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ASTRID CHORUS,2 ANNELIES BOONEN,1 SJEF VAN DER LINDEN,1 AND DÉSIRÉE VAN DER HEIJDE3

Objectives. To investigate whether the single-item fatigue question of the Bath Ankylosing Spondylitis Disease Activity
Index (BASDAI) and the Multidimensional Fatigue Inventory (MFI) are appropriate instruments to measure fatigue in
ankylosing spondylitis (AS); to identify factors that influence fatigue in AS; and to assess how fatigue in all its aspects is
associated with quality of life in AS.
Methods. A total of 812 patients with AS were included. Patients completed questionnaires on disease activity (BASDAI),
functional ability (Bath Ankylosing Spondylitis Functional Index [BASFI]), global well-being (Bath Ankylosing Spondy-
litis Global Score [BAS-G]), overall perceived health (EuroQoL visual analog scale), and quality of life (Ankylosing
Spondylitis Quality of Life questionnaire, and Short Form 36 [SF-36]). Patients were dichotomized into a F� group
(fatigue � major symptom) if the BASDAI fatigue score was > 5.0 and a F� group (fatigue � minor symptom) if the fatigue
score was < 5.0. Reproducibility was assessed with intraclass correlation coefficients, and responsiveness was calculated
according to 3 different methods. Logistic regression analysis was used to determine which factors were associated with
fatigue. Multiple regression analysis was used to investigate whether fatigue contributes in explaining quality of life.
Results. Fifty-three percent of the patients were assigned to the F� group. They scored significantly worse compared with
the F� group with respect to each dimension of the MFI and to all other questionnaires studied (all P < 0.001). The
BASDAI fatigue question, as well as each separate dimension of the MFI, showed moderate to good reproducibility
(0.57–0.75) and responsiveness (0.23–0.96). Fatigue was, in the opinion of the patients, highly associated with pain (70%
of patients) and stiffness (54% of patients). Logistic regression analysis showed that scores on BASDAI, BASFI, BAS-G,
and mental health status (SF-36) were independently associated with fatigue (R2 � 0.52). Multiple regression analysis
showed that scores on the BASDAI fatigue question were significantly associated with quality of life. With the 5 MFI
dimensions as explanatory variables, different aspects of fatigue were associated with different domains of quality of life.
Conclusion. Fatigue as a major symptom of AS can effectively be measured with either a single-item question on the
intensity of fatigue or with the MFI. The MFI, however, provides more insight into specific dimensions of fatigue. Fatigue
appears to be associated with the level of disease activity, functional ability, global well-being, and mental health status.
In addition, fatigue negatively influences different aspects of quality of life.
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INTRODUCTION

Fatigue has been acknowledged as an important symptom
in ankylosing spondylitis (AS) (1–4). Although fatigue is a
widely used term, no uniformly accepted definition is
available. Belza described fatigue as “the enduring, sub-
jective sensation of generalized tiredness or exhaustion”

(5). Fatigue appears to be multifactorial and multidimen-
sional: physiologic, psychological, social, and personal
factors influence the presence and experience of fatigue
(5–9).

During the Outcome Measures in Rheumatoid Arthritis
Clinical Trials Conference in 1998—in followup of the
Assessments in Ankylosing Spondylitis workshop in
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1995—fatigue was considered to be an important domain
in the core set for disease controlling antirheumatic ther-
apy in AS, but a specific instrument to measure fatigue was
not selected, because little information was available on
assessing fatigue in AS (10). The Bath Ankylosing Spon-
dylitis Disease Activity Index (BASDAI) is a widely used
instrument to measure disease activity in patients with
AS, and includes only 1 question concerning the degree of
fatigue (2). Many questionnaires can be used for measuring
fatigue multidimensionally, but none of them have been
validated in AS (6,11–14). The Multidimensional Fatigue
Inventory (MFI) is such a multidimensional questionnaire
(12). The psychometric properties of the MFI have been
validated and tested in several patient populations as well
as in healthy subjects, but not yet in patients with AS
(12,15–17).

The first aim of this study was to investigate whether the
single-item BASDAI fatigue question and the MFI are ap-
propriate instruments to measure fatigue in AS. Important
aspects of outcome measures such as reproducibility and
responsiveness will be investigated. After this first stage,
both instruments were used to investigate the impact of
fatigue in AS.

The second aim of this study was to assess which factors
influence fatigue in AS. This was investigated by obtaining
the opinion of patients with AS. We hypothesized that
fatigue could be influenced by, among other factors, dis-
ease activity, sleep disturbance, weather, medication, and
work. In addition, we wanted to identify factors, measured
by AS-specific instruments, that are most strongly associ-
ated with fatigue.

A final aim was to assess how fatigue in all its aspects
influences quality of life in patients with AS. To date, few
data have been reported on the relationship between fa-
tigue and quality of life in patients with AS (4).

PATIENTS AND METHODS

Patients. A total of 812 patients with AS were derived
from 3 sources: 1) Five hundred sixty-eight patients from
15 Dutch outpatient departments of rheumatology, who
completed a postal questionnaire. These centers partici-
pated in the Standardized Diagnosis Register (SDR), a na-
tionwide diagnosis register of rheumatic diseases (18); pa-
tients from the Observational Study on Outcome in AS
(OASIS) cohort study (see source 3 below) who also par-
ticipated in this study were excluded, to avoid double
counting. 2) One hundred twenty Dutch outpatients par-
ticipating in a randomized controlled trial to assess the
efficacy of a 3-week course of spa therapy in patients with
AS (19). Patients were randomly allocated to receive either
spa therapy in Austria (arm 1, n � 40), in The Netherlands
(arm 2, n � 40), or to a control arm (n � 40) that stayed at
home and continued standard treatment (antiinflammato-
ry drugs and weekly group physical therapy). 3) One hun-
dred twenty-four of 137 Dutch patients participating in
OASIS. Table 1 shows the distribution of patients for the
present study.

Questionnaires. The self-reports contained sociodemo-
graphic and disease-related questionnaires, specifically
the MFI, BASDAI, Bath AS Functional Index (BASFI) (20),
Bath AS Patient Global Score (BAS-G) (21), and Short
Form-36 (SF-36) (22).

The MFI consists of 20 items covering 5 dimensions:
general fatigue, physical fatigue, reduced motivation, re-
duced activity, and mental fatigue. Each dimension has 4
statements that are directed either positively or negatively.
The answers are given on a 5-point scale (1 to 5), with the
labels “yes, that is true,” and “no, that is not true” at either
end. Scores range from 4–20 on each dimension, with
higher scores indicating greater fatigue. A summary score

Table 1. Patient populations used for various aspects of the study

SDR
(n � 568)

Spa therapy trial

OASIS
(n � 124)

Arm 1
Spa therapy

Austria
(n � 40)

Arm 2
Spa therapy
Netherlands

(n � 40)

Arm 3
Controls
(n � 40)

Comparison F�/F� scores
questionnaires

X X X X X

Reproducibility fatigue
questionnaires

— — — X —

Responsiveness fatigue
questionnaires

— X — X* —

Factors influencing fatigue according
to the patients

— — — — X

Factors implicitly influencing fatigue X — — — X
Correlation fatigue with scores

questionnaires
X X X X X

Influence fatigue on quality of life X — — — X

X � Participating in this aspect of the study; SDR � Standardized Diagnosis Register of Rheumatic Diseases; OASIS � Observational Study on Outcome
in Ankylosing Spondylitis.
* Only as control arm in the method according to Guyatt (1987).
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of the 20 items is discouraged. If a single score on fatigue
is required, the dimension “general fatigue” should be
used (12).

The BASDAI, BASFI, and BAS-G are well-established
instruments that are widely used in clinical trials and
epidemiologic studies to evaluate disease activity, func-
tioning, and global well-being in patients with AS. They
have been shown to be valid, reliable, and discriminatory
(2,20,23–29). The BASDAI consists of 6 questions an-
swered on a visual analog scale (VAS) (2). The questions
are related to fatigue, back pain, pain and/or swelling of
the peripheral joints, localized tenderness, and duration
and severity of morning stiffness. The 10-cm horizontal
VAS has the labels none � 0 and very severe � 10 at either
end for the first 5 questions, and 0 hours � 0 and 2 or more
hours � 10 for the duration of morning stiffness. The mean
score of the 2 questions on morning stiffness counts as 1
variable. The mean score of the 5 items is the total score.
The BASFI contains 10 questions on functional ability,
completed on a 10-cm horizontal VAS, with the labels
easy � 0 and impossible � 10 at either end (20). The mean
of the 10 items is the final score. The BAS-G consists of 2
questions on the effect of AS on well-being over the past
week and over the past 6 months, respectively, and is
answered on a 10-cm horizontal VAS, with the labels
none � 0 and very severe � 10 at either end (21). The mean
score of the 2 items is the final score. The ranges of the
final score for BASDAI, BASFI, and BAS-G are 0 (best) to
10 (worst).

The SF-36 is a widely applied generic instrument for
measuring health status, and consists of 8 domains: phys-
ical functioning, social functioning, role limitations (phys-
ical problem), role limitations (emotional problem), men-
tal health, vitality, bodily pain, and general health
perceptions (22). Scores range from 0 (worst) to 100 (best).

Patients participating in the spa therapy trial and the
OASIS cohort study also completed a disease-specific
quality of life questionnaire (ASQoL) (30), and the VAS
question from the EuroQoL (EQ-5DVAS) on a person’s over-
all perceived health (31). The ASQoL is a newly developed
disease-specific quality of life instrument containing 18
yes/no questions (30). Scores range from 0 to 18, with
lower scores implying a better quality of life. EQ-5DVAS

scores range from 0 to 100, with higher scores implying
better health.

The question, “Which factors increase your fatigue due
to AS?” was administered only to the 124 OASIS patients
and could be answered by the terms pain, stiffness, prob-
lems with a good sleep posture, the weather, exercise, poor
sleep, work, medication, none of these factors, or other
factors (with space to write down any factors). Multiple
answers were allowed.

Comorbidity was assessed in the SDR and OASIS stud-
ies by asking patients to select comorbid diseases from a
list provided in the questionnaire or to add diseases not
included in the list.

Statistical analysis. Patients pooled from all 3 sources
were divided into 2 groups. Patients with scores � 5.0 on
the BASDAI fatigue question were labeled as experiencing

fatigue as a major symptom (F�). Patients with scores
� 5.0 were labeled as experiencing fatigue as a minor
symptom (F�). Data from the patients scoring exactly 5.0
on the first BASDAI question were omitted. The data were
reanalyzed with other cutoff points (F� group � 4.0, F�
group � 6.0), but the results were similar (data not shown).

Student’s t-tests were applied to compare continuously
distributed characteristics between the F� and F� groups.
Dichotomous variables were analyzed by chi-square test-
ing.

To define reproducibility of the BASDAI fatigue ques-
tion and the dimensions of the MFI, intraclass correlation
coefficients (ICCs) were calculated for the control arm of
the spa therapy trial, with a 6-week interval between the
measurements without change of therapy. ICCs � 0.75
were considered acceptable (32).

Responsiveness of the BASDAI fatigue question and the
dimensions of the MFI were determined by 3 different
methods: the effect size (ES) (33), the standardized re-
sponse mean (SRM) (34), and the method described by
Guyatt (35). The results were interpreted according to
Cohen’s effect size index, in which 0.2 refers to a small
change, 0.5 to a moderate change, and 0.8 or more to a
large change (36). The ES is calculated as the mean change
after treatment compared with baseline, divided by the
standard deviation (SD) of the baseline scores (33). The
SRM is calculated as the mean change after treatment
compared with baseline, divided by the SD of the change
score (34). The method described by Guyatt is calculated
as the mean change score in the treatment group divided
by the SD of the change score in the control group (35).

The distribution of factors believed to influence fatigue
in F� and F� patients was analyzed by chi-square testing.
Pearson’s correlations were used to determine the relation-
ship between both the BASDAI fatigue question and the
dimensions of the MFI with other questionnaires. Logistic
regression analysis was used to assess which factors were
associated with fatigue in patients with AS. Independent
variables comprised age, sex, disease duration, comorbid-
ity, mental health status (measured with the mental health
domain from the SF-36), and the disease-specific measures
of the BASDAI (without the fatigue question), BASFI, and
BAS-G.

Multiple regression analysis was used to investigate
whether fatigue contributes in explaining quality of life,
independent of demographic and disease-related factors.
Dependent variables were the dimensions of the SF-36
separately, and the ASQoL. Independent variables were
either the BASDAI fatigue question (VAS score) or the 5
dimensions of the MFI. Adjustments were made for age,
sex, comorbidity, disease duration, mental health status,
and BASFI. Because the BASDAI (without fatigue), BASFI,
and BAS-G showed a high level of collinearity (toler-
ance � 0.4), only the BASFI score was used as covariate,
and BASDAI and BAS-G were excluded.

RESULTS

Table 2 shows the patient characteristics of the total study
population and the 3 studies separately. Eighteen patients
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(14 from the SDR study and 4 from the spa therapy trial)
were excluded, because they answered exactly 5.0 on the
BASDAI fatigue question. An additional 18 patients (17
from the SDR and 1 from the OASIS study) did not com-
plete the BASDAI fatigue question and were therefore also
excluded. Overall, 53% (415) of the patients were in-
cluded in the F� group, and 47% (361) in the F� group.
Both groups were similar with respect to age, disease du-
ration, and duration of complaints. Significantly more
women and significantly more comorbidity were found in
the F� group compared with the F� group in the total
population (P � 0.043 and P � 0.001, respectively).

Table 3 shows how patients in the F� and F� groups
performed on the MFI and other questionnaires. Patients
from the F� group had significantly worse scores on all
questionnaires as compared with the F� group (all P �
0.001).

Responsiveness and reproducibility. Six weeks after
baseline measurement, and after the intervention had
taken place, all patients from the spa therapy trial com-
pleted a second questionnaire. Reproducibility was calcu-
lated using the results of the control arm (n � 40). The
ICCs showed moderate to good concordance: the ICC for
the BASDAI fatigue question was 0.60, and the ICC for the
MFI dimension “general fatigue” was 0.67, for “physical
fatigue” 0.57, for “reduced activity” 0.66, for “reduced
motivation” 0.75, and for “mental fatigue” 0.75.

Table 4 shows the scores on the BASDAI fatigue ques-
tion and on the MFI dimensions of the 3 spa therapy trial
arms (n � 40 for each arm). Improvements in the BASDAI
fatigue question and in all dimensions of the MFI were
observed after spa therapy in both intervention arms com-
pared with controls. However, because arm 1 showed a
greater and more prolonged improvement after the inter-
vention compared with arm 2 (consistent with the results
on the primary outcomes of the spa therapy trial) (19), we
decided to calculate responsiveness scores only for arm 1
with the results at 3 months after spa therapy (time point

Table 2. Patient characteristics of the total study population and the different study groups separately, divided into F� and
F� groups*

All patients
(n � 812)

SDR
(n � 568)

Spa therapy trial
(n � 120)

OASIS
(n � 124)

F�
(n � 415)†

F�
(n � 361)†

F�
(n � 290)

F�
(n � 247)

F�
(n � 72)

F�
(n � 44)

F�
(n � 53)

F�
(n � 70)

Men, % 67‡ 74‡ 67‡ 75‡ 71 75 66 69
Age, years 45 � 9 45 � 11 44 � 9 43 � 10 47 � 10 50 � 10 48 � 11 49 � 12
Disease duration, years 12 � 8 13 � 8 12 � 8 13 � 8 11 � 6 11 � 6 14 � 10 15 � 8
Duration of complaints, years 22 � 12 23 � 11 na na 18 � 9 18 � 9 27 � 13 26 � 11
Patients with comorbidity, % 48§ 33§ 50§ 33§ na na 40 33

* Mean � SD. F� � fatigue score on the Bath Ankylosing Spondylitis Disease Activity Index (BASDAI) �5.0; F� � fatigue score on BASDAI �5.0 (data
from 18 patients scoring exactly 5.0 as well as 18 patients with missing data on the BASDAI fatigue question are omitted from the F� and F� groups);
SDR � Standardized Diagnosis Register of Rheumatic Diseases; OASIS � Observational Study on Outcome in Ankylosing Spondylitis; na � data not
available.
† Patient characteristics are calculated on available data.
‡ P � 0.05 between F� and F� groups.
§ P � 0.001 between F� and F� groups.

Table 3. Scores of the F� and the F� groups on the
dimensions of the MFI and several questionnaires*

Questionnaire (range)

All patients

F�
(n � 415)

F�
(n � 361)

MFI (4–20)
General fatigue 15.5 � 3.3 10.1 � 3.5
Physical fatigue 14.2 � 3.3 9.9 � 3.7
Reduced activity 11.5 � 4.0 8.6 � 3.5
Reduced motivation 10.4 � 3.6 8.0 � 3.1
Mental fatigue 10.1 � 4.3 7.8 � 3.6

BASDAI (0–10) 5.6 � 1.8 2.4 � 1.5
BASDAI without fatigue

question (0–10)
5.2 � 2.1 2.5 � 1.7

BASDAI fatigue
question (0–10)

7.4 � 1.4 2.4 � 1.5

BASFI (0–10) 5.0 � 2.2 2.6 � 2.0
BAS-G (0–10) 5.9 � 2.1 2.9 � 2.1
ASQoL (0–18)† 9.6 � 3.8 4.3 � 3.4
EQ-5DVAS (0–100)† 53.7 � 18.3 70.0 � 14.8
SF-36 (0–100)

Physical functioning 55.8 � 23.4 75.6 � 18.7
Social functioning 64.6 � 24.6 84.3 � 19.4
Role limitation

(physical)
35.6 � 38.1 73.4 � 36.8

Role limitation
(emotional)

68.5 � 41.3 85.8 � 29.5

Mental health 65.5 � 18.1 77.3 � 15.5
Vitality 42.6 � 16.5 64.5 � 16.9
Bodily pain 48.3 � 19.2 69.8 � 17.9
General health 42.8 � 20.2 59.9 � 18.7

* Mean � SD. MFI � Multidimensional Fatigue Inventory; BAS-
DAI � Bath Ankylosing Spondylitis Disease Activity Index;
BASFI � Bath Ankylosing Spondylitis Functional Index; BAS-G �
Bath Ankylosing Spondylitis Global; ASQoL � Ankylosing Spon-
dylitis Quality of Life questionnaire; EQ-5DVAS � EuroQol visual
analog scale; SF-36 � Short Form 36. F� � fatigue score on the
BASDAI �5.0, F� � fatigue score on BASDAI �5.0. See Patients
and Methods section for possible score ranges.
† Data available on spa therapy trial and OASIS patients only (F�
n � 125; F� n � 114). All differences between scores in the F� and
F� groups were statistically significant at the 0.001 level.
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of maximum effect) compared with baseline (Table 5). The
BASDAI fatigue question showed high responsiveness
with all 3 methods. For the MFI, the highest responsive-
ness was found for the dimensions “general fatigue” and
“physical fatigue” irrespective of the method. The other
dimensions showed moderate responsiveness scores.

Factors influencing and associated with fatigue. More
than 50% of all 124 OASIS patients associated fatigue with
pain (70%) and stiffness (54%) (Table 6). The factors per-
ceived to be associated with fatigue, and presented in a
hierarchical order, were grossly similar in the F� and F�
groups, but pain, poor sleep, and work were significantly
more often considered important in the F� group.

The scores of 5 disease-specific questionnaires as well as
the EQ-5DVAS, and all dimensions of the SF-36 were sig-
nificantly correlated with the BASDAI fatigue question
and all dimensions of the MFI separately (Table 7). No
major differences in correlations between these question-
naires and either the BASDAI fatigue question or the “gen-
eral fatigue” and “physical fatigue” dimensions of the MFI
were found. The dimensions “reduced activity,” “reduced

motivation” and “mental fatigue” were correlated to a
lesser degree. When using the “vitality” domain of the
SF-36 as an external validation to measure fatigue, similar
correlations were found between the above-mentioned
questionnaires and the “vitality” domain, confirming the
robustness of the results (data not shown).

To investigate which domains of the MFI contributed
independently in explaining “fatigue” as elicited by the
BASDAI fatigue question, logistic regression analysis was
performed with F�/F� (n � 812) as dependent variable,
and the 5 MFI dimensions as well as age, sex, and disease
duration as explanatory variables. General fatigue (P �
0.001), physical fatigue (P � 0.02), reduced activity (P �
0.042), and reduced motivation (P � 0.008) were indepen-
dently associated with F�/F�, whereas mental fatigue
(P � 0.93) was not. This confirmed the hypothesis that
fatigue is a multidimensional attribute.

In a separate logistic regression analysis (n � 776), the
scores of the disease-specific questionnaires BASDAI
(without fatigue), BASFI and BAS-G were assessed for
their independent association with F�/F�, after control-
ling for age, sex, comorbidity, mental health status, and

Table 4. Results from the intervention arms and control arm of the spa therapy trial on the Bath Ankylosing Spondylitis
Disease Activity Index (BASDAI) fatigue question and the dimensions of the Multidimensional Fatigue Inventory before and

after the intervention

BASDAI
fatigue

question

Multidimensional Fatigue Inventory

General
fatigue

Physical
fatigue

Reduced
activity

Reduced
motivation

Mental
fatigue

Arm 1 (n � 40)
Baseline 5.6 � 2.7 13.6 � 4.0 12.7 � 4.3 10.8 � 3.9 9.5 � 3.3 9.5 � 5.2
1 week after end spa therapy 5.7 � 3.4 12.2 � 5.3 10.6 � 5.1† 10.1 � 4.1 8.6 � 3.2 8.0 � 4.0*
3 months after end spa therapy 3.2 � 2.3* 10.2 � 4.7† 9.2 � 4.0† 9.7 � 3.9 7.7 � 3.0† 7.5 � 3.9*

Arm 2 (n � 40)
Baseline 5.9 � 2.5 14.8 � 4.7 13.0 � 5.0 10.9 � 4.4 8.6 � 3.2 10.2 � 4.7
1 week after end spa therapy 5.9 � 3.1 13.5 � 5.2 10.6 � 5.1† 10.4 � 4.9 8.8 � 3.8 10.2 � 4.9
3 months after end spa therapy 4.8 � 2.7 12.9 � 4.7 11.4 � 5.0 9.7 � 4.1* 8.8 � 3.5 10.2 � 5.0

Control arm (n � 40)
Baseline 5.9 � 2.7 13.6 � 4.4 12.0 � 3.9 10.4 � 3.6 8.6 � 3.8 9.2 � 4.4
1 week 5.3 � 2.6 13.5 � 3.7 12.5 � 4.1 10.6 � 3.6 8.6 � 3.5 9.2 � 4.1
3 months 4.9 � 2.4 13.3 � 4.6 12.1 � 4.1 10.8 � 4.1 9.0 � 3.7 9.2 � 4.6

Mean � SD. Arm 1 � spa therapy in Austria; Arm 2 � spa therapy in The Netherlands; Control arm � continued standard treatment at home. See
Patients and Methods section for possible score ranges.
* P � 0.05 compared with controls.
† P � 0.01 compared with controls.

Table 5. Responsiveness of the Bath Ankylosing Spondylitis Disease Activity Index (BASDAI) fatigue question and the
dimensions of the Multidimensional Fatigue Inventory calculated with 3 different responsiveness methods*

BASDAI
fatigue

question

Multidimensional Fatigue Inventory

General
fatigue

Physical
fatigue

Reduced
activity

Reduced
motivation

Mental
fatigue

Effect size 0.89 0.82 0.81 0.28 0.54 0.38
Standardized response mean 0.89 0.70 0.82 0.23 0.51 0.49
Guyatt method 0.92 0.86 0.96 0.30 0.50 0.57

* For calculation of the different responsiveness methods see Patients and Methods section of the text. Responsiveness was measured with the data
of the patients from arm 1 of spa therapy trial (n � 40). Positive changes imply improvement.
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disease duration (Table 8). The BASDAI-, BASFI-, and
BAS-G scores, mental health status, and age were selected
as independently associated with fatigue. The age effect
was only marginally statistically significant, suggesting
that fatigue mainly relates to disease activity, functional
ability, global well-being, and mental health status. In a
multiple regression analysis model with the “vitality” do-
main of the SF-36 as the dependent factor, similar results
were found (data not shown).

Fatigue and quality of life. Multiple regression analysis
was used to assess whether fatigue contributed in explain-
ing quality of life, as assessed by dimensions from the
SF-36 and the ASQoL, after controlling for age, sex, co-
morbidity, disease duration, mental health status, and

BASFI (n � 776). Dependent variables of the SF-36 were
physical functioning, social functioning, vitality, bodily
pain, and general health, respectively. Role limitation
(physical) and role limitation (emotional) were excluded,
because neither was normally distributed, nor after log
transformation. Mental health was excluded as a depen-
dent variable, because this was used in the analyses as an
independent variable to control for mood disorders.

Fatigue as elicited by the BASDAI fatigue question was
significantly associated with all separate dimensions of the
SF-36 studied and with the ASQoL (Table 9). Fatigue as
elicited by the MFI was related to quality of life in a
different pattern. Different aspects of fatigue (measured
with the 5 MFI dimensions) explained different domains
of quality of life measured with the SF-36 (Table 9).

Table 6. Factors influencing fatigue in the opinion of the patients from the OASIS
study*

All patients
(n � 124)

F�
(n � 53)

F�
(n � 70)

P
(�2 test)

Pain 87 (70) 44 (83) 42 (60) 0.011
Stiffness 67 (54) 31 (58) 35 (50) 0.456
Weather 55 (44) 28 (53) 26 (37) 0.128
Poor sleep 49 (40) 30 (57) 18 (26) �0.001
Sleep posture 45 (36) 24 (45) 20 (29) 0.088
Work 27 (22) 19 (36) 8 (11) 0.003
Exercises 10 (8) 5 (9) 4 (6) 0.667
Medication 9 (7) 5 (9) 4 (6) 0.667
None of these factors 2 (2) 0 (0) 2 (3) 0.603
Other factors 0 (0) 0 (0) 0 (0) —

* Absolute number (%) of patients. Multiple answers were allowed. OASIS � Observational Study on
Outcome in Ankylosing Spondylitis.

Table 7. Correlations between several questionnaires and both the BASDAI fatigue question and dimensions of the
Multidimensional Fatigue Inventory

BASDAI
fatigue

question

Multidimensional Fatigue Inventory

General
fatigue

Physical
fatigue

Reduced
activity

Reduced
motivation

Mental
fatigue

BASDAI 0.79 0.60 0.61 0.44 0.37 0.33
BASDAI without fatigue question 0.67 0.51 0.56 0.40 0.34 0.31
BASFI 0.57 0.51 0.60 0.45 0.37 0.28
BAS-G 0.68 0.56 0.63 0.44 0.37 0.32
ASQoL* 0.67 0.71 0.73 0.59 0.47 0.46
EQ-5DVAS* �0.53 �0.52 �0.60 �0.41 �0.36 �0.25
SF-36

Physical functioning �0.51 �0.47 �0.59 �0.44 �0.35 �0.28
Social functioning �0.49 �0.49 �0.55 �0.52 �0.42 �0.39
Role limitation (physical) �0.52 �0.50 �0.51 �0.42 �0.29 �0.30
Role limitation (emotional) �0.29 �0.31 �0.32 �0.37 �0.27 �0.35
Mental health �0.40 �0.44 �0.42 �0.47 �0.49 �0.49
Vitality �0.64 �0.73 �0.65 �0.59 �0.53 �0.42
Bodily pain �0.59 �0.53 �0.60 �0.45 �0.36 �0.28
General health �0.48 �0.53 �0.64 �0.45 �0.39 �0.30

* Correlations were measured in the entire study population (n � 812), except for the ASQoL and EQ-5DVAS, for which data of spa therapy trial and
OASIS patients only were available (n � 244). All correlations were significant at the 0.01 level. BASDAI � Bath Ankylosing Spondylitis Disease
Activity Index; BASFI � Bath Ankylosing Spondylitis Functional Index; BAS-G � Bath Ankylosing Spondylitis Global; ASQoL � Ankylosing
Spondylitis Quality of Life questionnaire; EQ-5DVAS � EuroQol visual analog scale; SF-36 � Short Form 36; see Table 2 for other definitions.
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DISCUSSION

Fatigue has been described as a major symptom in AS,
with up to 65% of the patients reporting it (1–4). In the
present study 53% of all patients experienced fatigue,
defined as a BASDAI fatigue score of � 5.0.

We assessed the properties of both the single-item
BASDAI fatigue question and a multidimensional fatigue
questionnaire, the MFI. The advantage of a single question
is that it is easy to complete. Important disadvantages are
that detailed information is lost with respect to the type of
fatigue, and that it does not take into account differences
in fatigue experience (12). The advantage of a multidimen-
sional questionnaire is that it deals with different aspects
of fatigue, i.e., it provides a profile of fatigue.

Within the field of rheumatology, the MFI has been used
to investigate fatigue in patients with primary Sjögren
syndrome compared with patients with rheumatoid arthri-
tis (RA) and healthy controls (37). No differences in fatigue
scores between patients with primary Sjögren syndrome
and RA were found, and both groups reported significantly
more fatigue than healthy controls. Depression appeared
to be an important confounder. After controlling for de-
pression, significant differences with respect to the dimen-
sions “reduced motivation,” and “mental fatigue” disap-

peared between the patient groups and healthy controls. In
the present study, a specific questionnaire to measure de-
pression was not administered to the patients. To address
this issue, we controlled for mood disorders in the regres-
sion analyses by using the mental health domain from the
SF-36. However, analyses with and without the mental
health domain as an independent factor were not substan-
tially different (data not shown).

The reproducibility of the BASDAI fatigue question and
each dimension of the MFI was moderate to good accord-
ing to accepted standards, and more or less similar for both
questionnaires. However, the ICCs never exceeded 0.75.
This might be due to the relatively long interval between
the measurements (6 weeks). Although reproducibility
was measured in a group of patients presumed to be stable,
it may have been influenced by fluctuating behavior of
fatigue in AS. The responsiveness of the BASDAI fatigue
question and of each dimension of the MFI was moderate
to good, and comparable for both instruments (Table 5).
From the present study it can be concluded that the
BASDAI fatigue question and the MFI have equal proper-
ties with respect to reproducibility and responsiveness.

The patients reported a considerable number of factors
that, in their opinion, were associated with fatigue. More
than 50% of the patients reported that pain and stiffness
negatively influenced their fatigue. Fatigue due to pain
may be explained by several mechanisms (38). Dealing
with pain may require both mental and physical energy,
more energy may be necessary to perform daily tasks in a
less painful way, and pain may cause sleep disturbances
with consequent daytime fatigue. Except for pain, poor
sleep, and work, however, none of the other factors stud-
ied discriminated between the F� and F� groups. In a
study by Jones et al the weather was reported most often by
AS patients to negatively influence fatigue (3). Exercises
were reported to have an increasing effect on fatigue by
37% of the strongly fatigued patients, and by 10% of the
less fatigued patients. In our study, exercises were not
reported to be of substantial negative influence on fatigue
by both groups. Contrary, the level of fatigue had de-

Table 8. Logistic regression model for explaining fatigue

Variable RR 95% CI P

BASDAI (without fatigue) 1.47 1.28–1.69 �0.001
BAS-G 1.34 1.19–1.50 �0.001
BASFI 1.16 1.03–1.31 0.018
Mental health 0.98 0.97–1.00 0.012
Age 0.98 0.95–1.00 0.046
Sex 1.12 0.71–1.76 0.627
Disease duration 0.99 0.96–1.01 0.294
Co-morbidity 0.84 0.53–1.31 0.435

The data of the SDR and OASIS study were used (n � 776). Depen-
dent variable: F�/F� group. All independent variables were en-
tered simultaneously into the model. R2 � 0.52. RR � relative risk;
CI � confidence interval. See table 7 for additional abbreviations.

Table 9. Multiple regression analyses to study whether fatigue, measured with either the BASDAI fatigue question or the
dimensions of the MFI, contributes in explaining quality of life as assessed by the SF-36 and the ASQoL

Dependent variable*

BASDAI
fatigue

question

Multidimensional Fatigue Inventory

General
fatigue

Physical
fatigue

Reduced
activity

Reduced
motivation

Mental
fatigue

SF-36
Physical functioning �0.061† 0.139 �1.119§ �0.413† 0.589‡ 0.123
Social functioning �0.066† �0.003 �0.522 �0.936§ 0.265 0.121
Vitality �0.258§ �1.875§ �0.346 �0.488‡ �0.516‡ 0.138
Bodily pain �0.179§ �0.458† �1.082§ �0.062 0.010 0.244
General health �0.118§ �0.082 �2.045§ �0.118 �0.129 0.260

ASQoL 0.055§ 0.261§ 0.226‡ 0.038 �0.040 �0.039

Beta coefficients are shown for each of the models.
* Dependent variables were 5 of the 8 dimensions of the SF-36 separately, and the ASQoL. Independent variables were either the BASDAI fatigue
question or the five MFI dimensions. Adjustments were made for age, gender, comorbidity, disease duration, mental health status, and Bath Ankylosing
Spondylitis Functional Index score. For the separate dimensions of the SF-36, the data of the SDR and OASIS study (n � 776) were used; for the ASQoL,
only data of the OASIS study were available (n � 124). See table 7 for abbreviations.
† P � � 0.05, ‡ P � � 0.01, § P � � 0.001
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creased after a 3-week course of spa therapy with an in-
tensive physical exercise program (Table 4). Patients who
were strongly fatigued before the intervention did not
show a worsening of the symptoms after the spa therapy.
In contrast, they showed more improvement in fatigue
than the patients from the F� group (data not shown).

Fatigue implicitly appeared to be related to disease ac-
tivity, functional ability, global well-being, mental health
status, and age, explaining 52% of the variance. In agree-
ment with these findings, Jones et al found that pain,
stiffness, and functional ability were significantly associ-
ated with the level of fatigue, explaining 42% of the vari-
ance (3). In the study by Jones and colleagues, age was not
significantly associated with fatigue. In the present study,
the age effect was only marginally statistically significant,
and not considered clinically relevant. The pain and stiff-
ness components of Jones’ study were incorporated in our
study in the BASDAI, and therefore not selected sepa-
rately. Global well-being and mental health status were not
entered into the regression models by Jones et al, but were
found to be important factors in explaining fatigue in our
study.

The final aim of the study was to investigate whether
fatigue contributes in explaining quality of life. Scores on
the BASDAI fatigue question were significantly associated
with scores on several dimensions of the SF-36 and with
the ASQoL, suggesting that quality of life is influenced by
the degree of fatigue. Multiple regression analysis further
suggested that different aspects of fatigue explained differ-
ent domains of quality of life. Such an interrelationship is
missed if a single-item questionnaire is used. This differ-
ential assessment of various aspects of the SF-36 further
validates the MFI.

In conclusion, fatigue as a major symptom of AS can
appropriately be measured with both a single-item ques-
tion on the intensity of fatigue, and with the MFI. The MFI,
however, provides more insight into specific dimensions
of fatigue. Fatigue appears to be associated with the level
of disease activity, functional ability, global well-being,
and mental health status. In addition, fatigue negatively
influences different aspects of quality of life.
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