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Sex-specific diagnostic efficacy of MRI
in axial spondyloarthritis: challenging
the ‘One Size Fits All’ notion
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Judith Rademacher
Iris Eshed

Denis Poddubnyy © ® Katharina Ziegeler

ABSTRACT

Objectives Sex-specific differences in the presentation
of axial spondyloarthritis (axSpA) may contribute to a
diagnostic delay in women. The aim of this study was to
investigate the diagnostic performance of MRI findings
comparing men and women.

Methods Patients with back pain from six different
prospective cohorts (n=1194) were screened for inclusion
in this post hoc analysis. Two blinded readers scored the
MRI data sets independently for the presence of ankylosis,
erosion, sclerosis, fat metaplasia and bone marrow
oedema. X tests were performed to compare lesion
frequencies. Contingency tables were used to calculate
markers for diagnostic performance, with clinical diagnosis
as the standard of reference. The positive and negative
likelihood ratios (LR+/LR-) were used to calculate the
diagnostic OR (DOR) to assess the diagnostic performance.
Results After application of exclusion criteria, 526
patients (379 axSpA (136 women and 243 men) and

147 controls with chronic low back pain) were included.
No major sex-specific differences in the diagnostic
performance were shown for bone marrow oedema (DOR
m: 3.0; f: 3.9). Fat metaplasia showed a better diagnostic
performance in men (DOR 37.9) than in women (DOR 5.0).
Lower specificity was seen in women for erosions (77%
vs 87%), sclerosis (44% vs 66%), fat metaplasia (87% vs
96%).

Conclusion The diagnostic performance of structural
MRI markers is substantially lower in female patients with
axSpA; active inflammatory lesions show comparable
performance in both sexes, while still overall inferior to
structural markers. This leads to a comparably higher risk
of false positive findings in women.

INTRODUCTION

Axial spondyloarthritis (axSpA) is a chronic
inflammatory disease of the axial skeleton
that has historically been regarded as a
predominantly male disease,1 but is more
recently recognised as affecting both sexes
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= Axial spondyloarthritis has a larger diagnostic delay
in women than in men.

= Female patients with chronic low back pain are
more likely to suffer from degenerative or mechan-
ical stress-induced disease of the sacroiliac joints
than men, which may be connected to significant
sex differences in joint biomechanics.

WHAT THIS STUDY ADDS

= Imaging appearance of axial spondyloarthritis dif-
fers between the sexes, with more ankylosis and fat
metaplasia in men and more sclerosis in women;
however, no sex-specific differences were shown
for bone marrow oedema in axial spondyloarthritis
patients.

Diagnostic performance of established imaging
markers on MRI is substantially lower in women.
Notably ankylosis, which is generally viewed as the
most specific imaging marker for axial spondyloar-
thritis, carries a significant risk of false positives in
female patients.

Exclusion of lesions from the ventral joint third, that
is, the mechanical load zone, increases diagnostic
performance.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Based on these findings, future revisions of imaging
criteria may consider sex-specific recommenda-
tions, improving diagnostic accuracy for male and
female patients.

to a similar degree.”™ However, disease pres-
entation may differ considerably between
men and women, with men facing a higher
risk of structural damage whereas women are
more susceptible to peripheral manifesta-
tions.? Furthermore, previous studies showed
that female patients with axSpA report
perception of pain, stiffness, fatigue and loss
of mobility at higher rates than their male
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Patient flow and clinical characteristics

GESPIC-AS GESPIC-Crohn
Patients 133 Patients 108 Patients 207

Females 32.3% Females 53.7% Females 45.9%

GESPIC-Uveitis

OptiRef SIMACT VNC-SWI
Patients 564 Patients 110 Patients 72

Females 52.7% Females 50.9% Females 41.7%

Excluded (n=668)
No evident LBP 158

Incomplete clinical data 33
Imaging incomplete 477

l

37.6 (£11.4)
35.9% (136/379)

axSpA (n=379)
Age (mean years, SD):
Females (%,n):

controls (n=147)
Age (mean years, SD):
Females (%,n):

37.6 (+11.4)
62.6 % (92/147)*

male subjects (n=243)

female subjects (n=136)

Age (mean years, SD): 38.5 (+11.7) Age (mean years, SD): 37.1 (+11.3)

CRP (mean mg/l, SD): 7.2 (+10.8) CRP (mean mgl/l, SD): 9.5 (+14.7)
HLA-B27+ (%,n): 78.9% (105/133) HLA-B27+ (%,n): 90.5% (218/241)*
BASDAI (mean, SD): 4.6 (+2.0) BASDAI (mean, SD): 4.4 (+2.0)

Symptom duration (months): 127.8 (+118.0) Symptom duration (months): 125.1 (+108.9)

female subjects (n=92

male subjects (n=55)

Age (mean years, SD): 40.0 (+10.7) Age (mean years, SD): 38.7 (+10.6)
CRP (mean mg/l, SD): 3.0 (¢4.0) CRP (mean mg/l, SD): 1.8 (+4.0)
HLA-B27+ (%,n): 36.7% (33/90) HLA-B27+ (%,n): 46.9% (23/49)
BASDAI (mean, SD): 4.7 (+1.7) BASDAI (mean, SD): 3.3 (x1.9)

Symptom duration (months): 104.6. (+98.0) Symptom duration (months): 82.0 (+103.6)

Figure 1

Patient inclusion and clinical characteristics. Significantly higher frequencies or mean values in comparisons

between female and male subjects of the same group, as detected by unpaired t-tests or x2 tests are printed in bold and
marked with an asterisk (*). axSpA, axial spondyloarthritis; BASDAI, Bath Ankylosing Spondylitis Disease Activity Index; CRP,
C-reactive protein; GESPIC, GErman Spondyloarthritis Inception Cohort; HLA, human leucocyte antigen; LBP, low back pain;
OptiRef, Optimal Referral Strategy for Early Diagnosis of Axial Spondyloarthritis; SIMACT, Sacrolliac joint MRI and CT; VNC-

SWI, virtual Non-Calcium—Susceptibility Weighted Imaging.

counterparts.” > ® Concomitant diagnoses such as depres-
sion and fibromyalgia are also seen more commonly in
women.” In women, chronic low back pain (LBP), as
a clinical hallmark of axSpA is more closely associated
with degenerative or mechanical stress-induced disease
of the sacroiliac joint (SIJ). The female SIJ is exposed to
more mechanical strains,® especially during pregnancy
and childbirth.” Therefore, joint lesions detected in the
diagnostic process are more commonly attributed to
degenerative or mechanical joint disease, for example,
osteitis condensans ilii'’ or axial osteoarthritis. In addi-
tion, the female SIJ comparatively more prone to exhibit
variations in anatomical form, which has recently been
linked to both degenerative and inflammatory lesions on
imaging."'

These different factors may contribute to underdiag-
nosis of axSpA in women clinically, although imaging
findings are more likely to lead to overdiagnosis.”
Though crucial for the diagnosis of sacroiliitis, bone
marrow oedema (BME) has limited specificity, particu-
larly in women, mainly since mechanical overload, such
as intensive sporting activities and pregnancy, and recent
labour, can lead to periarticular sacroiliac BME persisting
for several yeaurs.12 % For this reason, BME alone, espe-
cially in the ventral joint portion,10 " does not appear
to be well suited to differentiate early axSpA, especially
non-radiographic axSpA, from non-axSpA findings,"”
and should generally not be interpreted without regard
to structural lesions, especially erosions.'® In addition,

erosions are relatively common even in healthy elderly
individuals.'”

All these factors may contribute to a longer diagnostic
delay in the diagnosis for axSpA in women'® 1 resulting
in greater impairment of quality of life and physical func-
tion.*” A potential tool to overcome diagnostic delay
and misdiagnosis is sex-disaggregation of medical data,
which is practiced in a variety of medical specialties, but
has only recently gained interest within the rheumato-
logical community” and is controversial.*' Since imaging
plays a vital role in the diagnostic process of axSpA, the
establishment of a sex-specific imaging phenotype is a
promising step towards overcoming sex-disparities. The
purpose of this analysis was to investigate the differences
in diagnostic performance of MRI findings in men and
women.

MATERIALS AND METHODS

Patients

This study was designed as a post hoc analysis of six
different prospective cohorts: the GErman Spondyloar-
thritis Inception Cohort (GESPIC), with its three arms
(ankylosing spondylitis (AS), Crohn, Uveitis),”* ™ the
Optimal Referral Strategy for Early Diagnosis of Axial
Spondyloarthritis (OptiRef) study,” the Sacrolliac joint
MRI and CT (SIMACT) study,27 and the Virtual Non-
Calcium—-Susceptibility Weighted Imaging (VNC-SWI)
study.28 In OptiRef, SIMACT and VNC-SWI patients
with chronic LBP and suspected axSpA were included.
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GESPIC-AS enrolled patients with active radiographic
axSpA before initiation of a biological disease-modifying
anti-rheumatic drug while in the other two arms patients
with either Crohn’s disease or acute anterior uveitis with
or without SpA were enrolled. The patient cohort was
divided in the axSpA group (based on the diagnosis made
by the rheumatologist) and the control group which
included patients without axSpA. A more comprehen-
sive description of the respective cohorts can be obtained
from the cited references; for the purpose of this investi-
gation, only baseline data was used. Patients with missing
or incomplete imaging (no available Tl-weighted and
short-tau inversion recovery (STIR) sequences or images
containing artefacts) or clinical data (eg, missing patients
characteristics such as age and sex) and no data regarding
back pain were excluded, see figure 1.

Patient and public involvement
There was no specific patient or public involvement in
this investigation.

Scoring system and lesion definition

After pseudonymisation of the oblique-coronal
Tl-weighted and STIR sequence imaging data sets, all
images were analysed using a structured scoring system,
which was a simplified version of those used in previous
studies.” First, each side was evaluated for ankylosis
(none/partial/complete), resulting in a total sum score
of 0—4—only changes in the cartilaginous portion of the
joint were graded in this category, not extra-articular
bridging osteophytes. Second, the SIJ was divided into
three portions: ventral, middle and dorsal third. The
ventral third of the SIJ was defined as the location at
which the true pelvis was in the centre of the MR image.
The visualisation of the sacral foramina was defined as
the middle third of the SIJ. The dorsal third was char-
acterised by the depiction of the sacral nerve roots. In
each portion, the iliac and sacral parts on both sides were
assessed separately for presence of erosion, sclerosis, fat
metaplasia and BME with a scoring range of 0-1 for each
parameter, resulting in a total sum score of 0-12 for each
parameter. Both readers were trained and calibrated on a
set of test cases prior to the scoring. All images were read
by two residents in diagnostic imaging (STU/KZ with 2/6
years of experience in musculoskeletal (MSK) imaging,
respectively) who were blinded to all clinical data. Cases
of disagreement, as well as cases of ankylosis in controls
were resolved in a consensus reading under the supervi-
sion of an expert MSK radiologist with 12 years of expe-
rience (TD).

Statistical analysis

Comparison of lesion frequencies per location and
group were performed with %* tests; sum scores were
compared using unpaired t-tests. Indicators of diagnostic
accuracy for different lesions and their combinations
were computed from cross-tabulations: sensitivity (SE),
specificity (SP), positive and negative predictive values

Ulas ST, et al. RMD Open 2023;9:€003252. doi:10.1136/rmdopen-2023-003252
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Figure 2 Distribution of lesions among patients with axSpA. Relative (%) lesion frequencies, given as comparisons between
female patients with axSpA (n=136) and male patients with axSpA (n=243). Asterisk (*) denotes significantly (p<0.004) higher
proportions in comparison to the other sex, p values were derived from x2 tests. axSpA, axial spondyloarthritis.

and likelihood ratios (LR+/LR-). In addition, the diag-
nostic OR (DOR) was calculated, which is simply LR+
divided by LR-.* A good LR+ was defined as >10 and a
good negative likelihood ratio was defined as <0.1,*" and
a DOR of >10 was considered to describe a strong test.”!
All analyses were carried out using SPSS V.27 with a two-
tailed significance level of alpha=0.05. To avoid inflation
of the alpha-error, significance levels for comparisons of
lesion frequencies per region were adjusted for multiple
comparisons with a Bonferroni correction (n=12),

resulting in an adjusted significance level of alpha=0.004
for these analyses.

RESULTS
Patients
A total of 1194 patients were evaluated, and 526
patients were included in the analysis after applying

exclusion criteria (missing clinical data, incomplete
imaging, no evident LBP). Of these, 379 (72.1%; 136

4
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women and 243 men with a mean age of 37.6+11.4)
were clinically diagnosed with axSpA (202 radio-
graphic axSpA, 63 women; 177 non-radiographic
axSpA, 98 women) by expert rheumatologists. Figure 1
shows patient inclusion and clinical characteristics. In
the control group (n=147; 92 women and 55 men with
a mean age of 37.6x11.4), 96 patients were diagnosed
with mechanical disease of the SIJ (including osteitis
condensans and diffuse idiopathic skeletal hyperos-
tosis) or degenerative spinal disease and 51 patients
were classified as non-specific back pain.

Distribution and extent of lesions

A summary of lesion frequencies and extent of findings
expressed as patient-level sum scores is given in table 1.
No major sex-specific differences in the distribution of
BME and erosions were found. A significantly higher
prevalence of fat metaplasia (58.8% vs 42.6%; p=0.003)
and ankylosis (24.3% vs 7.4%; p<0.001) was shown in
male patients with axSpA. Out of the overall four control
patients with ankylosis, three were diagnosed with diffuse
idiopathic skeletal hyperostosis (DISH) and one with
non-specific back pain (an imaging example is given
as online supplemental file 3). Sclerosis was generally
more common in women, both in the axSpA (75.0%
vs 57.6%; p<0.001) and in the control group (56.5% vs
34.5%; p=0.011). The spatial distribution of these lesions
in patients with axSpA, compared between female and
male patients is shown in figure 2. The figure shows that
the excess sclerosis in women is found in the ventral and
middle iliac joint portions, while fat metaplasia in men
is found in the ventral and middle sacral bone marrow.
Data for controls is shown in figure 3; this analysis yielded
no significant difference in spatial distribution of lesions
between the sexes.

Diagnostic performance

Diagnostic performance expressed as likelihood ratios
is given as table 2, while comprehensive compilation
of single and multiple parameter accuracy is provided
as online supplemental file 1. BME performed slightly
stronger in women with a DOR of 3.9 versus 3.0. However,
the most significant difference in single parameter perfor-
mance was found in fat metaplasia which had a higher
DOR in men (87.9) but not in women (5.0). In addi-
tion to fat metaplasia, erosion and sclerosis performed
at least slightly better in men—DOR 15.1 versus 7.8
and 2.6 versus 2.3, respectively. All markers performed
better, when only the middle and dorsal joint portions
were assessed, except for ankylosis which was assessed per
joint. The strongest diagnostic performance of param-
eter combinations was found for (partial) ankylosis and
erosions of the middle and dorsal joint portions with a
DOR of 10.9 for women and 28.6 for men. Inclusion of
further imaging markers resulted in marked decreases
of LR+ without sufficient improvements of LR—, leading
to an overall weaker diagnostic performance. Division
of the study population not just by gender but also by

disease duration yielded insufficient sample sizes, so
that detailed analysis of this aspect was not undertaken;
however, SE, SP and DOR of ankylosis, erosion, sclerosis,
fat metaplasia and BME in different disease duration
groups are given as online supplemental file 2.

DISCUSSION
This is the first large-scale analysis to investigate the sex-
specific diagnostic performance of MR imaging in axSpA.
While we found differences in the imaging appearance
and diagnostic performance of individual imaging
markers, we did not find different optimal combinations
of imaging parameters in MRI for men and women.
Contrary to expectations, no major sex-specific differ-
ences were found in the distribution of erosions and of
BME. The greatest difference was found for fat meta-
plasia and ankylosis, which is commonly considered a
highly specific imaging marker in axSpA; while our data
confirm this in men, we found a slightly more limited
diagnostic value for ankylosis in women, with 3 out of 13
women with ankylosis not suffering from axSpA versus
1 out of 55 men, although the overall low rates of anky-
losis in women should be taken into account. As controls
with ankylosis were likely to suffer from DISH, we believe
more focus on this differential diagnosis should be given
in cases with partial ankylosis without erosions.”” In our
analysis, exclusion of the ventral joint third resulted in
improved diagnostic performance of imaging markers
in both for men and women. The findings are in line
with those reported for CT* and previously for MRL,'
and are best explained by the fact that the ventral joint
portions are prone to degenerative lesions as they
constitute the mechanical load zone of the SIJ.** In a
previous study, sex-specific differences in the extent of
BME were shown in the general population depending
on the HLA-B27 positivity."” In contrast to these results,
we showed no major differences of BME in male patients
with axSpA and female patients with axSpA and in the
control group. This lack of the difference in the distribu-
tion of BME between the sexes reaffirms the well-known
importance of this specific active lesion as a diagnostic
tool for axSpA. It is assumed that structural damage and
severe radiological progression are more common in
male than in female patients with axSpA,” who exhibit
a slower radiographic progression, which may explain
the relatively greater number of women diagnosed with
non-radiographic axSpA as well as the longer delay in
diagnosis.” Adding to this deficit in SE, we also found
a comparatively lower SP for ankylosis, rendering this
imaging marker less suited in female patients with axSpA
than their male counterparts. Notably, even the most
favourable combination of parameters in our cohort did
not yield sufficient diagnostic accuracy to confirm (LR+
f: 4.3 or m: 7.1) or rule out axSpA (LR-f: 0.4 or m: 0.2)
based on MRI, while a recent investigation of our group
demonstrated that CT could indeed be used as a confir-
matory test with a good LR+ of 18.3.%
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Evidence is accumulating that the clinical presenta-
tion of axSpA differs between the sexes.” Furthermore,
women show greater functional impairment as well as
worse patientreported outcomes and lower response
to therapy compared with men and early diagnosis thus
targeted initiation of adequate therapy is crucial to
prevent disease progression and increase quality of life.*
However, accurate sex-specific data from clinical trials are
still lacking.”' Different sex-specific phenotypes of axSpA
appear to exist. This highlights not only the need to better
identify the signs and symptoms of axSpA according to

sex but also to establish sex-specific classification criteria
and align them to the corresponding profiles.

These results need to be interpreted with caution, for
different reasons. First, only conventional Tl-weighted
spin-echo sequences were used, which have well-
established limitations regarding the assessment of
structural lesions.”’” The MR images were compiled
from different study cohorts using different imaging
protocols. This may have had an impact on the assess-
ment of the lesions. The use of high-resolution gradient-
echo sequences would have significantly increased the
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Imaging

Table 2 Diagnostic performance

Parameter LR+ (95% CI) LR- (95% CI) DOR
Ankylosis F 2.3(0.6t08.0) 1.009t01.00 24
M 134(1.9t094.3) 0.8(0.7t00.8) 17.3
Erosion F 3.1 (2.1to 4.5) 0.4(0.3tc0.5) 7.8
M 54(2.7t010.8) 04(0.3t00.4) 15.1
Sclerosis F 1.3(1.1t0 1.6) 06(0.41t00.8) 23
M 1.7 (1.1to02.4) 0.6(0.5t00.8) 2.6
Fat metaplasia F 3.3(1.9t05.7) 0.7(0.6t00.8) 5.0
M 16.2(4.1t062.2) 0.4(0.4t00.5) 37.9
Bone marrow oedema F 2.1 (1.5t03.0) 05(0.41t00.7) 3.9
M  1.9(1.3t02.9) 0.6(0.5t00.8) 3.0
Erosion (middle and dorsal) F 4.7 (2.7 to 8.1) 04(0.4t00.6) 104
M 58(@2.7to12.5 0.4(0.3t00.5 144
Sclerosis (middle and dorsal) F 1.6(1.2102.2) 0.6(0.5t00.8) 2.7
M 23(1.3to4.1) 0.7(0.6t00.8 3.2
Fat metaplasia (middle and dorsal) F 4.2 (2.0t0 8.8) 0.7(0.7t00.8) 5.6
M 14.8(3.8t058.1) 0.5(0.4t00.6) 31.0
Bone marrow oedema (middle and dorsal) F 5.0 (2.6 10 9.5) 06(0.5t00.7) 8.7
M 29 (1.6t05.3) 0.6(0.5t00.8) 4.5
Ankylosis and/or erosion (middle and dorsal) F 43(2.7t07.2) 0.4(0.3t00.5) 10.9
M 71@83t0o152) 0.2(0.2t00.3) 28.6
Ankylosis and/or sclerosis (middle and dorsal) F 1.6 (1.3t02.2) 0.6(0.41t00.7) 3.0
M 3.4 (1.91t06.0) 05(0.4t006) 7.3
Ankylosis and/or fat metaplasia (middle and dorsal) F 3.7(1.8t07.5) 0.7 (0.7t00.9) 5.0
M 16.2(4.1t063.3) 0.4 (0.4t00.5) 37.9
Ankylosis and/or bone marrow oedema (middle+dorsal) F 4.5 (2.51t08.0) 05(0.41t00.6) 8.5
M  4.0(2.2to7.4) 0.4(0.3t00.5) 10.0
Ankylosis and/or erosion (middle and dorsal) and/or sclerosis (middle and F 1.8(1.4t02.3) 0.4(0.3t00.5) 5.0
dorsal) M 3220t050 0.3(02t004) 122
Ankylosis and/or erosion (middle and dorsal) and/or fat metaplasia (middle F 3.8 (2.4t06.0) 0.4(0.3tc0.5) 9.3
and dorsal) M 62@31t012.4) 02(02t003) 258
Ankylosis and/or erosion (middle and dorsal) and/or bone marrow oedema  F 3.6 (2.4t05.5) 0.3(0.2t00.4) 115
(middle and dorsal) M 30(1.9t04.6) 02(0.2t00.3) 12.1
Ankylosis and/or erosion (middle and dorsal) and/or fat metaplasia (middle F 3.3(2.2t04.8) 0.3(0.2t00.4) 10.1
and dorsal) and/or bone marrow oedema (middle and dorsal) M 2.9(1.9to4.3) 02(02t003) 12.0
Fat metaplasia (middle and dorsal) and/or erosion (middle and dorsal) and/ F 3.4 (2.3t05.1) 0.3(0.2t00.5) 104
or bone marrow oedema (middle and dorsal) M  2.8(1.8t04.2) 0.3(02t00.4) 102
Fat metaplasia and/or erosion F 2.5(1.8t0 3.5) 0.4(0.3t00.5) 6.7
M 55(29t0104) 0.2(0.2t00.3) 23.3
Fat metaplasia (middle and dorsal) and/or erosion (middle and dorsal) F 4.0(2.5t06.5) 0.4(0.3t00.5) 9.7
M 6.080to12.1) 0.3(0.2t00.3) 224

.DOR, diagnostic OR (LR+/LR-); LR—, negative likelihood ratio.

diagnostic accuracy of structural lesions. However, the
readers agreement was moderate to excellent for the
joint lesions.”® Furthermore, backfill and enthesitis were
not considered in the evaluation, potentially limiting

the scope of this investigation. We also did not use a
more detailed scoring system, such as the Scores Spon-
dyloarthritis Research Consortium of Canada or Berlin
24-regions-method which might have been helpful in
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eliciting more subtle differences in the spatial distribu-
tion of lesions, especially for BME. Further limitations
include a very heterogeneous control population, which
is neither perfectly representative of the normal popula-
tion, nor of the patients that report to a rheumatologist
with suspicion of axSpA. Our control patients exhibited
higher rates of HLA-B27 positive subjects than expected
(37% of the women and 47% of the men) as well an
uneven gender distribution, which may have introduced
some bias to the imaging data and reduces the general-
isability of our findings.'” Despite being comprised of
different larger patient cohorts, the sample size was too
small to study gender disparities with regards to disease
duration. Most importantly, the MRI images under inves-
tigation were also used in the diagnostic process, which
carries a risk of circular reasoning bias.

In conclusion, our study provides evidence of relevant
sex differences in the diagnostic performance of MR
imaging in axSpA. Further data, including high-resolution
gradient-echo MRI or dedicated CT, are needed to over-
come gender inequity in diagnostic imaging in axSpA.
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