N\

pISSN: 2093-940X, elSSN: 2233-4718
Journal of Rheumatic Diseases Vol. 27, No. 1, January, 2020 )
https://doi.org/10.4078/jrd.2020.27.1.30 ey

Echocardiographic Evaluation of Axial Spondyloarthritis in
Korea: Data From the Catholic Axial Spondyloarthritis Cohort

Hong Ki Min, M.D.", Jennifer Lee, M.D., Ph.D.?, Ji Hyeon Ju, M.D., Ph.D.?, Seung-Ki Kwok, M.D., Ph.D.?,
Ho-Joong Youn, M.D., Ph.D.?, Sung-Hwan Park, M.D., Ph.D.?
'Division of Rheumatology, Department of Internal Medicine, Konkuk University Medical Center, *Division of Rheumatology, Department of

Internal Medicine, *Division of Cardiology, Department of Internal Medicine, Seoul St. Mary’s Hospital, College of Medicine, The Catholic
University of Korea, Seoul, Korea

Objective. Axial spondyloarthritis (axSpA) is often accompanied by cardiac manifestations, such as valvular heart disease. In
this prospective cohort study, we evaluated the incidence of cardiac abnormalities in Korean axSpA patients by
echocardiography. Methods. AxSpA patients were prospectively recruited from a single tertiary hospital. Baseline demo-
graphic, clinical, radiographic, and echocardiographic data were collected at the time of enrollment. Echocardiography evalua-
tions were performed with a focus on valvular heart disease and systolic and diastolic function. Logistic regression analyses
were used to identify factors associated with diastolic dysfunction in axSpA. Results. A total of 357 axSpA patients were in-
cluded in the analyses, of whom 78 (21.8%) exhibited diastolic dysfunction, with no reports of systolic dysfunction. Thirteen
patients (3.6%) had valvular heart disease, and aortic valve regurgitation (n=>5) and mitral valve regurgitation (n = 6) were most
common. Multivariable logistic regression analyses indicated that older age and higher body mass index (BMI) were positively
associated with diastolic dysfunction, whereas human leukocyte antigen (HLA)-B27 positivity was negatively associated with
diastolic dysfunction. Conclusion. Valvular heart disease is infrequent in Korean axSpA patients. However, diastolic dysfunc-
tion is common in axSpA patients, and is significantly associated with older age, higher BMI, and HLA-B27. (J Rheum Dis
2020;27:30-36)
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INTRODUCTION

Axial spondyloarthritis (axSpA) is a chronic inflammatory
arthritis mainly affecting the axial joint. Concept of
axSpA has been emerged to include early form of ankylos-
ing spondylitis, non-radiographic axSpA, which do not
accompanied obvious sacroiliitis detectable in plain ra-
diography [1]. Ankylosing spondylitis is the prototype of
spondyloarthritis (SpA), and SpA can accompany several
extra-articular manifestations. Anterior uveitis is the
most common extra-articular manifestation, and other
manifestations such as inflammatory bowel disease
(IBD), psoriasis, and dactylitis could occur in the course

of the SpA. Cardiovascular manifestations have long been
reported in ankylosing spondylitis patients [2-11]; how-
ever, most studies that have reported such results have
been composed of small number of ankylosing spondyli-
tis patients, with no inclusion of non-radiographic axSpA,
amuch broader disease entity than ankylosing spondylitis.

Several cardiovascular diseases have been reported in
ankylosing spondylitis. A cohort study from Quebec
found that ankylosing spondylitis patients were at in-
creased risk for cardiovascular disease, including valvular
heart disease, ischemic heart disease, and congestive
heart failure [12]. A similar study from Sweden revealed
a higher frequency of aortic valve regurgitation (AR) in
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ankylosing spondylitis patients compared to the general
population, leading to a recommendation for routine
echocardiography evaluation of ankylosing spondylitis
patients [13]. More recently, a meta-analysis of car-
diovascular studies in ankylosing spondylitis showed that
diastolic dysfunction was more frequent in ankylosing
spondylitis patients relative to healthy controls [14].
Similar findings from a retrospective cohort study in
Canada demonstrated an increased risk for vascular death
in ankylosing spondylitis patients relative to the general
population [15]. Both valvular heart disease and diastolic
dysfunction can cause symptomatic heart failure and
eventually increase mortality. Given the strong link be-
tween cardiac manifestations and ankylosing spondylitis,
early detection and management of the aforementioned
cardiac manifestations may be important to prevent ma-
jor cardiac adverse events.

Among Korean axSpA patients, cardiovascular diseases
including valvular heart disease have not been evaluated.
We assessed the incidence of cardiovascular disease in
Korean axSpA patients by echocardiography. Clinical co-
factors that may be predictive of diastolic dysfunction in
axSpA were also evaluated.

MATERIALS AND METHODS

Study design

AxSpA patients were enrolled in the Catholic Axial
Spondyloarthritis Cohort (CASCO), a prospective, longi-
tudinal cohort of Seoul St. Mary’s Hospital, Seoul, Korea.
Inclusion criteria were as following: fulfillment of the
modified New York criteria for ankylosing spondylitis or
Assessment of SpondyloArthritis international Society
(ASAS) classification criteria for axSpA [1,16], and >18
years of age. A total of 372 patients were enrolled from
January 2015 to April 2017, of which 357 patients under-
went echocardiography after enrollment to CASCO (15
patients refused to do echocardiography). Baseline demo-
graphic, laboratory, radiographic, disease activities, and
functional index data were collected for all patients, with
echocardiography performed within 1 month after
enrollment. The study was conducted in accordance with
the Declaration of Helsinki (1964). Written informed
consent was obtained from each patient before enrollment.
This study was approved by the Institutional Review
Board of Seoul St. Mary’s Hospital (no. KC150ISI10012).
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Collected data

Baseline demographic characteristics including current
age, age at the time of axSpA diagnosis, sex, height, and
weight were collected at the time of enrollment. Clinical
parameters including Bath Ankylosing Spondylitis
Disease Activity Index (BASDAI), Ankylosing Spondylitis
Disease Activity Score (ASDAS), Bath Ankylosing
Spondylitis Functional Index (BASFI), pain visual ana-
logue scale (VAS), patient’s global assessment, and
physician’s global assessment were recorded. EuroQol-5
dimensions (EQ-5D) and EQ-VAS were measured to ac-
cess health-related quality of life. EQ-5D was converted
into a ‘time trade-off” value according to Korean reference
data [17]. Very high ASDAS-CRP and elevated BASDAI
were defined as > 3.5 and 4.0 units, respectively [18,19].

Laboratory data included erythrocyte sedimentation
rate (ESR), C-reactive protein (CRP), and human leuko-
cyte antigen (HLA)-B27. Electronic medical records of
each patient were reviewed to assess current medications,
comorbidities, and extra-articular manifestations. Extra-
articular manifestations were deemed positive if at least
once it was present in the course of the disease. The ASAS
nonsteroidal anti-inflammatory drug index was calcu-
lated according to ASAS guidelines [20].

Radiographic assessment

Baseline grade of sacroiliitis was measured using plain
radiography of the pelvis. Lateral radiographies of the cer-
vical and lumbar spine were used to calculate the modi-
fied Stoke AS Spinal Score (mSASSS) and syndesmophyte
[21]. The squaring score for the cervical vertebrae was ex-
cluded from the mSASSS because the anterior border of
these vertebrae can be naturally concave [22]. Each ra-
diography was provided to the assessor in a Digital
Imaging and Communications in Medicine file after eras-
ing the patient’s information. mSASSS was performed by
a trained rheumatologist (Min).

Echocardiography

Transthoracic echocardiography (TTE) was performed
by an experienced cardiologist (Youn). Valvular regur-
gitation was divided into mild, moderate, and severe.
Diastolic dysfunction was judged by measuring the E/A
ratio, deceleration time, and E/E’ ratio, and classified into
grades I to IV [23]. Right ventricular systolic pressure
was measured if tricuspid regurgitation was present, and
the pressure gradient was calculated using the modified
Bernoulli equation [24]. Groups were divided into axSpA
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Table 1. Baseline characteristics of axSpA patients with and without diastolic dysfunction

. Total axSpA . AXS,pA WlthOUt, AxSpA with diastolic
Variables _357) diastolic dysfunction dysfunction (n=78) -value
(n= (n=279) i -

Age (yr) 38.0 [31.0; 46.0] 35.0 [28.0; 41.5] 50.0 [44.0; 56.0] <0.001
Disease duration (yr) 6.1[2.3; 11.3] 5.7[1.9; 10.4] 9.2 [4.0; 13.2] 0.003
Male sex 271 (75.9) 208 (74.6) 63 (80.8) 0.324
BMI (kg/mz) 23.7 [21.7; 26.0] 23.5 [21 5; 25.9] 24.7 [22.9; 26.8] 0.004

Obesity (=25) 124 (35.3) 2 (33.7) 32 (41.0) 0.289
Current smoker 96 (27.9) 5(28.1) 21 (27.3) 1.000
Current alcohol drinker 239 (69.5) 193 (72.0) 46 (60.5) 0.075
Uveitis 161 (46.7) 114 (42.7) 47 (60.3) 0.009
IBD 5(1.5) 1(0.4) 4(5.1) 0.011
Dactylitis 27 (7.8) 20 (7.5) 7 (9.0) 0.850
Psoriasis 16 (4.6) 13 (4.9) 3(3.8) 0.943
BASDAI (0~ 10) 2.6 [1.6; 4.1] 2.6 [1.6; 4.0] 3.1[1.4; 5.0] 0.443
Elevated BASDAI (=4) 100 (29.2) 72 (27.2) 28 (35.9) 0.177
ASDAS-CRP (0~ 10) 1.7 [1.2; 2.3] 1.7 [1.1; 2.3] 2.0[1.3; 2.5] 0.104
Very high ASDAS-CRP (=3.5) 19 (5.5) 11 (4.2) 8(10.3) 0.073
BASFI (0~ 10) 0.310.0; 1.3] 0.2 [0.0; 1.1] 0.910.1; 2.6] <0.001
EQ-5D-TTO (0~1) 0.8 [0.8; 0.8] 0.8 [0.8; 0.8] 0.8 [0.7; 0.8] 0.070
EQ-VAS (0~ 100) 75.0[60.0; 85.0] 75.0 [65.0; 86.0] 75.0[60.0; 81.0] 0.218
PGA (0~ 10) 3.0[1.0; 5.0] 2.0[1.0; 5.0] 3.5[1.0; 5.0] 0.063
PhyGA (0~ 10) 2.0[1.0; 3.0] 2.0[1.0; 3.0] 2.0[1.0; 4.0] 0.075
Pain VAS (0~ 10) 2.0[1.0; 4.0] 2.0[1.0; 4.0] 3.0[1.0; 5.0] 0.361
Peripheral arthritis 28 (8.2) 21(7.9) 7 (9.1) 0.926
Comorbidity

HTN 35(9.8) 21 (7.5) 14 (17.9) 0.012

DM 10 (2.8) 2(0.7) 8(10.3) <0.001

Dyslipidemia 8(2.2) 5(1.8) 3(3.8) 0.515
Current medication

NSAID index (0~ 100) 50.0 [0.0; 50.0] 50.0 [0.0; 50.0] 50.0 [0.0; 100.0] 0.454

Sulfasalazine 122 (34.2) 100 (35.8) 22 (28.2) 0.262

TNF-«@ blocker 167 (46.8) 123 (44.1) 44 (56.4) 0.072
ESR (mm/h) 11.0 [5.0; 19.0] 11.0 [5.0; 19.0] 12.0 [7.0; 22.0] 0.144
CRP (mg/dL) 0.1[0.0; 0.3] 0.1[0.0; 0.3] 0.1[0.0; 0.5] 0.329
HLA-B27 positive 311 (93.4) 253 (95.5) 58 (85.3) 0.006
Baseline mean grade of sacroiliitis 2.5[1.5; 3.0] 2.5[1.5; 3.0] 3.0 [2.0; 4.0] 0.002
Ankylosing spondylitis (satisfying mNY criteria) 262 (73.4) 200 (71.7) 62 (79.5) 0.217
mSASSS (0~72) 4.0 [0.0; 14.0] 2.0[0.0; 10.0] 15.0 [7.0; 47.0] <0.001
Syndemophyte count (0~ 24) 1.0 [0.0; 5.0] 0.0[0.0; 3.0] 5.0[2.0; 17.0] <0.001
TTE

Valvular heart disease 13 (3.6) 7 (2.5) 6(7.7) 0.069

AR 5(1.4) 2(0.7) 3(3.8) 0.125

LVEF (%) 62.9 [60.0; 65.0] 62.9 [60.0; 65.0] 62.2 [60.0; 65.0] 0.757

Sm (cm/s) 8.3[7.5; 9.1] 8.4 [7.5; 9.1] 8.1[7.0; 9.1] 0.206

E/A ratio 1.3[1.1; 1.6] 1.4[1.2;1.7] 0.9 [0.8; 0.9] <0.001

DT (msec) 180.0 [154.5; 199.5] 173.0[149.0; 187.0] 201.5[183.0; 229.0] <0.001

E/E’ ratio 6.9[6.1; 8.1] 6.7 [6.0; 7.7] 8.0[6.7; 9.6] <0.001

RVSP (mmHg) 23.0[19.0; 24.0] 22.0[19.0; 24.0] 23.0[20.0; 26.0] 0.222

Values are presented as median [inter-quartile range] or number (%). axSpA: axial spondyloarthritis, BMI: body mass index, IBD:
inflammatory bowel disease, BASDAI: Bath Ankylosing Spondylitis Disease Activity Index, ASDAS: Ankylosing Spondylitis
Disease Activity Score, CRP: C-reactive protein, BASFI: Bath Ankylosing Spondylitis Functional Index, EQ-5D: EuroQol-5
dimensions, TTO: time trade-off, VAS: visual analogue scale, PGA: patient global assessment, PhyGA: physician global assessment,
HTN: hypertension, DM: diabetes mellitus, NSAID: nonsteroidal anti-inflammatory drug, TNF: tumor necrosis factor, ESR:
erythrocyte sedimentation rate, HLA: human leukocyte antigen, mNY: modified New York, mSASSS: modified Stoke Ankylosing
Spondylitis Spinal Score, TTE: transthoracic echocardiography, AR: aortic valve regurgitation, LVEF: left ventricular ejection
fraction, Sm: mitral annular peak systolic velocity, DT: deceleration time, RVSP: right ventricular systolic pressure.
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with and without diastolic dysfunction.

Statistical analyses

Normality was checked for each continuous variable,
and then the data were compared using Student’s t or
Mann-Whitney tests. The results are presented as me-
dian and inter-quartile range. Categorical variables were
compared using chi-square or Fisher’s exact tests.
Comparisons between multiple independent groups
were done by ANOVA. Logistic regression analyses were
used to identify factors associated with diastolic dysfunction.
Factors significant at p <0.05 in univariate analyses were
included in multivariate regression analyses using back-
ward stepwise regression; p-values <0.05 were consid-
ered statistically significant. All tests were performed us-
ing R (R for Windows 3.3.2; The R Foundation for
Statistical Computing, Vienna, Austria).

RESULTS

Baseline characteristics of axSpA patients and
comparison between axSpA patients with and
without diastolic dysfunction

Among the 372 axSpA patients enrolled in the CASCO
study, 357 were examined by TTE. Of these, 74 were diag-
nosed with grade I diastolic dysfunction, and 4 were clas-
sified with grade II (Table 1). AxSpA patients with dia-
stolic dysfunction were older than those without diastolic
dysfunction and had a longer disease duration. Body mass
index (BMI) was also higher in axSpA patients with dia-
stolic dysfunction, who also had a frequent history of
uveitis and combined IBD. Comorbid diseases, hyper-
tension (HTN), and diabetes mellitus (DM) were more
frequently observed in axSpA patients with diastolic
dysfunction. Baseline radiographic structural changes in
the axial joint, mean grade of sacroiliitis, mSASSS, and
syndesmophyte count were all more severe in axSpA pa-

Echocardiographic Characteristics of axSpA

tients with diastolic dysfunction (Table 1). Valvular heart
diseases were apparent in 13 patients, of which AR (n=5,
three mild and two moderate) and mitral valve regur-
gitation (MR; n=6, five mild, and one moderate) were
most common (Supplementary Table 1). All axSpA pa-
tients with AR satisfied modified New York criteria for
ankylosing spondylitis. The prevalence of AR in ankylos-
ing spondylitis patients of CASCO was generally lower
than that of a Swedish study on ankylosing spondylitis
(Supplementary Table 2) [13]. Although direct compar-
ison of valvular heart disease frequency between axSpA
patients and healthy controls was impossible, the crude
prevalence of valvular heart disease in CASCO was higher
than the general population of Korea (3.60% vs. 0.11%)
[25]. The prevalence of diastolic dysfunction showed a
tendency to increase with age, whereas valvular disease
did not (Table 2).

Predictors of diastolic dysfunction in axSpA
patients

Logistic regression analyses were used to identify varia-
bles associated with diastolic dysfunction in axSpA. In
univariate regression analyses, age, disease duration,
BMI, history of uveitis, IBD, very high ASDAS-CRB
BASFI, HTN, DM, mean grade of sacroiliitis, syndesmo-
phyte count, and co-existence of valvular heart disease
were all associated with increased risk for diastolic dys-
function, whereas HLA-B27 positivity was inversely cor-
related with diastolic dysfunction (Table 3). Multivariate
regression analyses indicated that older age, higher BMI,
and HLA-B27 negativity increased the odds of diastolic
dysfunction in axSpA (Table 3).

DISCUSSION

We described the echocardiographic findings of axSpA
patients in Korea, and identified predictors of diastolic

Table 2. Frequencies of diastolic dysfunction and valvular heart diease by age in axSpA

Age category
Cardiac
manifestations <30 30~39 40~49 50~ 59 60~ 69 <70  pvalue
(n=80) (n=119) (n=100) (n=44) (n=12) (n=2)
Diastolic dysfunction 0(0.0) 9(7.6) 26 (26.0) 30 (68.2) 11 (91.7) 2 (100.00  <0.001
T* a a C C C
Valvular heart disease 2(2.5) 2(1.7) 4 (4.0) 3(6.8) 2(16.7) 0 (0.0) 0.118

Values are presented as number (%). axSpA: axial spondyloarthritis. *The same letters indicate non-significant difference between

groups based on Bonferroni multiple comparison test.
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Table 3. Univariate and multivariate logistic regression analysis of predicting diastolic dysfunction in axSpA

Univariate Multivariate
Variables

OR 95% Cl p-value OR 95% Cl p-value
Age (yr) 1.20 1.15, 1.26 <0.001 1.21 1.15,1.27 <0.001
Male sex 1.43 0.77, 2.68 0.258
Disease duration (yr) 1.06 1.02, 1.10 0.001
BMI (kg/mz) 1.11 1.02, 1.19 0.011 1.14 1.01,1.28 0.030
Alcohol drinker 0.60 0.35, 1.01 0.056
Current smoker 0.96 0.54, 1.69 0.888
Uveitis history 2.03 1.22, 3.40 0.007
IBD 14.32 1.58, 130.11 0.018
Elevated BASDAI (=4) 1.50 0.88, 2.57 0.137
Very high ASDAS-CRP (>3.5) 2.64 1.02, 6.81 0.045
BASFI 1.45 1.23,1.72 <0.001
HTN 2.69 1.30, 5.57 0.008
DM 15.83 3.29,76.20 0.001 5.54 0.93, 32.92 0.060
Dyslipidemia 2.19 0.51,9.38 0.290
HLA-B27 positive 0.28 0.11, 0.67 0.004 0.23 0.06, 0.93 0.039
Mean grade of sacroiliitis 1.50 1.16, 1.94 0.002
mSASSS 1.04 1.03, 1.05 <0.001
Syndesmophyte count 1.12 1.08, 1.16 <0.001
Valvular heart disease 3.24 1.06, 9.93 0.040

axSpA: axial spondyloarthritis, OR: odd ratio, Cl: confidence interval, BMI: body mass index, IBD: inflammatory bowel disease,
BASDALI: Bath Ankylosing Spondylitis Disease Activity Index, ASDAS: Ankylosing Spondylitis Disease Activity Score, CRP:
C-reactive protein, BASFI: Bath Ankylosing Spondylitis Functional Index, HTN: hypertension, DM: diabetes mellitus, HLA: human
leukocyte antigen, mSASSS: Modified Stoke Ankylosing Spondylitis Spinal Score.

dysfunction. Diastolic dysfunction was relatively com-
mon in axSpA patients (21.8%), and, of note, HLA-B27
positivity was inversely associated with diastolic dysfunc-
tion in axSpA. By contrast, other associated factors in-
cluding age, BMI, HTN, and DM are well known risk fac-
tors of diastolic dysfunction [26]. In univariate regression
analyses, structural damage in the axial joint, mean grade
of sacroiliitis, mSASSS, and syndesmophyte count were
positively associated with diastolic dysfunction. Structural
damage such as sacroiliitis, mSASSS, and syndesmophyte
progress naturally in conjunction with axSpA. Therefore,
progression in structural damage to the spine or sacroiliac
joint may simply be the result of prolonged disease dura-
tion or older age, and independent associations between
structural damage in axSpA and diastolic dysfunction
have yet to be established. Previous studies suggested po-
tential role of HLA-B27 on cardiac manifestations of
axSpA [6,10], aortic regurgitation and conduction system
abnormality, however the exact role of HLA-B27 on car-
diac problem of axSpA is not revealed yet. There are sev-
eral differences between HLA-B27 positive and negative
axSpA patients [27], and pathogenesis of HLA-B27 pos-
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itive and negative axSpA would be differ. Further research
is necessary to confirm the negative association between
diastolic dysfunction and HLA-B27, including basic re-
search that investigates the role of HLA-B27 in the con-
text of diastolic dysfunction in axSpA patients.

Diastolic dysfunction without symptoms of heart failure
along with normal systolic function is termed preclinical
diastolic dysfunction [28]. The influence of diastolic dys-
function on mortality is well established, with moderate
to severe diastolic dysfunction strongly associated with
increased mortality, whereas mild diastolic dysfunction is
not [29,30]. In grade I diastolic dysfunction, left ventricle
ejection fraction (LVEF) predicts the occurrence of heart
failure symptoms [31]. However, in the present study, all
axSpA patients exhibited LVEF within the normal refer-
ence ranges. In addition, the vast majority (94.9%) of
axSpA patients with diastolic dysfunction were classified
as having grade I disease, without accompanying symp-
toms of heart failure. Although diastolic dysfunction was
relatively common in axSpA patients in the present study,
its severity was mild and the clinical significance of this
finding remains uncertain.

J Rheum Dis Vol. 27, No. 1, January, 2020



Valvular heart disease, particularly AR, is considered an
important extra-articular manifestation in ankylosing
spondylitis patients [2,4,6]. A recent study from Sweden
reported an increased prevalence of AR in ankylosing
spondylitis patients relative to healthy controls, and
Klingberg et al. [13] claimed to check echocardiography
routinely in ankylosing spondylitis patients. However,
the prevalence of AR was lower in the present study than
in the Swedish study, and none of the non-radiographic
axSpA patients had valvular heart disease. This implies
that routine screening using TTE may not be suitable for
axSpA patients in Korea.

This study had several limitations. For example, the
study population was relatively small; however, it differed
significantly from previous studies that were limited to
ankylosing spondylitis patients. The present study repre-
sents the first evaluation of cardiac manifestation in
whole axSpA patients, not limited to ankylosing
spondylitis. Second, the design was cross-sectional, and
thus we were unable to assess long-term prognosis of
axSpA patients in the context of diastolic dysfunction. As
the CASCO study is an ongoing prospective, longitudinal
cohort study, assessment of disease prognosis in axSpA
patients with and without diastolic dysfunction is possi-
ble in subsequent analyses. Third, proper age- and
sex-matched healthy controls were not available.
Therefore, direct comparisons of the prevalence of valvu-
lar heart disease and diastolic dysfunction in axSpA pa-
tients and healthy controls was not possible.

CONCLUSION

Although revealing prevalence of cardiac manifestation
in Korean ankylosing spondylitis patients exists [32], this
study provides the first echocardiographic findings which
categorized and described cardiac manifestation in
Korean axSpA patients. Incidence of AR was less frequent
than that seen in Western country. By contrast, diastolic
dysfunction was relatively common in Korean axSpA pa-
tients, although its severity was mostly mild (grade I)
with all patients being asymptomatic. Based on these
findings, routine use of TTE might not be suitable in
Korean axSpA patients. However, it may be useful for de-
tecting diastolic dysfunction in a subset of axSpA pa-
tients, particularly those with HLA-B27 negativity, higher
BMI, and older age.

www.jrd.or.kr

Echocardiographic Characteristics of axSpA

CONFLICT OF INTEREST

No potential conflict of interest relevant to this article
was reported.

AUTHOR CONTRIBUTIONS

H.K.M. drafted the manuscript, carried out data collec-
tion and analysis. J.L., J.H.J., S.K.K,, and H].Y. collected
and analyzed the data. S.H.P designed the study, in-
terpreted the results, and revised the manuscript. All au-
thors were involved in critically revising the final
preparation. All authors approved the final version to be
published.

SUPPLEMENTARY DATA

Supplementary data can be found with this article online
at https://doi.org/10.4078/jrd.2020.27.1.30.

REFERENCES

1. Sieper J, Rudwaleit M, Baraliakos X, Brandt J, Braun J,
Burgos-Vargas R, et al. The assessment of SpondyloArthritis
International Society (ASAS) handbook: a guide to assess
spondyloarthritis. Ann Rheum Dis 2009;68 Suppl 2:ii1-44.

2. Bulkley BH, Roberts WC. Ankylosing spondylitis and aortic
regurgitation. Description of the characteristic car-
diovascular lesion from study of eight necropsy patients.
Circulation 1973;48:1014-27.

3. Tucker CR, Fowles RE, Calin A, Popp RL. Aortitis in anky-
losing spondylitis: early detection of aortic root abnormal-
ities with two dimensional echocardiography. Am J Cardiol
1982;49:680-6.

4. Qaiyumi S, Hassan ZU, Toone E. Seronegative spondyloar-
thropathies in lone aortic insufficiency. Arch Intern Med
1985;145:822-4.

5. Brewerton DA, Gibson DG, Goddard DH, Jones TJ, Moore
RB, Pease CT, et al. The myocardium in ankylosing
spondylitis. A clinical, echocardiographic, and histopatho-
logical study. Lancet 1987;1:995-8.

6. Bergfeldt L, Insulander P, Lindblom D, Méller E, Edhag O.
HLA-B27: an important genetic risk factor for lone aortic re-
gurgitation and severe conduction system abnormalities.
Am ] Med 1988;85:12-8.

7. Gould BA, Turner J, Keeling DH, Hickling P, Marshall AJ.
Mpyocardial dysfunction in ankylosing spondylitis. Ann
Rheum Dis 1992;51:227-32.

8. SunJP, Khan MA, Farhat AZ, Bahler RC. Alterations in car-
diac diastolic function in patients with ankylosing
spondylitis. Int J Cardiol 1992;37:65-72.

9. Crowley JJ, Donnelly SM, Tobin M, FitzGerald O, Bresnihan
B, Maurer BJ, et al. Doppler echocardiographic evidence of
left ventricular diastolic dysfunction in ankylosing spondylitis.
Am J Cardiol 1993;71:1337-40.

35



Hong Ki Min et al.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

36

Bergfeldt L. HLA-B27-associated cardiac disease. Ann
Intern Med 1997;127:621-9.

Roldan CA, Chavez J, Wiest PW, Qualls CR, Crawford MH.
Aortic root disease and valve disease associated with anky-
losing spondylitis. ] Am Coll Cardiol 1998;32:1397-404.
Szabo SM, Levy AR, Rao SR, Kirbach SE, Lacaille D, Cifaldi
M, et al. Increased risk of cardiovascular and cerebrovascular
diseases in individuals with ankylosing spondylitis: a pop-
ulation-based study. Arthritis Rheum 2011;63:3294-304.
Klingberg E, Svedlv BG, Ting MS, Bech-Hanssen O,
Forsblad-d'Elia H, Bergfeldt L. Aortic regurgitation is com-
mon in ankylosing spondylitis: time for routine echo-
cardiography evaluation? Am J Med 2015;128:1244-50.e1.
Heslinga SC, Van Dongen CJ, Konings TC, Peters MJ, Van
der Horst-Bruinsma IE, Smulders YM, et al. Diastolic left
ventricular dysfunction in ankylosing spondylitis--a sys-
tematic review and meta-analysis. Semin Arthritis Rheum
2014;44:14-9.

Haroon NN, Paterson JM, Li P, Inman RD, Haroon N.
Patients with ankylosing spondylitis have increased car-
diovascular and cerebrovascular mortality: a population-
based study. Ann Intern Med 2015;163:409-16.

van der Linden S, Valkenburg HA, Cats A. Evaluation of di-
agnostic criteria for ankylosing spondylitis. A proposal for
modification of the New York criteria. Arthritis Rheum
1984;27:361-8.

Lee YK, Nam HS, Chuang LH, Kim KY, Yang HK, Kwon IS,
et al. South Korean time trade-off values for EQ-5D health
states: modeling with observed values for 101 health states.
Value Health 2009;12:1187-93.

Garrett S, Jenkinson T, Kennedy LG, Whitelock H, Gaisford
P, Calin A. A new approach to defining disease status in an-
kylosing spondylitis: the Bath Ankylosing Spondylitis
Disease Activity Index. ] Rheumatol 1994;21:2286-91.
Machado P, Landewé R, Lie E, Kvien TK, Braun J, Baker D,
et al. Ankylosing Spondylitis Disease Activity Score (ASDAS):
defining cut-off values for disease activity states and im-
provement scores. Ann Rheum Dis 2011;70:47-53.
Dougados M, Simon P, Braun J, Burgos-Vargas R, Maksymowych
WP, Sieper J, et al. ASAS recommendations for collecting,
analysing and reporting NSAID intake in clinical trials/epi-
demiological studies in axial spondyloarthritis. Ann Rheum
Dis 2011;70:249-51.

Creemers MC, Franssen MJ, van't Hof MA, Gribnau FW, van
de Putte LB, van Riel PL. Assessment of outcome in ankylos-

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

ing spondylitis: an extended radiographic scoring system.
Ann Rheum Dis 2005;64:127-9.

Ward MM, Learch TJ, Weisman MH. Cervical vertebral
squaring in patients without spondyloarthritis. ] Rheumatol
2012;39:1900.

Nagueh SF, Smiseth OA, Appleton CP, Byrd BF 3rd,
Dokainish H, Edvardsen T, et al. Recommendations for the
evaluation of left ventricular diastolic function by echo-
cardiography: an update from the American Society of
Echocardiography and the European Association of
Cardiovascular Imaging. ] Am Soc Echocardiogr 2016;29:
277-314.

Stephen B, Dalal P, Berger M, Schweitzer P, Hecht S.
Noninvasive estimation of pulmonary artery diastolic pres-
sure in patients with tricuspid regurgitation by Doppler
echocardiography. Chest 1999;116:73-7.

Jang SY, Ju EY, Seo SR, Choi JY, Park SJ, Kim DK, et al.
Changes in the etiology of valvular heart disease in the rap-
idly aging Korean population. Int ] Cardiol 2014;174:355-9.
Gong FF, Jelinek MV, Castro JM, Coller JM, McGrady M,
Boffa U, et al. Risk factors for incident heart failure with pre-
served or reduced ejection fraction, and valvular heart fail-
ure, in a community-based cohort. Open Heart 2018;5:
€000782.

Chung HY, Machado P, van der Heijde D, D'Agostino MA,
Dougados M. HLA-B27 positive patients differ from HLA-
B27 negative patients in clinical presentation and imaging:
results from the DESIR cohort of patients with recent onset
axial spondyloarthritis. Ann Rheum Dis 2011;70:1930-6.
Wan SH, Vogel MW, Chen HH. Pre-clinical diastolic
dysfunction. ] Am Coll Cardiol 2014;63:407-16.

Halley CM, Houghtaling PL, Khalil MK, Thomas JD, Jaber
WA. Mortality rate in patients with diastolic dysfunction
and normal systolic function. Arch Intern Med 2011;171:
1082-7.

Liers C, Edelmann F, Wachter R, Pieske B, Mende M,
Angermann C, et al. Prognostic impact of diastolic dysfunc-
tion in systolic heart failure-a cross-project analysis from
the German Competence Network Heart Failure. Clin
Cardiol 2017;40:667-73.

Nabati M, Salehi S, Bagheri B, Nouraei M. Abnormal left
ventricular relaxation and symptoms of heart failure. J
Echocardiogr 2016;14:113-9.

Kim TJ, Kim TH. Clinical spectrum of ankylosing spondyli-
tis in Korea. Joint Bone Spine 2010;77:235-40.

J Rheum Dis Vol. 27, No. 1, January, 2020



