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Abstract 

Background  Physical function is an important determinant of health-related quality of life in radiographic axial 
spondyloarthritis patients (r-axSpA). To improve the basis of effective healthcare efforts, we aimed to investigate 
which demographic and disease-related factors that influence Bath Ankylosing Spondylitis Functional Index (BASFI) 
in r-axSpA patients overall and stratified by sex. Furthermore, we sought to explore differences between sexes regard‑
ing separate BASFI questions and also to explore which factors that may contribute to these differences.

Methods  This observational cross-sectional study included patients fulfilling the modified New York criteria 
for Ankylosing Spondylitis. Patients were assessed with 66/68 joint count and Bath Ankylosing Spondylitis Metrol‑
ogy Index (BASMI) measurements. Lateral X-rays were performed for Modified Stoke Ankylosing Spondylitis Spinal 
Score (mSASSS). Bath Ankylosing Spondylitis Disease Activity Index (BASDAI), Ankylosing Spondylitis Disease Activity 
Score (ASDAS)-C-Reactive Protein (CRP), and BASFI were registered. Multivariable linear regression analyses were used 
to investigate which factors that associate with BASFI.

Results  A total of 353 r-axSpA patients were included, mean age 52.2 ± 12.7 years, 62.3% males. No significant sex 
difference was seen in BASFI scores (2.7 ± 2.0 in males vs 2.9 ± 2.1 in females). Age, body mass index, ASDAS-CRP, 
BASMI or mSASSS, fatigue, and tenderness were found to associate independently with BASFI in different models 
(R2 0.53–0.63). Investigation of separate BASFI questions revealed that the ability to look over shoulder was worse 
in males than females (mean 4.43 ± 3.37 vs 3.74 ± 3.06, p = 0.05) and most strongly correlated with mSASSS and BASMI 
among separate BASFI questions (r = 0.53, p < 0.001; r = 0.62, p < 0.001). The ability to climb stairs was worse in females 
than males (mean 2.49 ± 2.77 vs 1.54 ± 2.32, p < 0.001).

Conclusions  No difference between male and female r-axSpA patients was seen in BASFI despite significant sex dif‑
ferences in BASMI, mSASSS, and CRP levels. Our results underline the impact of fatigue and tenderness on BASFI. The 
ability to climb stairs without a handrail was scored worse among females compared to males. Furthermore, the abil‑
ity to look over the shoulder was worse in males than females and closely related to spinal mobility and structural 
spinal changes.
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Background
Ankylosing spondylitis (AS), also known as radiographic 
axial spondyloarthritis (r-axSpA), is a rheumatic inflam-
matory condition which has a significant impact on 
the affected patients and on costs for the society [1, 2]. 
Physical function is an important determinant of health-
related quality of life (HRQoL) in r-axSpA patients and is 
known to be influenced independently by disease activity 
and accumulated structural r-axSpA-related alterations 
in the spine [3, 4]. To evaluate physical ability, the Bath 
Ankylosing Spondylitis Functional Index (BASFI) was 
developed in 1994 [5]. BASFI consists of ten questions; 
eight specific questions regarding the level of difficulty 
to perform various physical tasks in everyday life and 
two questions reflecting the patient’s ability to cope with 
daily life. The BASFI instrument is widely used, is vali-
dated, quick, and easy to complete, and has been found 
to be reliable and sensitive to change [6, 7]. In addition, 
it is recommended for assessing physical function as one 
of the core outcomes in the recently updated Assessment 
of SpondyloArthritis international Society-Outcomes 
Measures in Rheumatology (ASAS-OMERACT) guide-
lines [8]. In recent years, accumulating evidence has 
identified several important differences between the male 
and female r-axSpA phenotypes. In particular, males are 
affected by more comprehensive radiographic spinal skel-
etal alterations than females [9, 10]. Regarding patient-
reported outcome measures (PROMS) in r-axSpA, 
females tend to score higher in the Bath Ankylosing 
Spondylitis Disease Activity Index (BASDAI) than males 
while the Ankylosing Spondylitis Disease Activity Score 
(ASDAS) is reported without a clear difference between 
the sexes [11] and concerning BASFI, findings diverge in 
terms of a sex-difference or not [12–15]. Thorough analy-
ses of the different BASFI questions in relation to sex in 
r-axSpA are overall lacking.

To improve personalized healthcare efforts in r-axSpA 
patients, increased knowledge of what factors influence 
male and female functional impairment is important. 
Therefore, we aimed to investigate which demographic 
and disease-related factors that influence physical 
impairment in r-axSpA patients overall and in addition, 
stratified by sex. Furthermore, we wanted to elucidate 
how the different BASFI questions related to sex and how 
this could be explained. As a secondary aim, we sought to 
explore if predictors of BASFI differed between two sepa-
rate cohorts of patients with r-axSpA, one from western 
Sweden and the other from northern Sweden.

Methods
Patients
Patients with a diagnosis of AS (ICD-10 M45.9) were 
identified using the hospitals’ digital administrative sys-
tems in western Sweden (Sahlgrenska University Hospi-
tal (SU) and the county hospitals of Borås and Alingsås) 
and in Region Västerbotten of northern Sweden (Uni-
versity Hospital in Umeå (NUS), and the county hospi-
tals of Skellefteå and Lycksele). The medical records of 
all patients were subsequently reviewed by a rheuma-
tologist and only those fulfilling the modified New York 
criteria for AS were asked to participate in the study 
[16]. Recently, it was suggested that AS and r-axSpA can 
be used as interchangeable terms, and thus, we will use 
the name r-axSpA in this report [17]. Exclusion criteria 
were psoriasis, inflammatory bowel disease, dementia, 
pregnancy, having another rheumatic disease, and diffi-
culty in understanding the Swedish language. As shown 
in the flowchart in Fig. 1, out of initially 607 invited par-
ticipants, 107 did not respond to the invitation,116 did 
not want to participate, and 19 met exclusion criteria. 
Two hundred nine patients from western Sweden were 
enrolled in 2009 whereas 144 patients from northern 
Sweden were included during 2016–2017 as previously 
described in detail [18, 19]. Baseline inclusion data of 
353 participants in the combined cohort were used in the 
current study. Written informed consent was obtained 
from all patients, and the study was approved by the 
regional ethical review boards in Gothenburg (597–08) 
and Umeå (2016/208–31), Sweden. The study was per-
formed in accordance with the Declaration of Helsinki.

Physical examination and patient reported outcome 
measures
At inclusion, the 66/68 joint count was assessed and 
mobility measures including the Bath Ankylosing Spon-
dylitis Metrology Index (BASMI) were performed by 
experienced rheumatologists, as described previously 
[20, 21]. Weight and height were measured, and body 
mass index (BMI) was calculated. All patient-reported 
outcome measures (PROMs) were assessed at the same 
study visit, including BASFI and BASDAI [5, 22]. ASDAS 
was also assessed at inclusion in all patients except for 
those enrolled in 2009 where this outcome was calcu-
lated retrospectively [23]. In these instruments, higher 
values reflect worse outcomes. Furthermore, the patients 
answered questions regarding comorbidities, smoking 

Keywords  Spondyloarthritis, Ankylosing spondylitis, Functional performance, Radiography, Sex, Fatigue, Cross-
sectional study



Page 3 of 12Hallström et al. Arthritis Research & Therapy          (2023) 25:182 	

habits, medication, and disease-related features such as 
hip arthritis.

Radiography
Lateral x-rays of the cervical and lumbar spine were 
acquired according to the study protocol.

The radiographs were scored by the same experienced 
radiologist for cumulative AS-related spinal structural 
alterations using Modified Stoke Ankylosing Spondyli-
tis Spinal Score (mSASSS) [24]. Intra-reader reliability 
of this specific radiologist has been previously assessed 
showing excellent agreement, intraclass correlation coef-
ficient 0.98 (95% CI 0.96 to 0.99) [10].

Laboratory tests
Blood samples were drawn for measurement of high sen-
sitivity (hs) C-reactive protein (CRP) and erythrocyte 
sedimentation rate (ESR) and were consecutively ana-
lyzed with standard laboratory techniques. The presence 
of the human leukocyte antigen (HLA)-B27 was con-
trolled in all patients.

Statistics
Continuous variables are presented as mean and stand-
ard deviation (SD) or median and quartile 1 (Q1) and 
quartile 3 (Q3) where appropriate, while categorical 
variables are shown as numbers and percentages. An 
independent samples t-test was used to compare con-
tinuous variables, whereas the chi-squared test was used 
for dichotomous variables. ANOVA and the Tukey HSD 
test were applied when comparing several groups. For 

correlation, Pearson correlation analyses were used. To 
investigate which factors influence r-axSpA-related phys-
ical impairment, multivariable linear regression analyses 
were performed using the BASFI score as the outcome. 
Because the left-skewed distribution of BASFI caused 
heteroscedasticity, BASFI was stratified into 10-percen-
tiles. Stratification of the outcome produced improved 
residual scatterplots and more robust results compared 
to log transformation. Percentile stratification was there-
fore also used in analyses of the individual BASFI ques-
tions. The inclusion of predictors was made by the enter 
method. Regression models were performed with all 
patients included and stratified by sex. As our secondary 
aim, and as a sensitivity analysis, the final models were 
repeated with the patients separated by geographical 
cohort. Independent variables were selected according to 
hypothetical reasoning and to what is previously known 
from the literature. For a full list of evaluated variables, 
see the correlation matrix in Supplementary Table  1, 
Additional file 1. Because BASDAI questions (QN) “over-
all level of fatigue/tiredness” (BASDAI QN1) and “dis-
comfort from areas tender to touch” (BASDAI QN4) are 
not included in the ASDAS instrument, they were evalu-
ated as covariates alongside ASDAS. In the initial, explor-
ing models, 17 different demographic and disease-related 
variables were selected as predictors of BASFI. The total 
number of independent variables included in the initial 
sex-stratified models was reduced to maintain good pre-
diction despite fewer cases. Male sex was coded as 1 and 
female sex as 2. The following independent factors that 
did not affect the model significantly were excluded from 

Fig. 1  Flowchart of the inclusion process. r-axSpA radiographic axial spondyloarthritis
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the final models: delay of diagnosis, swollen joint count 
66, tender joint count 68, history of hip arthritis, his-
tory of peripheral arthritis, history of anterior uveitis, 
HLA-B27, ever/never smoker, and smoking packyears. 
Symptom duration was excluded due to strong collinear-
ity with age (r > 0.7) whereas BASMI and mSASSS were 
analyzed in separate models, also because of collinear-
ity (r > 0.7). To elucidate which factors influence the sex 
differences demonstrated in the current study, the pro-
cedure was repeated using the individual BASFI ques-
tions “look over your shoulder without turning the body” 
(BASFI question QN8) and “climbing 12–15 steps with-
out using a handrail or walking aid” (BASFI QN7) as out-
comes. These two variables were also skewed, and while 
a homoscedastic model could be achieved using BASFI 
QN8 grouped into 10-percentiles, BASFI QN7 had to be 
grouped into 20-percentiles. To shed light on the asso-
ciation between individual BASFI questions, BASMI, 
mSASSS, and the cervical portion of mSASSS, bivariate 
correlation analysis was performed using each individual 
BASFI item and mSASSS, cervical mSASSS, followed by 
BASMI. All analyses were performed using SPSS statis-
tics v.27 (SPSS Inc., IBM corp., Armonk, NY, USA) and 
p ≤ 0.05 was considered statistically significant.

Results
Patients
Totally, 353 r-axSpA patients were included in the cur-
rent analysis (Fig.  1) of which 220 (62.3%) were males 
(Table 1). The mean age was overall 52.2 ± 12.7 years, with 
a mean symptom duration of 27.1 ± 13.0 years. BMI was 
slightly higher among males compared to females. HLA-
B27 was present in 91.8% and more prevalent among 
male than female patients (95.5% vs. 85.7%, p = 0.001). 
HsCRP was increased in males compared to females, 
whereas ESR was higher in females than males. Among 
clinical outcome measures, BASDAI was reported higher 
in females (4.0 ± 2.0 vs. 3.4 ± 2.1, p = 0.006), while BASMI 
was higher in males (3.7 ± 1.8 vs. 3.3 ± 1.4, p = 0.01). Ten-
der joint count 68 was higher in females than in males. 
Furthermore, female participants had fewer radiographic 
spinal alterations overall and also in the cervical spine 
compared to males. No difference between sexes was 
seen regarding BASFI or ASDAS-CRP. The radiographs 
were acquired 36.0 ± 32.5 days (mean ± SD) after the clini-
cal assessments. Concerning therapy, current medication 
was evenly distributed between sexes, and overall, 19.5% 
of patients were prescribed biological disease- modifying 
anti-rheumatic drugs (bDMARDs) (Table 1).

Factors that influence physical function measured by BASFI
As seen in model 1, female sex had a negative impact 
on BASFI when introduced as a covariate beside other 

identified predictors of the outcome (Table  2). Further-
more, in model 2 (All patients), BASDAI QN1 (fatigue) 
and BASDAI QN4 (Tenderness) were added as independ-
ent variables, and now, female sex was no longer a signifi-
cant independent predictor of BASFI. When comparing 
models including BASMI to those including mSASSS, 
BASMI produced consistently higher R2 values com-
pared to mSASSS. In the best-performing model, includ-
ing all patients (model 3, R2 = 0.61), five covariates were 
independently associated with the BASFI score. Increas-
ing age, higher ASDAS-CRP, BASMI, BASDAI QN1, 
and BASDAI QN4 all corresponded to a higher BASFI. 
Furthermore, in the models separated by sex, mSASSS 
turned out a significant predictor of BASFI in males but 
not in females. BASDAI QN4 was not associated with 
BASFI among males after adjusting for BASMI, while in 
females, this variable remained significant in all models.

Individual BASFI questions and relation to sex
Male and female r-axSpA patients were compared 
regarding individual BASFI questions, presented in 
Fig.  2. The numerically highest/worst scored question 
among males was “look over your shoulder without turn-
ing the body” (BASFI QN8). The hardest task for females 
was “getting up from lying on the floor on the back” 
(BASFI QN5). Significant sex differences were detected 
in two of the questions; BASFI QN8 was scored worse 
in males vs females (mean 4.43 ± 3.37 vs 3.74 ± 3.06, 
p = 0.05), whereas “climbing 12–15 steps without using a 
handrail or walking aid” (BASFI QN7) was scored worse 
in females vs males (mean 2.49 ± 2.77 vs 1.54 ± 2.32, 
p < 0.001).

Factors that influence sex differences in individual BASFI 
questions
Using the ability to look over the shoulder (BASFI QN8) 
as the outcome in a multivariable linear regression model, 
age, mSASSS, and ASDAS-CRP were significant inde-
pendent predictors. Male sex, however, was no longer 
independently associated with BASFI QN8 after adjust-
ing for mSASSS. In sex-separated models, results were 
similar; age, mSASSS, and ASDAS-CRP were all signifi-
cantly associated with the outcome (Table 3). A switch of 
mSASSS to BASMI improved the female model (R2 = 0.29 
vs. 0.41) but not the male counterpart (R2 = 0.47 vs. 0.45) 
(Supplementary Table 2, Additional file 2).

Influencing factors of the ability to climb stairs with-
out a handrail (BASFI QN7) were also explored using 
multivariable linear regression analyses (Table  3). Since 
mSASSS did not independently predict BASFI QN7 in 
any of the models, BASMI was used instead (Supplemen-
tary Table 2, Additional file 2). In the model including all 
patients, female sex remained a significant independent 
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predictor of the outcome even after adjusting for age, 
BMI, ASDAS CRP, BASDAI QN1, BASDAI QN4, and 
BASMI. In the models separated by sex, BASFI QN7 in 
males was associated with age, BMI, ASDAS CRP, and 
BASDAI QN1, while the outcome in females was related 
to ASDAS CRP, BASDAI QN4, and BASMI. Neither 
patient- nor physician-reported history of hip arthri-
tis was independently associated to BASFI QN7, in any 
model.

In consecutive bivariate correlation analyses, BASFI 
QN8 showed a moderate correlation to mSASSS 

(r = 0.53, p = 0.001) and also to the cervical portion 
of mSASSS (r = 0.53, p < 0.001) whereas a strong cor-
relation was seen between BASFI QN8 and BASMI 
(r = 0.62, p < 0.001) (Supplementary Table 3, Additional 
file 3). All other BASFI questions correlated weakly to 
the radiographical indexes, whereas weak to moder-
ate correlation was seen in regard to BASMI. Further 
analysis on BASFI QN8 was performed by dividing the 
full cohort in mSASSS quartiles (Fig.  3). Here, signifi-
cant differences were seen between the quartile-groups 
in regard to BASFI QN8.

Table 1  Descriptive characteristics of 353 patients with radiographic axial spondyloarthritis

Values are mean ± standard deviation, median (quartile (Q)1, Q3), or n (%). Independent samples t-test was used for continuous variables. Chi-squared test was used for 
dichotomous variables. Highlighted in bold are p-values ≤ 0.05

BMI body mass index, r-axSpA radiographic axial spondyloarthritis, HLA-B27 human leukocyte antigen B27, ESR erythrocyte sedimentation rate, hsCRP high sensitivity 
C-reactive protein, BASDAI Bath Ankylosing Disease Activity Index, ASDAS Ankylosing Spondylitis Disease Activity Score, BASFI Bath Ankylosing Spondylitis Functional 
Index, BASMI Bath Ankylosing Spondylitis Metrology Index, BASDAI question (QN)1 overall level of fatigue/tiredness, BASDAI QN4 overall level of discomfort from areas 
tender to touch, mSASSS Modified Stoke Ankylosing Spondylitis Spinal Score, mSASSS cervical Cervical portion of mSASSS, csDMARD conventional synthetic disease 
modifying anti-rheumatic drug, b biologic NSAID non-steroidal anti-inflammatory drug
a n = 350, bn = 352, cn = 351 dn = 218, en = 132, fn = 217, gn = 219

General characteristics

All patients Males Females p-value

Sex 353 220 (62.3) 133 (37.7)

Age, years 52.2 ± 12.7 51.7 ± 13.0 53.0 ± 12.2 0.4

BMI, kg/m2 26.8 ± 4.9 27.2 ± 5.0 25.9 ± 4.6 0.008
Current smoker 39 (11) 24 (10.9) 15 (11.3) 0.9

Ever smoker 168 (47.6) 103 (46.8) 65 (48.9) 0.7

r-axSpA variables

Symptom duration, years 27.1 ± 13.0a 26.8 ± 12.8d 27.5 ± 13.4e 0.7

HLA-B27-positive 324 (91.8) 210 (95.5) 114 (85.7) 0.001
ESR, mm/h 14.6 ± 12.8, 11 (6, 19) 13.2 ± 12.3, 10 (5, 17) 16.8 ± 13.4, 14.0 (8, 23) 0.009
hsCRP, mg/L 5.4 ± 8.3, 2.8 (1, 6)b 6.1 ± 9.5, 3.0 (1, 7) 4.4 ± 5.9, 2.1 (1, 5)e 0.04
History of anterior uveitis 181 (51.2) 117 (53.2) 64 (48.1) 0.4

History of peripheral arthritis 206 (58.4) 118 (53.6) 88 (66.2) 0.02
History of coxitis 47 (13.3) 27 (12.3) 20 (15.0) 0.5

BASDAI, score 3.6 ± 2.0a 3.4 ± 2.1f 4.0 ± 2.0 0.006
ASDAS CRP, score 2.0 ± 0.9b 2.0 ± 0.9 g 2.1 ± 0.8 0.4

BASFI, score 2.8 ± 2.1c 2.7 ± 2.0 g 2.9 ± 2.1e 0.2

BASMI, score 3.5 ± 1.7 3.7 ± 1.8 3.3 ± 1.4 0.01
BASDAI QN1 Fatigue 4.6 ± 2.6 4.2 ± 2.5 5.2 ± 2.6 0.001
BASDAI QN4 Level of discomfort 3.0 ± 2.7c 2.6 ± 2.4d 3.7 ± 2.8  < 0.001
mSASSS, score 15.5 ± 19.7, 6 (0, 24)c 20.5 ± 21.6, 11.5 (2, 34)d 7.4 ± 12.5, 2.0 (0, 10)  < 0.001
mSASSS cervical, score 7.0 ± 11.2, 1.0 (0, 9)c 9.6 ± 12.5, 2.5 (0, 17)d 2.8 ± 6.9, 0.0 (0, 2)  < 0.001
Days to X-rays 36.0 ± 32.5, 27.5 (21, 41)c 38.7 ± 39.6, 27.0 (21, 40)d 31.4 ± 13.6, 28.0 (22, 41) 0.007
Swollen joint count 66 0.2 ± 0.9b 0.2 ± 1.0 0.1 ± 0.8e 0.9

Tender joint count 68 1.3 ± 4.9 0.4 ± 1.2 2.8 ± 7.5  < 0.001
Delay of diagnosis, years 9.2 ± 8.1a 8.0 ± 7.5d 11.3 ± 8.6e  < 0.001
csDMARD monotherapy 40 (11.3) 21 (9.5) 19 (14.3) 0.2

bDMARD monotherapy 29 (8.2) 20 (9.1) 9 (6.8) 0.4

csDMARD and bDMARD 40 (11.3) 29 (13.2) 11 (8.3) 0.2

NSAID, regular or on demand 279 (79.3)b 170 (77.3) 109 (82.0)e 0.2
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Fig. 2  Comparison between the different BASFI questions in males and females with r-axSpA. Values are mean. Independent samples t-test 
was used. Error bars are 95% confidence interval. *p = 0.05, ***p < 0.001. BASFI Bath Ankylosing Spondylitis Functional Index; r-axSpA radiographic 
axial spondyloarthritis

Table 3  Multivariable linear regression analyses exploring factors associated with BASFI QN8 and BASFI QN7

The outcomes of the models are 10 percentiles of Bath Ankylosing Spondylitis Functional Index (BASFI) question (QN) 8 and 20 percentiles of BASFI QN7. All patients 
are included in the first model and consecutively separated by sex. Highlighted in bold are p-values ≤ 0.05. BMI, BASDAI QN1, or BASDAI QN4 had no significant 
independent influence on BASFI QN8 and were excluded from the models. Likewise, mSASSS had no independent influence on BASFI QN7 in any model and was 
therefore excluded. R2, coefficient of determination; B, unstandardized regression coefficient; CI, confidence interval; ASDAS, Ankylosing Spondylitis Disease Activity 
Score; CRP, C-reactive protein; mSASSS, Modified Stoke Ankylosing Spondylitis Spinal Score; BMI, body mass index; Fatigue, Bath Ankylosing Disease Activity Index 
(BASDAI) question (QN)1; Tenderness, BASDAI QN4; BASMI, Bath Ankylosing Spondylitis Metrology Index

All Males Females

B (95% CI) p-value B (95% CI) p-value B (95% CI) p-value

BASFI QN8; the ability to look over shoulder

  R2 0.41 0.47 0.29

  Constant  − 0.70 (− 1.97 to 057) 0.31  − 0.31 (− 1.66 to 1.05) 0.70  − 1.08 (− 3.22 to 1.06) 0.32

  Age, years 0.06 (0.04 to 0.08)  < 0.001 0.05 (0.03 to 0.08)  < 0.001 0.07 (0.03 to 0.10)  < 0.001
  ASDAS CRP, score 0.98 (0.70 to 1.25)  < 0.001 0.94 (0.61 to 1.27)  < 0.001 1.07 (0.57 to 1.56)  < 0.001
  mSASSS, score 0.06 (0.05 to 0.08)  < 0.001 0.06 (0.05 to 0.08)  < 0.001 0.06 (0.03 to 0.09)  < 0.001
  Female sex 0.10 (− 0.42 to 0.62) 0.70 NA NA

 BASFI QN7; the ability to climb stairs without a handrail

  R2 0.37 0.36 0.35

  Constant  − 1.53 (− 2.45 to − 0.60) 0.001  − 1.10 (− 2.09 to − 1.00) 0.032  − 0.76 (− 2.30 to 0.78) 0.33

  Age, years 0.03 (0.01 to 0.04)  < 0.001 0.03 (0.01 to 0.04)  < 0.001 0.02 (− 0.00 to 0.04) 0.07

  ASDAS CRP, score 0.36 (0.17 to 0.54)  < 0.001 0.37 (0.15 to 0.59) 0.001 0.35 (0.03 to 0.67) 0.034
  BMI, kg/m2 0.03 (0.01 to 0.06) 0.022 0.03 (0.00 to 0.06) 0.040 0.02 (− 0.03 to 0.07) 0.33

  Fatigue, score 0.10 (0.04 to 0.16) 0.001 0.11 (0.03 to 0.18) 0.006 0.09 (− 0.01 to 0.18) 0.08

  Tenderness, score 0.08 (0.02 to 0.14) 0.007 0.06 (− 0.02 to 0.13) 0.17 0.11 (0.01 to 0.20) 0.026
  BASMI, score 0.09 (− 0.00 to 0.19) 0.059 0.05 (− 0.06 to 0.16) 0.36 0.22 (0.02 to 0.42) 0.033
  Female sex 0.40 (0.13 to 0.67) 0.003 NA NA
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Factors that influence physical function measured by BASFI 
in two geographically different r‑axSpA cohorts
As a sensitivity analysis, and to investigate potential dif-
ferences between two geographically distinct r-axSpA 
cohorts in Sweden, influencing factors of BASFI were 
also explored in the separated cohorts. Hence, multi-
variable linear regression analyses were performed using 
BASFI as the outcome (Supplementary Table  4, Addi-
tional file 4). BASDAI QN4 proved a significant predictor 
of BASFI in r-axSpA patients from western Sweden, but 
not in participants from northern Sweden. Otherwise, no 
significant difference between the two cohorts was seen 
in the models.

Discussion
In this cross-sectional cohort study, the demographic 
and disease-related factors that influenced the impair-
ment of physical function assessed by BASFI in r-axSpA 
patients overall and stratified by sex were investigated. 
Identified factors contributing to higher BASFI in age, 
BMI, and sex-adjusted models were ASDAS-CRP, 
BASMI, mSASSS, fatigue, and discomfort from tender 

areas. While there was no sex difference in total BASFI 
scores, females compared to males reported worse func-
tion in BASFI QN7, the ability to climb stairs, whereas 
males compared to females reported worse BASFI QN8, 
the ability to look over the shoulder without turning 
the body. When comparing two geographically distinct 
cohorts, comparable findings were made regarding fac-
tors associated with BASFI.

A consistent difference in BASFI scores between male 
and female r-axSpA patients is not seen in the literature. 
Some researchers found worse outcomes among females 
while others reported no difference [12, 25–28]. The sex 
comparison regarding the total BASFI score in the pre-
sent study is in line with the latter. We interpret this dis-
crepancy in the literature to be explained by the varying 
degree of influencing disease-related factors seen in dif-
ferent study cohorts. Indeed, in a study of early axSpA, 
sex difference regarding BASFI was seen in the non-r-
axSpA fraction but not in r-axSpA patients [15]. Among 
the known determinants of BASFI are disease-related 
structural alterations of the spine which have been 
repeatedly shown to associate with BASFI [3, 28–30].

Fig. 3  The reported ability to look over the shoulder in r-axSpA patients in relation to mSASSS. BASFI question 8, the ability to look 
over the shoulder, was examined in the cohort divided into quartiles based on mSASSS. ANOVA and the Tukey HSD/LSD test were used. The 
number of patients in this analysis was 351. ***p < 0.001, **p < 0.01. BASFI Bath Ankylosing Spondylitis Functional Index, r-axSpA radiographic axial 
spondyloarthritis; mSASSS Modified Stoke Ankylosing Spondylitis Spinal Score; Q Quartile
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In the present study, surprisingly, no independent 
effect of mSASSS was seen on BASFI in female patients. 
Whereas studies specifically investigating the effects of 
mSASSS on BASFI in females using multivariable models 
is overall lacking, Lee et al. found no difference between 
the sexes when comparing bivariate correlations between 
structural changes of the spine and BASFI [31]. We inter-
pret the present finding as a result of a combination of 
low levels of spinal radiographic changes in the female 
r-axSpA patients in our study and strong influence on 
BASFI by other disease-related factors on the r-axSpA 
females included in our models.

Furthermore, the independent influence of BASMI and 
ASDAS-CRP on BASFI was seen regardless of sex, which 
is consistent with previous studies [30, 32]. In our first 
model including BASMI, ASDAS-CRP, age, and BMI, 
female sex independently predicted worse BASFI. After 
the addition of the two BASDAI questions, fatigue (BAS-
DAI QN1) and discomfort from tender areas (BASDAI 
QN4), the negative influence of female sex was dimin-
ished. This result is in part coherent with previous stud-
ies showing that sex does not affect BASFI after adjusting 
for the total BASDAI score [28, 30]. Furthermore, the 
findings that BASDAI QN1 and QN4 influence BASFI, 
independently of disease activity measured by ASDAS-
CRP, are in line with what is known about the impact 
of comorbid fibromyalgia on BASFI [33, 34]. BASDAI 
QN4 was not scored as high among the males compared 
to females in our study, which most likely explains the 
absence of BASDAI QN4 influence on BASFI in the male 
patients.

To the best of our knowledge, this study is the first 
to investigate the relationship between sex and sepa-
rate BASFI questions in a western European r-axSpA 
cohort. The ability to look over shoulders without 
turning the body (BASFI QN8) was scored signifi-
cantly worse among males compared to females. This 
novel finding was related to the higher level of struc-
tural alterations in the spine in males compared to 
females. Indeed, our results altogether indicate a strong 
influence of mSASSS on this specific PROM and this 
impact was seen in both sexes. A previous study of an 
Iranian r-axSpA cohort did not detect a sex difference 
regarding BASFI QN8. This discrepancy likely reflects 
a shorter disease duration of patients and a lower per-
centage of women seen in the Iranian study compared 
to the present Swedish cohort [35]. We found that 
the ability to climb stairs without a handrail (BASFI 
QN7) was worse in females compared to males, which 
is, however, in line with the findings of Shalaee et  al. 
[35]. In our study, the influencing factors of BASFI 
QN7 were indeed different in males vs females. How-
ever, because the independent association of female sex 

and BASFI QN7 persisted despite adjustment for other 
demographic and disease-related factors in the model, 
we interpret these findings do not fully explain why 
BASFI QN7 is worse in females. Plausible contributing 
factors might be more frequent enthesitis at the greater 
trochanter in females and lesser muscle mass in the 
lower extremities [36, 37].

As our secondary aim, the multivariable regression 
model was repeated, using the BASFI score as the out-
come in patients separated by geographical region. The 
results were essentially consistent in the two separated 
cohorts from northern Sweden and western Sweden. 
BASDAI QN4 did not independently influence patients 
from northern Sweden, which may be an effect of fewer 
patients in this cohort. Except for BMI which indepen-
dently associated with BASFI in the combined cohort 
only, results were similar to the main findings which 
highlights the robustness of the results.

We interpret the similar BASFI scores in male and 
female r-axSpA patients found in our study to be 
explained by equalization of the greater level of structural 
changes of the spine in males, by the higher level of expe-
rienced fatigue and pain in females. Our results empha-
size the impact of fatigue on physical function in both 
men and women, which needs to be acknowledged when 
assessing r-axSpA patients. Furthermore, since ASDAS-
CRP does not measure fatigue, the functional capacity 
of patients may be overestimated by clinicians focusing, 
in particular, on disease activity. This stresses the impor-
tance of using a dedicated PROM for physical function. 
Moreover, a low grade of disease-related alterations in 
the spine does not necessarily correspond to low BASFI, 
especially in females. Furthermore, our results indicate 
that self-reported stiffness in the cervical spine is spe-
cifically influenced by disease-related structural changes; 
hence, special attention is warranted in both male and 
female r-axSpA patients who present in the clinic with 
such complaints.

Limitations of the study include the cross-sectional 
nature of data, which introduces some level of uncer-
tainty. Furthermore, in the current analysis, we lack data 
on radiographically graded sacroiliitis, which has been 
found to affect BASFI to some degree in a previous study 
[38]. Fibromyalgia was not a registered co-morbidity in 
the study. Hence, we could not adjust for this disorder, 
and because of its known influence on BASFI scores, we 
consider this a limitation of the study [33]. Finally, the 
lack of x-rays of the hips is a limitation of the investi-
gation of the ability to climb stairs. The strength of the 
study is the access to highly detailed data achieved from 
a well-defined r-axSpA cohort. Moreover, this cohort 
possesses a relatively high proportion of females, which 
enables studies on the relationship to sex. Furthermore, 
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patients were included in two geographically distinct 
regions in Sweden, which promotes generalizability.

In the present study, BASFI QN8 excelled as a strong 
patient-reported indicator of accrued damage in the 
spine. Future studies may elucidate whether this PROM 
also associate with lesions on MRI indicative of active 
disease or predict structural radiographic progression of 
the spine. An easily available patient-reported indicator 
of disease would be useful above all in the early phases 
of disease and potentially in non-r-axSpA. Moreover, the 
influencing factors of the reported ability to climb stairs 
in female r-axSpA patients need to be further clarified. 
Studies specifically focusing on patterns of physical activ-
ity, biomechanics, and factors affecting the lower limbs 
may disentangle this ambiguity.

Conclusions
No difference between male and female r-axSpA patients 
was seen in BASFI scores despite significant sex differ-
ences in BASMI, mSASSS, and CRP levels. Our results 
underline the impact of fatigue and tenderness on BASFI 
which needs to be acknowledged when assessing physi-
cal function in r-axSpA patients. The ability to look over 
the shoulder was worse in males than females and closely 
related to spinal mobility and structural spinal changes. 
Thus, special attention is warranted to r-axSpA patients 
who bring forward complaints indicative of impaired 
ability to look over the shoulder.
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