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Abstract
Objectives: Axial spondyloarthritis (axSpA) is a chronic inflammatory rheumatic disease associated with significant morbidity. Fatigue, a widely
recognized disease manifestation, has considerable impacts on patients’ work productivity, physical function and mental well-being. However,
the reported prevalence of fatigue varies across studies, and pooled data are currently lacking. We aimed to characterize the prevalence of fa-
tigue in patients with axSpA and to identify factors associated with fatigue.

Methods: A systematic review and a meta-analysis were conducted to determine the global prevalence of fatigue in patients with axSpA.
Databases including CINAHL, Embase, Medline, Cochrane Library, PubMed and Google Scholar were searched from inception until April 2023.
Data were extracted, and the quality of studies was assessed. A pooled prevalence of fatigue was determined by using a random-effects model.
Meta-analyses were used to determine the observed heterogeneity via subgroup analysis and associations between relevant predictors and the
presence of fatigue.

Results: Thirty eligible articles were included in the study, including 7893 patients with axSpA. The pooled prevalence of fatigue in patients with
axSpA was 0.56 (95% CI: 0.49, 0.63; I2 ¼ 94.6%), with significant levels of heterogeneity. Among the factors of heterogeneity explored, the geo-
graphical region of the study (P¼0.0013) was significant for being a possible source. Poorer quality of life was associated with more fatigue
(P<0.05).

Conclusion: More than half of patients with axSpA experience fatigue, with poorer quality of life being associated with more fatigue.

Lay Summary
What does this mean for patients?
We reviewed data from 30 different studies to find out how common fatigue is in patients with axial spondyloarthritis (axSpA). We also looked at
factors that are associated with fatigue. The data suggest that fatigue is present in about half of axSpA patients. Patients who had poor quality of
life also appeared to have more fatigue. Biological sex, the use of anti-tumour necrosis factors (a type of drug used to treat AxSpA), age, disease
duration, functional status, C-reactive protein levels and disease activity levels did not seem to be associated with fatigue levels. Patients might
want to consider factors that could improve their quality of life when discussing their levels of fatigue with their treating physician and making
shared care decisions.
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Key messages

• Fatigue is significant in patients with axSpA, with a pooled prevalence of 56%.

• The geographical region of the study was a possible source of heterogeneity in pooled fatigue.

• Poorer quality of life was associated with increased fatigue.
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Introduction

Axial spondyloarthritis (axSpA), comprising AS or radio-
graphic axial spondyloarthritis (r-axSpA) and non-
radiographic axial spondyloarthritis (nr-axSpA), is a chronic
inflammatory rheumatic disease that often manifests with in-
volvement of the axial skeleton in late adolescence and early
adulthood [1, 2]. Commonly seen presentations include SI
joint inflammation, spine, entheses, and other associated
extra-articular features, such as anterior uveitis, IBD and pso-
riasis [3–5].

Fatigue is widely recognized as an integral part of the dis-
ease manifestation of axSpA, along with pain, stiffness and re-
duced mobility, and it is defined as a state of reduced muscle
capacity and decreased ability to work, accompanied by feel-
ings of weariness, tiredness and lack of energy [2, 6, 7]. For
patients with axSpA, fatigue has been highlighted as a sub-
stantial burden, highlighting the importance of understanding
the impact of fatigue on patients with axSpA [8–11]. It has
previously been associated with adverse effects on work pro-
ductivity, physical function and mental well-being, leading to
poorer quality of life and significant morbidity in patients
with axSpA [12, 13].

Consequently, epidemiological estimates of fatigue are cru-
cial for understanding the impact on the burden of disease in
axSpA. However, existing literature on the characterization
of fatigue in axSpA has been variable in the methodology, as-
sessment tools and estimates, and it is difficult to ascertain the
prevalence of fatigue in patients with axSpA. There is also a
lack of systematic reviews to present an up-to-date and accu-
rate prevalence estimate and risk factors for fatigue in patients
with axSpA.

Therefore, the aims of the present study were to summarize
and pool the previously published statistics for the prevalence
of fatigue among patients with axSpA, and to synthesize and
present the reported predictors of fatigue that have been pub-
lished in the literature to inform future discourse.

Methods

The study was conducted according to the Preferred
Reporting Items for Systematic Review and Meta-Analyses
(PRISMA) [14]. A systematic review with meta-analysis and
meta-regression was performed to obtain estimates of the
prevalence of fatigue in patients with axSpA.

Search strategy

Six online databases were searched from inception until April
2023: CINAHL, Cochrane, EMBASE, MEDLINE, PubMed
and Google Scholar. Keyword combinations and subject-
specific searches relating to axSpA were used (Supplementary
Data S1, available at Rheumatology Advances in Practice on-
line). Two authors (H.T. and B.S.M.S.) independently
reviewed reference lists of included studies and existing
reviews to identify additional relevant publications.

Study selection

After removing the duplicates, two authors (H.T. and
B.S.M.S.) independently screened all titles and abstracts of the
searched studies. For inclusion, the studies have to meet the
following criteria: (i) the study was published in a peer-
reviewed journal, including both observational and experi-
mental studies available; (ii) the study population included

only patients with axSpA or incorporated an identifiable and
analysed subgroup of patients with axSpA; (iii) the study
assessed fatigue as a primary or secondary outcome; and (iv)
the study was published in English. Abstracts without full
manuscripts, case reports, conference papers, opinion or dis-
cussion papers and repeated papers on the same cohort were
excluded. Any disagreements arising during the independent
review were discussed, and a consensus was eventually
achieved. If both reviewers agreed that the abstract satisfied
the inclusion criteria, the article proceeded to a full-text
review.

The same two authors independently conducted the full-
text review with the following exclusion criteria: (i) the study
did not report the statistics needed to calculate prevalence
(e.g. the numerator and/or denominator, or the percentage,
needed for calculation of fatigue); (ii) the study was conducted
strictly on inpatients (i.e. probably leading to an over-estimate
of fatigue); (iii) the study was conducted as a medication trial
and therefore not representative of the broader patient popu-
lation with axSpA; and (iv) the study selectively recruited a set
of patients with axSpA without a comparator group. Any dis-
agreements present in the review process were resolved by
consensus among the authors.

Data extraction

H.T. and B.S.M.S. independently conducted data extraction
for the following study characteristics in each selected article:
author’s name, study design, year of publication, country of
study, sample size, age, biological sex breakdown, disease
subtype, disease duration, disease activity, medication status,
the definition of fatigue, whether fatigue was the primary ob-
jective of the study, any measurement tool for used for quanti-
fying fatigue and the reported prevalence of fatigue, the
classification criteria used for axSpA, and HLA-B27 positiv-
ity. The primary outcome of interest in the study was the
prevalence of fatigue, according to the disease subtype of
axSpA. In the included studies, the secondary objective was to
extract measures of the effect of potential predictors of fatigue
available. Discrepancies between the two authors were re-
solved by discussion among the authors with consensus.

Methodological quality assessment

The methodological quality assessment was examined inde-
pendently by two reviewers using the Joanna Briggs Critical
Appraisal Tools, widely used to evaluate the quality of vari-
ous qualitative and quantitative study designs available [15].
This quality assessment tool was chosen specifically because
of its widest applicable range for the purpose of this system-
atic review and meta-analysis, including randomized con-
trolled trials, case–control studies, cross-sectional studies and
cohort studies, compared with other quality assessment tools,
which are more dedicated to specific study designs [16]. For
each question, four options are available: ‘yes’, ‘no’, ‘unclear’
or ‘not applicable’. One point was assigned to the study for
each answer ‘yes’, and no point was assigned for the answers
‘no’, ‘unclear’ and ‘not applicable’. All studies were eventually
included for analysis.

Statistical analysis

All analyses were performed by H.T. using RStudio statistical
software, v.2022.12.0. We calculated the prevalence and
95% CI to estimate the prevalence of fatigue in patients with
axSpA. A random-effects model was used for the pooled
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estimate of fatigue because significant between-study hetero-
geneity was expected. In all the studies, the overall axSpA esti-
mate was used (r-axSpA/AS and nr-axSpA combined) when it
was reported. If the study reported more than one estimate
for fatigue in the same sample population, the patient-
reported outcome measures were selected based on the fol-
lowing rankings: Functional Assessment of Chronic Illness
Therapy-Fatigue (FACIT-F) [17], Fatigue Severity Scale [18,
19], Short Form 36-item Health Survey (SF-36) [20], question
on fatigue level in BASDAI 10 cm visual analogue scale [21],
based on their comprehensiveness and reliability [7, 22].
Cochran’s Q test and I2 were used, with the latter assessing
the percentage of variation across studies. Subgroup analysis
was performed to determine potential causes of between-
study heterogeneity, if there was the presence of statistical
heterogeneity, as evidenced by an I2> 75% or Cochran’s Q
statistic P-value< 0.1 [23].

Variables reported in individual studies as potential risk
factors for fatigue and the statistical relationships between
them and the presence of fatigue were extracted and analysed.
The most commonly chosen variables from the selected stud-
ies that were reported using the same definition were the sex
of the patients, age of the patients, disease duration, CRP con-
centration (CRP), use of anti-TNF-a medications, quality of
life using Ankylosing Spondylitis Quality of Life
Questionnaire (ASQoL) [24], disease activity using the
BASDAI, and functional health status using the BASFI [25].
The measure of effect of the variables was extracted and ana-
lysed with a meta-analysis using a random-effects model if the
number of studies available using the same measurement scale
and definition for its presence was equal or more than two.
To report on the predictors of fatigue in patients with axSpA,
the odds ratios (OR) or beta coefficient (b) and the associated
95% CIs or P-values were extracted from the studies in-
cluded. Pooling of estimates of the predictors was done if
the number of studies using the same measurement scale and
definition criteria were equal to or more than two.
Publication bias was assessed by using the Egger test, with a
P-value of <0.05 indicative of statistically significant publica-
tion bias [26].

Results

Searching framework

The search process was summarized by the PRISMA flow-
chart (Fig. 1). A total of 4613 articles were initially identified
via the primary literature investigation, and no additional
articles were identified from the references of these articles.
Nine hundred and sixty articles were excluded as duplicates,
and 3653 articles proceeded to the abstract review stage.
Based on the initial inclusion criteria, 3453 articles were ex-
cluded, and the remaining 200 articles proceeded to full-text
review. A total of 30 studies were included in the final review,
with a total of 7893 patients.

Characteristics of incorporated studies

Detailed individual study characteristics are available in
Supplementary Tables S1 and S2, available at Rheumatology
Advances in Practice online. The majority of studies had a
cross-sectional design (n¼22), and most of the studies were
conducted in Asia (n¼12) and America (n¼ 10). The preva-
lence of fatigue in axSpA or its subtypes (i.e. r-axSpA/AS or

nr-axSpA) was either reported directly or was able to be cal-
culated based on the available data in all of the studies
included.

Study quality assessment

Using the Joanna Briggs Institute Critical Appraisal tools, five
cohort studies [2, 27–30], one case–control study [31] and
two cross-sectional studies failed to identify any specific con-
founding factors while conducting the analysis [32, 33].
Otherwise, most of the studies were of sufficient quality to be
included in the final analysis. The mean score percentage was
85% (95% CI: 79, 91), with 26 studies achieving a score of
>70%, demonstrating high quality (Supplementary Tables
S3–S5, available at Rheumatology Advances in Practice
online).

Assessment of fatigue

The majority of studies (n¼26) incorporated a specific mea-
surement scale for fatigue. Some of the commonly used tools
in the studies included FACIT-F, the Fatigue Severity Scale
[18], SF-36, 0–100 mm visual analogue scale [34], BASDAI
10 cm/100 mm visual analogue scale and Chalder Fatigue
Scale [35]. Other forms of reporting fatigue include the
Patient Health Questionnaire (PHQ-15) [36], Evaluation of
AS Quality of Life (EASi-QoL) [37] and self-report without
the use of a measurement tool. The definition of the criteria
meeting fatigue varied across all the included studies, mostly
divided into two categories, namely ‘any’ presence of fatigue
or ‘moderate to severe’ fatigue present.

The pooled prevalence of fatigue in patients with axSpA
was 0.56 (95% CI: 0.49, 0.63; I2 ¼ 94.6%; Q¼ 536;
P< 0.01; Fig. 2). Substantial heterogeneity was observed
across the studies, and consequently, stratified subgroup anal-
yses were conducted to explore sources of heterogeneity.
Among the variables incorporated were the percentage of
male patients in the sample, the sample size of the study, dis-
ease duration of patients with axSpA, whether fatigue was the
primary objective of the study, the definition of fatigue meet-
ing the criteria set in the study, the subtype of axSpA
reported, the type of study design, the geographical region
where the study was conducted and whether a specific fatigue
measurement scale was employed. Ultimately, only the geo-
graphical region where the study was conducted was con-
cluded to be significant (P¼ 0.0014). Heterogeneity among
all other groups, including between patients with r-axSpA
and nr-axSpA, was not significant, with results displayed in
Table 1. No publication bias was found by the Egger test
(P¼ 0.1369).

Determination of the predictors of fatigue

Among all the variables examined by the meta-analysis, worse
quality of life measured by ASQoL scores (i.e. increased scores
indicating worse quality of life) had significant associations
with the presence of fatigue in patients with axSpA (OR:
1.22; 95% CI: 1.07, 1.39; P<0.05). The other variables ex-
plored were not significant in their associations with the pres-
ence of fatigue, with the results displayed in Table 2.

Discussion

This systematic review and meta-analysis provided an
estimate of the prevalence of fatigue in axSpA and identified
factors associated with the presence of fatigue using a
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meta-analytical approach, with an overview of how fatigue
was quantified in various studies involving patients with
axSpA. The prevalence of fatigue in axSpA was comparable
to that of RA and PsA in a study comparing the mean fatigue
scores for these three types of inflammatory arthritis [38].

We found that although fatigue had been investigated in
patients with axSpA, the measurement tools and the cut-off
values often differed, resulting in different values derived and
rendering it challenging to draw meaningful conclusions from
the statistics, potentially leading to the large heterogeneity
across the studies in meta-analysis [39]. For most of the stud-
ies included, the BASDAI fatigue scale and the Fatigue
Severity Scale [18] were the principal measurement tools used
to delve into the severity of fatigue. However, the cut-off val-
ues often differed across studies, and the definition of fatigue,
whether it was ‘any fatigue’ or ‘moderate to severe fatigue’,
could be incongruent with the scores obtained from the vari-
ous scales. However, in the subgroup analysis, we failed to

demonstrate whether the variable definition of fatigue had
any conclusive effect on the heterogeneity of fatigue observed.
In addition, compared with non-fatigue measurement tools or
self-report without the use of a measurement tool, the fatigue
measurement tools used in studies also did not explain the
heterogeneity noted across the studies. The characterization
of fatigue remains a crucial but unresolved area in the man-
agement of patients with axSpA. A standardized definition of
the presence of fatigue and a novel scale that is reliable and
comprehensive enough to capture various aspects of fatigue
to be used in patients with axSpA in future research pursuits
is much needed and remains to be developed [40]. This is not
only important for an accurate assessment of fatigue in the
clinical setting, but also to assist clinicians with therapeutic
management of patients with fatigue.

In the subgroup analysis, the geographical area where the
study was conducted was a factor that partly explained the
heterogeneity. Most of the studies were conducted in Asia or

Figure 1. Flowchart of included studies
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America, with relatively few reporting on fatigue prevalence in
Europe and Africa. The reasons for the discrepancies in fatigue
across the different regions are currently unclear. Although fa-
tigue levels were not previously investigated from the angle of
geographical differences, it was previously found that African
Americans with AS, compared with their White and Hispanic
counterparts, experienced greater discomfort, greater func-
tional impairment and higher levels of inflammatory markers
with elevated disease activity. Possible explanations offered
were genetic factors (e.g. differences in HLA-B27 positivity),
inequalities in socioeconomic status and differences in the level
of education received [41–43]. Although these findings carried
implications for the discrepancies in fatigue levels found across
various regions, future multinational studies using a standard-
ized measurement tool for fatigue characterization would pro-
vide more definitive conclusions for the observed
heterogeneities. The variable reporting across the world cur-
rently could potentially limit our understanding of how signifi-
cant geographical areas could differ in their fatigue prevalence.
The two subtypes of axSpA, r-axSpA, and nr-axSpA, were ex-
plored in subgroup analysis, but the number of studies avail-
able and patients included for nr-axSpA was small compared

with patients having r-axSpA, hence the results might not be
representative [44, 45]. Therefore, future investigations in areas
of under-reporting, such as specifically to characterize the prev-
alence of fatigue in patients with axSpA in Europe and Africa
and reasons behind the current discrepancies in fatigue ob-
served in these regions, and separately, to delve into the level of
fatigue in patients with nr-axSpA in comparison to that of
patients with r-axSpA, should be conducted to clarify the con-
clusions drawn in this study.

The meta-analysis of predictors demonstrated that a worse
quality of life was associated with the presence of fatigue in
axSpA, a relationship that was in line with previous studies
conducted on the same topic [45, 46]. It was noticed that
many included studies did not report on factors associated
with fatigue, and when they did report such statistics, the sta-
tistics were reported with various scales, which limited their
usefulness in interpretations. Some of the commonly reported
potential factors associated with fatigue and quality of life in-
cluded psychological co-morbidities, such as depression and
anxiety, severity of pain, and physical activity, but they were
not studied in the present meta-analysis owing to the poor
consistency in reporting in the current literature [31, 47–50].

Figure 2. Pooled prevalence of fatigue in patients with axial spondyloarthritis
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This omission could potentially lead to an incomplete picture
of the risk factors associated with fatigue being explored in
the present study. Nevertheless, from the available data, we
were able to identify quality of life as being associated with
worsening fatigue, whereas biological sex, use of anti-TNFs,
age, disease duration, functional status, CRP levels and dis-
ease activity were not associated with fatigue levels.

Strengths and limitations

This study was one of the first in the literature to review sys-
tematically the prevalence statistics on fatigue in patients with
axSpA and to look for associated risk factors for its presence
in various countries, with a large sample of the population in-
cluded. In addition, each subgroup of axSpA was identified,
and the difference in the presence of fatigue between r-axSpA
and nr-axSpA was explored in the current literature.

There are several limitations to this systematic review and
meta-analysis. The fatigue scales used in the study and defini-
tions of fatigue across the collected studies were variable,

which contributed to heterogeneity in the values of the preva-
lence of fatigue derived. In addition, some of the stratified
subgroup analyses and meta-analyses of predictor variables
contained few studies (e.g. nr-axSpA), and the results might
not provide the best representation of fatigue in the overall
population in those specific subgroups. Furthermore, we
could not include potential confounding factors, such as anxi-
ety, depression, sleep disturbances and pain, for analysis ow-
ing to the variable reporting of such factors, usage of different
scales and inconsistent cut-off values. Future studies are rec-
ommended to use validated measurement scales and unified
definitions of fatigue to gain a better understanding of the im-
pact on patients with axSpA and to allow more accurate sta-
tistics using pooled data.

Conclusions

There is substantial fatigue in more than half of the patients
with axSpA. The significant heterogeneity derived from the
analysis could be contributed to by the geographical region of

Table 1. Subgroup analysis

Variables for analysis of heterogeneity Number of studies Pooled estimates (95% CI) I2 (%) P-value for heterogeneity

Sample size
�100 12 0.60 (0.44–0.73) 86.5 0.4721
>100 18 0.54 (0.46–0.62) 96.1

Male (%)
51–70 8 0.50 (0.31–0.70) 95.9 0.1404
71–80 11 0.56 (0.46–0.67) 87.2
81–100 6 0.70 (0.52–0.83) 86.7

Disease duration, years
4–10 7 0.56 (0.37–0.74) 92.5 0.9484
11–15 4 0.60 (0.40–0.77) 95.6
16–24 4 0.58 (0.19–0.89) 94.0

Fatigue as the primary objective of the study
Yes 23 0.56 (0.48–0.63) 95.3 0.9546
No 7 0.56 (0.34–0.77) 91.5

Fatigue definition
Any fatigue 11 0.59 (0.42–0.73) 94.0 0.5968
Moderate to severe fatigue 19 0.54 (0.47–0.61) 93.5

axSpA subtype
r-axSpA 30 0.56 (0.49–0.62) 94.2 0.3568
nr-axSpA 3 0.42 (0.06–0.90) 91.6

Region of the study
Asia 12 0.55 (0.40–0.70) 91.9 0.0013
Africa 4 0.67 (0.53–0.79) 41.0
Europe 3 0.66 (0.57–0.75) 31.5
America 10 0.50 (0.41–0.59) 96.4

Fatigue scale utilization
Yes 26 0.57 (0.50–0.63) 95.0 0.7493
No 4 0.51 (0.11–0.90) 88.0

axSpA: axial spondyloarthritis; nr-axSpA: non-radiographic axial spondyloarthritis; r-axSpA: radiographic axial spondyloarthritis.

Table 2. Determination of predictors of fatigue

Predictors Number of studies Pooled odds ratio CI b P-value I2 (%) Q

Biological sex (reference female) 4 1.01 0.64–1.58 0.0077 >0.05 75.5 9.2, P < 0.05
Anti-TNF use 2 0.94 0.72–1.23 �0.0582 >0.05 0 0.6, P¼0.46
Age, years 4 1.00 0.97–1.03 0.0007 >0.05 55.0 5.5, P¼0.13
Disease duration, years 5 1.01 0.99–1.02 0.0052 >0.05 22.5 3.14, P¼0.53
Quality of life 2 1.22 1.07–1.39 0.1983 <0.05 37.5 1.60, P¼0.21
CRP level 2 1.02 0.80–1.30 0.0209 >0.05 19.3 1.24, P¼0.27
Disease activity 5 1.56 0.98–2.46 0.4430 >0.05 99.8 553.43, P < 0.0001
Functional health 5 1.17 0.98–1.40 0.1583 >0.05 97.4 299.85, P < 0.0001
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the study. The meta-analysis of possible factors associated
with fatigue identified poor quality of life to be associated
with the presence of increased fatigue; however, the major
limiting factor to analysis was the variability of scales and def-
initions used by studies, ultimately highlighting the need for
standardization in the definition of fatigue and fatigue scales
used to facilitate further meaningful future research.
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