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ABSTRACT

Objectives To describe electrocardiographic (ECG)
development in patients with ankylosing spondylitis (AS)
and identify associations between baseline characteristics
and cardiac conduction disturbances (CCD) at 5-year
follow-up.

Methods In a longitudinal cohort study, 172 patients (54%
men, mean age (SD) of 50 (13) years at baseline) with

AS underwent ECG, physical examination, questionnaires
and laboratory testing at baseline and at 5-year follow-
up. Descriptive statistics and univariate and age- and
sex-adjusted logistic regression analyses were used. CCD
included both atrioventricular and intraventricular blocks.
Results Twenty-three of the 172 patients (13.4%) had

a CCD at follow-up. Eight patients had developed a new
CCD and eight had normalised their ECG. In the age- and
sex-adjusted analyses, CCD at baseline (OR 24.8, 95%

Cl 7.3 to 84.5), male sex (OR 6.4, 95% Cl 2.0 t0 20.8),
history of anterior uveitis (OR 4.4, 95% Cl 1.3 to 14.5),
higher ASDAS-CRP (OR 2.3, 95% Cl 1.3 to 4.0), greater
waist circumference (OR 1.3, 95% CI 1.1 to 1.6, per 5 cm),
and medication with antiplatelets (OR 7.0, 95% Cl 1.5 to
31.8) and beta-blockers (OR 3.4, 95% Cl 1.0 to 11.5) were
associated with a CCD at follow-up. Higher age and longer
symptom duration were highly correlated and were both
associated with a CCD at follow-up.

Conclusions The presence of CCD in AS is in part
dynamic and associated with both AS and non-AS
characteristics. Our results suggest that patients especially
prone to present with CCDs are older men with a previous
CCD, longer symptom duration, higher AS disease activity,
a history of anterior uveitis and medication reflecting
cardiovascular disease.

INTRODUCTION

Ankylosing spondylitis (AS) is a rheumatic
disease with mandatory involvement of the
sacroiliac joints and spine, often enthesitis
and peripheral arthritis, and a strong genetic
link with human leukocyte antigen (HLA)-
B27." * Patients with AS may experience
inflammation at locations outside of the

Key messages

What is already known about this subject?

» An association between ankylosing spondylitis (AS)
and cardiac conduction disturbances (CCD) has
been recognised for long, but contemporary longitu-
dinal studies are scarce.

What does this study add?

» In this longitudinal cohort study with ECG at baseline
and at 5-year follow-up, we detected a CCD, mostly
atrioventricular block of first degree, at least once in
18% of patients.

» CCD varied between the recording occasions and
was associated with both AS and non-AS charac-
teristics: male sex, older age, longer symptom dura-
tion, a history of anterior uveitis, higher AS disease
activity, greater waist circumference and medication
reflecting cardiovascular disease.

How might this impact on clinical practice?

» The study identifies a number of simple factors that
can be used clinically to identify patients who are
prone to present with a CCD with or without related
symptoms.

musculoskeletal system, for instance the eyes
and gut. Also, an association between AS and
cardiac manifestations, such as conduction
disturbances and aortic regurgitation, has
been recognised for long, although the prev-
alence and severity have been debated.”
Afew large register-based studies, all lacking
individual AS characteristics of the included
patients, show an increased risk of aortic
valve disease, atrioventricular block (AVB)
and pacemaker implantation in patients
with AS compared with the general popula-
tion.*®? Else, the majority of previous studies
of conduction disturbances or aortic regurgi-
tation in AS are cross-sectional or historical
cohort studies.? "' It is not clear which, if
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any, AS characteristics may predispose to the presence
of these cardiac manifestations. In addition, there is
growing evidence for an increased risk of atherosclerotic
cardiovascular disease (CVD) in AS.%

We have previously published cross-sectional results
from an electrocardiographic (ECG) investigation.”’ A
5-year follow-up study was also planned at that time with
the aim to study (1) ECG development from baseline to
5-year follow-up, and (2) if cardiac conduction distur-
bance (CCD) at follow-up was associated with any AS and
non-AS characteristics at baseline.

METHODS

Patients

The enrolment process, inclusion and exclusion criteria,
and study protocol have previously been described in
detail.”! In short, 210 patients with AS fulfilling the modi-
fied New York criteria but without psoriasis, inflamma-
tory bowel disease, malignancy, pregnancy, dementia
or difficulties understanding Swedish were enrolled
in 2009 and underwent physical examination by one
investigator (EK).*”” The physical examination included
66/68 swollen/tender joints index and Bath Ankylosing
Spondylitis Metrology Index (BASMI). The patients also
answered questionnaires regarding their medical history,
smoking habits, current medication, Bath Ankylosing
Spondylitis Disease Activity Index and Bath Ankylosing
Spondylitis Functional Index (BASFI). For patients who
reported known heart disease and/or medication against
CVD, the medical records were further scrutinised for
signs of ischaemic heart disease.

Body weight and height were measured, and blood
sampling and recording of resting ECG were performed.
Erythrocyte sedimentation rate (ESR) and C reactive
protein (CRP) were analysed by standard laboratory tech-
niques at the Department of Clinical Chemistry. HLA-
B27 status was determined. AS Disease Activity Score
based on CRP (ASDAS-CRP) was calculated and further
categorised, where ASDAS-CRP <2.1 corresponded to an
inactive disease or low disease activity and ASDAS-CRP
>2.1 to a high or very high disease activity.*>**

The majority of patients were subsequently also exam-
ined with transthoracic echocardiography (n=187)
to identify the presence of aortic regurgitation and
with lateral spine radiographs (n=204) for grading of
AS-related changes with modified Stoke Ankylosing
Spondylitis Spinal Score (mSASSS)."' *

In 2014, 172 (82%) patients agreed to participate in
the 5-year follow-up using the baseline protocol and were
re-examined by one investigator (AD). The mean age
(SD) of the patients was 55 (13) years and 93 (54%) were
men.

Of the 38 patients (mean age at baseline of 50 (14)
years, 74% men) not participating in the follow-up inves-
tigation, 5 patients had died, and the rest either declined
to participate (n=26) or did not respond to the invita-
tion (n=7). A CCD at baseline was noted in 8 of these

38 patients (21%), all men, of whom 3 had died during
follow-up and 4 had an aortic regurgitation verified by
echocardiography.

Electrocardiogram

Standard resting 12-lead ECG was recorded at a paper
speed of 50 mm/s. In 2009 and 2014 the ECGs were
first read by one of the investigators (HW and KB),
respectively, and thereafter jointly with a cardiologist
(LB), who were unaware of patient characteristics
except for sex and age. In 2009, the PR, QRS and QT
intervals were manually measured (HW). In 2014, these
measures were obtained from the computerised anal-
ysis provided by the ECG machine (CARDIOVIT AT-2
Plus, Schiller).

CCD was defined as the presence of AVB of first to
third degree (AVB I-III) and intraventricular conduc-
tion disturbances such as right (RBBB) or left (LBBB)
bundle branch block, unspecified intraventricular
conduction disturbance in the presence of a QRS
interval 2120 ms but without typical bundle branch
block morphology, left anterior (LAFB) or left posterior
fascicular block; in addition, pacemaker rhythm was
included in this category. Two different cut-off inter-
vals were used to define first-degree AVB: PR interval
200-219 ms (from here AVB Ix) and PR interval >220
ms (from here AVB I).

Statistics
Descriptive — statistics are presented as number
(percentage), mean (SD) or median (25th percentile
(Q1), 75th percentile (Q3)). Related-samples Wilcoxon
signed-rank test was used to compare ECG characteristics
at baseline and follow-up. Univariate and age- and sex-
adjusted logistic regression analyses were used to identify
associations between baseline characteristics and present
CCD at follow-up. The dependent variable was present
CCD at follow-up (yes=1, no=0). Each respective baseline
characteristic was included as independent variable in
the univariate analyses. CRP was categorised as <5 and
25 mg/L, and body mass index (BMI) was categorised as
<25 and 225 kg/mg. Due to skewness of distribution, log
transformation of mSASSS +1 was used in the statistical
comparisons. Dichotomous baseline characteristics with
10 or less positive observations were not analysed. Age
and sex were included as independent variables in addi-
tion to each baseline characteristic in the age- and sex-
adjusted models. Correlation between the independent
variables (sex, age and respective baseline characteris-
tics) was checked, and if Spearman’s rank correlation
coefficient was high (p>0.6 or <-0.6) adjusted regression
models were not done. The results of the logistic regres-
sion analyses are presented as OR with 95% CI. All tests
were two-tailed and p<0.05 was considered statistically
significant.

Statistical analyses were performed using PASW Statis-
tics V.19.

Bengtsson K, et al. RMD Open 2019;5:e001053. doi:10.1136/rmdopen-2019-001053



8 Spondyloarthritis

RESULTS

Atfollow-up, 23 patients (13.4%) had a CCD, 19 were men
(20% of all men) and 4 were women (5% of all women).
Five of them were <49 years at baseline (6% of all patients
in this age group), and the remaining 18 patients were
250 years (22% in this age group). The characteristics of
all 172 patients are described in table 1 stratified by sex
and in online supplementary table 1 stratified by median
age at baseline (49 years). All but one patient with CCD
was HLA-B27-positive. Numerically, median ASDAS-CRP
and Bath Ankylosing Spondylitis (BAS) indices were
higher in patients with versus without CCD in both sexes.
Likewise, ASDAS-CRP and BAS indices were higher
in patients with versus without CCD 250 years of age,
whereas this was not seen in the younger age group.

Electrocardiogram

ECG characteristics are described in table 2 stratified
by sex and in online supplementary table 2 stratified by
median age. While the majority had normal sinus rhythm,
there were 16 exceptions at follow-up, 9 had sinus brady-
cardia, 2 each had sinus tachycardia and atrial fibrillation,
and 3 had pacemaker rhythm. The PR interval increased
significantly during follow-up in both sexes, while the
QRS increased in men only.

A description of subtypes of CCDs is presented in
figure 1. In total, 31 patients (18.0%) had a detected
CCD either at baseline or at follow-up. Individual char-
acteristics of each of these 31 patients are listed in
online supplementary table 3. The indications for the
two implanted pacemakers during follow-up were sick
sinus syndrome and AVB II during an acute myocardial
infarction, respectively. The third patient had pacemaker
implantation before baseline due to an AVB III; he also
had a severe aortic regurgitation. Of the 15 patients with
CCD both at baseline and at follow-up, 3 had developed a
more advanced CCD (AVB Ix — AVB I, AVB Ix — LBBB,
RBBB — AVB I combined with RBBB) and two had
shorter PR interval (AVB I — AVB Ix) at follow-up.

Associations between baseline characteristics and CCD at
follow-up

In the univariate logistic regression analyses (table 3), the
strongest association was found for having a CCD already
at baseline. Male sex and higher age, greater waist
circumference and BMI 225 kg/ m? were also associated
with a CCD at follow-up. AS characteristics at baseline
associated with a CCD at follow-up were longer symptom
duration, a history of anterior uveitis, presence of =1
syndesmophyte, higher mSASSS, ASDAS-CRP and BASFI,
and for men also higher BASMI. Higher systolic blood
pressure, reported hypertension and hyperlipidaemia,
and medication reflecting CVD were also associated with
a CCD at follow-up.

In the age- and sex-adjusted logistic regression analyses
(table 3), the strongest association was again noted for
having a CCD at baseline. A history of anterior uveitis and
higher ASDAS-CRP at baseline were also associated with a

CCD at follow-up. Additionally, male sex (adjusted for age
only), greater waist circumference, and baseline medica-
tion with antiplatelets and beta-blockers were associated
with a CCD at follow-up. Symptom duration and BASMI
(in men) were highly correlated with age. These variables
were therefore stratified by sex and not further age- and
sex-adjusted.

Since a history of anterior uveitis can be related to the
symptom duration, anterior uveitis was further adjusted
for symptom duration and sex in an additional model
with only a slight change of the point estimate (OR 4.1
vs 4.4). When analysing the separate components for
ASDAS-CRP, back pain and patient global assessment
of disease activity were significantly associated with a
CCD, whereas the other components were not (data not
shown).

Sensitivity analyses

Beta-blockers can slow atrioventricular (AV) conduction
and cause a prolonged PR interval per se. At follow-up
24 of 172 patients were treated with orally administered
beta-blockers. In a sensitivity logistic regression analysis,
no significant association was found between current
treatment with beta-blockers and a CCD at follow-up (age-
and sex-adjusted OR 1.5, 95% CI 0.5 to 4.9). In a second
sensitivity analysis the 3 patients with a lone AVB I(x) and
current treatment with beta-blockers at follow-up were
excluded from the logistic regression analyses. The main
results were unchanged except that beta-blockers at base-
line were no longer significantly associated with a CCD in
the age- and sex-adjusted analysis.

DISCUSSION

In this 5-year follow-up cohort study reinvestigating CCD
in patients with AS, we found that 31 (18%) of the patients
had a CCD, either at baseline or at 5-year follow-up.
CCDs were found infrequently in women and in ages
below 50 years. Characteristics of AS, such as a history of
anterior uveitis and higher disease activity measured by
ASDAS-CRP, were significantly associated with the pres-
ence of CCD at follow-up. Longer symptom duration,
although highly correlated with age, was also associated
with CCD at follow-up. Most CCDs were first-degree AVB,
but 3 patients had a pacemaker and 2 had LBBB. The
presence of CCD was partly dynamic in which 8 patients
with initial first-degree AVB or LAFB had normalised
their ECG at follow-up.

Prior studies of cardiac manifestations in AS have
also looked for associations with patient characteristics,
although most of them had a cross-sectional design. Dik
et al'* found, in their cross-sectional study of ECG alter-
ation in patients with AS, that age, disease duration and
BMI were associated with the PR interval. Further, they
found that male sex, disease duration and BASMI were
associated with the QRS interval. Their patients were
approximately 10 years younger than the patients in our
cohort and anterior uveitis was not reported. In another
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Table 1
stratified by sex

Baseline characteristics of patients with AS with and without cardiac conduction disturbance at 5-year follow-up,

Female (n=79) Male (n=93)
Without CCD Without CCD
CCD (n=4) (n=75) CCD (n=19) (n=74)
General characteristics
Age, years 63 (50, 67) 49 (41, 62) 62 (51, 66) 47 (37, 55)
Current or past smoking 2 (50.0) 34 (45.3) 13 (68.4) 34 (45.9)
Waist circumference, cm (n=170) 101 (79, 108) 82 (74, 92) 103 (96, 111) 89 (83, 101)
BMI, kg/m? 27.3(21.5,29.9) 24.0(21.8,27.7) 28.4(25.2,30.7) 24.7 (23.4, 27.4)
BMI >25 kg/m? 3 (75.0) 32 (42.7) 15 (78.9) 36 (48.6)
AS characteristics
Symptom duration, years (n=170) 39 (37, 46) 24 (12, 34) 36 (16, 44) 20 (11, 30)
HLA-B27-positive 3 (75.0) 60 (80.0) 19 (100.0) 67 (90.5)
History of peripheral arthritis 4 (100.0) 46 (61.3) 13 (68.4) 37 (50.0)
History of anterior uveitis 4 (100.0) 32 (42.7) 15 (78.9) 37 (50.0)
At least one syndesmophyte 2 (50.0) 24 (32.0) 15 (78.9) 39 (52.7)
mSASSS 3 (0, 8) 2 (0, 11) 19 (5, 66) 8 (2, 34)
Tender joint count (max 68) 3(0,12) 0(0, 1) 0(0,0) 0(0,0)
Swollen joint count (max 66) 0 (0, 0) 0 (0, 0) 0 (0, 0) 0 (0, 0)
ASDAS-CRP score 29(1.5,4.4) 2.0(1.5, 2.6) 29(1.8,3.2) 1.8(1.3,2.7)
ASDAS-CRP >2.1, n (%) 2 (50.0) 37 (49.3) 13 (68.4) 30 (40.5)
BASDAI score (n=170) 5.0 (2.0, 7.8) 3.6 (1.9, 5.5) 4.0(1.7,5.9) 2.4 (1.4, 4.5)
BASMI score 3.7 (3.0, 4.3) 2.6 (2.2, 3.8) 4.0 (1.8, 7.0) 2.8 (1.8, 3.9)
BASFI score (n=170) 5.0(1.9,7.9) 2.3(0.9, 4.4 3.7 (1.5, 5.4) 1.6 (0.8, 2.9)
ESR, mm/hour 20 (11, 48) 14 (9, 20) 10 (5, 27) 10 (6, 15)
CRP, mg/L 3.5(1, 23) 2(1,5) 3(0.5,12) 3(1,6)
Cardiovascular characteristics
CCD (at baseline) 2 (50.0) 3(4.0) 13 (68.4) 5 (6.8)
Aortic regurgitation* 0(0.0) 12 (16.0) 6 (31.6) 8(10.8)
Aortic regurgitation*, moderate or severe 0(0.0) 3(4.0) 3(15.8) 2(2.7)
Ischaemic heart disease 0 (0.0) 1(1.3) 3 (15.8) 2 (2.7)
Systolic blood pressure, mm Hg 133 (119, 163) 130 (117, 145) 145 (135, 160) 130 (117, 146)
Diastolic blood pressure, mm Hg 78 (71, 80) 80 (70, 85) 80 (65, 85) 80 (70, 80)
Reported comorbidity
Hypertension 1 (25.0) 18 (24.0) 10 (52.6) 18 (24.3)
Diabetes 0(0.0) 0(0.0) 0 (0.0) 5 (6.8)
Hyperlipidaemia 1(25.0) 4 (5.3) 3 (15.8) 34.1)
Medications
Antiplatelets or anticoagulants 2 (50.0) 3 (4.0) 6 (31.6) 3(4.1)
Antiplatelets 2 (50.0) 3(4.0) 5(26.3) 2(2.7)
Anticoagulants 0 (0.0) 0 (0.0) 1(5.3) 1(1.4)
Antihypertensives 2 (50.0) 13 (17.3) 10 (52.6) 12 (16.2)
ACE inhibitors/ARBs 1 (25.0) 2(2.7) 6 (31.6) 11 (14.9)
Beta-blockers 2 (50.0) 6 (8.0) 7 (36.8) 6 (8.1)
Lipid modulators 0 (0.0) 4 (5.3) 3 (15.8) 3(4.1)
DMARDs 1(25.0) 24 (32.0) 4(21.1) 31 (41.9)
Continued
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Table 1 Continued

Female (n=79) Male (n=93)
Without CCD Without CCD
CCD (n=4) (n=75) CCD (n=19) (n=74)
TNF inhibitors 1(25.0) 10 (13.3) 1(5.3) 22 (29.7)
csDMARDs 1(25.0) 22 (29.3) 4(21.1) 26 (35.1)
NSAIDs 2 (50.0) 62 (82.7) 16 (84.2) 54 (73.0)
Prednisolone 0(0.0) 3(4.0) 2 (10.5) 1(1.4)

Data are expressed as number (%) or median (Q1, Q3) and presented for 172 patients if not stated otherwise.

*Missing data in 13 patients who did not undergo echocardiography.

ARBs, angiotensin Il receptor blockers;AS, ankylosing spondylitis; ASDAS-CRP, AS Disease Activity Score-C reactive protein; BASDAI, Bath
Ankylosing Spondylitis Disease Activity Index; BASFI, Bath Ankylosing Spondylitis Functional Index; BASMI, Bath Ankylosing Spondylitis
Metrology Index; BMI, body mass index;CCD, cardiac conduction disturbance; CRP, C reactive protein; csDMARDSs, conventional synthetic
DMARDs; DMARDs, disease-modifying antirheumatic drugs;ESR, erythrocyte sedimentation rate; HLA-B27, human leukocyte antigen-B27

; mMSASSS, modified Stoke Ankylosing Spondylitis Spinal Score; NSAIDs, non-steroidal anti-inflammatory drugs; Q1, 25th percentile; Q3,

75th percentile; TNF, tumour necrosis factor.

cross-sectional study of 77 patients with AS, Lange et al'®
found that patients with ECG abnormalities had signifi-
cantly higher CRP and ESR than those without. This
is in line with our finding of the association between
ASDAS-CRP and CCD, although we did not observe any
association specifically with CRP or ESR. Notably, our
cross-sectional results from the baseline investigation did
not reveal any association with markers of disease activity
and CCD.*' A cross-sectional study from the 1980s specif-
ically analysing AV conduction disturbances found that
patients with AS and anterior uveitis had longer PR inter-
vals than those without anterior uveitis.”> Three histor-
ical cohort studies showed that clinical presentation with
peripheral arthritis was associated with a cardiac manifes-
tation.” "> ® Two of these studies had access to repeated

intermittent and also resolve, in line with the present
study. However, we could not detect a significant associa-
tion with peripheral arthritis. On the other hand, active
signs of peripheral joint disease at baseline were rare in
our cohort.

HILA-B27 has been genetically linked to cardiac disease
and anterior uveitis even in the absence of rheumatic
disease.”* We could not detect any significant difference
in HLA-B27 status between patients with and without a
CCD, possibly explained by the overall high prevalence
of HLA-B27. All except one of the patients with a CCD
were HLA-B27-positive.

In line with the sex difference found in our study, a
prior study demonstrated that men but not women
with pacemaker-treated heart block had an increased

ECGs and found that conduction disturbances could be frequency of HLA-B27 and associated rheumatic
Table 2 ECG characteristics at baseline and at 5-year follow-up in patients with AS, stratified by sex
Female (n=79) Male (n=93)
Baseline Follow-up Change P value Baseline Follow-up Change P value
ECG measurements
Heart rate, beats/min 66 (59, 73) 65 (60, 73) 1(-4,7) 0.351 64 (57,73) 65 (58, 73) 1(-6,7) 0.938
PR interval*, ms 160 (140, 170) 158 (146, 172) 4 (-4,10) 0.029  170(160,180) 173 (156,189) 4 (-4,12) 0.013
QRS intervalt, ms 80 (76, 90) 82 (76, 90) 1(-4,9) 0.149 90 (80, 100) 91 (86, 100) 3(-4,8)  0.004
QTcBt, ms 410 (393, 426) 411(398,422) 4 (-9,15) 0.173 399 (386, 417) 404 (388,422) 5(-10,22) 0.056
Heart rhythm, n (%)
Sinus 77 (97.5) 78 (98.7) n.a. n.a. 90 (96.8) 89 (95.7) n.a. n.a.
Bradycardia 3(3.8) 4(5.1) 6 (6.5) 5(5.4)
Tachycardia 0 (0.0) 0 (0.0) 2(2.2) 2 (2.2)
Atrial fibrillation 0(0.0) 0(0.0) 2(2.2) 2(2.2)
Pacemaker rhythm 0 (0.0) 1(1.3) 1(1.1) 2(2.2)
Other 2(2.5) 0(0.0) 0 (0.0) 0(0.0)

Data are expressed as median (Q1, Q3) or number (%) and presented for 172 patients if not stated otherwise. Comparison between ECG
measurements at baseline and follow-up is calculated by related-samples Wilcoxon signed-rank test.

*n=169 at start, n=167 at follow-up.
Tn=171 at start, n=170 at follow-up.

FQTcB is the heart rate-corrected QT interval according to Bazett; n=171 at start, n=168 at follow-up.
AS, ankylosing spondylitis; n.a., not applicable; Q1, 25th percentile; Q3, 75th percentile.
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‘ CCD both at baseline and follow-up
<> CCD only at follow-up
<> CCD only at baseline

’ No CCD at baseline or follow-up

Figure 1

CCD (2009) CCD (2014)
AVB Ix (n=5) AVB Ix (n=4)
AVB | (n=1) AVB | (n=2)
LAFB (n=2) Pacemaker (n=2)

Description of the CCDs detected in the 172 patients with AS. The left pie chart presents the number of patients

with a CCD or not at baseline and/or follow-up. The right pie chart describes the different CCDs. AS, ankylosing spondylitis;
AVB, atrioventricular block; AVB |, PR interval >220 ms; AVB Ix, PR interval 200-219ms; CCD, cardiac conduction disturbance;
LAFB, left anterior fascicular block; LBBB, left bundle branch block; RBBB, right bundle branch block.

disorders.'® Likewise, we found an increased risk of
AVB II-II in men but not in women with AS compared
with the general population in a register-based Swedish
cohort study.’

In the present study, also non-AS characteristics such
as greater waist circumference and medication reflecting
CVD, antiplatelets and beta-blockers, were associated
with the presence of CCD at follow-up. Moreover, at least
one of the CCDs, the pacemaker implantation due to
an AVB II during an acute myocardial infarction, can be
attributed to underlying ischaemic heart disease. Isch-
aemic heart disease is associated with several ECG find-
ings, including AVB and intraventricular blocks.”" In
addition, beta-blockers can per se slow AV conduction.

ECG findings and their prognostic values have been
extensively studied in the general population. The PR
interval is usually longer in men and increases with age
and BML** In agreement with our results, a prolonged
PR interval and AVB can normalise and resolve, respec-
tively, also in the general population. The risk with a
prolonged PR interval and AVB I has been debated,
but a recent meta-analysis suggested an increased risk
of atrial fibrillation, heart failure and mortality.”® Addi-
tionally, an increased risk of pacemaker implantation has
been demonstrated in persons with prolonged PR.* 5
Regarding intraventricular blocks, their frequency also
increases with higher age, and RBBB, LAFB and
prolonged QRS interval are more common in men than
in women.” ** % LBBB may cause ventricular dyssyn-
chrony and contribute to the development of heart
failure.” Both LBBB and RBBB are associated with an
increased risk of future pacemaker implantation.**!

Little is known concerning clinical implications of
CCDs in AS. We have previously demonstrated a twofold
increased risk of pacemaker implantation, a possible
consequence of severe arrhythmia, in patients with AS.’

In another register-based study including patients with
AS aged 65 years and older, Ward* found only a slightly
elevated risk of pacemaker implantation compared with
controls without AS and therefore concluded there was
no support for ECG screening in asymptomatic patients.
Yet another study has investigated the usefulness of
routine ECG for heart disease screening in patients with
spondyloarthritis (SpA) and rheumatoid arthritis without
known CVD or symptoms suggestive of CVD.* The study
found no statistical differences in ECG findings between
the patients with SpA (n=108) and controls with non-
inflammatory joint disease (n=74), and suggested that
routinely obtaining ECG may be of limited usefulness
in SpA. However, the study was cross-sectional without
long-term data and did not account for the different
age and sex distributions among the study populations.
The present study has not been designed to address the
multiple dimensions that exist with screening, and we can
consequently not give any recommendations concerning
screening with ECG in asymptomatic patients with AS.
We found an association between a history of anterior
uveitis and CCD at follow-up. In line with our observation,
it has been reported that the ciliary body and aortic valve
have histological similarities to the enthesis. Furthermore,
there is evidence supporting shared features and timing of
inflammation in experimental models. HLA-B27/ hBQm—
transgenic rats developed spontaneous inflammation in
their hearts in addition to joints, gastrointestinal tract,
eyes and skin.” In another animal model, interleukin
(IL)-23 stimulation of entheseal resident cells induced
both enthesitis and aortic root and valve inflammation.*!
In accordance, v/8 T cells, suggested as key players in the
pathogenesis of IL-23-induced inflammation, were found
to be accumulated in the (Achilles tendon) enthesis,
the aortic root and adjacent to the ciliary body in mice
overexpressing I1-23.* In an IL-23-independent animal
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Table 3 Logistic regression analyses for cardiac conduction disturbance at 5-year follow-up in 172 patients with AS

Age- and sex-adjusted

Univariate model model
OR (95% CI) P value OR (95% CI)* P value
General characteristics at baseline
Men (vs women) 4.8 (1.6t0 14.8) 0.006 6.4 (2.0 to 20.8) 0.002
Aget, per 5 years
Men 1.5(1.2102.0) 0.001 n.a.
Women 1.4 (0.9t0 2.4) 0.168 n.a.
Current or past smoking (vs non-smokers) 2.2 (0.9t05.6) 0.086 1.4 (0.5t03.9) 0.492
Waist circumference, per 5 cm 1.4(1.2t01.7) <0.001 1.3(1.1t0 1.6) 0.006
BMI 25 kg/m? (vs BMI <25 kg/m?) 43(1.5t012.2) 0.006 2.7 (0.9t0 8.3) 0.077
AS characteristics at baseline
Symptom durationt, per 5 years
Men 1.4(1.21t01.8) 0.001 n.a.
Women 1.8 (1.0 to 3.0) 0.036 n.a.
HLA-B27-positive (vs HLA-B27-negative) 3.8 (0.5t029.7) 0.202 3.8 (0.5t031.1) 0.221
History of peripheral arthritis 2.3 (0.8 t0 6.0) 0.106 2.4(0.8t07.2) 0.116
History of anterior uveitis 5.5(1.8t0 17.0) 0.003 4.4 (1.3to 14.5) 0.016
At least one syndesmophyte 3.9(1.4t010.4) 0.007 1.6 (0.5t0 4.9) 0.403
Log,, (MSASSS +1)§, score 2.8(1.3t05.9) 0.008 0.8(0.3t02.1) 0.714
ASDAS-CRP score 2.2 (1.3t0 3.6) 0.003 2.3(1.3t04.0) 0.005
ASDAS-CRP >2.1(vs ASDAS-CRP <2.1) 2.3(0.9t05.7) 0.076 2.4 (0.9t06.7) 0.08
BASDAI score 1.2(1.0to 1.5) 0.109 1.2(1.0to 1.6) 0.064
BASMIZ score 1.6 (1.2t0 2.1) 0.001
Men 1.5(1.1t01.9) 0.008 n.a.
Women 1.8 (0.8 t0 4.3) 0.187 n.a.
BASFI score 1.4 (1.11t01.7) 0.003 1.3 (1.0 to 1.6) 0.050
CRP =5 mg/L (vs CRP <5 mg/L) 1.9(0.8t04.7) 0.147 1.9 (0.7 to 5.1) 0.189
Cardiovascular characteristics at baseline
CCD 33.0(10.8 to <0.001 24.8 (7.3 10 84.5) <0.001
100.8)
Aortic regurgitation 2.6 (0.9to 7.4) 0.086 1.1 (0.3t0 4.0) 0.884
Systolic blood pressure, per 10 mm Hg 1.3(1.1t01.7) 0.007 1.2(0.9t0 1.5) 0.162
Diastolic blood pressure, per 5 mm Hg 1.0(0.8t0 1.2) 0.785 1.0 (0.8 to 1.3) 0.898
Reported comorbidity at baseline
Hypertension 29(1.2to7.1) 0.021 1.2 (0.4 to 3.5) 0.705
Hyperlipidaemia 4.3 (1.1 t0 16.0) 0.031 2.7(0.6to12.59 0.193
Medications at baseline
Antiplatelets or anticoagulants 12.7 (83.9to 41.6) <0.001 6.3 (1.6t025.0)9 0.009
Antiplatelets 12.6 (3.6 to 44.4) <0.001 7.0(1.5t031.8)y 0.012
Antihypertensives 5.4 (2.1 t0 13.6) <0.001 2.5(0.8t0 7.6) 0.112
ACE inhibitors/ARBs 4.6 (1.6 to 13.1) 0.005 1.4 (0.4 to 4.9)9 0.562
Beta-blockers 7.3 (2.6 t0 20.4) <0.001 3.4(1.0to 11.5) 0.045
DMARDs 0.5 (0.2 to 1.4) 0.162 0.5 (0.2 to 1.5) 0.206
TNF inhibitors 0.3 (0.1to 1.6) 0.169 0.3(0.1to 1.7) 0.189
csDMARDs 0.6 (0.2 to 1.7) 0.316 0.6 (0.2 to 1.8) 0.356
Continued
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Table 3 Continued

Age- and sex-adjusted
model

OR (95% CI)*
1.4 (0.4 t0 4.3)

Univariate model
OR (95% CI)

1.0 (0.4 to 3.0)

P value
0.583

P value
0.965

NSAIDs

Univariate and age- and sex-adjusted logistic regression analyses presented as OR (95% CI) for each baseline variable, CCD at follow-up

(yes/no) as dependent variable.
*The variable sex (men vs women) is adjusted for age only.
TORs for age are stratified by sex.

FHigh correlation was noted between age and symptom duration, in men between age and BASMI. The ORs for symptom duration and

BASMI are therefore stratified by sex and not age- and sex-adjusted.
§Due to skewness of distribution, mSASSS +1 was log-transformed.

fINone (antiplatelets or anticoagulants) or less than five positive observations (hyperlipidaemia, antihypertensives with subcategories) in

patients below 50 years of age at baseline.

ARBs, angiotensin Il receptor blockers;AS, ankylosing spondylitis; ASDAS-CRP, AS Disease Activity Score-C reactive protein; BASDAI, Bath
Ankylosing Spondylitis Disease Activity Index; BASFI, Bath Ankylosing Spondylitis Functional Index; BASMI, Bath Ankylosing Spondylitis
Metrology Index;BMI, body mass index; CCD, cardiac conduction disturbance; CRP, C reactive protein; csDMARDSs, conventional synthetic
DMARDs; DMARDs, disease-modifying antirheumatic drugs;HLA-B27, human leukocyte antigen-B27

; mSASSS, modified Stoke Ankylosing Spondylitis Spinal Score; n.a., not applicable; NSAIDs, non-steroidal anti-inflammatory drugs; TNF,

tumour necrosis factor.

model (TNF***) mechanical unloading was shown to
prevent the development of enthesitis, and the authors
concluded that mechanical strain induced entheseal
inflammation.*® We therefore hypothesise that patients
with AS who may be especially prone to develop CCD
have a higher vulnerability to mechanical stress in both
entheses, ciliary body and the heart.

Limitations

First, we were constrained by the low number of detected
CCD and could therefore neither perform a multivari-
able model of associations between baseline character-
istics and a CCD at follow-up nor check extensively for
possible interactions. The age-stratified patient character-
istics at baseline indicated that the observed association
with ASDAS-CRP might be restricted to older patients.
Second, since only few cases with CCD were found in
ages below 50 years at baseline, our findings may not be
applicable to this age group. Third, enthesitis was not
assessed due to the difficulties in evaluating enthesitis
clinically. Fourth, since we show that CCDs can fluc-
tuate in AS, repeated ECG during follow-up could have
added valuable information. Fifth, the study lacked age-
matched and sex-matched controls without AS. Another
limitation linked to the longitudinal cohort study design
is the dropout of patients during follow-up. Thirty-eight
of the initial 210 patients (18%) did not participate in
the follow-up and 21% of these had a CCD at baseline.
Last, since the ECG from 2009 and 2014 used different
methods to gain the specific ECG measurements (manu-
ally and ECG provided, respectively), we cannot categor-
ically exclude a variation in intervals related to the two
methods.

Strengths

First, the cohort of patients with AS is well defined,
with the diagnosis set by a rheumatologist and all the
included patients fulfilled the modified New York

criteria. Second, the patients are thoroughly described
both regarding AS-specific as well as cardiac character-
istics. Third, to our knowledge, the present study is the
first contemporary follow-up investigation of CCD in
patients with AS and therefore reduce the gap of knowl-
edge in the field.

CONCLUSIONS

To conclude, the results of this longitudinal study
suggest that in addition to higher age/longer symptom
duration and male sex, both AS characteristics (anterior
uveitis and higher disease activity) as well as markers
of CVD are associated with the presence of CCD in
patients with AS.
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