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Introduction: Persistent pain has large potential impact on quality of life (QoL). During the course of the dis-
ease, many patients with axial spondyloarthritis (axSpA) report persistent pain. Central sensitization (CS)
may explain part of this chronic pain. However, the role of CS in relation to QoL has been sparsely studied in
axSpA. Therefore, our aim was to explore the relationship between CS and QoL in patients with axSpA.
Methods: Consecutive outpatients from the Groningen Leeuwarden axSpA (GLAS) cohort completed the Cen-
tral Sensitization Inventory (CSI; range 0�100) and the AS Quality of Life (ASQoL; range 0�18). Multivariable
linear regression analysis was used to explore the relationship between CSI and ASQoL scores correcting for
potential confounders.
Results: Of the 178 included axSpA patients, mean CSI score was 38.0 § 14.1 and 45% scored �40, which indi-
cates a high probability of CS. Mean ASQoL score was 6.0 § 5.3 and mean ASDASCRP 2.1 § 1.0. A CSI score �40
was significantly associated with higher ASQoL score (mean 9.7 vs. 3.3), higher ASDASCRP (mean 2.6 vs. 1.7),
female gender (60% vs. 29%) and more often entheseal involvement (61% vs. 26%). In univariable analysis, CSI
score explained a large proportion of the variation in ASQoL (B = 0.06, 95%CI: 0.05�0.07; R2=0.46). This asso-
ciation remained significant after correction for ASDASCRP, gender, entheseal involvement, comorbidities,
symptom duration, smoking status, BMI class and educational level (B = 0.04, 95%CI: 0.03�0.05).
Conclusion: CS is strongly related to patient-reported QoL in patients with axSpA independently from other
patient- and disease-related aspects.

© 2022 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/)
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Introduction

Axial spondyloarthritis (axSpA) is a chronic rheumatic disease,
especially characterized by inflammation of the axial skeleton
resulting in back pain and stiffness. This inflammatory process
may lead to progressive bone formation and bone resorption. The
main treatment goals are to control inflammation, improve symp-
toms, and to prevent progressive structural damage in order to
preserve daily functioning and social participation, and thereby
maintaining optimal health-related quality of life (QoL) [1]. Dur-
ing the course of the disease, many patients report persistent
symptoms like pain, fatigue, stiffness and sleep disturbance influ-
encing daily life activities, even in spite of potent anti-inflamma-
tory treatment according to the current standard of care [2�4].
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Central sensitization (CS) has been recently suggested as a possi-
ble contributing cause of these persistent symptoms, and thus
may affect QoL [5].

CS is a process in which nociceptive neurons in the central ner-
vous system become increasingly responsive to peripheral sensory
input. Clinically, CS most prominently manifests as allodynia and
(secondary) hyperalgesia [6]. There are two factors that are broadly
recognized in the development of CS. First, persistent peripheral
nociceptive C-fiber input due to actual or threatened damage [7�9],
such as inflammation in axSpA [10]. Second, top-down modulation
originating from the central nervous system, which encompasses
malfunction of descending pain-inhibitory pathways or enhanced
pain facilitation by psychosocial factors such as depression, anxiety,
stress and pain-related cognitions [11�13].

There is growing evidence for the presence of central sensitization
in a wide range of musculoskeletal diseases [14]. A previous study
found that patients with rheumatoid arthritis (RA) or inflammatory
bowel disease (IBD) are at risk of developing chronic widespread
pain [15]. Another study in several rheumatic diseases reported that
patients with RA or SpA may develop CS more often, indicated by the
Central Sensitization Inventory (CSI) questionnaire [16]. The CSI,
while not intended to be used in isolation for the diagnosis of CS, can
be used as a screening instrument in patients with chronic pain.
Recently, we found in our longstanding cohort of patients with axSpA
that a higher CSI score was associated with higher disease activity
assessed with both Ankylosing Spondylitis Disease Activity Score
(ASDASCRP) and Bath Ankylosing Spondylitis Disease Activity Index
(BASDAI). Interestingly, the CSI score explained 38% of the variance of
BASDAI and 23% of the variance of ASDASCRP scores [17]. A longitudi-
nal analysis of bivariate trajectories showed that QoL and disease
activity are tightly linked in patients with axSpA [18].

Therefore, the aim of this study was to also explore the relation-
ship between possible CS indicated by the CSI and QoL in patients
with axSpA and whether this relation is affected by patient- and dis-
ease-related aspects including disease activity.

Methods

For this prospective observational cross-sectional study, consecu-
tive outpatients from the Groningen Leeuwarden Axial Spondyloar-
thritis (GLAS) cohort were included. This is an ongoing prospective
long-term observational cohort study of patients with axSpA from
the University Medical Center Groningen and the Medical Center
Leeuwarden, which are tertiary and secondary referral centers,
respectively. Patients in this cohort have been included since 2004,
are being treated according to the international Assessment of Spon-
dyloArthritis international Society (ASAS) guidelines and have fol-
low-up visits according to a standardized protocol. All participating
patients are at least 18 years old and met the modified New York cri-
teria for ankylosing spondylitis (AS) and/or the ASAS classification
criteria for axSpA. The patients included in this study concern the
same population as our previous analyses [17].

The following variables were obtained from the GLAS regular out-
patient visits: age, gender, diagnosis (AS or non-radiographic axSpA),
symptom duration, HLA-B27 status, smoking status, educational
level, body mass index (BMI) (absolute and divided into three sub-
classes: normal weight <25 kg/m2, overweight 25�30 kg/m2, obese
�30 kg/m2), history of extra-skeletal manifestations (IBD, uveitis or
psoriasis), current peripheral arthritis (�1 swollen joint), entheseal
involvement (Maastricht Ankylosing Spondylitis Enthesitis Score
�1), ASDASCRP [19], BASDAI, CRP, Bath AS Functional Index (BASFI),
Ankylosing Spondylitis Quality of Life questionnaire (ASQoL; range
0�18 [20],) patient-acceptable symptom state (PASS; yes/no [21]),
NSAID use, biological DMARD (bMDARD) use and co-morbidities.

Comorbidities were registered in the GLAS cohort database and
the Rheumatic Disease Comorbidity Index (RDCI) was calculated [22].
The RDCI combines 11 comorbidities into a single index ranging from
0 to 9, where a higher score indicates more comorbidities. Comorbid-
ities incorporated in the index were: lung disease, heart attack,
stroke, hypertension, other cardiovascular disease, diabetes, cancer,
gastric ulcer, fracture, and depression. The RDCI was originally devel-
oped in patients with RA, and it has been shown to be predictive for
both the outcomes death and functional disability.

Additionally, the patients were asked to fill out the CSI question-
naire [23,24]. The CSI is composed of two parts concerning the pres-
ence of symptoms associated with CS (part 1) and previous diagnoses
possibly associated with CS and central sensitivity syndrome (part 2).
The first part of the CSI was analyzed in this study. This part consists
of 25 items on a 5-point Likert scale, with a total sum score ranging
from 0 to 100. Based on a previous study in patients with chronic
widespread pain, a score of �40 was defined to be associated with a
high likelihood of CS [25]. In case of �4 missing answers, these items
were substituted by the average score of the remaining items and if
>4 items were missing, the total CSI score was coded as missing.

Statistical analysis

Population characteristics are shown as numbers of patients (%),
mean§ standard deviation or median (IQR) for categorical, continuous
normally distributed and continuous non-normally distributed varia-
bles, respectively. We divided our study population into subgroups
using CSI cutoff score of �40, indicating a high likelihood of CS [25],
ASQoL cut-off score of >8, indicating impaired QoL [26], and ASDASCRP
cut-off score �2.1, indicating high/very high disease activity [27]. We
explored the association between CSI and ASQoL in subgroups of
patients with inactive/low and high/very disease activity according to
the ASDASCRP. Furthermore, univariable and multivariable logistic
regression analysis was performed to investigate whether ASQoL score
>8 was associated with CSI score �40, also correcting for the disease
activity assessments separately (ASDASCRP, BASDAI, CRP).

Patient characteristics, disease activity and disease outcome were
compared between groups with CSI score of <40 and �40 using Chi-
square test, Independent Samples T-test, or Mann-Whitney U test for
categorical, continuous normally distributed, and continuous non-
normally distributed data, respectively. Univariable and multivari-
able linear regression analysis was performed to investigate whether
CSI score was an independent predictor for ASQoL after correction for
potential confounding variables based on our univariable analysis
and literature. Regression assumptions including linearity of relation-
ship, normal distribution of residuals, homoscedasticity, and absence
of multicollinearity were tested.

All statistical analyses were performed using IBM SPSS Statistics
23.0.0. P-values of <0.05 were considered statistically significant.

Results

For this study we recruited 182 patients, of which 178 and 149
patients completed the CSI and ASQoL questionnaires, respectively.
Mean age of all 178 included patients was 47.4 § 14.1 years, 78 (44%)
were female, median symptom duration was 21 (IQR 10�31) years,
mean ASDASCRP was 2.1 § 1.0 and 88 (52%) were using bDMARDS.
Patient characteristics were not significantly different for patients
with or without missing CSI or ASQoL (data not shown). All patient
characteristics are shown in Table 1.

Mean ASQoL was 6.0 § 5.3 and 45 (30%) patients had an ASQoL
score >8, which indicates impaired QoL. At group level, mean CSI
score was 38.0 § 14.1 and 80 (45%) patients had a CSI score �40,
which is associated with a high likelihood of CS.

These patients with high CSI score (�40) were significantly more
often female (60% vs. 29%), had more often a history of depression
(18% vs. 6%), more often entheseal involvement (61% vs. 26%), higher
ASDASCRP (mean 2.6 vs. 1.7), higher BASDAI (mean 5.2 vs. 2.8), higher



Table 1
Patient characteristics, disease activity and clinical outcome variables for all patients, stratified for CSI score.

Characteristics All patientsn = 178 Patients with CSI<40
n = 98 (55%)

Patients with CSI�40
n = 80 (45%)

Age in (years) 47.4 § 14.1 48.7 § 15.0 45.8 § 12.7
Female 78 (44) 27 (29) 44 (60)***
Diagnosis AS 114 (66) 48 (62) 66 (69)
Symptom duration (years) 21.4 § 13.6 21.5 § 13.5 21.2 § 13.8
HLA-B27+ 133 (79) 70 (79) 54 (79)
Current smoker 45 (27) 28 (32) 15 (23)
Completed higher education1 81 (71) 48 (70) 34 (76)
BMI (kg/m2) 26.7 § 5.0 26.2 § 4.4 27.5 § 5.8
History of IBD 26 (15) 12 (12) 14 (18)
History of uveitis 46 (26) 22 (22) 24 (30)
History of psoriasis 24 (14) 17 (17) 7 (9)
RDCI (0�9) 0.0 (0.0 � 1.0) 0.0 (0.0 � 1.0) 0.0 (0.0 � 1.8)
History of CVD (incl. hypertension) 44 (24) 24 (25) 18 (23)
History of depression 20 (11) 6 (6) 14 (18)*
�1 comorbidity 83 (45) 42 (43) 38 (47)
SJC �1 10 (6) 5 (5) 5 (7)
MASES �1 64 (40) 23 (26) 38 (61)***
ASDASCRP 2.1 § 1.0 1.7 § 0.9 2.6 § 1.0***
BASDAI (0�10) 3.9 § 2.2 2.8 § 1.9 5.2 § 1.9***
CRP (mg/ml) 2.9 (1.1 � 6.8) 2.6 (1.1�6.0) 3.6 (1.4 � 7.0)
CRP �5 mg/ml 59 (34) 31 (32) 28 (36)
BASFI (0�10) 3.4 § 2.4 2.4 § 2.1 4.7 § 2.2***
ASQoL (0�18) 6.0 § 5.3 3.3 § 3.6 9.7 § 4.9***
PASS: yes 114 (78) 72 (87) 39 (65)**
CSI score (0�100) 38.0 § 14.1 28.0 (23 � 34) 50.0 (43.0 �56.0)N/A

NSAID use 78 (51) 41 (51) 31 (50)
Biological DMARD use 88 (52) 49 (52) 39 (51)

Values are n (%), mean § SD or median (IQR).
1 Higher education defined as International Standard Classification of Education (ISCED) level >4. *P<0.05;

**P<0.01; ***P<0.001. AxSpA: axial spondyloarthritis; CSI: Central Sensitization Inventory; HLA-B27: Human
Leukocyte Antigen B27; RDCI: Rheumatic Disease Comorbidity Index; CVD: cardiovascular disease; SJC: swollen
joint count; MASES: Maastricht Ankylosing Spondylitis Enthesitis Score; NSAID: nonsteroidal anti-inflammatory
drug; ASDASCRP: Ankylosing Spondylitis Disease Activity Score with C-reactive protein; BASDAI: Bath Ankylosing
Spondylitis Disease Activity Index; CRP: C-reactive protein; ASQoL: Ankylosing Spondylitis Quality of Life ques-
tionnaire; BASFI: Bath Ankylosing Spondylitis Functional Index; PASS: Patient Acceptable Symptom State; N/A:
not applicable.
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ASQoL (mean 9.7 vs. 3.3), and had less frequently reported to have an
acceptable symptom state (PASS; 65% vs. 87%) compared to the
patients with low CSI score (Table 1).

ASQoL in relation to CSI and disease activity

Patients with ASQoL score >8 had significantly higher CSI scores
than patients with a score � 8 (mean 50.1 vs. 31.7; p<0.001). In uni-
variable logistic regression, ASQoL score >8 was significantly associ-
ated with CSI score �40 (OR: 14.6, 95%CI: 6.0�35.5). This association
remained significant after correcting for disease activity determined
by ASDASCRP (OR: 15.5, 95%CI: 5.0�48.3), BASDAI (OR: 5.6, 95%CI:
2.0�15.8) or CRP (OR: 17.5, 95%CI: 6.9�44.8).

Additionally, patients with low ASDASCRP (<2.1) and also low CSI
score (<40) reported good QoL with a median ASQoL score of 1.1
(IQR 0.0�4.0). Patients with low ASDASCRP combined with high CSI
score (�40) and opposite, patients with high ASDASCRP (�2.1) com-
bined with low CSI score, reported somewhat worse QoL with a
median ASQoL score of 5.6 (IQR 2.6�7.9) and 4.1 (IQR 2.0�7.6)
respectively. The ASQoL scores between these two groups were not
significantly different (p = 0.312). Finally, patients with high
ASDASCRP and also high CSI score reported the worst QoL with a
median ASQoL score of 12.0 (IQR 8.4�14.5). ASQoL score stratified for
high or low CSI score was significantly different, regardless of the dis-
ease activity state (p<0.001) (Fig. 1).

CSI an independent predictor of disease related QoL

In univariable linear regression, CSI score was strongly associated
with ASQoL score (square root transformed ASQoL; B = 0.06, 95%CI:
0.05�0.07; R2=0.46). After adjusting for the potential confounders
gender, comorbidity score, entheseal involvement, ASDASCRP, smok-
ing status, BMI, and educational level, this association between CSI
and ASQoL remained statistically significant (B = 0.04, 95%CI
0.02�0.05) while associations with ASDASCRP and female gender
were also statistically significant (Table 2). Educational level was
missing in 32 patients. Comparable results for the association
between CSI and ASQoL were found in the multivariable model with-
out education level (B = 0.04, 95%CI: 0.03�0.05)
(Supplementary Table S1). The association between CSI and ASQoL
was found for both the secondary (B = 0.069, R2=0.558) and tertiary
(B = 0.058, R2=0.433) referral center.

Discussion

As far as we know, this is the first study investigating the indepen-
dent association of CS with disease-related QoL in patients with
axSpA. Almost half of the patients with axSpA in our study reported
CSI score �40, which is associated with a high probability of CS. These
patients experienced significantly lower QoL than patients with a low
probability of CS (mean ASQoL 9.7 vs. 3.3). We also showed that a CSI
score indicative of CS is associated with lower disease related QoL,
independently from confounding factors including disease activity
and gender, which were also independently associated with QoL.

In our multivariable model, CS seems strongly associated with dis-
ease related QoL in axSpA, with an explained variance of 46%. In accor-
dance with our results, several other studies have also found indirect
associations between CS and QoL in axSpA. Macfarlane et al. [2] found
a high correlation between the two components (Symptom Severity
Scale and Widespread Pain Index) of the 2010 American College of



Table 2
Multivariable linear regression analysis for the association between CSI score and ASQoL
(square root transformed, corrected for potential confounding variables).

Independent variable B Standardized b 95% CI for B P

CSI score (0�100) 0.036 0.402 0.022 � 0.049 <0.001
ASDASCRP 0.417 0.340 0.228 � 0.605 <0.001
Female 0.413 0.164 0.040 � 0.786 0.030
Symptom duration 0.009 0.098 �0.004 � 0.023 0.187
Entheseal involvement 0.369 0.145 �0.004 � 0.742 0.052
Currently smoking �0.118 �0.042 �0.474 � 0.2537 0.511
BMI categories:

Overweight 0.215 0.083 �0.156 � 0.587 0.253
Obesity 0.231 0.075 �0.232 � 0.695 0.324

RDCI 0.069 0.067 �0.079 � 0.217 0.355
High educational level1 �0.080 �0.029 �0.459 � 0.300 0.677
1 Higher education defined as International Standard Classification of Education (ISCED)

level >4. CSI: Central Sensitization Inventory; ASQoL: Ankylosing Spondylitis Quality of
Life questionnaire; HLA-B27: Human Leukocyte Antigen B27; RDCI: Rheumatic Disease
Comorbidity Index; ASDASCRP: Ankylosing Spondylitis Disease Activity Score with C-reac-
tive protein.

Fig. 1. ASQoL score in axSpA patients with CSI score <40 and �40, divided for ASDASCRP (cutoff 2.1).
CSI: Central Sensitization Inventory, ASQoL: Ankylosing Spondylitis Quality of Life questionnaire, ASDASCRP: Ankylosing Spondylitis Disease Activity Score with CRP.

Supplementary Table S1
Multivariable linear regression analysis for the association between CSI score and ASQoL
(square root transformed, corrected for potential confounding variables excluding educa-
tional level).

Independent variable B Standardized b 95% CI for B P

CSI score (0�100) 0.035 0.397 0.024 � 0.047 <0.001
ASDASCRP 0.423 0.345 0.261 � 0.584 <0.001
Female 0.407 0.161 0.085 � 0.730 0.014
Symptom duration 0.010 0.106 �0.001 � 0.021 0.087
Entheseal involvement 0.378 0.148 0.056 � 0.700 0.022
Currently smoking �0.118 �0.042 �0.427 � 0.191 0.451
BMI categories:

Overweight 0.228 0.088 �0.090 � 0.546 0.158
Obesity 0.251 0.082 �0.143 � 0.645 0.210

RDCI 0.068 0.067 �0.060 � 0.197 0.294

CSI: Central Sensitization Inventory; ASQoL: Ankylosing Spondylitis Quality of Life ques-
tionnaire; HLA-B27: Human Leukocyte Antigen B27; RDCI: Rheumatic Disease Comorbid-
ity Index; ASDASCRP: Ankylosing Spondylitis Disease Activity Score with C-reactive
protein.
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Rheumatology (ACR) criteria for fibromyalgia and ASQoL. Fibromyalgia
is a disorder known to be strongly related to CS [28]. Subsequently,
Rencber et al. reported that almost one-third of patients with axSpA
fulfilling the ASAS criteria also fulfilled the 2010 ACR criteria for fibro-
myalgia. Additionally, they found a positive association between fulfill-
ing the ACR criteria for fibromyalgia and ASQoL score (mean ASQoL
13.3 vs. 7.0) [29]. These studies are part of growing evidence showing
the association between CS and QoL in axSpA. Current treatment rec-
ommendations for axSpA emphasize the importance of QoL as an out-
come measure besides treating disease activity. However, the
contribution of chronic pain as a result of CS to both patient-reported
QoL and disease activity must be kept in mind [17].

Alongside CS and disease activity, gender was also independently
associated with QoL. Disease phenotypes of axSpA differ between
male and female patients. Overall male patients develop more struc-
tural damage, while female patients report higher average disease
activity [30]. While reasons for these differences are still largely
unclear, hormonal differences may play a role in pain processing
[31]. Perhaps more importantly, men and women may also report
symptoms differently, with women scoring higher on self-reported
symptom intensity [32].

Somewhat surprisingly, symptom duration was not associated
with CSI score. One explanation for this could be that, once estab-
lished, it is hard to reduce the extent of CS without targeted (precise)
management of CS. The average delay between symptom onset and
diagnosis of axSpA is more than 6 years [33], allowing CS to develop
through continuous peripheral nociceptive C-fiber input.

The CSI, including the cutoff score of �40, is developed and vali-
dated to recognize chronic (nociplastic) pain in patients suffering
from chronic pain and has already been used, but not validated, in
osteoarthritis, RA, SpA, and also in IBD [16,34,35]. In addition, the CSI
is an indirect assessment for CS, inferring its presence from CS-
related symptoms. In order to directly determine the presence and
severity of CS, other direct methods such as quantitative sensory test-
ing (QST) may be required [6,28]. In RA, higher pain pressure thresh-
olds were shown to be associated with more intense reported pain
levels [36]. So far, no studies have been performed exploring these
methods in axSpA.

Data collection was part of our standardized GLAS protocol and
therefore there were relatively few missing values. Only for educa-
tional level data was missing in 18%, but excluding educational level
as potential confounder had no significant impact on the regression
coefficients or the explained variance of the multivariable model.
Another limitation of this study is that comorbidities were not
assessed according to the Self-administered Comorbidity Question-
naire modified (mSCQ) for patients with SpA which represents
comorbidities in axSpA better than the RDCI [37]. Since the RDCI has
also been previously validated the impact on our results is expected
to be minimal [22]. Finally, the cross-sectional design of our study
means that no causal relationships can be inferred.

This study provides further evidence towards the theory that CS is
a clinically relevant mechanism affecting chronic pain in rheumatic
disease and also in axSpA. Our results indicate that clinicians should
keep CS in mind during patient education and follow-up, especially
in patients experiencing chronic pain. Furthermore, it is of impor-
tance to know if CS plays a role at the individual patient level to
make the right treatment decisions and prevent unnecessary switch-
ing or dose escalation of pharmacological agents such as biological
DMARDs. Future research should focus on finding treatment options
for CS by identifying specific treatment targets. Potential treatment
options may include pain neuroscience education, cognition-targeted
exercise therapy and other behavior- and cognition-related neurosci-
ence interventions as part of a multifactorial approach in the treat-
ment of axSpA [38].

In conclusion, our cross-sectional study in long-term axSpA
patients treated according to international standards in daily clinical
practice demonstrated that CSI score indicative of CS has a major
impact on disease-related QoL, also after correcting for potential con-
founders including disease activity. Awareness and treatment of CS
in patients with axSpA has the potential to improve health-related
QoL in these patients.
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