The Person Separation Index (PSI) was used to assess internal reliability of the scale. A value
of 0.7 is the minimum acceptable PSI level [14]. RMT model fit was assessed by a range of
approaches based on the accordance between observed data and model expectations. The
Chi2 interaction statistic is used to indicate overall fit to the model. A significant Chi2 statistic
(p<0.05) indicates lack of fit to the model. Individual item fit was investigated by
standardized fit residuals. These are expected to fall within the range ±2.5. Individual item
level Chi2-based statistics and item level Analysis of Variance (ANOVA) tests of residuals
across class intervals are further tests of item level misfit that were also examined.
Following Bonferroni corrections, if p<0.05 there is item misfit.

A Principal Component Analysis (PCA) based method was employed to provide further
support for unidimensionality. This requires the identification of two item sets from a PCA of
residuals that load most differently on the first component. A series of t-tests is then
conducted to assess whether the two separate sets of person measures produce significantly

significant, or the lower bound of a binomial 95% confidence interval (CI) overlaps 5%,
unidimensionality can be inferred. [19]. However, it must be noted that this should not be
considered an ultimate test for unidimensionality [20].

An important requirement of RMT model fit is item invariance across groups. In the current
analysis, an ANOVA of standardised residuals was used to examine Differential Item
Functioning (DIF). Uniform DIF occurs when different sample groups (e.g. males and
females) have different response probabilities on a specific item, despite the same level of the
latent trait being measured [21]. One way to resolve this is by treating items exhibiting DIF
Downloaded on January 9, 2023 from www.jrheum.org
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as different items for different groups. This results in DIF-free person estimates and is known
as ‘splitting for DIF’. Non-uniform DIF is manifested when there is an interaction effect
between subgroup affiliation and person location. Formally, an ANOVA p value of <0.05
(Bonferroni corrections applied) indicates the presence of DIF.

Items in a measure should have local independence. This implies that correlations between
items in the scale result from the latent trait (disease activity in this case). Where this is not
the case, local item dependence (LID) is present. There are two types of LID; trait and
response dependence (RD). The former suggests the presence of more than one latent trait,
while the latter implies that the response on one item influences the response to one or several
other items [22]. RD can be controlled by combining the affected items into a single item,
which is referred to as a subtest [14]. LID should be considered relative to the average
residual correlation for all items. A value of 0.2 above the average residual correlation is
indicative of LID [23].

response categories were consistent with the intended order [14].

The Rasch Unidimensional Measurement Model (RUMM) 2030 program was used to
conduct the analyses [24].

Prior to Rasch analysis, the BASDAI items were reviewed from a clinical perspective, in
terms of their expected hierarchy. A high score on a BASDAI item indicates 'high disease
activity'. 'Easy' items on a scale are those where it is easy for respondents to select high
scores. For ‘difficult’ items, it is difficult for respondents to select high scores. It was
Downloaded on January 9, 2023 from www.jrheum.org
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expected that the items relating to fatigue and spinal pain would represent ‘easy’ items, as
they are experienced by most people with AS [25-26]. Up to half of the AS population is
expected to have arthritis in peripheral joints or peripheral entheses at some stage of their
disease [27]. Consequently, at least half the current sample would find it very difficult to
score highly on the peripheral pain item, making it a difficult item. This hypothesis is
supported by Heuft-Dorenbosch and colleagues who found that disease activity, as measured
by the BASDAI, was higher in patients with peripheral joint disease than those with disease
limited to the axial skeleton [28]. This was true even when the peripheral pain item was
excluded from the BASDAI.

Additional analyses
A measure is responsive if it can detect real changes in the outcome being measured. An
indication of potential responsiveness is the Smallest Detectable Difference (SDD) – i.e. the
change in score on the measure for which anything smaller cannot be reliably distinguished
from random measurement error [29]. It is based on the Standard Error of Measurement

SDD = SEM x 1.96 x 2
Where SEM = SD ( (1 ― reliability)

The SDD can also be expressed as a percentage of the full operational range of the scale
under consideration. SDD is heavily dependent on the reproducibility / reliability of the
outcome measure concerned.

Results
Downloaded on January 9, 2023 from www.jrheum.org
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Internal construct validity of traditional BASDAI
BASDAI data were available for 250 (23.6% female) participants aged between 18 and 85
(mean 52.8; SD 14.6) years. In accordance with the traditional method of scoring the
BASDAI, scores for the two items assessing morning stiffness were averaged and treated as
one item. RMT fit statistics are shown in Table 1. Despite the PCA/t-test approach inferring
unidimensionality, insurmountable problems related to LID and item misfit were identified.
Given the conceptual importance of the items that displayed misfit, their removal could not
be justified.

Identifying a BASDAI scale that fits RMT
In applying RMT to represent a common latent variable, the scores for a set of items in a
scale should be added together to produce a total score. Therefore, further analyses were
undertaken in which all six items were treated as individual items – i.e. the morning stiffness
items were not averaged. The results of the analysis revealed that all items showed

no DIF by gender or age. Responses to the numerical rating scales had ordered thresholds for
all six items, as shown in Figure 1. However, evidence of LID was found.

[insert Figure 1]

Analysis of the residual correlations indicated marked RD between the two items assessing
morning stiffness. The duration of morning stiffness item was removed as it differs from the
other five items in that it assesses duration rather than severity. The inclusion of this item also
complicates the scoring of the BASDAI, due to the need to take the mean of the responses to
Downloaded on January 9, 2023 from www.jrheum.org
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the two morning stiffness items. Removal of the item only had a marginal impact on the
location of participants along the measurement continuum.

However, removal of the duration of morning stiffness item resulted in mild uniform DIF by
gender becoming apparent on the peripheral joint pain item (p < 0.05 [Bonferroni adjusted]).
At all levels of disease activity, males reported more peripheral joint pain than females. A
paired samples t-test indicated that there was virtually no difference between unsplit person
estimates (M = -0.43, SD = 0.86) and split person estimates (M = -0.43, SD = 0.87), [t(248) =
-0.09, p = 0.93, d = 0.01]. Further investigation indicated that the DIF did not cause misfit to
the Rasch model at the scale level. Consequently, it was decided that the peripheral joint pain
item could remain in the scale unchanged without a clinically meaningful impact on BASDAI
based person measures.

Re-analysis of the residual correlations identified two further pairs of items displaying RD;
the items assessing spinal pain and morning stiffness and those addressing peripheral joint

Resolving the RD reduced the reliability (PSI) and variance of person locations (see Table 1).
Following the creation of the two subtests, the measurement range and SD of the scale also
reduced. The PCA/t-test approach revealed that unidimensionality can be inferred from the
modified BASDAI scale.

[insert Table 1]
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All five items in the modified BASDAI had acceptable fit indices (fit residuals, -1.0 to 1.1; p
> 0.05). Targeting of the items in the new scale was excellent, as can be seen in the personitem threshold distribution shown in Figure 2. The locations of respondents are displayed in
the top half of the figure, with the locations of items shown in the bottom half. The items
were well targeted to the severity range exhibited by respondents.

[insert Figure 2]

Inspection of the item locations revealed that those assessing severity of fatigue and spinal
pain represented ‘easy’ items to affirm. The peripheral joint pain item was the most
‘difficult’, confirming the earlier predictions. This item ordering was maintained following
the creation of the subtests.

Total BASDAI raw scores range from 0 to 10. To generate the true BASDAI score, the logit
value for each total raw score was transformed to range from 0 to 10. The Rasch

The relation between total raw scores and Rasch transformed (true) scores are shown in
Figure 3. These vary markedly - particularly at the extremes. A raw score of 1 corresponds to
a true score of 3.1 and a raw score of 9 to a true score of 7.1. It is also clear from the Figure
that a person whose raw score changes from 8 to 2, has a true change score of only 2 points.

[insert Figure 3]

Smallest Detectable Difference of the BASDAI
Downloaded on January 9, 2023 from www.jrheum.org
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The SDD of the traditional BASDAI based on raw scores (traditional scoring) was 2. Using
the Rasch transformed scores the SDD was reduced to 1.2. These values equate to 20% and
12% of the measurement range respectively.

Discussion

The BASDAI is a widely used questionnaire for assessing disease activity in ankylosing
spondylitis. Given that it was developed without the application of RMT, the instrument
performed well in the current analyses. Despite this, improvements to the traditional
BASDAI were necessary to meet the requirements of RMT. This resulted in the
identification of a modified 5-item BASDAI measure that demonstrated good precision and
internal validity.

It was surprising to find that the response thresholds for all items were ordered, given
Franchignoni et al.’s claim that 11 categories are too difficult to discriminate between [9]. An

has been argued that this is because collapsing categories is only justified if the
discrimination at the threshold between two categories is zero [30]. Therefore, the decision
was taken to maintain the original 11 response categories. The traditional method of scoring
the BASDAI revealed that the PCA/t-test approach met the requirements for
unidimensionality, despite evidence of misfit to the Rasch model. This highlighted the
argument presented by Hagell [20] in his demonstration of why this test should not be
considered to provide definite evidence of the unidimensionality of a scale. It was hardly
surprising to find that a unidimensional version of the BASDAI could not be identified
according to the traditional scoring methods. There is no conceptual basis for combining the
Downloaded on January 9, 2023 from www.jrheum.org
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morning stiffness items given they assess two different outcomes (severity and duration).
Furthermore, each item in a ‘unidimensional’ scale should contribute to the total score and so
averaging the responses absorbs the LID that emerged when each item was treated separately.

Removal of the item enquiring into duration of morning stiffness makes the scale simpler to
administer and score without loss of information. However, removal of the item led to DIF by
gender on the peripheral joint pain item. Further investigation indicated that this DIF had
minimal impact on the scores of respondents and it was therefore decided to maintain this
item. RD identified in two pairs of items was addressed by producing a separate subtest for
each pair. This finding confirmed the importance of checking for LID in existing clinical
PROMs and paying attention to relative, as opposed to absolute, residual correlations [31].
For the 5-item BASDAI this is accounted for in the Rasch transformed scores. The new
method of scoring the BASDAI improves the measurement precision of the scale and
produces valid interval level scores for all participants. Without making these corrections, the
reliability and dispersion of the scale would be overestimated [22]. Further advantages of

It is possible to re-analyse existing BASDAI datasets using the new scoring system. This will
allow the results of future studies to be compared with previous work.

[insert Table 2]

The predicted ordering of item difficulty was confirmed by the initial Rasch analysis. The
finding that severity of fatigue and spinal pain were the ‘easiest’ items to affirm and
peripheral joint pain the most ‘difficult’ supports previous research [25-28]. This
Downloaded on January 9, 2023 from www.jrheum.org
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confirmation of the a priori expectations provides further evidence of the scale’s construct
validity.

An advantage of RMT is that measures producing data that fit the Rasch model can be
transformed to interval, rather than ordinal level measurement [32]. This allows the
application of parametric statistics, providing reliable and accurate comparisons of change
within and between individuals [33]. The importance of using Rasch transformed scores was
illustrated in Figure 3. Change in raw score along the measurement continuum does not result
in equivalent change in true score [18].

As can be seen from the figure, raw scores and changes in raw scores should be interpreted
with caution. This is because low raw BASDAI scores underestimate true disease activity.
Similarly, high raw BASDAI scores overestimate true disease activity. This has important
implications for the calculation of SDDs and minimal clinically importance difference
(MCID) scores. SDD and MCID calculations based on ordinal data understate true change at

the importance of using interval level data, inappropriate statistical tests are still widely
applied to ordinal level data, resulting in inaccurate conclusions being drawn [35].

In the UK, NICE require a reduction in BASDAI score to 50% of the pre-treatment value or
by two or more units and a reduction of 2 cm or more on a 10cm spinal pain visual analogue
scale (VAS) for treatment with TNF-alpha inhibitors to be continued [4]. A change in raw
score of 2 units on the BASDAI represents different amounts of change along the
measurement scale. An improvement in raw score from 2 to 0 is a true improvement of 4. An
improvement from 6 to 4 represents a true improvement of less than 0.5. In one study, a pain
Downloaded on January 9, 2023 from www.jrheum.org
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VAS was found to overestimate true responsiveness by 59% [36]. The authors concluded that
raw pain VAS data should not be used as a primary outcome in clinical studies. Considering
these BASDAI and pain VAS findings, it is recommended that NICE amend their
requirements for continuation of TNF-alpha inhibitor treatment.

The SDD for the BASDAI improved from 2 to 1.2. To put these values into context, Table 3
shows SDD values for other frequently used PROMs in rheumatology (applying their
recommended scoring procedures). The SDD data are estimated from test-retest reliabilities
and standard deviations reported in previous studies. It can be seen from the table that the
change in percentage of measurement range required to achieve SDD is as high as 83% for
the SF-36 and 51% for the EQ-5D. Consequently, most of these scales would be unlikely to
detect true changes in score. Only the ASQoL and Health Assessment Questionnaire (HAQ)
approach the SDD value achieved by the Rasch transformed BASDAI. Given the results of
the present study, an improvement in score in the region of or greater than 1.2 points
anywhere along the modified BASDAI interval scale would provide a more accurate

[insert Table 3]

Adapting the BASDAI by removing the item on duration of morning stiffness, creating two
subtests and applying Rasch transformed scores simplifies completion and scoring of the
measure and enables it to provide interval-level scores, suitable for analysis using parametric
statistical analyses. The low SDD value achieved also indicates that it is more likely to be
responsive to true changes in disease activity. However, formal testing of responsiveness
would require an intervention study.
Downloaded on January 9, 2023 from www.jrheum.org
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Figure 1. Response threshold map. All items showed ordered thresholds and are displayed in
location order.
Figure 2. Location of items and respondents on the modified BASDAI scale.
Figure 3. Relation between total raw scores and Rasch transformed scores for the modified
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Figure 1. Response threshold map. All items showed ordered thresholds and are displayed in location order.
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Figure 2. Location of items and respondents on the modified BASDAI scale.
207x149mm (96 x 96 DPI)

Downloaded on January 9, 2023 from www.jrheum.org

This accepted article is protected by copyright. All rights reserved.

Accepted Article

Page 22 of 27

Figure 3. Relation between total raw scores and Rasch transformed scores for the modified BASDAI.
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Table 1. Summary of Rasch analyses and person locations of traditional and modified
BASDAI.
Traditional 6-item

Modified 5-item

BASDAI*

BASDAI

PSI

0.86

0.83

Chi2 interaction

0.24

0.48

0.07 (0.05 – 0.10)

0.04 (0.01 – 0.07)

Mean

4.00

4.68

SD

2.20

1.05

0 – 9.30

0 – 7.71

PCA/t-test
(confidence intervals)
Person locations (0 – 10)

Range

Abbreviations: BASDAI = Bath Ankylosing Spondylitis Disease Activity Index (BASDAI);
PSI = Person Separation Index; SD = standard deviation; PCA = principal component
analysis
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Type of
outcome

PROM

SEM

SDD

Change in
measurement
range required
for SDD

Data sources

NRS

Pain intensity

0.12

34.4

34.4%

37

Disability

HAQ

0.25

0.69

23.1%

38, 39

HRQL

SF-36 sections (range)

6.9-30.2

19.1-83.7

19.1-83.7%

40

QoL

ASQoL

1.22

3.37

18.7%

41

Utility

EQ-5D

0.22

0.61

50.8%

42

SF-6D

0.11

0.31

47.7%

43

HUI-3

0.15

0.42

30.9%

44

Abbreviations: PROM = patient-reported outcome measure; SEM = Standard error of
measurement; SDD = Smallest detectable difference; NRS = Numerical rating scale; HAQ =
Health Assessment Questionnaire; HRQL = Health-related quality of life; SF-36 = 36-Item
Short Form Health Survey; QoL = Quality of life; ASQoL = Ankylosing Spondylitis Quality
of Life questionnaire; EQ-5D = EuroQol-5 Dimension; SF-6D = Short Form-6 Dimensions;
HUI-3 = Health Utilities Index Mark 3
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Table 3. Commonly used PROMs: Smallest Detectable Differences (SDD) and change in
percentage of measurement range required to achieve SDD

Appendix 1. Modified BASDAI Rasch Transformation Table

Rasch transformed
Raw score

Rasch transformed
Raw score

score

score

0

0.00

5.2

5.16

0.2

1.12

5.4

5.21

0.4

1.86

5.6

5.26

0.6

2.36

5.8

5.32

0.8

2.74

6

5.37

1

3.05

6.2

5.43

1.2

3.30

6.4

5.49

1.4

3.51

6.6

5.55

1.6

3.69

6.8

5.62

1.8

3.84

7

5.69

2

3.98

7.2

5.77

2.2

4.11

7.4

5.86

2.4

4.22

7.6

5.96

2.6

4.32

7.8

6.07

2.8

4.41

8

6.19

3

4.49

8.2

6.33

3.2

4.57

8.4

6.48

3.4

4.64

8.6

6.66

3.6

4.71

8.8

6.86

3.8

4.77

9

7.09

4

4.83

9.2

7.36

4.2

4.89

9.4

7.71

4.4

4.95

9.6

8.17

4.6

5.00

9.8

8.89

4.8

5.05

10

10.00

5

5.10
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