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ABSTRACT

Objective To investigate sex differences in spinal
radiographic progression in axial spondyloarthritis (axSpA).
Methods AxSpA patients in the Swiss Clinical Quality
Management cohort with available spinal radiographs
every 2 years were included. Paired radiographs were
scored by two readers according to the modified Stoke
Ankylosing Spondylitis Spinal Score (mSASSS). Progression
was defined as an increase of >2 mSASSS units in 2
years. The relationship between sex and progression

was investigated with binomial generalised estimating
equation models, considering baseline spinal damage as
an intermediate covariate. Additional analyses included
adjustments for explanatory variables and multiple
imputations for missingness.

Results In a total of 505 axSpA patients (317 men and
188 women), mean=SD radiographic progression over

2 years was 1.0+2.8 years in men and 0.3+1.1 years

in women (p<0.001). Male sex was associated with
enhanced progression in a small model not including
baseline damage (OR 3.41, 95% Cl 1.87 to 6.21). Both

a direct effect of male sex on spinal progression, and an
indirect effect, via enhancement of baseline spinal damage
were significant (OR 2.06, 95% Cl 1.15 to 3.67 and OR
1.04, 95% ClI 1.01 to 1.07, respectively). A significant
impact of male sex on spinal radiographic progression was
still demonstrated after multiple adjustments for covariates
known to potentially affect spinal radiographic progression
(OR 1.97,95% Cl 1.04 to 3.71).

Conclusions Spinal radiographic progression in axSpA

is more severe in men than in women, with three times
higher odds of progression in male patients and an effect
that is mediated in part through an increase in baseline
radiographic damage.

INTRODUCTION

Ankylosing spondylitis (AS) has traditionally
been associated with male sex, particularly
when the disease could only be confirmed
by radiographic means.! The advent of MRI
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= Spinal radiographic osteoproliferative changes (syn-
desmophytes) in axial spondyloarthritis (axSpA) are
associated with functional impairment.

= Male sex has inconsistently been associated with
enhanced spinal progression in analyses adjusted
for known predictors of radiographic progression.

WHAT THIS STUDY ADDS

= Mediation analyses demonstrate a large impact of
male sex on spinal radiographic progression.

= In addition to a direct effect of male sex on progres-
sion, there is an indirect effect, via an increase in
baseline spinal damage, that further enhances pro-
gression in male patients.

= Rare progression events in women do not allow the
demonstration of retardation of progression by TNF
inhibitors in the female population, contrasting find-
ings in men.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= As inhibition of radiographic progression might be
of much higher relevance in men, treatment trials
should be sufficiently powered to address sex dif-
ferences in axSpA.

= The ensuing efforts may ultimately result in adapted
international management recommendations that

better consider existing sex differences in axSpA.

techniques, which additionally highlighted
inflammatory lesions of the axial skeleton,
opened the possibility of much earlier diag-
nosis.” It also provided insight into an equal
sex distribution when not only earlier but
also milder disease forms were included in a
disease spectrum that is now called axial spon-
dyloarthritis (aXSpA).3 * The original radio-
graphic cutoff for sacroiliac postinflamma-
tory damage according to the modified New
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York criteria is currently used to differentiate between
non-radiographic and radiographic disease states
(nr-axSpA and r-axSpA, respectively).” ® It was shown to
be quite arbitrary and of minor clinical relevance.” Struc-
tural damage to the sacroiliac joints (SIJs) also has little
impact on physical function.®” In contrast, the latter is
severely impacted by osteoproliferative spinal changes
(formation of syndesmophytes) and overall spinal
damage.'’ Disease activity, as assessed by the Ankylosing
Spondylitis Disease Activity Score (ASDAS), is associated
with accelerated spinal radiographic progression.'' Male
sex had an independent impact on spinal progression in
r-axSpA in some studies but not others.'*™"” The presence
of syndesmophytes was consistently found to be the most
important predictor of further progression. This was
even demonstrated in early disease."® The presence of
baseline damage that differs in male and female patients
might conceal the true magnitude of sex differences in
spinal radiographic progression if statistical analyses are
adjusted for this potential intermediate variable. The aim
of the study was to investigate sex differences in spinal
radiographic progression over the whole axSpA disease
spectrum in a large observational national registry by
considering potential mediating factors and a multitude
of explanatory variables.

METHODS

Study population

The current analyses are nested within the ongoing Swiss
Clinical Quality Management (SCQM) cohort of patients
with a clinical diagnosis of axSpA, initiated in 2005." The
period of patient inclusions and follow-ups for the current
investigation stretches from 2005 to 2015. Later periods
were not considered to avoid the potential influence of
interleukin-17 inhibitors, which became available there-
after. The axSpA SCQM registry was initiated in 2005 and
intends to assist the rheumatologist with a treat-to-target
approach by providing direct feedback on disease activity
measures on completion of patient and physician data
entry.”’ Assessments were performed according to the
recommendations of the Assessment in SpondyloArthritis
International Society (ASAS).?' Patient forms included
the Bath Ankylosing Spondylitis Disease Activity and
Functional Indices (BASDAI and BASFI, respectively), the
Short Form questionnaire with 12 questions (SF-12), the
European Quality of Life questionnaire with 5 domains
(EQ-5D), smoking status (current, past, never), as well as
a questionnaire dealing with physical activity, allowing to
estimate the number of exercise sessions performed per
week. Laboratory examinations included levels of C reac-
tive protein (CRP), erythrocyte sedimentation rate and
haemoglobin, as well as the human leucocyte antigen
B27 (HLA-B27) status. The Swiss Rheumatology Society
recommends that patients on immunosuppressive agents
be examined at least annually. This is the basis for yearly
clinical visits in SCQM. Additional intermediate visits are
recommended at the initiation of a new treatment and 3

months after start of the respective treatment. Given the
controversy related to the potential disease-modifying
character of most drugs in axSpA, radiographic assess-
ments were recommended every 2 years in SCOQM (X-rays
of the pelvis, of the lateral cervical and lumbar spine).
Pelvis radiographs were scored centrally by two cali-
brated readers of the SCQM scientific committee as soon
as the radiographs were submitted to SCQM to inform
the treating rheumatologist about classification status
(nr-axSpA vs r-axSpA).” °

Inclusion criteria for this study were (A) fulfilment of
the ASAS classification criteria for axSpA22 and (B) avail-
ability of at least two sets of lateral cervical and lumbar
spine radiographs with an interval of 2 years+1 year (up
to six sets of radiographs per patient over a period of 10
years).

Spinal radiographic progression

For assessment of spinal radiographic progression,
cervical and lumbar radiographs were scored according
to the modified Stoke Ankylosing Spondylitis Spine Score
(mSASSS).? The anterior vertebral corners (VCs) of the
cervical and lumbar spinal segments (lower border of C2
to upper border of T1 and lower border of T12 to upper
border of SI) are scored on lateral radiographs: erosion
and/or sclerosis and/or squaring (1 point), syndesmo-
phyte (2 points) and bridging syndesmophyte (3 points);
with a total score ranging from 0 to 72. Reading was
performed by two calibrated readers, rheumatologists
with a long record of assessment and scoring longitudinal
sets of imaging in axSpA. All the available radiographs
per patients were scored at the same time, with known
chronology.

Scores were not used if radiographs were missing >3
VCs per spinal segment. An adaptation algorithm®! was
used if <3 VCs could not be scored: first, a missing value
for a VC was replaced with the value of the previous
observation. Second, the mean spinal segment’s progres-
sion score (either cervical or lumbar) per patient was
calculated. This segmental progression score was added
to the imputed value. In the case of a missing score in a
patient with a score of 0 in the same VC at a subsequent
time point, the score of 0 for the previous time point(s)
was assumed. If the baseline score of a VC was missing,
the same procedure was applied, subtracting the mean
segment progression from the score of year 3 for a partic-
ular patient. If a value of this VC was also missing at year
2, then the average of the other available VCs from this
spinal segment at baseline was used to replace the missing
VC(s). Mean scores per VC were employed. An indepen-
dentadjudicator with long experience in academic axSpA
management scored all radiographs of a patient, if the
mSASSS status scores between the primary readers varied
=5 units in at least one X-ray set (N=130). In cases of adju-
dication, the score of the primary reader closest to the
adjudicator was used. An increase in mSASSS of >2 units
during 2 years was defined as radiographic progression
according to estimates of the smallest detectable change.

Ensslin C, et al. RMD Open 2023;9:e003340. doi:10.1136/rmdopen-2023-003340

1ybuAdoo
Ag paosiold “uiag yayiolgigsiselsiaaiun 1e €20z ‘T 1snbny uo jwod fwg usdopuy/:dny woly papeojumod "€20z AINC 82 UO 0¥E£E00-£202-Uadopuwl/9eTT 0T Se paysiignd 1sy :usdO ANy


http://rmdopen.bmj.com/

8 Spondyloarthritis

Radiographs with a total mSASSS>71 were excluded, as
no further progression according to this definition would
be possible (N=8; all male patients). A Bland-Altman
plot on 2-year progression intervals of the mSASSS to
assess reliability between the two scorers for the mSASSS
reading used here has already been published.” The
interobserver reliability was considered ‘good’ based on
an intraclass correlation coefficient (type 2, k) of 0.85.

As an alternative definition of spinal radiographic
progression, we assessed the proportion of patients with
the formation of at least one new syndesmophyte over
a period of 2 years. Syndesmophytes were only counted
when both scorers agreed on their presence.

Statistical analysis

Baseline characteristics and clinical parameters were
compared between men and women using Fisher’s exact
test for nominal variables and the Mann-Whitney U test
for continuous variables. A comparison of differences in
means of radiographic progression in men versus women
was performed using the Welch two-sample t-test.

We used binomial generalised estimating equations
(GEEs) to analyse the relationship between sex and
radiographic progression over time. Based on previous
sensitivity analyses, an ‘exchangeable’ correlation struc-
ture was chosen for all GEE models.”” The binomial
family and the logistic link function were used to model
the progression of 22 mSASSS units in 2 years. The anal-
yses were adjusted for a multitude of parameters, chosen
either as confounders or as mediators or explanatory

variables according to the following principles. From a
conceptual point of view, confounding seems not to be a
major problem in the analyses, as it is difficult to imagine
factors that affect both exposure (sex) and outcome
(spinal progression). While many parameters might have
a potential impact on spinal radiographic progression,
they do not impact the issue of whether the individual at
stake is of male or female sex. Our main statistical models
were, therefore, kept very small. Given the variability
of the length of the radiographic intervals allowed (2
years=12 months), we adjusted these main models for the
length of the radiographic intervals. The models were also
adjusted for treatment with tumour necrosis factor inhib-
itors (TNFi). We have chosen prior use of TNFi as the
TNFi variable of choice, given its consistency in the many
sensitivity analyses performed in our published work.”
Baseline spinal radiographic damage is known to be the
most important predictor of further spinal progression.'*
As baseline damage is also affected by sex, it was regarded
as an intermediate variable for the assessment of spinal
progression in the next 2 years, mediating at least part
of the effect of sex on radiographic progression.*!” As
a potential mediator, baseline damage was, therefore,
not included in our main statistical models to be able to
capture the total effect of sex on progression (figure 1).
Mediation analyses performed included the addition of
baseline damage at the start of each radiographic interval
to estimate the direct effect of sex on progression. The
indirect effect, via baseline damage, was estimated with

Baseline spinal
radiographic damage
Mediator (M)

Spinal radiographic

Sex

progression

Exposure (X)

Outcome (Y)

Direct effect of Xon Y =¢’
Indirect effect of X on Y via M = a*b
Total effect of XonY =c¢’ + a*b

Figure 1

Potential impact of male sex on spinal progression. Given the fact that baseline spinal radiographic damage is

known to be a major predictor for further radiographic progression, the diagram represents the putative effect of male sex
(X) on spinal radiographic progression in the next 2 years (Y), either directly or indirectly via affecting baseline radiographic
damage (baseline mSASSS or baseline presence of syndesmophytes). mSASSS, modified Stoke Ankylosing Spondylitis Spinal

Score.
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the Sobel test with a second-order estimator of the SE, as
described by Hayes.*®

To allow a better prediction of radiographic progres-
sion in men and women with comparable initial presen-
tation, we added to our main models the following
time-varying or genetic covariates: symptom duration,
HLA-B27 positivity, ASDAS, current smoking, number of
exercise sessions per week as a proxy for mechanical strain
on the spine, presence of peripheral arthritis, use of non-
steroidal anti-inflammatory drugs (NSAIDs) at start of
each interval (collected by the treating rheumatologist as
yes/no), and body mass index (BMI) categories (either
overweight (BMI 25-30 kg/m®) or obesity (BMI>30 kg/
m?) compared with a reference BMI<25 kg/m?). Diag-
nostic delay was not considered, as it was not shown to
significantly differ between the sexes in our popula-
tion.”” Moreover, it demonstrated some collinearity with
symptom duration. The number of exercise sessions per
week was compiled from information provided by the
patient on a specific questionnaire. It indicated the type
of physical exercise performed (axSpA gymnastics in
groups or at home, training in a fitness centre, other types
of exercise) and its frequency (1-2xper week, 3—4xper
week, 5-7xper week). Time-varying ASDAS-CRP was
mapped to an X-ray date, if available during a timeframe
of +30 days. A time frame of 90 days before the X-ray and
30 days after the X-ray was considered for mapping the
other variables to a specific X-ray date. The visit closest to
the X-ray was chosen if several measurements were avail-
able during the respective timeframe.

We used multiple imputation of missing covariate data
(35% of intervals had at least one missing baseline value
in one of the 12 variables used in the larger model, with
the proportion of missingness per variable varying from
0% to 19%). Imputation was performed separately for
male and female patients. ASDAS-CRP was derived by
passive imputation.

RESULTS

Patient and disease characteristics

From 4655 patients with a clinical diagnosis of axSpA
recruited to SCQM, 2977 fulfilled the ASAS classification
criteria (1767 men (59.4%) and 1210 women (40.6%)).
Out of these, 505 patients had at least two sets of spinal
radiographs at intervals of 2 years (317 men (62.8%)
and 188 women (37.2%)). The characteristics of all
ASAS-positive axSpA patients (at inclusion in the SCQM
cohort) and those of the subpopulation with available
spinal radiographs (at the first radiograph, a time point
that corresponded to the inclusion visit for most patients)
are shown, stratified by sex, in table 1. Some similarities
and differences between the two populations can be high-
lighted. While the prevalence of HLA-B27 positivity was
comparable in the two populations, the percentage of
patients with definite SIJ damage and the proportion of
patients already treated with TNFi were higher in patients
with available radiographs. Accordingly, subjective and

objective disease activity parameters (BASDAI, CRP)
were slightly lower in the subgroup of patients with radio-
graphs. The impairment of spinal mobility was, however,
comparable between the two populations, both for men
and women. Focusing on the axSpA population with
available spinal radiographs that allow the assessment
of radiographic progression, men had a higher propor-
tion of HLA-B27 positives, and were more often in the
radiographic disease state and current smokers (84% vs
71%, 88% vs 75% and 39% vs 33%, for men and women,
respectively). Despite a significantly higher impairment
of spinal mobility in men versus women, subjective
disease activity as assessed through the BASDAI, physical
function (BASFI) and health-related quality of life (SF-12,
EQ-5D) were comparable between the genders. A similar
proportion of men and women presented with periph-
eral arthritis (29% vs 32%, p=0.52). The percentage of
patients with an elevated CRP and the numerical value
of the CRP elevation were higher in men than in women.
The mean ASDAS-CRP was, accordingly, slightly higher
in men in comparison to women (2.9+1.1 vs 2.7+1.0,
p=0.04). The proportion of patients treated with either
TNFi and/or NSAIDs was not significantly different in
male versus female individuals.

Crude spinal radiographic progression

Examples of serial cervical and lumbar radiographs are
shown for a woman and a man with r-axSpA in the online
supplemental figures SI and S2, respectively. In the whole
population with available radiographs, a significantly
higher proportion of men had syndesmophytes at base-
line in comparison to women (40% vs 15%, p<0.001), with
a lower mean number of syndesmophytes in women in
the lumbar spine as well as in the cervical spine (table 1).
In agreement with this finding, men had a significantly
higher mean mSASSS (7.8 vs 2.3, p<0.001). Women had
a slightly higher number of cervical than lumbar syndes-
mophytes, a phenomenon that was not observed in men.
Patients had up to five follow-up spinal radiographs, with
no differences between the sexes concerning the number
of radiographic intervals (table 1). Overall mean+SD radi-
ographic progression over 2 years in a total of 724 radio-
graphic intervals was 0.8+2.4 with a significant difference
observed between men and women (1.0+2.8 mSASSS
units in men and 0.3+1.1 mSASSS units in women,
p<0.001). Progression was similarly distributed over the
cervical and lumbar spinal segments, both in men and
women (0.46 and 0.53 mSASSS units in men and 0.18 and
0.20 mSASSS units in women, for the cervical and lumbar
spine, respectively). The difference in unadjusted spinal
progression observed in male and female patients is also
depicted at the patient level in relation to symptom dura-
tion in figure 2 and at the level of radiographic intervals
in cumulative probability plots in figure 3. These illus-
trations depict progression as being only present in a
minority of women. Moreover, only minimal progression
is observed in the first 10 years after symptom onset in
female patients. The proportion of radiographic intervals

4
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Table 1 Characteristics of axSpA patients at inclusion for all axSpA patients and at first radiograph for patients with available

spinal radiographs at intervals of 2 years

(A) axSpA patients fulfilling the ASAS (B) axSpA patients with available spinal
classification criteria radiographs
N=2977 N=505
N Women Men N Women Men
Characteristics 2977 N=1210 N=1767 Pvalue 505 N=188 N=317 P value
Age, years 2977 39.3(11.2) 39.3(11.6) 0.77 505 41.5(10.7) 39.5(11.2) 0.06
Symptom duration 2910 11.6(10.5) 13.5(11.4) <0.001 497 13.0(10.4) 12.4(9.6) 0.67
HLA-B27 positive, N (%) 2724 768 (70.0) 1368 (84.1) <0.001 451 117 (70.9) 240(83.9) 0.002
r-axSpA 1818 415(61.1) 908 (79.7) <0.001 505 141 (75.0) 278(87.7) <0.001
Elevated CRP, N (%) 2683 332 (30.5) 699 (43.8) <0.001 421 39 (26.7) 125 (45.5) <0.001
CRP mg/L 2698 8.5 (14.4) 12.2 (17.7) <0.001 422 7.4(10.1) 11.1 (12.7) <0.001
ASDAS-CRP 2193 3.0 (1.0 2.9(1.1) 0.39 407 2.7 (1.0) 2.9(1.1) 0.04
BASDAI 2411 51 (2.2) 4.4 (2.3) <0.001 426  4.5(2.2) 4.2 (2.3 0.20
BASFI 2432 3.4 (2.5 3.2 (2.6) 0.01 432 3.0(2.5) 3.0 (2.5 0.89
BASMI 2721 1.6(1.5) 2.3 (2.1) <0.001 434 1.6(1.7) 2.3(2.5) <0.001
mSASSS 505 2.3(6.7) 7.8 (13.5) <0.001
No of syndesmophytes 505 0.6 (2.3) 2.6 (4.8) <0.001
Cervical 505 0.4 (1.5 1.2 (2.7) <0.001
Lumbar 505 0.2 (1.1) 1.3 (2.9) <0.001

Syndesmophytes yes/no, N (%)

505 29 (15.4) 126(39.8) <0.001

Current peripheral arthritis, N (%) 2921 399 (33.6) 495 (28.6)  0.004 439 50(32.0) 82(29.0) 0.52

EQ-5D 2396 60.1(21.2) 63.1(22.8) <0.001 428 63.0(20.7) 65.5(21.1) 0.19
SF-12 mental score 2288 42.3(11.4) 44.8(11.4) <0.001 402 451 (11.3) 46.0(11.2) 0.47
SF-12 physical score 2288 37.3(9.9) 39.6 (10.2) <0.001 402 40.1 (10.1) 40.3 (10.0) 0.82
On NSAID, N (%) 2736 970(85.9) 1379 (85.8) 0.96 400 122 (83.0) 215(85.0) 0.67
On TNF inhibitor, N (%) 2976 295 (24.4) 447 (25.3) 0.58 505 65(34.6) 104 (32.8) 0.70
Current smoker, N (%) 2381 303 (31.1) 559(39.8) <0.001 426 50 (33.3) 108 (39.1) 0.25
Body mass index, kg/m? 2776 24.9 (5.0 25.8 (4.2)  <0.001 430 24.4(4.8) 25.7(3.9 0.002
No of exercise sessions/week 2368 2.5(2.5) 2.4 (2.5) 0.26 422 2.3(2.1) 2.7 (2.7) 0.58
Radiographic intervals, N (%) 505 0.50

1 interval 216 (68.1) 136 (72.3)

2 intervals 64 (20.2) 36 (19.1)

3 intervals 29 (9.2) 12 (6.4)

4 intervals 8 (2.5) 3(1.6)

5 intervals 0 (0.0) 1(0.5)

When not otherwise mentioned, values are the mean (SD). AxSpA patients with available of >2 sets of spinal radiographs at intervals of 2
years (+1 year) at first radiograph. (A) All axSpA patients. (B) Patients with r-axSpA.

ASAS, Assessment in SpondyloArthritis International Society; ASDAS, Ankylosing Spondylitis Disease Activity Score; aXSpA, axial
spondyloarthritis; BASDAI, Bath Ankylosing Spondylitis Disease Activity Index; BASFI, Bath Ankylosing Spondylitis Functional Index; BASMI,
Bath Ankylosing Spondylitis Metrology Index; CRP, C reactive protein; EQ-5D, European Quality of life questionnaire with five domains;
HLA-B27, human leucocyte antigen B27; mSASSS, modified Stoke Ankylosing Spondylitis Spinal Score; NSAIDs, non-steroidal anti-
inflammatory drugs; r-axSpA, radiographic-aXSpA; SF-12, Short Form 12; TNF, tumour necrosis factor.

affected by progression was higher in men versus women
in both the cervical segment (11.9% vs 5.6%) and the
lumbar segment (13.6% vs 2.2%). mSASSS progression
related to symptom duration is shown stratified by sex for
the cervical and the lumbar spine separately in online
supplemental figure S3.

Adjusted analyses

In a model adjusted only for TNFi use and the length of
the radiographic interval to assess the total impact of sex
on spinal radiographic progression, male sex was associ-
ated with significantly higher odds of progression (OR
3.41, 95% CI 1.87 to 6.21, with progression defined as
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Figure 2 Modified Stoke Ankylosing Spondylitis Spine Score (MSASSS) for individual patients with radiographic axial
spondyloarthritis plotted as a function of duration since symptom onset and stratified by sex.

>2 mSASSS units in 2 years and OR 2.91, 95% CI 1.67 to
5.09, with progression defined as the appearance of at
least one syndesmophyte in 2 years) (table 2). Mediation
analyses of mSASSS progression as defined in figure 1
are depicted in table 3. First, we confirm an effect of sex
on baseline mSASSS at the start of each X-ray interval
(OR 1.83, 95% CI 1.28 to 2.61) and an effect of baseline
mSASSS on spinal radiographic progression (OR 1.07,
95% CI 1.05 to 1.09). Second, we demonstrate a signifi-
cant direct effect of sex on spinal progression by adding
the baseline mSASSS variable to our main model (OR
2.06, 95% CI 1.15 to 3.67). The indirect effect of sex on
spinal progression, via baseline mSASSS, was also signif-
icant (OR 1.04, 95% CI 1.01 to 1.07). The total impact
of male sex on mSASSS progression was also analysed at
the level of the cervical and lumbar spinal segments sepa-
rately. The sex difference found was larger in the lumbar
spine than in the cervical spine: OR 6.51, 95% CI 2.71
to 15.6 and OR 2.57, 95% CI 1.23 to 5.37, respectively

(table 4). These findings were confirmed with radio-
graphic progression defined by the appearance of at least
1 syndesmophyte in 2 years: OR 5.12, 95% CI 2.26 to 11.6
and OR 2.23, 95% CI 1.14 to 4.40 for the lumbar and the
cervical spine, respectively (table 4).

Given the important baseline differences between men
and women with regard to factors known to influence
radiographic progression, we next investigated the issue,
whether women displaying an initial presentation compa-
rable to that of men would also have a comparable radio-
graphic progression by adjusting our statistical models
for a multitude of parameters impacting progression
(explaining variables, not confounders). The results of
these large models are shown in table 2. The amplitude
of the impact of sex on spinal progression when defined
as =2 mSASSS units in 2 years decreased but remained
significant (OR 1.97; 95% CI 1.04 to 3.71, table 2A). It
lost statistical significance with progression defined as the
formation of at least one syndesmophyte (OR 1.54, 95%
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Figure 3 A 2-year progression in the modified Stoke Ankylosing Spondylitis Spine Score (NSASSS) depicted in a cumulative
probability plot. The change in mSASSS values from start to end of individual 2-year radiographic intervals is shown for male

patients (triangles) and for female patients (circles).

CI 0.82 to 2.90, table 2B). It is important to emphasise
that baseline damage at the start of each X-ray is included
and that only the direct effect of male versus female sex
on progression is, therefore, estimated in these models.
Complete case analyses confirmed our findings (online
supplemental table S1).

The rare events of radiographic progression in women
raised the question, whether retardation of radiographic
progression on treatment with TNFi could be demon-
strated in the female population. We set up stratified
models with adjustments for a restricted number of vari-
ables and the exclusion of ASDAS, shown to be an inter-
mediate variable. Use of TNFi prior to the radiographic
interval significantly reduced the odds of progression in
men but not in women (OR 0.53, 95% CI 0.31 to 0.90
and OR 1.01, 95% CI 0.31 to 3.23, for male and female
patients, table 5).

DISCUSSION

This longitudinal study of a large observational national
cohort of patients comprising the whole axSpA disease
spectrum supports the notion that spinal radiographic
progression is considerably greater in male compared
with female patients.”

As sex is genetically determined, strict confounding is
not a major issue in our main analyses, as variables may
affect the outcome but not the exposure. It seems rather
important to exclude potential mediators from the anal-
yses to be able to recognise the whole amplitude of the
impact of sex on progression. This seems particularly true
for parameters that already differ in men and women and
are known to significantlyinfluence progression, like base-
line radiographic damage and disease activity. We demon-
strate both a significant direct effect of male sex on spinal
progression and an indirect effect via enhancement of

Ensslin C, et al. RMD Open 2023;9:¢003340. doi:10.1136/rmdopen-2023-003340
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Table 2 Impact of male sex on spinal radiographic progression in axSpA
(A) Progression defined as >2  (B) Progression defined as >1
mSASSS units in 2 years syndesmophyte in 2 years
Model Variable OR 95% CI Pvalue OR 95% CI P value
Main model Male sex (total effect) 3.41 1.87to6.21 <0.001 2.91 1.67105.09 <0.001
TNFi use prior to X-ray interval 0.74 0.48to1.14 0.17 0.61 0.401t00.93 0.02
Length of the X-ray interval (+1 year) 1.55 0.82102.96 0.18 1.52 0.85t02.70 0.16
Large model Male sex (direct effect) 1.97 1.041t03.71 0.04 1.54 0.82t02.90 0.18
TNFi use prior to X-ray interval 0.60 0.34to 1.05 0.08 0.58 0.34t00.97 0.04
Length of the X-ray interval (+1 year) 1.78 0.921t03.45 0.09 1.99 1.04t03.78 0.04
mSASSS at start of X-ray interval 1.07 1.05to 1.09 <0.001
Syndesmophytes at start of X-ray interval 8.85 49210 15.9 <0.001
ASDAS (+1 unit) 1.40 1.05t01.88 0.02 1.28 0.97t01.69 0.09
HLA-B27 0.85 0.41to1.72 0.64 0.78 0.38to 1.51 0.43
Symptom duration (+1 year) 1.15 1.01t01.30 0.03 1.10 0.98t01.24 0.12
Current smoking 1.01 0.57t01.79 0.98 0.88 0.51t0 1.50 0.63
No of exercise sessions per week (+1 0.97 0.86to 1.08 0.54 0.93 0.83t0 1.03 0.16
session)
Current peripheral arthritis 0.80 0.45t01.42 0.45 0.78 0.43to1.41 0.41
NSAIDs use at start of X-ray interval 0.69 0.34to 1.38 0.29 1.01 0.49t02.08 0.98
BMI 25-30 (reference BMI<25) 1.60 0.93to02.77 0.09 1.01 0.61to1.68 0.97
BMI>30 (reference BMI<25) 1.63 0.80to 3.32 0.18 1.18 0.57t02.42 0.65

Results from different multivariable models with spinal radiographic progression defined as either an increase of >2 mSASSS units in 2 years
(A) or as the formation of >1 new syndesmophyte in 2 years (B), after multiple imputation of missing covariate data. Analyses performed in
724 radiographic intervals from 505 axSpA patients (108 progression events (88 in men, 20 in women) in A and 109 progression events (88 in

men and 21 in women) in B.

ASDAS, Ankylosing Spondylitis Disease Activity Score; axSpA, axial spondyloarthritis; BMI, body mass index; HLA-B27, human leucocyte
antigen B27; mSASSS, Modified Stoke Ankylosing Spondylitis Spinal Score; NSAID, non-steroidal anti-rheumatic drug; TNFi, tumour

necrosis factor inhibitor.

baseline spinal damage. The total impact of male sex on
progression found here (OR 3.4) is, therefore, greater
than previously demonstrated in some adjusted cohort
analyses.”” ' A comparable OR of 3.98 for male sex was
found in a specific multivariable analysis of the OASIS
cohort in r-axSpA when the presence of baseline syndes-
mophytes was not incorporated.'* The important differ-
ence in radiographic progression between men and
women, reflected in an OR of such magnitude, is more

easily captured visually in depictions of progression in
individual patients, stratified by sex, as shown here. In
comparison to men, progression in women seems rather
rare. The variation of progression in individual patients,
with bursts of rapid progression even after long symptom
duration,'”” '* is predominantly observed in men. The
findings are in line with the different trajectories of spinal
progression identified in the PSOAS cohort, where male
patients were predominantly defined as early progressors

Table 3 Mediation analyses of the impact of male sex on spinal radiographic progression

Variable OR 95% CI P value
Effect of male sex on BL mSASSS at start of each X-ray interval 1.83 1.28 to 2.61 <0.001
Effect of BL mSASSS on spinal radiographic progression 1.07 1.05 to 1.09 <0.001
Total effect of male sex on spinal radiographic progression 3.41 1.87 to 6.21 <0.001
Direct effect of male sex on spinal radiographic progression 2.06 1.15 to 3.67 0.01
Indirect effect of male sex on spinal progression (via BL mSASSS) 1.04 1.01to0 1.07 <0.001

Results from different models with spinal radiographic progression defined as an increase of >2 mSASSS units in 2 years. The total effect of
male sex on spinal progression is estimated after adjustment for prior treatment with tumour necrosis factor inhibitors and the length of the
radiographic interval. The direct effect is estimated with addition of the baseline mSASSS at start of each X-ray interval to the latter model.
BL, baseline; mSASSS, modified Stoke Ankylosing Spondylitis Spinal Score.
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Table 4 Impact of male sex on spinal radiographic progression in axSpA

Definition of Cervical spine Lumbar spine

progression Variable OR 95% CI Pvalue OR 95% ClI P value

>2 mSASSS units Male sex (total effect) 2.57 1.23t05.38 0.01 223 1.14t04.40 0.02
TNFi use prior to X-ray interval 0.65 0.39t0 1.08 0.10 0.66 0.40to1.11 0.12
Length of the X-ray interval (+ 1.04 0.52t02.07 0.91 1.16 0.58 t0 2.32 0.67
1 year)

>1 new syndesmophyte Male sex (total effect) 6.51 2.71t015.6  <0.001 512 2.26to 11.6 <0.001
TNFi use prior to X-ray interval 0.98 0.59to1.62 0.93 0.54 0.32to 0.91 0.02
Length of the X-ray interval (+ 1.99 0.96t0o 4.10 0.06 0.66 0.77 to 3.59 0.20

1 year)

Results from different multivariable models with spinal radiographic progression defined as an increase of >2 mSASSS units in 2 years or
as the formation of >1 new syndesmophyte in 2 years. Analyses performed in 724 radiographic intervals from 505 patients (59 events in
the cervical spine and 64 events in the lumbar spine with progression defined as >2 mSASSS units and 62 events in the cervical spine and

69 events in the lumbar spine with progression defined as formation of >1 new syndesmophyte). The total effect of sex on radiographic
progression includes a direct effect as well as in indirect effect via an impact of baseline spinal radiographic damage.
axSpA, axial spondyloarthritis; mSASSS, Modified Stoke Ankylosing Spondylitis Spinal Score; TNFi, tumour necrosis factor inhibitor.

or rapid progressors, while a non-progressing or late-
progressing status was more often observed in women.?

We confirm sex differences in relation to the specific
spinal segments affected.”® ' Women had a slightly
higher number of cervical than lumbar syndesmophytes.
The cervical segment was more frequently affected by
progression in women. As the opposite was observed in
men, the significant difference in progression observed
between male and female patients was less prominent in
the cervical spine.

In clinical practice, the rheumatologist is confronted
with the issue of the potential prediction of further spinal
progression in an individual male or female patient with
known baseline characteristics, such as the presence
or absence of syndesmophytes. Does a female patient
presenting with all the risk factors of further progres-
sion like a male patient really have comparable odds of
progression? We dealt with this issue in the second part of
our study by adjusting our models for all available param-
eters known to potentially impact spinal progression. As
several parameters act as mediators, only a direct effect of

sex on progression is identifiable in such a model, which
by no means decreases the relevance of such a question.
The impact of sex on spinal progression decreased after
such an adjustment. While we see a trend for alignment
between men and women with regard to further progres-
sion after thorough adjustment, this argument seems to
miss an important point. Men and women with axSpA
present in most instances differently, not only clinically
and radiographically but, most importantly, also with
regard to the intensity of objective signs of inflamma-
tion (as assessed by elevation of acute phase reactants or
MRI).*"*! A woman presenting with a multitude of risk
factors for progression comparable to male patients is
seen, but infrequently, in clinical practice, and progres-
sion in female patients is, often very limited, as demon-
strated here.

The spinal progression presented in our study does
not represent the natural course of the disease,12 32 as
our population was treated in real life and TNFi were
approved for persistently active disease during the study
period. Might the lower spinal progression found in

Table 5 Impact of TNFi treatment on radiographic progression in male versus female axSpA patients

Men Women
Variable OR 95% CI P value OR 95% CI P value
TNFi use prior to X-ray interval 0.53 0.31 t0 0.90 0.02 1.01 0.31t03.23 0.99
mMSASSS at start of X-ray interval 1.05 1.03 to 1.08 <0.001 1.14 1.07t0 1.20  <0.001
Length of the X-ray interval (+1 year) 1.91 0.91 t0 3.98 0.09 3.37 091to 124 0.07
Age (+1 year) 1.06 1.02t0 1.10 0.001 1.02 0.96t0 1.08 0.54
Symptom duration (+5 years) 0.95 0.78t0 1.16 0.61 1.06 0.73to 1.55 0.76
No of exercise sessions/week 0.95 0.85to 1.06 0.34 0.89 0.66to1.19 0.42

Results from different multivariable models with spinal radiographic progression defined as an increase of >2 mSASSS units in 2 years and
multiple imputation of missing covariate data. Analyses performed in 463 radiographic intervals from 317 male patients (88 events) and 261

intervals from 188 female patients (20 events) in axSpA.

axSpA, axial spondyloarthritis; MSASSS, Modified Stoke Ankylosing Spondylitis Spinal Score; TNFi, tumour necrosis factor inhibitor.
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women be the consequence of a better response to TNFi
in women and a stronger retardation of progression
on treatment with TNFi in women? Our findings here
indicate the opposite, as we were not able to detect any
inhibition of spinal progression in the female popula-
tion, while a 50% reduction of the odds of progression
was observed in men. Moreover, our previous analyses
of the effectiveness of TNFi in the SCOM axSpA cohort
demonstrated a significantly lower response to treatment
in women in comparison to men, not only in r-axSpA but
also in nr-axSpA, where the sex difference was particu-
larly marked.*** Our study points to inherent differences
in phenotype between the sexes. The results are in line
with a recent genetic analysis of a historical Swiss cohort
that revealed considerable heterogeneity in axSpA when
sex and structural damage were also considered.” Inhi-
bition of radiographic progression might indeed be of
higher relevance in men and difficult to demonstrate in
women, as shown here. Indeed, a change in mSASSS on
TNFi medications in groups of patients with different
trajectories of progression could only be demonstrated
in the rapid-progressor group, a population that mostly
consisted of men.* While there is consensus on the
many unmet needs of the female population in axSpA,*®
current international management recommendations”’
do not overtly address potential sex issues, as randomized-
controlled sex-oriented data on medications used for
axSpA is scarce. Our study further emphasises the need
for clinical trials in axSpA to be sufficiently powered to
address sex differences.

Strengths of our analyses are the inclusion of axSpA
patients representing the whole disease spectrum and
the radiographic assessments every 2 years in addition to
annual clinical assessments in SCQM during real-life clin-
ical practice in academic and non-academic institutions,
as well as private rheumatology practices in a relevant
number of patients.” Patients with available serial radio-
graphs did not entirely correspond to the whole axSpA
population, as they were slightly more frequently in a
radiographic disease state and slightly more frequently
treated with TNFi. These differences are of some benefit
for an analysis of progression and its inhibition by TNFi,
as spinal progression proved to be minimal in nr-axSpA.”
Only 17% of the initial population had two sets of spinal
radiographs at an interval of 2 years and were included in
the analysis of spinal progression. This mightindicate that
repeating conventional radiographs is not considered to
be of any therapeutic consequence. Indeed, prevention
of radiographic progression is not a dedicated aim of
current management recommendations in axSpA, but is
included in the respective research agenda.”” Early iden-
tification of men and women with a potential high risk
of rapid progression seems a prerequisite for the demon-
stration of a therapeutic window of opportunity in axSpA
and remains an important issue to be resolved.*’

We applied multiple imputation techniques for missing
values and provided complete case analyses to enable the
evaluation of the robustness of our investigation.

As alimitation of our analyses, we were not able to adjust
for sex differences in the amount and intensity of MRI
inflammation, neither in the SIJs nor in the spine. Inflam-
mation detected by MRI has been shown to be associated
with radiographic progression and is more common in
men.””?! It would have been considered a potential medi-
ator of the impact of sex on progression and excluded
from the main analyses. Whether persisting sex differ-
ences in radiographic progression in multivariable anal-
yses are due to failure to adjust for differences in MRI
changes or other unmeasured factors remains unknown
as an inherent feature of observational studies. We have
used the mSASSS to assess sex differences in spinal radio-
graphic progression.” It remains the most validated
method, but does not include the posterior aspects of the
spine (particularly the facet joints).*' While a combined
score has already been developed in 2017 to incorporate
the assessment of the cervical facet joints in the mSASSS,
it was not adopted by the international axSpA research
community, as its real additional benefit remains contro-
versial.* The presence of degenerative osteophytes
might interfere with the assessment of syndesmophytes in
axSpA even in early disease,"” ** particularly in men with
physically demanding jobs.” While we cannot absolutely
exclude some misinterpretation of osteoproliferative
changes, trained readers are able to distinguish between
these two types of lesions, and our primary readers have
contributed to these studies.** **”

One might regard the scoring of the radiographs with
known chronology as a limitation; however, it has been
proven to be more sensitive to change than reading with
paired time order,™ and the readers were blinded to all
clinical data.

In conclusion, our data from a large cohort of patients
with axSpA demonstrate a more severe spinal radio-
graphic progression in men compared with women, a
phenomenon mediated partly by an increase in baseline
radiographic damage that further enhances progression
in male patients.
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