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Reduced sleep quality is highly prevalent and associated with physical 
function and cardiorespiratory fitness in patients with axial spondyloarthritis: 
a cross-sectional study

C Fongen1, H Dagfinrud1,2, A Bilberg3,4, SH Sveaas5

1Center for Treatment of Rheumatic and Musculoskeletal Diseases (REMEDY), Norwegian National Advisory Unit on Rehabilitation 
in Rheumatology, Diakonhjemmet Hospital, Oslo, Norway 

2Institute of Health and Society, Faculty of Medicine, University of Oslo, Oslo, Norway 
3Institute of Neuroscience and Physiology, Section of Health and Rehabilitation, Sahlgrenska Academy, University of Gothenburg, 
Gothenburg, Sweden 

4Department of Physiotherapy, Sahlgrenska University Hospital, Gothenburg, Sweden 
5Department of Nutrition and Public Health, University of Agder, Kristiansand, Norway

Objectives: To assess sleep quality, and its associations with physical function, cardiorespiratory fitness, and spinal 
mobility, in axial spondyloarthritis (axSpA) patients.

Method: Baseline data from the Exercise for Spondyloarthritis trial were used. Assessments included [Pitts-
burgh Sleep Quality Index (PSQI), 0–21, 21 = worst], performance-based physical function [Ankylosing 
Spondylitis Performance Index (ASPI), seconds, higher = worse], patient-reported physical function [Bath 
Ankylosing Spondylitis Functional Index (BASFI), 0–10, 10 = worst], cardiorespiratory fitness [peak oxygen 
uptake (VO2peak), mL/kg/min, lower = worse], and spinal mobility [Bath Ankylosing Spondylitis Metrology 
Index (BASMI), 0–10, 10 = worst]. Associations were examined in separate models using multiple linear 
regression.

Results: Ninety-nine patients with axSpA were included, 53% female, mean age 46 years, and 72% with high disease 
activity (ASDAS-C-reactive protein ≥ 2.1), of whom 84 (85%) had reduced sleep quality. Sleep disturbance was most 
frequently reported (65%), followed by poor subjective sleep quality (53%), daytime dysfunction (41%), and increased 
sleep latency (41%). Positive associations were observed between PSQI and ASPI [β = 0.10, 95% confidence interval 
(CI) 0.01, 0.19] and PSQI and BASFI (β = 0.85, 95% CI 0.51, 1.20), and there was an inverse association between 
PSQI and VO2peak (β = −0.14, 95% CI −0.27, −0.01), adjusted for age and sex. There was no association between 
PSQI and BASMI.

Conclusion: Reduced sleep quality was common in axSpA patients with moderate to high disease activity. Better 
sleep quality was associated with better physical function and higher cardiorespiratory fitness. There was no 
association between sleep quality and spinal mobility.

Trial registration: ClinicalTrials.gov NCT02356874 

Axial spondyloarthritis (axSpA) is an autoimmune inflam-
matory rheumatic disease that primarily affects the axial 
skeleton, and encompasses both radiographic (also termed 
ankylosing spondylitis) and non-radiographic axSpA (1). 

The disease usually debuts in early adulthood, with an equal 
sex distribution among patients with non-radiographic 
axSpA, although more men tend to develop radiographic 
axSpA. The leading symptoms are inflammatory back pain 
and morning stiffness (1). Patients also report reduced sleep 
quality (2). The importance of sleep in axSpA is being 
increasingly recognized, and since 2021 sleep has been 
included as an important domain for clinical trials in the 
Assessment of SpondyloArthritis international Society 
(ASAS)–Outcome Measures in Rheumatology (OMER-
ACT) core domain set for axSpA (3, 4).
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Systematic reviews report that between 35% and 
90% of patients with axSpA have reduced sleep qual-
ity, and that sleep problems are more prevalent than in 
the general population (5, 6). Furthermore, a meta- 
analysis indicated that patients with radiographic 
axSpA experience poorer subjective sleep quality, 
poorer sleep efficiency, and longer sleep latency, 
more frequently have sleep disturbances, and use 
more sleep medication compared to the general popu-
lation (6). Adequate sleep is essential to maintain 
good health, both for optimal cognitive function and 
for the immune system (7, 8). The immune system and 
sleep are bidirectionally linked, and prolonged sleep 
deficiency can lead to chronic, systemic low-grade 
inflammation (7). Hence, for individuals with inflam-
matory rheumatic diseases, reduced sleep quality can 
increase systemic inflammation and thereby amplify 
the effects of an already overactive immune system 
(7). Moreover, in axSpA, reduced sleep quality is 
identified as a predictor for the development of wide-
spread pain and a risk factor for poor quality of life 
(9, 10).

In the general population, reduced sleep quality is 
known to be related to older age, female sex, stres-
sors, depression, pain, and circadian factors (8), while 
maintaining a healthy lifestyle, such as taking regular 
exercise, is known to improve sleep (11). For indivi-
duals with axSpA, reduced sleep quality is reported to 
correlate with high disease activity, poor patient- 
reported physical function, and pain (5). Furthermore, 
the onset of pharmacological treatment with tumour 
necrosis factor-α inhibitors (TNFi) targeted at redu-
cing inflammation has been shown to improve sleep 
quality (5). However, not all patients are candidates 
for TNFi treatment or achieve satisfactory clinical 
response (12).

In addition to pharmacological treatment, regular 
exercise and physiotherapy are recommended as cor-
nerstones in the management of axSpA (13). Exercise 
has beneficial effects on cardiorespiratory fitness, 
physical function, spinal mobility, pain, and disease 
activity in patients with axSpA (14), but the impact of 
exercise on sleep has been less well explored. Pre-
vious research has mainly addressed the association 
between sleep quality and patient-reported physical 
function in patients with radiographic axSpA (5). 
Hence, there is a lack of knowledge regarding the 
impact of performance-based physical function, phy-
sical fitness, and spinal mobility on sleep quality. The 
primary aim of this study was to examine the pre-
valence of reduced sleep quality and to identify 
aspects of sleep that are affected in a group of 
patients with axSpA with moderate to high disease 
activity. The second aim was to assess the association 
between sleep quality and physical function, cardior-
espiratory fitness, and spinal mobility in this patient 
group.

Method

Design

This cross-sectional study was a secondary analysis using 
baseline data from the Exercise for SpondyloArthritis 
(ESpA) trial, a multicentre randomized controlled trial 
(RCT). The primary aim of ESpA was to compare the 
effects of three months supervised high-intensity cardior-
espiratory and strength exercise with no intervention on 
disease activity (15). The ESpA trial was prospectively 
registered in ClinicalTrials.gov (NCT02356874), and 
approved by the Regional Committee for medical and 
health Ethics of South East Norway (2015/86) and the 
Regional Ethical Review Board Gothenburg (032-16). 
All procedures adhered to the Declaration of Helsinki 
(16). Participants provided written informed consent 
before inclusion in the trial. Reporting was guided by the 
STrengthening the Reporting of OBservational studies in 
Epidemiology (STROBE) checklist for cross-sectional 
studies (17).

Participants

Participants were recruited between November 2015 and 
September 2016 from three outpatient rheumatology 
departments in Norway (Diakonhjemmet Hospital, Martina 
Hansens Hospital, and University Hospital in Northern 
Norway) and one in Sweden (Sahlgrenska University Hos-
pital). Patients with axSpA according to the ASAS classi-
fication criteria (18), aged 18–70 years, with stable 
medication for >3 months, high disease activity [Bath 
Ankylosing Spondylitis Disease Activity Index (BASDAI) 
≥ 3.5 (19)], and no regular cardiorespiratory or strength 
exercise habits (>1 h per week for the past 6 months) at 
prescreening were eligible. Exclusion criteria were estab-
lished or symptoms of cardiovascular disease, other comor-
bidities involving reduced exercise capacity, inability to 
participate in weekly supervised sessions, and pregnancy.

Assessments

One assessor conducted all of the clinical examinations 
in the following order: laboratory evaluation of C-reac-
tive protein (CRP), assessment of spinal mobility, per-
formance-based physical function (added after the 
inclusion of the first 34 participants), and cardiorespira-
tory fitness. In addition, the patients completed 
a questionnaire addressing sociodemographic informa-
tion, disease-related health, physical function, and sleep.

Sleep quality was assessed with the Pittsburgh Sleep 
Quality Index (PSQI) (20), a generic questionnaire com-
monly used in clinical and research settings (21) that is 
widely used in patients with rheumatic diseases (22). It 
is considered to be valid as it discriminates patients with 
sleeping problems and controls (20). PSQI assesses 
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sleep quality during the past month and includes 19 
items that are grouped into seven component scores: 
subjective sleep quality, sleep latency, sleep duration, 
habitual sleep efficiency, sleep disturbances, use of 
sleeping medication, and daytime dysfunction. Each 
component is scored 0–3, and a score ≥2 indicates 
reduced sleep quality for this component. The seven 
component scores are summed into the PSQI global 
score (0–21, 21 = severe sleep difficulties), with 
a score >5 differentiating between those with normal 
and reduced sleep quality (20, 21). In heterogeneous 
populations, a PSQI global cut off score of >7 has 
been suggested to discriminate between those with nor-
mal and reduced sleep quality (21).

Physical function was assessed with two measures: 
performance-based function was tested with Ankylosing 
Spondylitis Performance Index (ASPI) (23), and 
patient-reported function was assessed with the Bath 
Ankylosing Spondylitis Functional Index (BASFI) 
(24). ASPI consists of three tests: bending and picking 
up six pens from the floor, getting up from the floor 
from lying supine (three attempts, mean time), and 
putting on a pair of socks. The total time needed to 
complete the three tests is reported in seconds (longer 
time = worse) (25). BASFI includes eight items regard-
ing activities of daily living and two items addressing 
participation. Each item is answered on an 11-point 
numeric rating scale (NRS) and the mean gives the 
BASFI score (0–10, 10 = worst) (26).

Cardiorespiratory fitness was assessed by an indirect 
maximal test on a treadmill with a modified Balke pro-
tocol for estimation of peak oxygen uptake (VO2peak) 
(mL/kg/min) (27). The test includes walking at an indi-
vidually adapted speed starting at 2.5% inclination, with 
an increase in inclination by 1.5% every minute. If 15% 
inclination was reached, the speed was increased by 
0.3 km/h every minute. The test was stopped when the 
participants could not further increase their workload 
and/or reported a perceived exertion between very hard 
(17) and maximal exertion (20) on the Borg scale (28). 
The estimated VO2peak was calculated based on the 
American College of Sports Medicine’s formula for 
graded walking (lower = worse) (29).

Mobility was assessed with the Bath Ankylosing 
Spondylitis Metrology Index (BASMI), which consists 
of four measures of spinal mobility and one measure of 
hip mobility (30). The measures were collected and 
recorded following the recommendations from ASAS 
(26). The formula for BASMI linear was used to com-
pute the total score (0–10, 10 = worst) (31).

Disease activity was assessed with the Ankylosing 
Spondylitis Disease Activity Score based on C-reactive 
protein (ASDAS-CRP) (32) and the BASDAI (0–10, 
10 = worst) (33). The ASDAS is a composite score of 
CRP and four patient-reported variables, all reported on 
an 11-point NRS: neck/back/ hip pain, peripheral joint 
pain, duration of morning stiffness, and patient global 

assessment (32). The ASDAS was calculated based on 
the formula including CRP, and a cut-off at <2.1 was 
used to differentiate between low and high disease 
activity (34). A history of extra-musculoskeletal mani-
festations was collected by the questionnaire.

Sample size

The estimation of sample size was not performed for 
sleep quality in the present study. The sample size was 
determined by the power calculation for the primary 
outcome, disease activity, in the ESpA trial (15). 
Based on a pilot study, exercise had a mean treatment 
effect of 0.7 points in the ASDAS-CRP (35); with 80% 
power and a 5% significance level, an estimated non- 
compliance of 10%, and a dropout rate of 20%, it was 
calculated that 100 patients were needed.

Statistical analyses

Patient characteristics are presented as mean and stan-
dard deviation (sd), median and interquartile range (IQR) 
or counts and percentages. Differences between sub-
groups of patients were examined with the independent 
sample t-test, Mann–Whitney U test, or chi-squared test, 
as appropriate. Mean differences are presented with the 
95% confidence interval (CI). Missing data were handled 
with either complete case analysis or single-item imputa-
tions with the simple mean with the average value within 
a component (PSQI) or the average of the entire measure 
(BASFI).

Multiple linear regression analyses were applied to 
evaluate the association between PSQI (dependent vari-
able) and each of the independent variables of interest: 
ASPI, BASFI, VO2peak, and BASMI. Covariate vari-
ables were selected based on theoretical relevance. 
First, unadjusted estimates were determined: in Model 
1 age and sex (femaleref/male) were included as covari-
ates; and in Model 2 age, sex, disease activity (ASDAS 
lowref/high disease activity), and use of TNFi (noref/yes) 
were included. Results from the multiple linear regres-
sion models are presented as unadjusted and adjusted 
estimates with the beta (β) value, 95% CI, and p-value. 
The models were assessed for normality assumptions 
with propability plots, histograms, and scatterplots of 
regression standardized residuals. All analyses were 
replicated with unimputed data of PSQI global score 
and BASFI, and compared with the primary analyses. 
Statistical analyses were performed using SPSS for 
Windows, version 27.0. A p-value < 0.05 was consid-
ered statistically significant.

Results

In total, 100 patients with axSpA were enrolled in the 
ESpA trial. Out of these, 99 patients had data on sleep 
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quality (PSQI) and were included in the present study. 
Figure 1 shows an overview of participants included in 
the different analyses and imputations performed. ASPI 
was assessed in 66 participants (67%), and there were 
no statistically significant differences in age, sex, 
axSpA subgroup, disease activity, or use of TNFi 
between patients with ASPI data and those who were 
included before this outcome measure was added to the 
data collection (data not shown).

Patient characteristics

Of the 99 included patients, 52 (53%) were female, the 
mean age was 46 years, and 69 (70%) had radiographic 
axSpA (Table 1). A total of 71 (72%) had high disease 
activity (ASDAS-CRP), and 44 (44%) were being trea-
ted with TNFi.  

Sleep quality

The mean ± sd PSQI was 9.1 ± 3.7, and 84 (85%) were 
categorized with reduced sleep quality (PSQI > 5). Figure 2 
presents the seven components of sleep included in the 
PSQI questionnaire and the proportion of the patients’ 
scores within each component. Sleep disturbance was the 
most frequently reported aspect of sleep quality, in 64 
(65%), followed by poor subjective sleep quality in 53 
(54%), daytime dysfunction in 41 (41%), sleep latency in 
41 (41%), habitual sleep efficiency in 31 (31%), sleep 
duration in 28 (28%), and use of sleep medication in 18 
(18%).

Associations between sleep quality, physical function, 
cardiorespiratory fitness, and spinal mobility in patients 
with axSpA

Table 2 shows differences between patients with normal 
and reduced sleep quality (PSQI > 7). Patients with 
normal sleep quality had statistically significantly better 
performance-based physical function, patient-reported 
physical function, and cardiorespiratory fitness than 
patients with reduced sleep quality. There was 
a tendency for a larger proportion of patients with non- 
radiographic axSpA (77%) compared to radiographic 
axSpA (55%) to be categorized with reduced sleep 
quality (p = 0.07).  

Table 3 shows the associations between sleep quality 
(PSQI) and performance-based physical function 
(ASPI), patient-reported physical function (BASFI), 
cardiorespiratory fitness (VO2peak), and spinal mobility 
(BASMI). Both univariate and multivariate regression 
analyses identified ASPI, BASFI, and VO2peak as being 
statistically significantly associated with PSQI. 
Adjusted for age and sex, for each second less needed 
in ASPI, the PSQI score was reduced (β = 0.10, 95% CI 
0.01, 0.19); for each lower score in BASFI, the PSQI 
score was reduced (β = 0.85, 95% CI 0.51, 1.20); and 
for each unit higher VO2peak, the PSQI score was 
reduced (β = −0.14, 95% CI −0.27, −0.01). These 
results indicate that better sleep quality is associated 
with better performance-based physical function, better 
patient-reported physical function, and higher cardiore-
spiratory fitness. When adding disease activity and use 
of immunosuppressive medication into the models, the 
results did not substantially change, except for the asso-
ciation with VO2peak, which was no longer statistically 
significant (p = 0.08). No statistically significant 

Patients enrolled in the exercise for spondyloarthritis study (n = 100)

Excluded (n = 1)

Sleep quality (PSQI, n = 99)

Performance-based physical
function (ASPI)

Patient-reported physical
function (BASFI)

Cardiorespiratory fitness
(VO2 peak)

Spinal mobility (BASMI)

Analyses of associations with sleep quality

Analyzed (n = 66) Analyzed (n = 99) Analyzed (n = 99) Analyzed (n = 98)

Patients who had missing items in

Imputations (n = 4 items, mean of component score)

Imputations (n = 6 items, mean of
total score)

Excluded from analyses, patients not
assessed with ASPI (n = 33)

Excluded from analyses, patients not
assessed with BASMI (n = 1)

numerous components of the PSQI

Figure 1. Flow diagram of participants included in the different analyses and performed imputations. ASPI: Ankylosing Spondylitis Performance 
Index, BASFI: Bath Ankylosing Spondylitis Functional Index, BASMI: Bath Ankylosing Spondylitis Metrology Index, PSQI: Pittsburgh Sleep 
Quality index, VO2peak: peak oxygen uptake.
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associations between PSQI and BASMI were found in 
either univariate or multivariate regression analyses. 
Replicated analyses with unimputed data in PSQI and 
BASFI showed identical results to the primary analyses 
(data not shown).  

Discussion

The results of this study demonstrated that sleep pro-
blems are highly prevalent and that several aspects of 
sleep quality, such as sleep disturbances, daytime dys-
function, and sleep latency, are frequently reported in 
axSpA patients with moderate to high disease activity 
who do not engage in regular exercise. The extent and 
magnitude of reduced sleep quality found in this study 
require attention, as unmanaged sleep problems can 
amplify the systemic inflammation of the disease and 
pain sensitivity, and cause poor quality of life for 

individuals living with axSpA (7, 9, 10). Our findings 
emphasize the need to routinely assess sleep quality in 
axSpA patients with moderate to high disease activity. 
Furthermore, the results showed that better physical 
function and higher cardiorespiratory fitness were sig-
nificantly associated with better sleep quality, whereas 
there was no association between spinal mobility and 
sleep quality. The results indicate that exercise aimed at 
improving physical function and cardiorespiratory fit-
ness may be important for axSpA patients with sleeping 
problems.

Sleep is one of the most important aspects of health 
for patients with axSpA (2), and the present study 
showed that in a group with moderate to high disease 
activity, a total of 85% had reduced sleep quality. The 
prevalence of sleep problems in previous studies that 
have assessed sleep with PSQI in patients with axSpA 
varies between 37% and 90% (5, 36–39). Hence, the 
proportion of patients with axSpA reporting reduced 

Table 1. Demographic and clinical features in patients with axial spondyloarthritis (axSpA).

Personal characteristics n

Age (years), mean (min–max) 99 46.1 (23–69)
Sex, female 99 52 (53)
Married/cohabiting 98 75 (76)
Education ≥ 13 years 99 57 (58)
In work 98 80 (81)
Current smoking 99 12 (12)
Disease characteristics

Radiographic axSpA 99 69 (70)
Disease activity (ASDAS-CRP) 99 2.7 ± 0.7
Disease activity* (ASDAS ≥ 2.1) 99 71 (72)
Disease activity (BASDAI) (0–10, 10 = worst) 99 5.1 ± 1.6
Patient global (NRS) (0–10, 10 = worst) 99 5.2 ± 2.0
CRP (mg/L), median (IQR) 99 2.0 (2.0–4.0)
Axial pain (NRS) (0–10, 10 = worst) 99 5.9 ± 1.7
Morning stiffness (NRS) (0–10, 10 = worst) 99 5.1 ± 1.9
Fatigue (NRS) (0–10, 10 = worst) 99 5.9 ± 1.8
Acute anterior uveitis 97 41 (43)
Psoriasis 96 17 (18)
Inflammatory bowel disease 96 16 (17)

Medication
NSAIDs 99 70 (71)
TNFi 99 44 (44)

Body functions
Sleep quality (PSQI global) (0–21, 21 = worst) 99 9.1 ± 3.7
Poor sleep quality (PSQI > 5) 99 84 (85)
Poor sleep quality (PSQI > 7) 99 61 (62)
Performance-based physical function (ASPI) time (s) 66 32.0 ± 10.2
Patient-reported physical function (BASFI) (0–10, 10 = worst) 99 3.2 ± 2.0
Cardiorespiratory fitness (VO2peak) (mL/kg/min) 99 35.7 ± 6.4
Spinal mobility (BASMI) (0–10, 10 = worst) 98 2.8 ± 1.3

Data are shown as n (%) or mean ± sd, unless otherwise specified. 
*ASDAS: low disease activity < 2.1, high disease activity ≥ 2.1. 
ASDAS, Ankylosing Spondylitis Disease Activity Score; ASPI, Ankylosing Spondylitis Performance 
Index; BASDAI, Bath Ankylosing Spondylitis Disease Activity Index; BASFI, Bath Ankylosing 
Spondylitis Functional Index; BASMI, Bath Ankylosing Spondylitis Metrology Index; CRP, C-reac-
tive protein; IQR, interquartile range; NRS, numeric rating scale; NSAID, non-steroidal anti- 
inflammatory drug; TNFi, tumour necrosis factor-α inhibitor; PSQI, Pittsburgh Sleep Quality 
Index; VO2 peak, peak oxygen uptake. 
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Figure 2. Bar graphs illustrating the proportion of patients with axial spondyloarthritis (n = 99) scores in the different aspects of sleep quality 
included in the Pittsburgh sleep quality index. In each aspect, the score ranges from zero to three, and a score ≥2 indicates reduced sleep quality. 
*0 = not during the past month, 1 = less than once a week, 2 = once or twice per week, 3 = three or more times a week.

Table 2. Comparison of axial spondyloarthritis (axSpA) patients with normal sleep quality versus axSpA patients with reduced 
sleep quality.

Variable n Normal sleep quality n Reduced sleep quality Mean difference (95% CI) p

Age (years) 38 44.8 ± 10.5 61 47.0 ± 10.6 −2.2 (−6.5, 2.1) 0.31
Sex 38 61

Male 21 (45) 26 (55) na 0.31
Female 17 (33) 35 (67)

Immunosuppressive medication 38 61
Use 19 (43) 25 (57) na 0.50
No use 19 (35) 36 (65)

ASDAS* 38 61
Low 15 (54) 13 (46) na 0.09
High 23 (32) 48 (68)

Subgroup of axSpA 38 61
Radiographic 31 (45) 38 (55) na 0.07
Non-radiographic 7 (23) 23 (77)

Performance-based physical 
function (ASPI) time (s)

26 28.9 ± 7.2 40 34.0 ± 11.4 −5.1 (−10.1, −0.0) 0.05

Patient-reported physical 
function (BASFI) (0–10, 
10 = worst)

38 2.4 ± 1.7 61 3.7 ± 2.0 −1.4 (−2.2, −0.7) <0.001

Cardiorespiratory fitness 
(VO2peak) (mL/kg/min)

38 37.4 ± 5.5 61 34.6 ± 6.7 2.8 (0.2, 5.4) 0.03

Spinal mobility (BASMI) (0–10, 
10 = worst)

38 2.7 ± 1.3 60 2.8 ± 1.3 −0.1 (−0.6, 0.5) 0.84

Data are shown as mean ± sd, n (%), or median (interquartile range). 
Patients were categorized with normal (PSQI ≤ 7) or reduced (PSQI > 7) sleep quality. Differences were assessed with independent 
sample t-test, Mann–Whitney U-test, or chi-squared test, as appropriate. 
*ASDAS: low disease activity < 2.1, high disease activity ≥ 2.1. 
ASDAS, Ankylosing Spondylitis Disease Activity Score; ASPI, Ankylosing Spondylitis Performance Index; BASFI, Bath Ankylosing 
Spondylitis Functional Index; BASMI, Bath Ankylosing Spondylitis Metrology Index; CI, confidence interval; na, not applicable; 
PSQI, Pittsburgh Sleep Quality Index; VO2peak, peak oxygen uptake. 
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sleep quality in the present study is among the highest 
that have been reported. This may partly be explained 
by differences in study samples, as only patients with 
moderate to high disease activity are included in the 
present study. Notably, sleep problems are common in 
Scandinavia, and the prevalence of insomnia is among 
the highest in Europe (8). A cross-sectional study found 
that 44–50% of the Norwegian population had reduced 
sleep quality when sleep was assessed with the same 
questionnaire as used in the current study (40). Hence, 
consistent with previous research (5), our results indi-
cate that reduced sleep quality is common in patients 
with axSpA.

The results showed that all the measured aspects of 
sleep were affected in the patients with axSpA. A high 
proportion of the included patients reported sleep dis-
turbances, low subjective sleep quality, increased sleep 
latency, and daytime dysfunction. Being woken by back 
pain in the night is one of the key features of axSpA (1), 
but the results from the present study show that reduced 
sleep quality is not limited to sleep disturbances. Our 
results align with a meta-analysis reporting that patients 
with axSpA have more sleep disturbances, lower sub-
jective sleep quality, lower sleep efficiency, and higher 
use of sleep medication than healthy controls (6).

In the present study, we found that better sleep qual-
ity was associated with better physical function and 
higher cardiorespiratory fitness, suggesting that physical 
function and cardiorespiratory fitness may have poten-
tial roles as modifiable factors for sleep quality in 
patients with axSpA. Our finding supports previous 
studies, reporting that better patient-reported physical 
function is associated with better sleep quality (5, 36, 
37, 39, 41, 42). To the best of our knowledge, the 
present study is the first to demonstrate associations 
between sleep quality and clinical examinations of per-
formance-based physical function and cardiorespiratory 
fitness. We found that the association between sleep 

quality and performance-based physical function was 
weaker than with patient-reported physical function. 
This may be explained by the fact that the patient- 
reported physical function includes items of vitality 
and participation in daily life, items that are included 
in the sleep quality questionnaire, and hence patient- 
reported physical function and sleep quality cover some 
of the same aspects. In addition, patients seem to incor-
porate pain in their assessment of perceived physical 
function to a greater extent than in performance-based 
physical function (43, 44). Our finding that both patient- 
reported and performance-based physical function are 
independently associated with sleep quality adds sup-
port for the role of physical function for sleep quality in 
axSpA.

Our finding that higher cardiorespiratory fitness was 
associated with better sleep quality is in line with the 
findings in a large cross-sectional study of healthy adults, 
reporting that higher cardiorespiratory fitness was asso-
ciated with fewer insomnia symptoms (45). Furthermore, 
a meta-analysis reported that regular exercise has bene-
ficial effects on sleep quality in the general population 
(11). This is partly supported by a cross-sectional study 
of patients with axSpA, showing that patients with low 
levels of physical activity reported more sleep distur-
bance than those reporting high levels of physical activity 
(41). Hence, the associations between sleep quality and 
cardiorespiratory fitness found in the present study may 
be partly explained by physical activity level and exer-
cise habits. In patients with axSpA, regular exercise has 
demonstrated benefits on cardiorespiratory fitness and 
physical function, and has the potential to improve 
pain, fatigue, and inflammation (15, 46, 47), factors 
closely related to sleep quality (5, 7). However, there is 
scarce knowledge about the effects of regular exercise on 
sleep quality in patients with axSpA, although some 
evidence suggests that exercise may improve sleep qual-
ity (48, 49). More studies examining possible causal 

Table 3. Association between sleep quality and performance-based physical function, patient-reported physical function, cardior-
espiratory fitness, and spinal mobility in patients with axial spondyloarthritis.

PSQI global score (0–21, 21 = worst)

Model 1* Model 2†

n
Unadjusted estimates β  

(95% CI) p
Adjusted estimates β  

(95% CI) p
Adjusted estimates β  

(95% CI) p

ASPI 66 0.10 (0.02, 0.18) 0.02 0.10 (0.01, 0.19) 0.03 0.09 (0.00, 0.18) 0.05
BASFI 99 0.84 (0.50, 1.18) <0.001 0.85 (0.51, 1.20) <0.001 0.87 (0.46, 1.28) <0.001
VO2peak 99 −0.12 (−0.23, −0.01) 0.04 −0.14 (−0.27, −0.01) 0.04 −0.12 (−0.25, 0.02) 0.08
BASMI 98 0.12 (−0.46, 0.70) 0.68 0.19 (−0.43, 0.82) 0.54 0.11 (−0.53, 0.74) 0.74

Associations were assessed with univariate and multiple linear regression analyses. *Model 1 was adjusted for age and sex. 
†Model 2 was adjusted for age, sex, use of immunosuppressive medication (noref/yes), and disease activity [low disease activity 
(ASDAS < 2.1)ref/high disease activity]. 
ASDAS, Ankylosing Spondylitis Disease Activity Score; ASPI, Ankylosing Spondylitis Performance Index; BASFI, Bath Ankylosing 
Spondylitis Functional Index; BASMI, Bath Ankylosing Spondylitis Metrology Index; CI, confidence interval; PSQI, Pittsburgh Sleep 
Quality Index; VO2peak, peak oxygen uptake. 
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relationships between exercise and sleep quality in 
axSpA are needed.

In accordance with a systematic review, we found no 
association between spinal mobility and sleep quality in 
patients with axSpA (6). In contrast, a cross-sectional 
study reported that better spinal mobility was 
a predictor for reduced sleep quality in axSpA (50). 
Discrepancies between the findings may partly be due 
to the use of different measures to assess sleep, and 
differences in subgroups of axSpA included, as Wade-
ley et al (50) included 91% radiographic axSpA. Hence, 
associations between spinal mobility and sleep may be 
different in non-radiographic and radiographic axSpA. 
Despite this, the present study found that a larger pro-
portion of patients with non-radiographic (77%) than 
radiographic axSpA (55%) were categorized with 
reduced sleep quality, indicating that factors other than 
spinal mobility are more important for sleep quality in 
axSpA.

Our findings should be interpreted in the context of 
limitations. Our study sample cannot be seen as repre-
sentative for the total axSpA population, as only 
patients with moderate to high disease activity not enga-
ging in regular exercise were eligible for inclusion. In 
addition, only 67% of the patients had data on perfor-
mance-based physical function (ASPI). Furthermore, no 
a priori power calculation on sleep quality was per-
formed for this study because it was a secondary ana-
lysis of baseline data of an RCT, and it cannot be ruled 
out that the sample size was too small to detect associa-
tions. Although we found several statistically significant 
associations indicating that we had enough power, there 
may be a risk that the results could be due to chance, as 
this was a secondary analysis and multiple statistical 
tests were performed.

However, in the present study, the statistical analyses 
were performed based on predefined research questions, 
and because of the relatively small sample size it was 
decided not to correct for multiple testing as this would 
had increased the likelihood of not detecting 
a significant correlation when it actually existed. In 
addition, missing data were imputed with average 
mean within a component (PSQI) or the mean of the 
total measure (BASFI). However, there were few miss-
ing data, and replicated analyses with unimputed data in 
PSQI and BASFI showed identical results to the pri-
mary analyses; therefore, imputation of missing data 
probably did not influence the results. Furthermore, 
the cross-sectional design is a limitation as it does not 
allow us to determine causal relationships between 
sleep and physical function and cardiorespiratory fit-
ness. Strengths of the present study include the use of 
a widely used generic measure to measure sleep quality 
and the use of validated disease-specific measures of 
physical function, spinal mobility, and disease activity. 
However, the validity of the PSQI has not been exam-
ined in populations with axSpA. Furthermore, it is 

a strength that physical function was measured with 
both a performance-based test and a patient-reported 
questionnaire.

Conclusion

The results demonstrated that reduced sleep quality is 
highly prevalent, and encompasses multiple aspects of 
sleep, in a group of axSpA patients with moderate to 
high disease activity that does not engage in regular 
exercise. The large majority of the patients reported 
that they experienced sleep disturbances, and many 
reported increased sleep latency and daytime dysfunc-
tion due to reduced sleep quality. Better physical func-
tion and cardiorespiratory fitness were associated with 
increased sleep quality, while there was no association 
between spinal mobility and sleep quality. These find-
ings indicate that interventions aimed at improving 
physical function and cardiorespiratory fitness may 
have a beneficial effect on sleep quality in axSpA.
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