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Abstract
Axial spondyloarthritis (axSpA) is a chronic, immune-mediated inﬂammatory disease characterized by
inﬂammatory low back pain, inﬂammation in peripheral joints and entheses, and other extra-articular
or systemic manifestations. Although our understanding of the natural history of axSpA has been
limited by incomplete knowledge of disease pathogenesis, axSpA is increasingly understood as a
spectrum of axial, peripheral, and extra-articular inﬂammatory conditions that includes nonradiographic axSpA and radiographic axSpA, also known as ankylosing spondylitis. In this narrative review,
we present a road map of this axSpA continuum, highlighting genetic risk factors for the development
of axSpA, triggers of disease, and reasons for and implications of diagnostic delay. We present a
detailed overview of the spectrum of axSpA clinical manifestations and highlight factors known to
inﬂuence the risk of disease progression. Finally, we provide some expert commentary on the practical
use of this road map to assist health care providers in the identiﬁcation of axSpA in clinical practice.
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BACKGROUND
xial spondyloarthritis (axSpA) is a
chronic, immune-mediated inﬂammatory disease manifesting as a
spectrum of inﬂammatory conditions,
including inﬂammatory back pain, inﬂammation in peripheral joints and entheses,
extra-articular involvement, and comorbidities.1,2 The prevalence of axSpA in the US
population is estimated to be 0.9% to
1.4%,3,4 and it typically is manifested in patients younger than 45 years, most
frequently in patients aged 20 to 30 years.5
The natural history of this disease has
been obfuscated by an evolving but not yet
well deﬁned understanding of the etiology
and pathophysiology of this condition, the
pleiotropic co-manifestations and comorbidities associated with axSpA, the lack of information on the early manifestations of this
entity, and the changing classiﬁcation
criteria.6 Axial spondyloarthritis encompasses patients with radiographic (x-ray)
sacroiliitis visible on imaging (radiographic
axSpA [r-axSpA] or ankylosing spondylitis
[AS]) and those without evidence of radiographic damage in the sacroiliac (SI) joints
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(nonradiographic [nr]-axSpA).7 The terms
AS and r-axSpA can be used interchangeably,
and r-axSpA can be used in describing previous studies of patients with AS.8 Throughout
this narrative review, we use r-axSpA to refer
to patients with AS. For regulatory purposes
in the United States, nr-axSpA and r-axSpA
are classiﬁed as distinct entities, although
they are increasingly understood to represent 2 regions on a continuum of clinical
symptoms and radiographic anomalies
constituting axSpA.9,10 Although nr-axSpA
can occur in patients without SI changes
on radiography but with evidence of inﬂammation on magnetic resonance imaging
(MRI), nr-axSpA does not absolutely require
MRI changes and can exist without any imaging abnormalities in patients who are
HLA-B27 positive. The continuum of disease
presentation does not necessarily reﬂect disease course, as not all patients with nr-axSpA
will progress to r-axSpA (Figure).11,12 Radiographic features of axial disease in r-axSpA
are quantiﬁable on classic radiography and
can more readily contribute to diagnoses
than the less distinctive peripheral inﬂammation and extra-articular manifestations
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that characterize nr-axSpA or early axSpA,
resulting in differential diagnoses and diagnostic delay among patients with nraxSpA.13,14
As knowledge of the axSpA continuum
continues to grow along with the landscape
of effective treatment options,15 identiﬁcation of axSpA by rheumatologists and other
health care providers is critical to realize
ideal patient outcomes. This review presents
a road map of axSpA as a continuum of disease manifestations that can be classiﬁed as
nr-axSpA or r-axSpA, discusses factors inﬂuencing the development and progression of
axSpA, and provides some expert commentary to assist health care professionals in
identiﬁcation of the spectrum of axSpA manifestations in clinical practice.
THE STARTING POINT: GENETIC PREDISPOSITION TO AXSPA
Axial spondyloarthritis is a heritable disease
with strong familial clustering. Among patients from the Icelandic genealogy database,
risk ratios of ﬁrst-, second-, and third-degree
relatives of individuals with r-axSpA were
75.5, 20.2, and 3.5, respectively (P<.0001
for all comparisons).16 In a study of all patients diagnosed with r-axSpA in Sweden
during a 16-year period, the overall familial
odds ratio (OR) for r-axSpA was 19.4 (95%
CI, 18.1 to 20.8), and patients with more
than 1 family member with r-axSpA had a
higher risk for development of the disease
(OR, 60.8; 95% CI, 51.3 to 90.1) compared
with patients with no known family
history.17
Several genetic risk factors have been
associated with the development of axSpA.
Among these, the presence of the genetic
marker HLA-B27 is consistently and strongly
associated with development of axSpA.18-21
Approximately 80% to 95% of patients with
criteria-deﬁned r-axSpA are HLA-B27 positive compared with less than 10% of the general
population.22-24
Predominant
hypotheses relating the presence of HLAB27 to axSpA pathogenesis include potential
arthritogenic activity of peptides presented
by HLA-B27,25 misfolding in the endoplasmic reticulum,26 and homodimerization
Mayo Clin Proc. n January 2022;97(1):134-145
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Axial spondyloarthritis (axSpA) is a heterogeneous disease that
can be represented by a continuum encompassing both nonradiographic and radiographic axSpA.
The clinical course of axSpA may be nonlinear and unique to
individual patients, and underrecognition of axSpA in patients
with chronic back pain or extra-articular manifestations can
result in misdiagnoses or delayed diagnosis.
Advanced features of radiographic axSpA are the most easily
recognizable, although more subtle manifestations can
contribute to signiﬁcant disease burden and respond to therapy.
Effective therapies are available to treat the complete spectrum
of axSpA manifestations.
It is critical for health care providers to become familiar with
the continuum of axSpA manifestations to ensure that all patients can receive appropriate and timely treatment.

of HLA-B2727,28 contributing to aberrant immune response, including signaling through
the interleukin (IL) 23/17 pathway.29 Bacterial dysbiosis in patients who are HLA-B27
positive may also play a role in the development of axSpA.30 Other genetic markers
have been associated with axSpA,31
including polymorphisms in ERAP1 (OR,
1.29; P<.0001), RUNX3 (OR, 1.15;
P<.0001), PTGER4 (OR, 1.08; P<.0001),
and IL23R (OR, 1.62; P<.0001).32 Supporting the understanding of these as manifestations of the same disease process, nr-axSpA
and r-axSpA have been found to have similar
genetic features.33
BEGINNING THE JOURNEY: TRIGGERING
EVENTS
Several hypotheses concerning initiation of
axSpA have been proposed, although deﬁnitive causes have yet to be established. Mechanical stress on entheses has been
proposed as a triggering event of axSpA.34
An anatomic link between the enthesis and
synovium is well established,35,36 although
it remains unclear whether aberrant
response to mechanical stress alone is sufﬁcient to initiate axSpA.34 Direct evidence in
humans is lacking, although a model of joint
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FIGURE. Road map of the continuum of nonradiographic axial spondyloarthritis (nr-axSpA) through radiographic axial spondyloarthritis (r-axSpA). ASAS, Assessment of SpondyloArthritis international Society; 1984 mNY, 1984 Modiﬁed New York Criteria for
Ankylosing Spondylitis; MRI, magnetic resonance imaging.

loading in mice with increased tumor necrosis factor a (TNF-a) signaling supports a
link between mechanical strain, entheseal
inﬂammation, and new bone formation.37
Increased disease activity and burden among
patients with r-axSpA who have been
exposed to manual labor or whole-body vibration in the workplace indirectly support
this hypothesis.38-40 In 1 cohort study, patients with axSpA who had physically
demanding jobs had greater increases in
the modiﬁed Stoke Ankylosing Spondylitis
Spinal Score (mSASSS) for every unit of
Ankylosing Spondylitis Disease Activity
Score compared with patients with sedentary
job responsibilities (1.2 vs 0.2 mSASSS;
P¼.014).40 Changes to the microbiome
have been observed in patients with axSpA
compared with healthy controls, and some
potentially causal relationships between dysbiosis of the gut microbiota and the development of axSpA have been proposed.41
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REALIZING WHEN THE JOURNEY HAS
STARTED: DELAY IN DIAGNOSIS
Axial spondyloarthritis is a notoriously
underreported disease. Delay in diagnosis
has been attributed to the insidious onset
and slow progression of signs and symptoms; the nonspeciﬁc nature of early symptoms, such as back pain or peripheral joint
pain; the lack of speciﬁc biomarkers for
axSpA; and the evaluation and management
by health care providers not familiar with
this disease entity.13,42,43 If axSpA is not
accurately identiﬁed and effectively treated
early in the disease course, patients experience poorer clinical outcomes and quality
of life and more substantial economic
burden, and those with radiographic disease
experience greater structural damage.13,44-48
For example, a cross-sectional study of patients with r-axSpA found correlations between diagnostic delay and sacroiliitis
grade (P¼.042), chest expansion (P<.001),
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Bath Ankylosing Spondylitis Metrology Index score (P<.001), Bath Ankylosing Spondylitis Functional Index score (P¼.003),
Bath Ankylosing Spondylitis Disease Activity
Index score (P¼.026), and AS quality of life
(P¼.008).47 In a separate study analyzing the
economic impact of treatment and specialized testing before diagnosis of spondyloarthritis (SpA) among patients in the Italian
Health Search Database, patients had a
health care expense of roughly V153,000
($203,000 [2013]) in the 3 years before a
diagnosis of SpA.44
Diagnostic delay is a major barrier to
proper treatment of axSpA, and ranges of
5 to 14 years from onset of symptoms to
diagnosis are typically cited.46,49-52 This
delay in diagnosis does not appear to be
improving over time. One retrospective
analysis found that diagnostic delay was
similar between patients diagnosed with
axSpA between 1996 and 2005 and those
diagnosed between 2006 and 2016.53 A
retrospective chart review found median
diagnostic delay to be stable at 5.0 years
among patients diagnosed at different periods of time: 1999 to 2003, 2004 to
2008, and 2009 to 2013.54 Finally, a recent
systematic literature review and metaanalysis of 64 studies found the diagnostic
delay to be 6.7 years (95% CI, 6.2 to 7.2);
this delay did not change when results
were stratiﬁed by publication year.55
Many patients see multiple practitioners,
including primary care physicians, rheumatologists, orthopedists, chiropractors,
urgent care/emergency department physicians, sports medicine specialists, dermatologists, physiatrists, obstetricians and
gynecologists, physical therapists, and podiatrists, and receive different diagnoses
on their path to correct diagnosis of
axSpA.43,45,46 There is room for education
to mitigate delay in diagnosis through
improved identiﬁcation of axSpA and early
referral of patients to rheumatologists.
Screening of patients with inﬂammatory
back pain or extra-articular manifestations
of axSpA could shorten this delay.13,56
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TRIANGULATION OF LOCATION: DIAGNOSIS
No diagnostic criteria currently exist for
axSpA, and the current classiﬁcation criteria
can lead to confusion if misused in the diagnostic process. The 1984 modiﬁed New York
criteria proposed that patients must have
deﬁnitive sacroiliitis by classic radiography,
deﬁned as bilateral grade 2 or higher or unilateral grade 3 or higher sacroiliitis, to be
classiﬁed as having r-axSpA.57 In real-world
practice, 50% or more of patients with axSpA
do not fulﬁll the classiﬁcation criteria for raxSpA52; many of these patients satisfy the
Assessment of SpondyloArthritis international Society (ASAS) criteria for axSpA
and may be classiﬁed as having nr-axSpA.7
These terms are useful in classifying patients
for inclusion in clinical trials and for use in
epidemiologic studies, but they are not diagnostic criteria.9
Diagnostic criteria for axSpA have not
been formalized, largely for the same reasons
such criteria have not been developed for
other syndromes and diseases.58 In particular, there is concern for potential misapplication of such criteria, leading to
overdiagnosis and the resulting unnecessary,
costly, and potentially harmful treatment of
inappropriately diagnosed patients.59 Diagnosis should be made at the exclusion of
other possible conditions and not by simply
determining whether a patient has a sufﬁcient number of axSpA features, which may
be present as a result of other causes. For
example, mechanical back pain is a differential diagnosis of particular concern because
of some overlapping signs and symptoms,
and patients with mechanical back pain
would not beneﬁt from axSpA treatment.56
Instead, the standard for axSpA diagnosis remains clinician judgment when radiographic
ﬁndings, physical examination ﬁndings,
HLA-B27 status, C-reactive protein level,
and presence of other SpA features are evaluated in totality.56
Ongoing research on axSpA manifestations is being conducted to assist clinicians
in making reasoned diagnostic decisions. A
recent latent class analysis of patients from
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the SpondyloArthritis Caught Early (SPACE)
and DEvenir des Spondylarthropathies Indifférenciées Récentes (DESIR) cohorts identiﬁed 3 recognizable clinical entities of
axSpA.60 These include pure axial SpA,
which reﬂects the traditional clinical manifestations of axSpA captured by the ASAS
criteria; axial SpA with peripheral signs,
which consists of patients who mostly fulﬁll
the ASAS peripheral SpA criteria and may
represent a substantial clinical overlap between peripheral SpA and axSpA; and axial
SpA at risk, which consists of patients with
risk factors for axSpA who may not have
and may never develop axSpA.60 Because
up to 60% of the patients in the axial SpA
at risk group fulﬁlled ASAS criteria for
axSpA despite that only 11% progressed to
axial SpA with peripheral signs after 5 years
of follow-up,60 this group may be at risk of
overdiagnosis and overtreatment by clinicians who improperly rely on the ASAS
criteria for diagnosis.
THE TERRAIN: CLINICAL PRESENTATION
OF THE AXSPA CONTINUUM
A deﬁning manifestation of axSpA is chronic
inﬂammatory back pain lasting more than 3
months in patients younger than 45 years,
the onset of which is frequently insidious.61-63 Inﬂammatory back pain usually is
manifested in the lower back but may affect
any region of the spine; patients also may
notice alternating buttock pain that is not
radicular in character.61,64 Up to 50% of patients may report neck pain as an early
symptom of axSpA,65 and cervical spinal
involvement is more common in women
than in men.66,67 Patients with inﬂammatory
back pain often experience worse pain at
night, which may cause awakening in the
second half of the night; morning stiffness
persisting for more than 30 minutes is common.61,68 Inﬂammatory back pain generally
improves with activity and responds well to
nonsteroidal
anti-inﬂammatory
drugs
(NSAIDs).62,68,69
Axial spondyloarthritis is a systemic disease that can result in manifestations and
complications that are remote from the axial
skeleton. Signs and symptoms can also be
138
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manifested in the peripheral skeleton, with
some patients experiencing enthesitis, dactylitis,
and
peripheral
inﬂammatory
arthritis.70-73 Patients with axSpA also
frequently experience extra-articular manifestations of this systemic inﬂammatory
disease.2,70,74,75 Between 4% and 6% of patients with axSpA have been found to have
a history of inﬂammatory bowel disease,70,75
although up to 50% may have asymptomatic
inﬂammation of the ileal and colonic mucosa.76,77 Anterior uveitis is a relatively common extra-articular manifestation, affecting
approximately 25% to 35% of patients with
axSpA and presenting as unilateral eye pain
and redness, photophobia, and blurred
vision.78,79 Approximately 10% of patients
with axSpA also experience psoriasis80; psoriatic disease has been associated with HLAB27,81 potentially representing an overlap
among axSpA and psoriatic arthritis classiﬁcation criteria. In addition, HLA-B*0801 has
been identiﬁed in patients with sacroiliitis as
a manifestation of psoriatic arthritis.82 A
number of comorbidities are associated
with axSpA, including osteoporosis, cardiovascular disease, dyslipidemia, depression,
fatigue, and obstructive sleep apnea.83-87
The ASAS developed classiﬁcation
criteria for the identiﬁcation of axSpA,
including nr-axSpA and r-axSpA, dividing
patients into 2 arms based on imaging and
clinical criteria. To be classiﬁed as having
nr-axSpA, patients must have 3 months or
more of back pain, have an age at onset
before 45 years, and meet the criteria for
either the imaging or clinical arm.7 To be
classiﬁed under the imaging arm as having
nr-axSpA, patients must have evidence of
sacroiliitis by MRI along with 1 or more
SpA features; patients in the clinical arm
must be HLA-B27 positive and have 2 or
more SpA features and need not have any
imaging abnormalities.7 Features of SpA
include inﬂammatory back pain, arthritis,
enthesitis, uveitis, dactylitis, psoriasis,
Crohn disease or ulcerative colitis, good
response to NSAIDs, HLA-B27 positivity,
and elevated C-reactive protein level. Classiﬁcation of patients with r-axSpA requires
deﬁnitive x-ray evidence of sacroiliitis.
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The earliest manifestation of the disease
involving inﬂammation before permanent
radiographic damage is classiﬁed as nraxSpA.75 Patients with nr-axSpA frequently
experience SpA features despite having
limited or no discernible radiographic
changes in the SI joints or spine.7,75,88
Many of these patients will never develop
such radiographic changes.
The terms r-axSpA and AS are interchangeable, as more than 90% of patients
with deﬁnitive sacroiliitis fulﬁll both the
ASAS criteria for r-axSpA and the modiﬁed
New York criteria for AS.8 Patients with raxSpA can experience bone erosion in the
SI joints and spine as well as syndesmophyte
and new bone formation; these structural
changes are detectible by classic radiography.89 These patients can experience
decreased spinal mobility and chest wall
expansion related to both inﬂammatory disease and structural changes as disease
progresses.90
The most advanced form of axSpA is
known as bamboo spine, in which widespread syndesmophyte formation leads to
vertebral body fusion known as ankylosis.91
Patients with bamboo spine experience
severely diminished spinal mobility and rib
cage expansion.92 One retrospective chart review study of patients with r-axSpA found
bamboo spine present in 34% of men and
12% of women with AS.93
Although manifestations and extent of
radiographic damage differ between nraxSpA and r-axSpA, disease burden and
response to treatment are similar. In a systematic literature review and meta-analysis
of randomized controlled trials of patents
with either nr-axSpA or r-axSpA, patients
with nr-axSpA more frequently had peripheral involvement and patients with r-axSpA
had more impaired mobility, although disease burden, response to treatment, and
other aspects of clinical presentation were
similar.71 For example, patients with nraxSpA had more peripheral arthritis, dactylitis, and enthesitis than those with r-axSpA
(P<.01 for all comparisons), and patients
with r-axSpA had higher mSASSS (P<.001)
and were more likely to have MRI SI joint
Mayo Clin Proc. n January 2022;97(1):134-145
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erosions (P¼.032) and MRI SI joint fatty lesions (P<.001) than those with nr-axSpA.71
However, disease burden was similar as
measured by Bath Ankylosing Spondylitis
Disease Activity Index, patient global assessment, Health Assessment Questionnaire for
Spondyloarthropathies,
EuroQol
5Dimension questionnaire, and the 36-Item
Short Form Health Survey mental and physical component summaries (P>.05 for all
comparisons).71 No differences in response
to treatment with NSAIDs, conventional synthetic disease-modifying antirheumatic
drugs, biologics, or systemic glucocorticoids
were identiﬁed between groups (P>.05 for
all comparisons).71
MULTIPLE ROUTES OF TRAVEL: PROGRESSION OF AXSPA
The clinical course of axSpA may be
nonlinear and unique to individual patients
(Figure).11 Only a subset of patients with
nr-axSpA may eventually have radiographic
damage.11,12 Overall, an estimated 5% to
10% of patients with nr-axSpA will develop
structural changes in the SI joints indicative
of r-axSpA during 2 years, increasing to 5%
to 40% within 10 years of disease
onset.12,94,95 The lifetime chances of progression from nr-axSpA to r-axSpA have
been estimated to be 50%.12
Predictors of the progression from nraxSpA to r-axSpA have been identiﬁed,12
including HLA-B27 positivity,96 smoking,97
and baseline SI joint inﬂammation on
MRI.98 Findings on MRI generally precede
permanent radiographic structural damage
and are a risk factor for future radiographic
progression.98,99 In patients with r-axSpA
and existing radiographic damage to the
spine, the presence of existing syndesmophytes is the strongest risk factor for the
development of new syndesmophytes.100
Some differential risk factors have been
identiﬁed between sexes. Multiple studies
have shown that men have a higher risk
for development of radiographic damage to
the SI joints or spine.101-103 Elevated C-reactive protein levels and smoking are risk factors for radiographic progression in men but
not in women.104 High Bath Ankylosing

https://doi.org/10.1016/j.mayocp.2021.08.007

139

MAYO CLINIC PROCEEDINGS

Spondylitis Metrology Index scores and
bisphosphonate use have been found to be
risk factors for progression among
women.104
Sex-speciﬁc differences in disease manifestation have been observed, and sex may
inﬂuence the progression or course of the
disease.51,67 The prevalence of r-axSpA is
approximately 2:1 to 3:1 in men vs
women,66,105 and increased understanding
of the axSpA continuum suggests an approximate 1:1 distribution of nr-axSpA across the
sexes.67,88 Women have shown less spinal
radiographic damage, as assessed by the
Bath Ankylosing Spondylitis Radiology Index, than men, yet more functional impairment at the same level of radiographic
damage.106 In general, men may be more
likely than women to progress to r-axSpA
or to develop structural changes earlier in
the disease course.88 In a real-world study
of patients with axSpA, women were found
to have higher disease burden, including
poorer patient global assessment scores,
worse patient-reported outcomes, greater
disease activity, and greater peripheral
arthritis, despite having greater spinal
mobility than men.107 These observed sexspeciﬁc differences in disease presentation
and course may be founded on pathophysiologic differences between men and women;
gene expression proﬁles differ between men
and women with AS, which may have a
role in driving the direction and extent of
the disease course.108 Women experience
an increased diagnostic delay compared
with men,67,109 possibly as a result of these
sex-speciﬁc differences in axSpA manifestations, particularly the greater risk of radiographic damage in male patients and
overall lack of knowledge of nr-axSpA and
its approximately equal distribution across
sexes. Fibromyalgia and chronic, widespread
pain, which may accompany axSpA, can
contribute to diagnostic delay among
women with axSpA.43,110,111 In a real-world
study of patients’ diagnostic journeys,
women were more likely than men to be
misdiagnosed with ﬁbromyalgia (20.7% vs
6.6%; P<.05) or psychosomatic disorders
140
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(40.8% vs 23.0%; P<.05) before diagnosis
with axSpA.43
Axial spondyloarthritis does not progress
similarly in all patients; some may exhibit a
quiescent disease course.11 Spontaneous
remission of r-axSpA is uncommon but has
been observed in a limited number of patients.11,112 Results from the C-AxSpAnd
study of patients with nr-axSpA suggested
that spontaneous remission is unlikely in patients without biologic treatment; only 7.0%
of patients randomized to receive placebo
and nonbiologic background medication
achieved Ankylosing Spondylitis Disease Activity Score major improvement (decrease of
2.0 units or achievement of the lowest
possible score of 0.6) at week 52 compared
with 47.2% of patients randomized to receive
certolizumab pegol and nonbiologic background medication (P<.0001).113 With regard to progression, there are data to
suggest that at times a discordance exists between peripheral and axial disease. In a
study of Brazilian patients with axSpA,
with increasing age at onset, the proportion
of patients with purely axial symptoms
decreased while the proportion of patients
with purely peripheral symptoms increased
(P<.001).114
Treatment guidelines recently updated
by the American College of Rheumatology,
in partnership with the Spondylitis Association of America and the Spondyloarthritis
Research and Treatment Network, provide
similar recommendations regardless of
radiographic progression.15 First-line treatment with NSAIDs remains the cornerstone
of axSpA management. For many patients,
NSAID treatment is sufﬁcient to manage
signs and symptoms. Systemic glucocorticoids are not recommended for the treatment of axSpA. Biologics are recommended
for patients with inadequate response to or
who are intolerant of NSAIDs, with conditional recommendations for treatment with
TNF-a inhibitors over treatment with secukinumab or ixekizumab. The TNF-a inhibitor certolizumab pegol and the IL-17A
inhibitors secukinumab and ixekizumab are
the only biologics to be approved by the
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Food and Drug Administration for both nraxSpA and r-axSpA. The TNF-a inhibitors
adalimumab, etanercept, golimumab, and
inﬂiximab are currently Food and Drug
Administration approved for r-axSpA only.
Treatment with systemic biologics can result
in sustained clinical remission.112,115,116 The
TNF-a inhibitors adalimumab, certolizumab
pegol, etanercept, golimumab, and inﬂiximab have been proven effective in the management of axSpA and have demonstrated
improvement in inﬂammation detectable by
MRI.117 Although inhibition of TNF-a or
IL-17A can result in lower objective measures of inﬂammation in patients with
axSpA,112,118,119 the impact of these treatments on radiographic progression remains
an area of investigation. Recent work suggests that these therapies potentially limit
structural progression; for example, a metaanalysis of 24 studies, including 18 studies
in which patients received TNF-a inhibitors,
found a protective effect of TNF-a inhibition
on radiographic progression after 4 years of
treatment.120

USING THE ROAD MAP: EXPERT
COMMENTARY
The road map of axSpA continues to evolve
as we learn more about the genetics, immunology, pathophysiology, and phenotype of
this disease process. Some in the health
care community may view the axSpA continuum as a progressive disease leading to irreversible damage, with nr-axSpA as a
precursor to r-axSpA. However, not all patients progress along this continuum; nraxSpA and r-axSpA refer to classiﬁcations
of 2 regions along a continuous spectrum
of disease, although these 2 phenotypes can
result in similar disease burden and should
therefore be treated similarly. From a regulatory or payer perspective in the United
States, nr-axSpA and r-axSpA are viewed as
2 separate entities, complicating treatment
decisions. Data demonstrating the effectiveness of treatments among patients with or
without radiographic sacroiliitis may help
inform formulary decisions among payers
and regulators.
Mayo Clin Proc. n January 2022;97(1):134-145
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A straightforward and effective screening
strategy is necessary to ensure timely referral
of patients with suspected axSpA to rheumatologists. Early referral of patients with signs
of chronic inﬂammatory back pain (3
months) to rheumatologists is likely to
reduce diagnostic delay and to improve patient outcomes. To reduce diagnostic delay
for all manifestations of axSpA, all health
care providers likely to encounter patients
with inﬂammatory back pain and the comanifestations of axSpA should be aware of
this important concept and familiar with
other key axSpA features, including peripheral arthritis, uveitis, inﬂammatory bowel
disease, psoriasis, and fatigue. These presentations and manifestations can occur without
discernible imaging changes. The occurrence
of an atypical presentation in women should
be carefully considered as potential signs of
axSpA because deﬁnitive radiographic damage to the SI joints or spine occurs less
frequently
in
women
than
in
101,103,104,121
men.
Diagnostic imaging tools, including
classic radiography and MRI, have complementary roles in identifying disease in patients across the axSpA spectrum.89,99,122,123
Clinicians should be aware of the utility of
MRI for identifying active inﬂammation characteristic of axSpA, particularly of the SI
joints,124 before permanent radiographic
damage occurs.99,123 Magnetic resonance imaging of the spine is not recommended for
axSpA diagnosis,122,125 although it may have
some value in monitoring disease course
and response to treatment.
Patients who have received a diagnosis of
axSpA should be aware that there is no
monolithic prognosis; patients experience
axSpA burden and progression differently
(Figure). Not all cases of axSpA progress to
radiographic disease, although patients with
nr-axSpA can still experience substantial disease burden.71 Currently, management of
axSpA is recommended to be similar regardless of radiographic progression.15 Many patients can adequately manage their disease
with NSAIDs and exercise, and biologic
agents have shown promise at improving
clinical signs of axSpA and slowing
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radiographic progression in patients who are
not adequately treated with nonbiologic
therapies.15
CONCLUSION
Axial spondyloarthritis is a heterogeneous
disease with multiple manifestations and
can be represented by a continuum encompassing both nr-axSpA and r-axSpA, which
are associated with a similar disease burden
and need for aggressive therapy. Underrecognition of axSpA symptoms in patients
with chronic back pain or extra-articular
manifestations may result in misdiagnoses
or delayed diagnosis of axSpA. The most
advanced features, such as imaging changes
in the SI joints and spine, are also the most
easily recognizable, although not all patients
with axSpA who could beneﬁt from therapy
will ever display these radiographic changes
despite having considerable disease burden.
Keen awareness of axSpA features among
health care providers is likely to improve
diagnostic accuracy, resulting in reduced
diagnostic delay and improved patient outcomes. The availability of effective therapies
approved for the spectrum of axSpA manifestations from nr-axSpA to r-axSpA highlights the importance of awareness of the
complete continuum of axSpA.
ACKNOWLEDGMENTS
Medical writing support was provided by
Richard Karpowicz, PhD, of Health Interactions, Inc, Hamilton, New Jersey, and was
funded by Novartis Pharmaceuticals Corporation. This manuscript was developed in
accordance with Good Publication Practice
(GPP3) guidelines. Authors had full control
of the content and made the ﬁnal decision
on all aspects of this publication.
Abbreviations and Acronyms: AS, ankylosing spondylitis;
ASAS, Assessment of SpondyloArthritis international Society; axSpA, axial spondyloarthritis; IL, interleukin; MRI,
magnetic resonance imaging; mSASSS, modiﬁed Stoke
Ankylosing Spondylitis Spinal Score; nr-axSpA, nonradiographic axial spondyloarthritis; NSAID, nonsteroidal antiinﬂammatory drug; OR, odds ratio; r-axSpA, radiographic
axial spondyloarthritis; SI, sacroiliac; SpA, spondyloarthritis;
TNF-a, tumor necrosis factor a

142

Mayo Clin Proc.

n

Potential Competing Interests: S. Schwartzman has
received speaker’s fees from AbbVie, Aurinia, Janssen, Eli
Lilly, Novartis, Pﬁzer, and UCB; is a shareholder of Amgen,
Boston Scientiﬁc, Gilead, Medtronic, and Pﬁzer; has received
consultancy fees from AbbVie, Janssen, Gilead, Eli Lilly,
Novartis, and UCB; is a member of scientiﬁc advisory boards
for Myriad and Jubilant Pharma; and is a board member of
the National Psoriasis Foundation. E.M. Ruderman has
received consulting fees from AbbVie, Amgen, BMS, Gilead,
Janssen, Eli Lilly, Novartis, and Pﬁzer.
Role of the Funding Source: Novartis Pharmaceuticals
Corporation, East Hanover, New Jersey, provided support
for third-party writing assistance for this manuscript.
Correspondence: Address to Sergio Schwartzman, MD, 10
Campden Rd, Scarsdale, NY 10583 (ssconsulting@
72ndmed.com).

REFERENCES
1. Sieper J, Poddubnyy D. Axial spondyloarthritis. Lancet. 2017;
390(10089):73-84.
2. Erol K, Gok K, Cengiz G, Kilic G, Kilic E, Ozgocmen S. Extraarticular manifestations and burden of disease in patients with
radiographic and non-radiographic axial spondyloarthritis. Acta
Reumatol Port. 2018;43(1):32-39.
3. Reveille JD. Epidemiology of spondyloarthritis in North America. Am J Med Sci. 2011;341(4):284-286.
4. Reveille JD, Witter JP, Weisman MH. Prevalence of axial spondylarthritis in the United States: estimates from a crosssectional survey. Arthritis Care Res (Hoboken). 2012;64(6):
905-910.
5. Feldtkeller E, Khan MA, van der Heijde D, van der Linden S,
Braun J. Age at disease onset and diagnosis delay in HLAB27 negative vs. positive patients with ankylosing spondylitis.
Rheumatol Int. 2003;23(2):61-66.
6. Poddubnyy D, Gensler LS. Spontaneous, drug-induced, and
drug-free remission in peripheral and axial spondyloarthritis.
Best Pract Res Clin Rheumatol. 2014;28(5):807-818.
7. Rudwaleit M, van der Heijde D, Landewé R, et al. The development of Assessment of SpondyloArthritis international Society classiﬁcation criteria for axial spondyloarthritis (part II):
validation and ﬁnal selection [erratum appears in Ann Rheum
Dis. 2019;78(6):e59]. Ann Rheum Dis. 2009;68(6):777-783.
8. Boel A, Molto A, van der Heijde D, et al. Do patients with
axial spondyloarthritis with radiographic sacroiliitis fulﬁl both
the modiﬁed New York criteria and the ASAS axial spondyloarthritis criteria? Results from eight cohorts. Ann Rheum
Dis. 2019;78(11):1545-1549.
9. Deodhar A, Strand V, Kay J, Braun J. The term ’non-radiographic axial spondyloarthritis’ is much more important to
classify than to diagnose patients with axial spondyloarthritis.
Ann Rheum Dis. 2016;75(5):791-794.
10. Kiltz U, Baraliakos X, Karakostas P, et al. Do patients with nonradiographic axial spondylarthritis differ from patients with
ankylosing spondylitis? Arthritis Care Res (Hoboken). 2012;
64(9):1415-1422.
11. Garg N, van den Bosch F, Deodhar A. The concept of spondyloarthritis: where are we now? Best Pract Res Clin Rheumatol.
2014;28(5):663-672.
12. Protopopov M, Poddubnyy D. Radiographic progression in
non-radiographic axial spondyloarthritis. Expert Rev Clin Immunol. 2018;14(6):525-533.
13. Danve A, Deodhar A. Axial spondyloarthritis in the USA:
diagnostic challenges and missed opportunities. Clin Rheumatol. 2019;38(3):625-634.

January 2022;97(1):134-145

n

https://doi.org/10.1016/j.mayocp.2021.08.007
www.mayoclinicproceedings.org

ROAD MAP OF THE AXIAL SPONDYLOARTHRITIS CONTINUUM

14. Ghosh N, Ruderman EM. Nonradiographic axial spondyloarthritis: clinical and therapeutic relevance. Arthritis Res Ther.
2017;19(1):286.
15. Ward MM, Deodhar A, Gensler LS, et al. 2019 Update of the
American College of Rheumatology/Spondylitis Association of
America/Spondyloarthritis Research and Treatment Network
recommendations for the treatment of ankylosing spondylitis
and nonradiographic axial spondyloarthritis. Arthritis Rheumatol. 2019;71(10):1599-1613.
16. Geirsson AJ, Kristjansson K, Gudbjornsson B. A strong familiality of ankylosing spondylitis through several generations. Ann
Rheum Dis. 2010;69(7):1346-1348.
17. Morin M, Hellgren K, Frisell T. Familial aggregation and heritability of ankylosing spondylitisda Swedish nested case-control
study. Rheumatology (Oxford). 2020;59(7):1695-1702.
18. Colbert RA, Tran TM, Layh-Schmitt G. HLA-B27 misfolding
and ankylosing spondylitis. Mol Immunol. 2014;57(1):44-51.
19. Reveille JD, Weisman MH. The epidemiology of back pain,
axial spondyloarthritis and HLA-B27 in the United States.
Am J Med Sci. 2013;345(6):431-436.
20. Dashti N, Mahmoudi M, Aslani S, Jamshidi A. HLA-B*27 subtypes and their implications in the pathogenesis of ankylosing
spondylitis. Gene. 2018;670:15-21.
21. Khan MA. An update on the genetic polymorphism of HLAB*27 with 213 alleles encompassing 160 subtypes (and still
counting). Curr Rheumatol Rep. 2017;19(2):9.
22. Reveille JD. Biomarkers for diagnosis, monitoring of progression, and treatment responses in ankylosing spondylitis and
axial spondyloarthritis. Clin Rheumatol. 2015;34(6):1009-1018.
23. Reveille JD, Hirsch R, Dillon CF, Carroll MD, Weisman MH.
The prevalence of HLA-B27 in the US: data from the US National Health and Nutrition Examination Survey, 2009. Arthritis
Rheum. 2012;64(5):1407-1411.
24. Reveille JD. HLA-B27 and the seronegative spondyloarthropathies. Am J Med Sci. 1998;316(4):239-249.
25. Benjamin R, Parham P. Guilt by association: HLA-B27 and
ankylosing spondylitis. Immunol Today. 1990;11(4):137-142.
26. Smith JA. The role of the unfolded protein response in axial
spondyloarthritis. Clin Rheumatol. 2016;35(6):1425-1431.
27. Jansen DT, Hameetman M, van Bergen J, et al. IL17eproducing CD4þ T cells are increased in early, active axial
spondyloarthritis including patients without imaging abnormalities. Rheumatology (Oxford). 2015;54(4):728-735.
28. Kollnberger S, Chan A, Sun MY, et al. Interaction of HLA-B27
homodimers with KIR3DL1 and KIR3DL2, unlike HLA-B27
heterotrimers, is independent of the sequence of bound peptide. Eur J Immunol. 2007;37(5):1313-1322.
29. Smith JA, Colbert RA. Review: the interleukin-23/interleukin17 axis in spondyloarthritis pathogenesis: Th17 and beyond.
Arthritis Rheumatol. 2014;66(2):231-241.
30. Rodríguez E. Ankylosing spondylitis: a multi-factorial autoimmune disease. MHC class I, antigen presentation and others
to blame. Autoimmune Infect Dis. 2016;2(3). https://doi.org/
10.16966/2470-1025.117.
31. de Koning A, Schoones JW, van der Heijde D, van Gaalen FA.
Pathophysiology of axial spondyloarthritis: consensus and controversies. Eur J Clin Invest. 2018;48(5):e12913.
32. International Genetics of Ankylosing Spondylitis (IGAS),
Cortes A, Hadler J, Pointon JP, et al. Identiﬁcation of multiple
risk variants for ankylosing spondylitis through high-density
genotyping of immune-related loci. Nat Genet. 2013;45(7):
730-738.
33. Poddubnyy D, Sieper J. Similarities and differences between
nonradiographic and radiographic axial spondyloarthritis: a
clinical, epidemiological and therapeutic assessment. Curr
Opin Rheumatol. 2014;26(4):377-383.
34. Jacques P, McGonagle D. The role of mechanical stress in the
pathogenesis of spondyloarthritis and how to combat it. Best
Pract Res Clin Rheumatol. 2014;28(5):703-710.

Mayo Clin Proc. n January 2022;97(1):134-145
www.mayoclinicproceedings.org

n

35. McGonagle D, Lories RJ, Tan AL, Benjamin M. The concept of
a "synovio-entheseal complex" and its implications for understanding joint inﬂammation and damage in psoriatic arthritis
and beyond. Arthritis Rheum. 2007;56(8):2482-2491.
36. Benjamin M, Toumi H, Suzuki D, Redman S, Emery P,
McGonagle D. Microdamage and altered vascularity at the
enthesis-bone interface provides an anatomic explanation
for bone involvement in the HLA-B27-associated spondylarthritides and allied disorders. Arthritis Rheum. 2007;56(1):
224-233.
37. Jacques P, Lambrecht S, Verheugen E, et al. Proof of concept:
enthesitis and new bone formation in spondyloarthritis are
driven by mechanical strain and stromal cells. Ann Rheum
Dis. 2014;73(2):437-445.
38. Ward MM, Reveille JD, Learch TJ, Davis JC, Weisman MH.
Occupational physical activities and long-term functional and
radiographic outcomes in patients with ankylosing spondylitis.
Arthritis Rheum. 2008;59(6):822-832.
39. Ward MM, Kuzis S. Risk factors for work disability in patients
with ankylosing spondylitis. J Rheumatol. 2001;28(2):315-321.
40. Ramiro S, Landewé R, van Tubergen A, et al. Lifestyle factors
may modify the effect of disease activity on radiographic progression in patients with ankylosing spondylitis: a longitudinal
analysis. RMD Open. 2015;1(1):e000153.
41. Breban M, Tap J, Leboime A, et al. Faecal microbiota study reveals speciﬁc dysbiosis in spondyloarthritis. Ann Rheum Dis.
2017;76(9):1614-1622.
42. Gerdan V, Akar S, Solmaz D, et al. Initial diagnosis of lumbar
disc herniation is associated with a delay in diagnosis of ankylosing spondylitis. J Rheumatol. 2012;39(10):1996-1999.
43. Ogdie A, Benjamin Nowell W, Reynolds R, et al. Real-world
patient experience on the path to diagnosis of ankylosing
spondylitis. Rheumatol Ther. 2019;6(2):255-267.
44. Mennini FS, Viti R, Marcellusi A, Sciattella P, Viapiana O,
Rossini M. Economic evaluation of spondyloarthritis: economic impact of diagnostic delay in Italy. Clinicoecon Outcomes
Res. 2018;10:45-51.
45. Deodhar A, Mittal M, Reilly P, et al. Ankylosing spondylitis
diagnosis in US patients with back pain: identifying providers
involved and factors associated with rheumatology referral
delay. Clin Rheumatol. 2016;35(7):1769-1776.
46. Seo MR, Baek HL, Yoon HH, et al. Delayed diagnosis is linked
to worse outcomes and unfavourable treatment responses in
patients with axial spondyloarthritis. Clin Rheumatol. 2015;
34(8):1397-1405.
47. Fallahi S, Jamshidi AR. Diagnostic delay in ankylosing spondylitis: related factors and prognostic outcomes. Arch Rheumatol.
2015;31(1):24-30.
48. Yi E, Ahuja A, Rajput T, George AT, Park Y. Clinical, economic, and humanistic burden associated with delayed diagnosis of axial spondyloarthritis: a systematic review.
Rheumatol Ther. 2020;7(1):65-87.
49. Jones A, Harrison N, Jones T, Rees JD, Bennett AN. Time to
diagnosis of axial spondylarthritis in clinical practice: signs of
improving awareness? Rheumatology (Oxford). 2014;53(11):
2126-2127.
50. Kiltz U, Baraliakos X, Karakostas P, et al. The degree of spinal
inﬂammation is similar in patients with axial spondyloarthritis
who report high or low levels of disease activity: a cohort
study. Ann Rheum Dis. 2012;71(7):1207-1211.
51. Rusman T, van Vollenhoven RF, van der Horst-Bruinsma IE.
Gender differences in axial spondyloarthritis: women are
not so lucky. Curr Rheumatol Rep. 2018;20(6):35.
52. Deodhar A, Mease PJ, Reveille JD, et al. Frequency of axial
spondyloarthritis diagnosis among patients seen by US rheumatologists for evaluation of chronic back pain. Arthritis Rheumatol. 2016;68(7):1669-1676.
53. Redeker I, Callhoff J, Hoffmann F, et al. Determinants of diagnostic delay in axial spondyloarthritis: an analysis based on

https://doi.org/10.1016/j.mayocp.2021.08.007

143

MAYO CLINIC PROCEEDINGS

54.

55.

56.

57.

58.
59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

144

linked claims and patient-reported survey data. Rheumatology
(Oxford). 2019;58(9):1634-1638.
Sykes MP, Doll H, Sengupta R, Gaffney K. Delay to diagnosis in
axial spondyloarthritis: are we improving in the UK? Rheumatology (Oxford). 2015;54(12):2283-2284.
Zhao SS, Pittam B, Harrison NL, Ahmed AE, Goodson NJ,
Hughes DM. Diagnostic delay in axial spondyloarthritis: a systematic review and meta-analysis. Rheumatology (Oxford).
2021;60(4):1620-1628.
Magrey MN, Danve AS, Ermann J, Walsh JA. Recognizing axial
spondyloarthritis: a guide for primary care. Mayo Clin Proc.
2020;95(11):2499-2508.
van der Linden S, Valkenburg HA, Cats A. Evaluation of diagnostic criteria for ankylosing spondylitis. A proposal for modiﬁcation of the New York criteria. Arthritis Rheum. 1984;27(4):
361-368.
Landewé RB, van der Heijde DM. Why CAPS criteria are not
diagnostic criteria? Ann Rheum Dis. 2017;76(4):e7.
Landewé RBM. Overdiagnosis and overtreatment in rheumatology: a little caution is in order. Ann Rheum Dis. 2018;77(10):
1394-1396.
Sepriano A, Ramiro S, van der Heijde D, et al. What is axial
spondyloarthritis? A latent class and transition analysis in the
SPACE and DESIR cohorts [erratum appears in Ann Rheum
Dis. 2020;79(6):e78]. Ann Rheum Dis. 2020;79(3):324-331.
Strand V, Singh JA. Evaluation and management of the patient
with suspected inﬂammatory spine disease. Mayo Clin Proc.
2017;92(4):555-564.
Sieper J, van der Heijde D, Landewé R, et al. New criteria for
inﬂammatory back pain in patients with chronic back pain: a
real patient exercise by experts from the Assessment of SpondyloArthritis international Society (ASAS). Ann Rheum Dis.
2009;68(6):784-788.
Rudwaleit M, Metter A, Listing J, Sieper J, Braun J. Inﬂammatory
back pain in ankylosing spondylitis: a reassessment of the clinical history for application as classiﬁcation and diagnostic
criteria. Arthritis Rheum. 2006;54(2):569-578.
Dillon CF, Hirsch R. The United States National Health and
Nutrition Examination Survey and the epidemiology of ankylosing spondylitis. Am J Med Sci. 2011;341(4):281-283.
Roussou E, Sultana S. Spondyloarthritis in women: differences
in disease onset, clinical presentation, and Bath Ankylosing
Spondylitis Disease Activity and Functional indices (BASDAI
and BASFI) between men and women with spondyloarthritides. Clin Rheumatol. 2011;30(1):121-127.
Gran JT, Ostensen M, Husby G. A clinical comparison between males and females with ankylosing spondylitis.
J Rheumatol. 1985;12(1):126-129.
Wright GC, Kaine J, Deodhar A. Understanding differences
between men and women with axial spondyloarthritis. Semin
Arthritis Rheum. 2020;50(4):687-694.
van der Heijde D, Ramiro S, Landewé R, et al. 2016 Update of
the ASAS-EULAR management recommendations for axial
spondyloarthritis. Ann Rheum Dis. 2017;76(6):978-991.
Kroon FP, van der Burg LR, Ramiro S, et al. Non-steroidal antiinﬂammatory drugs (NSAIDs) for axial spondyloarthritis
(ankylosing spondylitis and non-radiographic axial spondyloarthritis). Cochrane Database Syst Rev. 2015;7:CD010952.
de Winter JJ, van Mens LJ, van der Heijde D, Landewé R,
Baeten DL. Prevalence of peripheral and extra-articular disease in ankylosing spondylitis versus non-radiographic axial
spondyloarthritis: a meta-analysis. Arthritis Res Ther. 2016;
18(1):196.
López-Medina C, Ramiro S, van der Heijde D, Sieper J,
Dougados M, Molto A. Characteristics and burden of disease
in patients with radiographic and non-radiographic axial spondyloarthritis: a comparison by systematic literature review and
meta-analysis. RMD Open. 2019;5(2):e001108.
Kataria RK, Brent LH. Spondyloarthropathies. Am Fam Physician. 2004;69(12):2853-2860.

Mayo Clin Proc.

n

73. Ciurea A, Scherer A, Exer P, et al. Tumor necrosis factor a
inhibition in radiographic and nonradiographic axial spondyloarthritis: results from a large observational cohort. Arthritis
Rheum. 2013;65(12):3096-3106.
74. Mitulescu TC, Popescu C, Naie A, et al. Acute anterior uveitis
and other extra-articular manifestations of spondyloarthritis.
J Med Life. 2015;8(3):319-325.
75. Rudwaleit M, Haibel H, Baraliakos X, et al. The early disease
stage in axial spondylarthritis: results from the German Spondyloarthritis Inception Cohort. Arthritis Rheum. 2009;60(3):
717-727.
76. Leirisalo-Repo M, Turunen U, Stenman S, Helenius P,
Seppala K. High frequency of silent inﬂammatory bowel disease in spondylarthropathy. Arthritis Rheum. 1994;37(1):23-31.
77. Van Praet L, Van den Bosch FE, Jacques P, et al. Microscopic
gut inﬂammation in axial spondyloarthritis: a multiparametric
predictive model. Ann Rheum Dis. 2013;72(3):414-417.
78. Harman LE, Margo CE, Roetzheim RG. Uveitis: the collaborative diagnostic evaluation. Am Fam Physician. 2014;90(10):711716.
79. Rosenbaum JT. Uveitis in spondyloarthritis including psoriatic
arthritis, ankylosing spondylitis, and inﬂammatory bowel disease. Clin Rheumatol. 2015;34(6):999-1002.
80. Stolwijk C, van Tubergen A, Castillo-Ortiz JD, Boonen A.
Prevalence of extra-articular manifestations in patients with
ankylosing spondylitis: a systematic review and meta-analysis.
Ann Rheum Dis. 2015;74(1):65-73.
81. Queiro R, Morante I, Cabezas I, Acasuso B. HLA-B27 and
psoriatic disease: a modern view of an old relationship. Rheumatology (Oxford). 2016;55(2):221-229.
82. Haroon M, Winchester R, Giles JT, Heffernan E, FitzGerald O.
Clinical and genetic associations of radiographic sacroiliitis and
its different patterns in psoriatic arthritis. Clin Exp Rheumatol.
2017;35(2):270-276.
83. Molto A, Nikiphorou E. Comorbidities in spondyloarthritis.
Front Med. 2018;5:62.
84. Walsh JA, Song X, Kim G, Park Y. Evaluation of the comorbidity burden in patients with ankylosing spondylitis using a large
US administrative claims data set. Clin Rheumatol. 2018;37(7):
1869-1878.
85. Walsh JA, Song X, Kim G, Park Y. Evaluation of the comorbidity burden in patients with ankylosing spondylitis treated
with tumour necrosis factor inhibitors using a large administrative claims data set. J Pharm Health Serv Res. 2018;9(2):
115-121.
86. Bedaiwi M, Sari I, Thavaneswaran A, Ayearst R, Haroon N,
Inman RD. Fatigue in ankylosing spondylitis and nonradiographic axial spondyloarthritis: analysis from a longitudinal
observation cohort. J Rheumatol. 2015;42(12):2354-2360.
87. Erb N, Karokis D, Delamere JP, Cushley MJ, Kitas GD.
Obstructive sleep apnoea as a cause of fatigue in ankylosing
spondylitis. Ann Rheum Dis. 2003;62(2):183-184.
88. Sieper J, van der Heijde D. Review: nonradiographic axial
spondyloarthritis: new deﬁnition of an old disease? Arthritis
Rheum. 2013;65(3):543-551.
89. Taurog JD, Chhabra A, Colbert RA. Ankylosing spondylitis and
axial spondyloarthritis. N Engl J Med. 2016;374(26):25632574.
90. Slobodin G, Reyhan I, Avshovich N, et al. Recently diagnosed
axial spondyloarthritis: gender differences and factors related
to delay in diagnosis. Clin Rheumatol. 2011;30(8):1075-1080.
91. Sieper J, Braun J, Rudwaleit M, Boonen A, Zink A. Ankylosing
spondylitis: an overview. Ann Rheum Dis. 2002;61(suppl 3).
iii8-iii8.
92. Shaikh SA. Ankylosing spondylitis: recent breakthroughs in
diagnosis and treatment. J Can Chiropr Assoc. 2007;51(4):
249-260.
93. Jiménez-Balderas FJ, Mintz G. Ankylosing spondylitis: clinical
course in women and men. J Rheumatol. 1993;20(12):20692072.

January 2022;97(1):134-145

n

https://doi.org/10.1016/j.mayocp.2021.08.007
www.mayoclinicproceedings.org

ROAD MAP OF THE AXIAL SPONDYLOARTHRITIS CONTINUUM

94. Poddubnyy D, Rudwaleit M, Haibel H, et al. Rates and predictors of radiographic sacroiliitis progression over 2 years in patients with axial spondyloarthritis. Ann Rheum Dis. 2011;70(8):
1369-1374.
95. Poddubnyy D, Sieper J. Radiographic progression in ankylosing
spondylitis/axial spondyloarthritis: how fast and how clinically
meaningful? Curr Opin Rheumatol. 2012;24(4):363-369.
96. Chung HY, Machado P, van der Heijde D, D’Agostino MA,
Dougados M. HLA-B27 positive patients differ from HLAB27 negative patients in clinical presentation and imaging: results from the DESIR cohort of patients with recent onset
axial spondyloarthritis. Ann Rheum Dis. 2011;70(11):19301936.
97. Poddubnyy D, Haibel H, Listing J, et al. Baseline radiographic
damage, elevated acute-phase reactant levels, and cigarette
smoking status predict spinal radiographic progression in early
axial spondylarthritis. Arthritis Rheum. 2012;64(5):1388-1398.
98. Dougados M, Demattei C, van den Berg R, et al. Rate and predisposing factors for sacroiliac joint radiographic progression
after a two-year follow-up period in recent-onset spondyloarthritis. Arthritis Rheumatol. 2016;68(8):1904-1913.
99. Dougados M, Sepriano A, Molto A, et al. Sacroiliac radiographic progression in recent onset axial spondyloarthritis:
the 5-year data of the DESIR cohort. Ann Rheum Dis. 2017;
76(11):1823-1828.
100. van Tubergen A, Ramiro S, van der Heijde D, Dougados M,
Mielants H, Landewe R. Development of new syndesmophytes and bridges in ankylosing spondylitis and their predictors: a longitudinal study. Ann Rheum Dis. 2012;71(4):518-523.
101. Boonen A, vander Cruyssen B, de Vlam K, et al. Spinal radiographic changes in ankylosing spondylitis: association with clinical characteristics and functional outcome. J Rheumatol. 2009;
36(6):1249-1255.
102. Ramiro S, van der Heijde D, van Tubergen A, et al. Higher disease activity leads to more structural damage in the spine in
ankylosing spondylitis: 12-year longitudinal data from the
OASIS cohort. Ann Rheum Dis. 2014;73(8):1455-1461.
103. Ward MM, Hendrey MR, Malley JD, et al. Clinical and immunogenetic prognostic factors for radiographic severity in ankylosing spondylitis. Arthritis Rheum. 2009;61(7):859-866.
104. Deminger A, Klingberg E, Geijer M, et al. A ﬁve-year prospective study of spinal radiographic progression and its predictors
in men and women with ankylosing spondylitis. Arthritis Res
Ther. 2018;20(1):162.
105. Kennedy LG, Will R, Calin A. Sex ratio in the spondyloarthropathies and its relationship to phenotypic expression, mode of
inheritance and age at onset. J Rheumatol. 1993;20(11):19001904.
106. Lee W, Reveille JD, Davis JC Jr, Learch TJ, Ward MM,
Weisman MH. Are there gender differences in severity of
ankylosing spondylitis? Results from the PSOAS cohort. Ann
Rheum Dis. 2007;66(5):633-638.
107. Mease PJ, Liu M, Rebello S, et al. SAT0306 Comparison of
men and women with axial spondyloarthritis in the USbased Corrona Psoriatic Arthritis/Spondyloarthritis (PsA/
SpA) registry. Ann Rheum Dis. 2019;78(suppl 2):1230-1231.
108. Gracey E, Yao Y, Green B, et al. Sexual dimorphism in the
Th17 signature of ankylosing spondylitis. Arthritis Rheumatol.
2016;68(3):679-689.
109. Calin A, Elswood J, Rigg S, Skevington SM. Ankylosing spondylitisdan analytical review of 1500 patients: the changing
pattern of disease. J Rheumatol. 1988;15(8):1234-1238.
110. Alunno A, Carubbi F, Stones S, Gerli R, Giacomelli R,
Baraliakos X. The impact of ﬁbromyalgia in spondyloarthritis:

Mayo Clin Proc. n January 2022;97(1):134-145
www.mayoclinicproceedings.org

n

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

from classiﬁcation criteria to outcome measures. Front Med
(Lausanne). 2018;5:290.
Mease PJ. Fibromyalgia, a missed comorbidity in spondyloarthritis: prevalence and impact on assessment and treatment.
Curr Opin Rheumatol. 2017;29(4):304-310.
Braun J, Baraliakos X, Hermann KG, et al. Effect of certolizumab pegol over 96 weeks of treatment on inﬂammation of
the spine and sacroiliac joints, as measured by MRI, and the
association between clinical and MRI outcomes in patients
with axial spondyloarthritis. RMD Open. 2017;3(1):e000430.
Deodhar A, Gensler LS, Kay J, et al. A 52-week randomized
placebo-controlled trial of certolizumab pegol in nonradiographic axial spondyloarthritis. Arthritis Rheumatol. 2019;
71(7):1101-1111.
Skare TL, Leite N, Bortoluzzo AB, et al. Effect of age at disease
onset in the clinical proﬁle of spondyloarthritis: a study of 1424
Brazilian patients. Clin Exp Rheumatol. 2012;30(3):351-357.
Baeten D, Sieper J, Braun J, et al. Secukinumab, an interleukin17A inhibitor, in ankylosing spondylitis. N Engl J Med. 2015;
373(26):2534-2548.
van der Heijde D, Cheng-Chung Wei J, Dougados M, et al.
Ixekizumab, an interleukin-17A antagonist in the treatment
of ankylosing spondylitis or radiographic axial spondyloarthritis
in patients previously untreated with biological diseasemodifying anti-rheumatic drugs (COAST-V): 16 week results
of a phase 3 randomised, double-blind, active-controlled and
placebo-controlled trial. Lancet. 2018;392(10163):2441-2451.
Li KJ, Jois R, Lichauco JJ, et al. A review on the effect of tumor
necrosis factor inhibitors on structural progression in early
axial spondyloarthritis using magnetic resonance imaging.
Rheumatol Ther. 2019;6(2):139-163.
Braun J, Baraliakos X, Deodhar A, et al. Secukinumab shows
sustained efﬁcacy and low structural progression in ankylosing
spondylitis: 4-year results from the MEASURE 1 study. Rheumatology (Oxford). 2018;58(5):859-868.
Dougados M, Wei JC, Landewé R, et al. Efﬁcacy and safety of
ixekizumab through 52 weeks in two phase 3, randomised,
controlled clinical trials in patients with active radiographic
axial spondyloarthritis (COAST-V and COAST-W) [erratum
appears in Ann Rheum Dis. 2020;79(6):e75]. Ann Rheum Dis.
2020;79(2):176-185.
Karmacharya P, Duarte-Garcia A, Dubreuil M, et al. Effect of
therapy on radiographic progression in axial spondyloarthritis:
a systematic review and meta-analysis. Arthritis Rheumatol.
2020;72(5):733-749.
Tournadre A, Pereira B, Lhoste A, et al. Differences between
women and men with recent-onset axial spondyloarthritis: results from a prospective multicenter French cohort. Arthritis
Care Res (Hoboken). 2013;65(9):1482-1489.
Mandl P, Navarro-Compan V, Terslev L, et al. EULAR recommendations for the use of imaging in the diagnosis and management of spondyloarthritis in clinical practice. Ann Rheum
Dis. 2015;74(7):1327-1339.
Braun J, Bollow M, Eggens U, König H, Distler A, Sieper J. Use
of dynamic magnetic resonance imaging with fast imaging in
the detection of early and advanced sacroiliitis in spondylarthropathy patients. Arthritis Rheum. 1994;37(7):1039-1045.
Maksymowych WP, Lambert RG, Østergaard M, et al. MRI lesions in the sacroiliac joints of patients with spondyloarthritis:
an update of deﬁnitions and validation by the ASAS MRI
working group. Ann Rheum Dis. 2019;78(11):1550-1558.
Maksymowych WP. The role of imaging in the diagnosis and
management of axial spondyloarthritis. Nat Rev Rheumatol.
2019;15(11):657-672.

https://doi.org/10.1016/j.mayocp.2021.08.007

145

