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Abstract The Bath Ankylosing Spondylitis Disease Activ-
ity Index (BASDAI), Bath Ankylosing Spondylitis Func-
tional Index (BASFI), and Bath Ankylosing Spondylitis
Global Score (BAS-G) have been recommended for
evaluating function and disability in patients with ankylos-
ing spondylitis (AS). The aim of this study was to develop
a Chinese version of the BASDAI, BASFI, and BAS-G and
assess their reliability and validity. The Chinese version
was obtained after a translation and back-translation
process. A total of 447 patients with adult and juvenile
AS were assessed using these three instruments. Reliability
was tested by internal consistency and test–retest reliability.
Internal consistency of the instrument was given as
Cronbach’s alpha. Test–retest reliability was assessed by
intraclass correlation coefficient. To assess the sensitivity to

change, 153 patients were included in an 8-week follow-up
study. In our analysis, the reliability of these three instru-
ments—the BASDAI, BASFI, and BAS-G—for a 24-h
test–retest showed acceptable intraclass correlation coeffi-
cients (0.92–0.94). Our Chinese versions of the BASDAI,
BASFI, and BAS-G also showed 0.87, 0.94, and 0.90,
respectively, with Cronbach’s alpha coefficient, indicating
good reliability. For sensitivity to change in 8-week
follow-up, all three instruments showed 5.0 to 5.4%
changes. Our Chinese versions of the BASDAI, BASFI,
and BAS-G showed adequate reliability, validity, and
responsiveness to clinical change. Thus, disease activity
and functional status in Chinese-speaking patients with
AS may be adequately evaluated with these versions of the
original instruments.
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Abbreviations
AS ankylosing spondylitis
JAS juvenile onset disease
AAS adult onset disease
BASDAI Bath Ankylosing Spondylitis Disease Activity

Index
BASFI Bath Ankylosing Spondylitis Functional Index
BAS-G Bath Ankylosing Spondylitis Global Score
VAS visual analogue scales
ESR erythrocyte sedimentation rate
CRP C-reactive protein

Introduction

Ankylosing spondylitis (AS) is a seronegative spondy-
loarthropathy characterized by inflammation and radio-
graphic changes, mainly localized to the spinal column.
Therapies are aimed at reducing inflammatory responses,
spinal stiffness, and pain [1, 2]. Previous epidemiological
studies have revealed that AS occurs predominantly in
Caucasians and a small number of native American tribes
[3]. The incidence of AS in Japan and Africa is consider-
ably lower [4–6], whereas the prevalence of AS in the
Taiwanese population is about 0.2 to 0.3%, similar to that
in Caucasians [7, 8].

Furthermore, some patients with AS have juvenile onset
disease (JAS), defined by onset at or before age 16 years.
Characteristic clinical features distinguish JAS from adult
onset disease (AAS) as follows: Patients with JAS have a
higher frequency of extraspinal joint disease, whereas those
with AAS have increased frequencies of radiographic
abnormalities of the spine [9]. Persistent hip, knee, and ankle
arthritis and dactylitis of the hands occur more frequently in
juveniles [10]. Peripheral joint involvement as a mono- or
oligoarthritis is significantly more frequent in juvenile onset
patients, not only as a mode of onset but also during the
course of the disease. Impairment of functional capacity is
more severe in the juvenile onset group, and hip joint
involvement is closely related to a poorer prognosis [11].

No gold standard exists for measuring disease activity in
AS. Limited spinal mobility is a cardinal sign of AS. The
assessment of spinal mobility assists in identifying patient
sub-groups and predicts clinical outcome in AS [12, 13].
Consequently, the Assessment in AS international group
(ASAS) has recommended spinal mobility as a core domain
in the evaluation of patients in both clinical practice and

trials [14], confirming its use in routine practice [15]. In
addition, fatigue is reported to be a common complaint
among patients with AS [16–18]. Previous studies have
shown that fatigue in AS patients is associated with
limitations in daily life functioning [16, 17], pain and
stiffness [17], as well as with global well-being and mental
health [19]. Therefore, many valid instruments have been
developed to evaluate function and disability in recent
years, such as the Bath Ankylosing Spondylitis Disease
Activity Index (BASDAI) [20] and the Bath Ankylosing
Spondylitis Functional Index (BASFI) [16]. In addition, a
more global assessment is also desirable, and validation of
a global measure by the Bath Ankylosing Spondylitis
Global Score (BAS-G) was established to reflect the effect
of AS on patients’ well-being [21]. These questionnaires
can be completed quickly and easily and have good
reproducibility, validity, and sensitivity to clinical change.
The questionnaires also include the entire spectrum of AS
symptoms related to fatigue, pain, swelling, and morning
stiffness [20].

These instruments have been translated into several
languages and have now been developed in Chinese.
However, it remains unclear whether the index is an
accurate expression of the component parts. Especially, it
has not been determined whether there is a differential
expression between JAS and AAS patients when evaluating
them with established questionnaires such as the BASDAI,
BASFI, and BAS-G. Therefore, this study aimed to
translate the previously developed BASDAI, BASFI, and
BAS-G to Chinese language and evaluate the reliability and
validity of the translated versions among a sample of
Taiwanese JAS and AAS patients.

Materials and methods

Developing the Chinese version of the BASDAI, BASFI,
and BAS-G

The original versions of the BASDAI, BASFI, and BAS-G
were obtained from Garrett et al. [20], Calin et al. [16], and
Jones et al. [21], respectively. The BASDAI is a six-item
self-administered questionnaire that measures symptoms
such as fatigue, spinal pain, pain and/or swelling of the
peripheral joints, localized tenderness, and morning stiff-
ness during the last week. It also measures the severity and
duration of morning stiffness (0 to 2 or more hours). The
first five items are answered on 0-to-100-mm, unmarked,
horizontal visual analogue scales (VAS) with “none”
anchored at one extreme and “very severe” at the other.
The scale for degree of morning stiffness is graded every
15 min between 0 and 2 h. The BASFI is also a self-
administered questionnaire that measures the ability of the
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individual to perform ten items of daily living activities.
Each item is answered on 0-to-100-mm VAS ranging from
“easy” at one end to “impossible” at the other. The BAS-G
is composed of two VAS (0 to 100 mm) with the end words
“none” and “very severe.” The patients estimate the
influence of the disease on their well-being over the
previous week and the previous 6 months.

One professional translator and two bilingual physicians
who were familiar with the medical aspects of AS
translated the original version of BASDAI, BASFI, and
BAS-G to Chinese then back to English (back-translation).
They were unaware of the original version. Our researchers
then examined discrepancies between (1) the original
English version, (2) the initial Chinese version, and (3)
the back-translated English version. Furthermore, we also
decided on the most appropriate translation of each item
and were resolved to develop a Chinese version that was
linguistically and conceptually equivalent. A modified
Chinese version was developed after a series of meetings.
The modified Chinese versions of BASDAI, BASFI, and
BAS-G were pilot tested with AS patients. Patients took an
average of 10 min to complete the scale and demonstrated
no difficulty in understanding and responding to the items
of the scale. As a result, the pilot study did not lead to any
changes to the final Chinese version of BASDAI, BASFI,
and BAS-G.

Study subjects and data collection

Subsequently, for investigation of the reliability, validity,
and sensitivity of the Chinese versions of BASDAI,
BASFI, and BAS-G, our modified Chinese versions of the
three instruments were administered to Taiwanese patients
with AS for the purpose of validation. Sequential patients
who were attending their follow-up appointments at the
clinic at Chung Shan Medical University Hospital in
Taichung, Taiwan from November 2002 to May 2004,
and who met the selection criteria, were asked to participate
in the study. Informed consent was obtained before any data
were collected from the respondents. Four selection criteria
were used to recruit subjects: (1) patients aged 18–65 years;
(2) being diagnosed according to the modified New York
criteria [22]; (3) Chinese language speakers (90% of
Taiwanese speak Chinese, some speak one of the Chinese
dialects, such as Fukienese; all dialects share the same
writing system) without language problems; and (4)
cognitive performance not being influenced by other
diseases, e.g., dementia. A total of 447 patients with AS
were included in our study. JAS was defined when joint
symptoms occurred at or before age 16, and AAS was
defined as occurring after age 16.

To ensure the privacy and convenience of respondents,
the questionnaire was administrated in an interview room

within the clinic. To avoid bias arising from social
desirability in the data provided, at the beginning of the
questionnaire administration, our researchers read a stan-
dardized statement to each respondent explaining the
confidentiality and anonymity of data collected.

Additionally, test–retest reliability was further assessed
in a random subset of 41 patients using the first and second
questionnaire administration (24 h apart). Forty-one
patients completed questionnaires on disease activity
(BASDAI), functional ability (BASFI), and global well-
being (BAS-G).

Statistical methods

SAS 9.1 for Windows was used for the statistical analyses.
Comparisons among JAS and AAS groups for age at
recruitment, erythrocyte sedimentation rate, C-reactive pro-
tein, occiput-wall distance, Schober test, chest expansion, and
BASDAI, BASFI, and BAS-G were made using Student’s
t test for continuous variables and the χ2 test for discrete
variables. Reliability of our Chinese versions of the BASDI,
BASFI, and BAS-G was tested by internal consistency and
test–retest reliability. Internal consistency of the instrument
was given as Cronbach’s alpha. Internal reliability analyses
(Cronbach’s alpha) were performed on scaled responses to
multiple items (e.g., six items from BASDAI, ten items from
BASFI, and two items from BAS-G). Test–retest reliability
was assessed by intraclass correlation coefficient (ICC).
Correlations between BASDAI, BASFI, and BAS-G with
laboratory and clinical assessments were also evaluated with
Spearman’s rank correlation coefficient. Significance was set
at p<0.05.

Results

One hundred and eighteen (26.4%) patients were enrolled
in the JAS group and 329 (73.6%) in the AAS group
(Table 1). Median age at onset of JAS was 11.2 years
(range 5.3–15.9) and of AAS 30.4 years (range 16.2–72.4).
No significant difference was found between the two
groups in gender distribution (p=0.45, χ2 test). Duration
of symptoms was 15.2±6.9 (SD) years in the JAS group
and 7.1±6.0 years in AAS (p=0.054, t test). Duration of
spinal symptoms was 8.7±6.1 years in JAS and 4.4±
5.1 years in AAS (p=0.02). Laboratory studies including
erythrocyte sedimentation rate (p<0.001) and C-reactive
protein (p<0.001) were significantly different between the
JAS and AAS groups. The AAS group had significantly
higher level of erythrocyte sedimentation and lower level of
C-reactive protein than the JAS group.

Results on the BASDAI, BASFI, and BAS-G indices for
AS patients are shown in Table 2. The coefficient of
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internal consistency (Cronbach’s alpha) for BASDAI was
0.87, for BASFI 0.94, and for BAS-G 0.90. Additionally,
test–retest reliability was further assessed in a random
subset of 41 patients who self-reported that they did not
experience major changes in symptoms within the 2-week
period after the first administration of the questionnaires.
The ICC of BASDAI, BASFI, and BAS-G also showed
good reproducibility of results, ranging from 0.92 to 0.94.
When comparing the scores of BASDAI (4.1 vs 3.9,
p=0.94), BASFI (2.5 vs 1.9, p=0.22), and BAS-G (4.5 vs
3.9, p=0.22), higher scores of BASDAI, BASFI, and
BAS-G were observed in the JAS group than those in the
AAS group; however, there was no significant difference in
those scores between patient groups.

Furthermore, in all AS patients, significant correlations
were detected between BASDAI, BASFI, and BAS-G
(Table 3). Similarly, significant correlations were also
detected between the BASFI and the BAS-G. We especially
observed a negative correlation between BASDAI, BASFI,
and BAS-G scores with age at onset, especially in AAS
patients, but not in JAS patients. Both the duration of

symptoms and duration from diagnosis also correlated
positively with BASDAI, BASFI, and BAS-G scores in
AAS patients, but not in JAS patients. However, no
significant correlation was observed between erythrocyte
sedimentation rate and C-reactive protein levels and
BASDAI, BASFI, and BAS-G scores in either AAS or
JAS patients. To assess the sensitivity to change, 153
patients were included in an 8-week follow-up study.
Results measured by all three instruments showed 5.0 to
5.4% change in all patients (Table 4). The BASFI value
showed a significant improvement in JAS group (p=0.04,
pair t test), whereas there were no correlations between the
changes in BASFI in the AAS group and BASDAI and
BAS-G scores in either group (p>0.05).

Discussion

AS limits the mobility of the spine and other joints and
leads to increasing functional impairment. The level of

Table 2 Results, reproducibility, and internal consistency in BASDAI, BASFI, and BAS-G indices for ankylosing spondylitis patients

Index JAS (n=118) AAS (n=329) Total (n=447) Internal consistency reproducibility

Mean
(SD)

Median
(Range)

Mean
(SD)

Median
(Range)

Mean
(SD)

Median
(Range)

Cronbach’s α Intraclass correlation
coefficient (ICC)

BASDAI (0–10) 4.1 (2.3) 3.9 (0–9.4) 3.9 (2.3) 3.7 (0–10) 3.9 (2.3) 3.8 (0–10) 0.87 0.93
BASFI (0–10) 2.5 (2.4) 1.9 (0–9.0) 1.9 (2.1) 1.2 (0–8.8) 2.1 (2.2) 1.3 (0–9.0) 0.94 0.92
BAS-G (0–10) 4.5 (3.0) 4.9 (0–10) 3.9 (2.8) 3.5 (0–10) 4.1 (2.8) 3.9 (0–10) 0.90 0.94

Table 1 Clinical data on 447
patients with ankylosing
spondylitis

*0.01<p<0.05
**p<0.01

Variable JAS AAS Total
n=118 n=329 n=447

Age (years) 27.4 (6.3) 38.5 (10.0) 35.5 (10.4)
Range 18–51 20–73 18–73
Age at onset (years) 11.2 (3.2) 30.4 (10.0) 25.3 (12.1)
Gender: male (%) 92 (78.0%) 242 (73.6%) 334 (74.7%)
Duration of symptoms (years) 15.2 (6.9) 7.1 (6.0) 9.2 (7.2)
Range 1.3–38.4 0–26.3 0–38.4
Duration from diagnosis (years) 8.7 (6.1) 4.4 (5.1)* 5.6 (5.7)
Range 0–26.0 0–25.3 0–26.0
Erythrocyte sedimentation rate (mm/h) 10.9 (9.6) 28.8 (20.5)** 23.7 (19.7)
C-reactive protein (mg/l) 2.3 (2.8) 0.6 (0.8)** 1.1 (1.8)
Occiput-wall distance (cm) 2.8 (4.6) 1.1 (4.0) 1.5 (4.2)
Range 0–17 0–31 0–31
Schober test (cm) 4.0 (3.6) 5.2 (4.0) 4.9 (3.9)
Range 0–21 0–28 0–28
Chest expansion (cm) 3.7 (1.7) 4.4 (1.9) 4.2 (1.9)
Range 1–8 1–11 1–11
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functional impairment is accepted as an important outcome
parameter besides clinical measurements, and laboratory
and radiological changes, which were found to be insuffi-
cient for monitoring patients with AS [14]. In particular,
physical function can be quantified by using self-adminis-
tered questionnaires and indices. The use of many func-
tional indices both for clinical assessment and trials has
been increasing in recent years. However, these indices
must be tested in several countries to be sure that cultural or
language differences do not interfere with results of the
assessments and so that the trials in which these indices are
used can be easily compared. The ASAS working group
has recommended the use of BASDAI and BASFI to obtain
outcome measures in AS patients participating in clinical
trials [23]. In addition, a more global assessment is also
desirable, and validation of a global measure by the BAS-G
was established to reflect the effect of AS on patients’ well-
being [21]. We chose to test the BASDAI and BASFI or
BAS-G, and our study contributes to AS assessment by
providing reliable and valid cross-culturally adapted Chi-
nese-language versions for the three most important instru-
ments of disease activity and functioning in use thus far.

In our observation, the reliability of these three instru-
ments of BASDAI and BASFI, and BAS-G for the 24-h
test–retest showed acceptable ICCs (0.92–0.94). Our
Chinese versions of the BASDAI and BASFI and BAS-G

also showed good reliability with Cronbach’s alpha
coefficient of 0.87, 0.94, and 0.90, respectively. When
Cronbach’s alpha was calculated, we can identify problem
items that should be excluded from the scale. After
removing each item and recalculating the Cronbach’s alpha,
we observed that the Cronbach’s alpha of BASDAI (range
0.83–0.86) and BASFI (range 0.93–0.94) were not signif-
icantly changed. Thus, our modified Chinese versions of
BASDAI, BASFI, and BAS-G were very feasible for
evaluating AS patients. In addition, the distribution of the
BASDAI (0–10), BASFI (0–9), and BAS-G (0–10) total
score ranges indicated that Chinese BASDAI, BASFI, and
BAS-G scales were used effectively. Previously, the
BASDAI was developed for evaluating the disease activity
of AS patients [20]. After the original English version,
several European-language versions were also published,
including French [24], Swedish [25], and Spanish [26]
versions. Until this study, however, an eastern-language
version has not been reported. The original BASFI has also
been demonstrated to be valid and reliable among English
and other western patient populations [27–29]. In a study
by Haywood et al. [30], the BASDAI showed a good level
of responsiveness for self-perceived improvement and
deterioration in both AS and general health. As with the
previous western versions of BASDAI, reproducibility over
2 weeks was good for the total Chinese BASDAI.

Table 4 Difference in scores of BASDAI, BASFI, and BAS-G among JAS and AAS patients between 8-week observation

Variable JAS (n=21) AAS (n=132) Total (n=153)

First observation Second observation First observation Second observation First observation Second observation

BASDAI 3.6 (2.5) 3.1 (2.3) 3.7 (2.0) 3.5 (2.2) 3.7 (2.1) 3.5 (2.1)
BASFI 1.7 (1.5) 1.3 (1.4)* 2.1 (2.2) 2.1 (2.0) 2.0 (2.1) 1.9 (2.0)
BAS-G 3.6 (2.3) 2.9 (2.7) 4.0 (2.6) 3.9 (2.5) 4.0 (2.6) 3.8 (2.5)

*p=0.04; comparison between first observation and second observation

Table 3 Spearman’s correlation coefficient between BASDAI, BASFI, and BAS-G with laboratory and clinical assessments in ankylosing
spondylitis patients

Variable JAS (n=118) AAS (n=329) Total (n=447)

BASDAI BASFI BAS-G BASDAI BASFI BAS-G BASDAI BASFI BAS-G

Age at onset (years) N.S. N.S. N.S. −0.13** −0.11* −0.16** −0.10* −0.14** −0.15**
Duration of symptoms (years) N.S. N.S. N.S. 0.25** 0.33** 0.22** 0.19** 0.29** 0.20**
Duration from diagnosis (years) N.S. N.S. N.S. 0.22** 0.24** 0.19** 0.17** 0.24** 0.16**
Occiput-wall distance (cm) N.S. 0.37** 0.25** 0.13* 0.33** 0.15** 0.14** 0.35** 0.20**
Schober S1 test (cm) N.S. −0.34** −0.23** −0.20** −0.31** −0.21** −0.19** −0.33** −0.22**
Chest expansion (cm) N.S. −0.34** N.S. −0.16** −0.33** −0.16** −0.15** −0.34** −0.16**
BASDAI – 0.63** 0.78** – 0.58** 0.67** – 0.59** 0.70**
BASFI 0.63** – 0.73** 0.58** – 0.67** 0.60** – 0.69**
BAS-G 0.78** 0.73** – 0.67** 0.67** – 0.70** 0.69** –

N.S. Not significant
*0.01<p<0.05
**p<0.01
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Sensitivity to change is a very important property for a
functional index. The original English BASDAI was
sensitive to change, reflecting 16% mean improvement in
inpatient scores after 3 weeks of treatment [20]. The
Swedish BASDAI was also found sensitive to intensive
inpatient rehabilitation [25], but there were no significant
changes after a twice-weekly outpatient exercise program.
Similarly, in our observation, 153 outpatients were included
in a period of 8 weeks of study in which there were no
significant changes in the BASDAI value. Disease duration
was significantly longer in our study subjects; therefore,
this could be a factor contributing to our results. In
addition, our study subjects mainly consisted of outpatients
by chance, who are typically in better functional status, and
the difference would be small between our first and second
observations.

Some limitations must be considered to interpret our
data. In the present investigation, there is only one blood
sample from which to assess both erythrocyte sedimenta-
tion rate and C-reactive protein levels. Erythrocyte sedi-
mentation rate and C-reactive protein are the two widely
used acute phase reactants [31]. However, a single baseline
measure of both serum erythrocyte sedimentation rate and
C-reactive protein might misclassify individuals with
respect to long-term status. Especially, disease activity of
AS is intermittently high or low or even in momentary
spontaneous remission. Selection bias could be resulted
when AS patients with either active or inactive disease were
enrolled as our study subjects. It would seem likely that this
was the reason that we observed no significant correlation
between erythrocyte sedimentation rate and C-reactive
protein levels and BASDAI, BASFI, and BAS-G scores in
either AAS or JAS patients. In addition, our study might
have inevitable referral biases because the data were
collected from a single medical center. Although recall bias
could be a potential problem, the administration of three
different instruments made it unlikely that they would
remember specific items on all of them.

The cross-culturally adapted versions of the BASDAI,
BASFI, and BAS-G produced in this study maintained all
the properties of the original English-language versions of
the instruments, and our Chinese versions of the BASDAI,
BASFI, and BAS-G showed adequate reliability and
validity. Thus, disease activity and functional status in
Chinese-speaking patients with AS may be adequately
evaluated with these adapted versions of the original
instruments.
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