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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% 
CI 7.3 to 84.5), male sex (OR 6.4, 95% CI 2.0 to 20.8), 
history of anterior uveitis (OR 4.4, 95% CI 1.3 to 14.5), 
higher ASDAS-CRP (OR 2.3, 95% CI 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% CI 1.5 to 
31.8) and beta-blockers (OR 3.4, 95% CI 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)-
B27.1 2 Patients with AS may experience 
inflammation at locations outside of the 

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.3–7

A few 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.4 8 9 Else, the majority of previous studies 
of conduction disturbances or aortic regurgi-
tation in AS are cross-sectional or historical 
cohort studies.3 10–19 It is not clear which, if 

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.
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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.20

We have previously published cross-sectional results 
from an electrocardiographic (ECG) investigation.21 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.21 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).22 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.23 24

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).11 25

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 ≥120 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 
≥5 mg/L, and body mass index (BMI) was categorised as 
<25 and ≥25 kg/m2. 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 (ρ>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.
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Results
At follow-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 
≥50 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 ≥50 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 ≥25 kg/m2 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 al14 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 

https://dx.doi.org/10.1136/rmdopen-2019-001053
https://dx.doi.org/10.1136/rmdopen-2019-001053
https://dx.doi.org/10.1136/rmdopen-2019-001053
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Table 1  Baseline characteristics of patients with AS with and without cardiac conduction disturbance at 5-year follow-up, 
stratified by sex

Female (n=79) Male (n=93)

CCD (n=4)
Without CCD 
(n=75) CCD (n=19)

Without CCD 
(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/m2 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/m2 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 2.9 (1.5, 4.4) 2.0 (1.5, 2.6) 2.9 (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) 3 (4.1)

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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Female (n=79) Male (n=93)

CCD (n=4)
Without CCD 
(n=75) CCD (n=19)

Without CCD 
(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 II 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; csDMARDs, conventional synthetic 
DMARDs; DMARDs, disease-modifying antirheumatic drugs;ESR, erythrocyte sedimentation rate; HLA-B27, human leukocyte antigen-B27 
; mSASSS, modified Stoke Ankylosing Spondylitis Spinal Score; NSAIDs, non-steroidal anti-inflammatory drugs; Q1, 25th percentile; Q3, 
75th percentile; TNF, tumour necrosis factor.

Table 1  Continued

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 interval†, ms 80 (76, 90) 82 (76, 90) 1 (−4, 9) 0.149 90 (80, 100) 91 (86, 100) 3 (−4, 8) 0.004

 � QTcB‡, 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.
†n=171 at start, n=170 at follow-up.
‡QTcB 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.

cross-sectional study of 77 patients with AS, Lange et al18 
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.21 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.26 Three histor-
ical cohort studies showed that clinical presentation with 
peripheral arthritis was associated with a cardiac manifes-
tation.7 12 13 Two of these studies had access to repeated 
ECGs and found that conduction disturbances could be 

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.

HLA-B27 has been genetically linked to cardiac disease 
and anterior uveitis even in the absence of rheumatic 
disease.27–29 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 
frequency of HLA-B27 and associated rheumatic 
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Figure 1  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 I, 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.13 30 Likewise, we found an increased risk of 
AVB II-III in men but not in women with AS compared 
with the general population in a register-based Swedish 
cohort study.9

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.31 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 BMI.32–34 In agreement with our results, a prolonged 
PR interval and AVB can normalise and resolve, respec-
tively, also in the general population.33 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.35 Addi-
tionally, an increased risk of pacemaker implantation has 
been demonstrated in persons with prolonged PR.36 37 
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.31 32 38 LBBB may cause ventricular dyssyn-
chrony and contribute to the development of heart 
failure.39 Both LBBB and RBBB are associated with an 
increased risk of future pacemaker implantation.40 41

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.9 

In another register-based study including patients with 
AS aged 65 years and older, Ward4 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.42 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/hβ2m-
transgenic rats developed spontaneous inflammation in 
their hearts in addition to joints, gastrointestinal tract, 
eyes and skin.43 In another animal model, interleukin 
(IL)-23 stimulation of entheseal resident cells induced 
both enthesitis and aortic root and valve inflammation.44 
In accordance, γ/δ 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 IL-23.45 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

Univariate model
Age- and sex-adjusted 
model

OR (95% CI) P value OR (95% CI)* P value

General characteristics at baseline

 � Men (vs women) 4.8 (1.6 to 14.8) 0.006 6.4 (2.0 to 20.8) 0.002

 � Age†, per 5 years

  � �   Men 1.5 (1.2 to 2.0) 0.001 n.a.

  � �   Women 1.4 (0.9 to 2.4) 0.168 n.a.

 � Current or past smoking (vs non-smokers) 2.2 (0.9 to 5.6) 0.086 1.4 (0.5 to 3.9) 0.492

 � Waist circumference, per 5 cm 1.4 (1.2 to 1.7) <0.001 1.3 (1.1 to 1.6) 0.006

 � BMI ≥25 kg/m2 (vs BMI <25 kg/m2) 4.3 (1.5 to 12.2) 0.006 2.7 (0.9 to 8.3) 0.077

AS characteristics at baseline

 � Symptom duration‡, per 5 years

  � �   Men 1.4 (1.2 to 1.8) 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 (0.5 to 29.7) 0.202 3.8 (0.5 to 31.1) 0.221

 � History of peripheral arthritis 2.3 (0.8 to 6.0) 0.106 2.4 (0.8 to 7.2) 0.116

 � History of anterior uveitis 5.5 (1.8 to 17.0) 0.003 4.4 (1.3 to 14.5) 0.016

 � At least one syndesmophyte 3.9 (1.4 to 10.4) 0.007 1.6 (0.5 to 4.9) 0.403

 � Log10 (mSASSS +1)§, score 2.8 (1.3 to 5.9) 0.008 0.8 (0.3 to 2.1) 0.714

 � ASDAS-CRP score 2.2 (1.3 to 3.6) 0.003 2.3 (1.3 to 4.0) 0.005

 � ASDAS-CRP ≥2.1(vs ASDAS-CRP <2.1) 2.3 (0.9 to 5.7) 0.076 2.4 (0.9 to 6.7) 0.08

 � BASDAI score 1.2 (1.0 to 1.5) 0.109 1.2 (1.0 to 1.6) 0.064

 � BASMI‡ score 1.6 (1.2 to 2.1) 0.001

  � �   Men 1.5 (1.1 to 1.9) 0.008 n.a.

  � �   Women 1.8 (0.8 to 4.3) 0.187 n.a.

 � BASFI score 1.4 (1.1 to 1.7) 0.003 1.3 (1.0 to 1.6) 0.050

 � CRP ≥5 mg/L (vs CRP <5 mg/L) 1.9 (0.8 to 4.7) 0.147 1.9 (0.7 to 5.1) 0.189

Cardiovascular characteristics at baseline

 � CCD 33.0 (10.8 to 
100.8)

<0.001 24.8 (7.3 to 84.5) <0.001

 � Aortic regurgitation 2.6 (0.9 to 7.4) 0.086 1.1 (0.3 to 4.0) 0.884

 � Systolic blood pressure, per 10 mm Hg 1.3 (1.1 to 1.7) 0.007 1.2 (0.9 to 1.5) 0.162

 � Diastolic blood pressure, per 5 mm Hg 1.0 (0.8 to 1.2) 0.785 1.0 (0.8 to 1.3) 0.898

Reported comorbidity at baseline

 � Hypertension 2.9 (1.2 to 7.1) 0.021 1.2 (0.4 to 3.5) 0.705

 � Hyperlipidaemia 4.3 (1.1 to 16.0) 0.031 2.7 (0.6 to 12.5)¶ 0.193

Medications at baseline

 � Antiplatelets or anticoagulants 12.7 (3.9 to 41.6) <0.001 6.3 (1.6 to 25.0)¶ 0.009

  � �   Antiplatelets 12.6 (3.6 to 44.4) <0.001 7.0 (1.5 to 31.8)¶ 0.012

 � Antihypertensives 5.4 (2.1 to 13.6) <0.001 2.5 (0.8 to 7.6)¶ 0.112

  � �   ACE inhibitors/ARBs 4.6 (1.6 to 13.1) 0.005 1.4 (0.4 to 4.9)¶ 0.562

  � �   Beta-blockers 7.3 (2.6 to 20.4) <0.001 3.4 (1.0 to 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 (0.1 to 1.6) 0.169 0.3 (0.1 to 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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Univariate model
Age- and sex-adjusted 
model

OR (95% CI) P value OR (95% CI)* P value

  � �   NSAIDs 1.0 (0.4 to 3.0) 0.965 1.4 (0.4 to 4.3) 0.583

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.
†ORs for age are stratified by sex.
‡High 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.
¶None (antiplatelets or anticoagulants) or less than five positive observations (hyperlipidaemia, antihypertensives with subcategories) in 
patients below 50 years of age at baseline.
ARBs, angiotensin II 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; csDMARDs, 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.

Table 3  Continued

model (TNF∆ARE) mechanical unloading was shown to 
prevent the development of enthesitis, and the authors 
concluded that mechanical strain induced entheseal 
inflammation.46 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.

Author affiliations
1Department of Rheumatology and Inflammation Research, Institute of Medicine, 
Sahlgrenska Academy at University of Gothenburg, Gothenburg, Sweden
2Department of Rheumatology, Sahlgrenska University Hospital, Västra 
Götalandsregionen, Gothenburg, Sweden
3Department of Anesthesiology and Intensive Care, NU Hospital Group, Västra 
Götalandsregionen, Trollhättan, Sweden
4Department of Molecular and Clinical Medicine, Institute of Medicine, Sahlgrenska 
Academy at University of Gothenburg, Gothenburg, Sweden
5Department of Cardiology, Sahlgrenska University Hospital, Västra 
Götalandsregionen, Gothenburg, Sweden
6Department of Public Health and Clinical Medicine, Rheumatology, Umeå 
University, Umeå, Sweden

Contributors  KB contributed to the data acquisition of the ECG characteristics at 
follow-up, analysis and interpretation of data, and drafting the first version of the 
manuscript. EK and AD recruited patients to the study and performed examinations 
and data acquisition at baseline and follow-up, respectively. HW contributed to the 
data acquisition of the ECG characteristics at baseline. LB contributed to the data 
acquisition of the ECG characteristics and interpretation of data. LJ contributed to 
the interpretation of data. HFdE conceived the study and contributed to the design 
of the study, acquisition and interpretation of data. EK, AD, HW, LB, LJ and HFdE 
revised the first version of the manuscript critically and participated in the editing 
until its final version. All authors agreed to be accountable for all aspects of the 
work and have read and approved the final manuscript.

Funding  This study was supported by grants from the Health and Medical Care 
Executive Board of the Västra Götaland, Rune and Ulla Amlövs Foundation for 



9Bengtsson K, et al. RMD Open 2019;5:e001053. doi:10.1136/rmdopen-2019-001053

SpondyloarthritisSpondyloarthritisSpondyloarthritis

Rheumatology Research, Göteborg’s Association Against Rheumatism, Swedish 
Rheumatism Association, Swedish Society of Medicine, Göteborg Medical Society, 
the Swedish state under the agreement between the Swedish government and the 
county councils, the ALF agreement (ALFGBG-141111, ALFGBG-430851, ALFGBG-
678731), Controlling Chronic Inflammatory Diseases with Combined Efforts 
(COMBINE), and the Margareta Rheuma research foundation.

Competing interests  LJ has received advisory board fees from Eli Lilly, Pfizer and 
Novartis. HFdE has received advisory board fees from Sandoz, AbbVie and Novartis, 
and unrestricted grant from Novartis.

Patient and public involvement statement  One trained patient research partner 
from the Swedish Rheumatism Association participated in the planning of the study 
and contributed with comments on the study protocol and the written information 
to the patients.

Patient consent for publication  Not required.

Ethics approval  The study was approved by the Regional Ethics Committee, 
Gothenburg, Sweden, and carried out in compliance with the Helsinki Declaration. 
All patients gave their written informed consent to participate both at baseline and 
at follow-up.

Provenance and peer review  Not commissioned; externally peer reviewed.

Data availability statement  The data sets generated and/or analysed during 
the present study are not publicly available due to the General Data Protection 
Regulation, but at limited and fully anonymised data set that support the main 
analyses is available upon reasonable request.

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the 
use is non-commercial. See: http://​creativecommons.​org/​licenses/​by-​nc/​4.​0/.

ORCID iD
Karin Bengtsson http://​orcid.​org/​0000-​0001-​5154-​0144

References
	 1	 Braun J, Sieper J. Ankylosing spondylitis. Lancet 2007;369:1379–90.
	 2	 Robinson PC, Brown MA. Genetics of ankylosing spondylitis. Mol 

Immunol 2014;57:2–11.
	 3	 Brunner F, Kunz A, Weber U, et al. Ankylosing spondylitis and heart 

abnormalities: do cardiac conduction disorders, valve regurgitation 
and diastolic dysfunction occur more often in male patients with 
diagnosed ankylosing spondylitis for over 15 years than in the 
normal population? Clin Rheumatol 2006;25:24–9.

	 4	 Ward MM. Lifetime risks of valvular heart disease and pacemaker 
use in patients with ankylosing spondylitis. J Am Heart Assoc 
2018;7:e010016.

	 5	 Nurmohamed MT, van der Horst-Bruinsma I, Maksymowych 
WP. Cardiovascular and cerebrovascular diseases in ankylosing 
spondylitis: current insights. Curr Rheumatol Rep 2012;14:415–21.

	 6	 Bernstein L. Cardiac complications in spondylarthritis 
ankylopoietica. Rheumatism 1951;7:18–23.

	 7	 Graham DC, Smythe HA. The carditis and aortitis of ankylosing 
spondylitis. Bull Rheum Dis 1958;9:171–4.

	 8	 Szabo SM, Levy AR, Rao SR, et al. Increased risk of cardiovascular 
and cerebrovascular diseases in individuals with ankylosing 
spondylitis: a population-based study. Arthritis Rheum 
2011;63:3294–304.

	 9	 Bengtsson K, Forsblad-d'Elia H, Lie E, et al. Risk of cardiac rhythm 
disturbances and aortic regurgitation in different spondyloarthritis 
subtypes in comparison with general population: a register-based 
study from Sweden. Ann Rheum Dis 2018;77:541–8.

	10	 Roldan CA, Chavez J, Wiest PW, et al. Aortic root disease and valve 
disease associated with ankylosing spondylitis. J Am Coll Cardiol 
1998;32:1397–404.

	11	 Klingberg E, Sveälv BG, Täng MS, et al. Aortic regurgitation is 
common in ankylosing spondylitis: time for routine echocardiography 
evaluation? Am J Med 2015;128:1244–50.

	12	 Kinsella TD, Johnson LG, Ian R. Cardiovascular manifestations of 
ankylosing spondylitis. Can Med Assoc J 1974;111:1309–11.

	13	 Bergfeldt L, Edhag O, Vallin H. Cardiac conduction disturbances, an 
underestimated manifestation in ankylosing spondylitis. A 25-year 
follow-up study of 68 patients. Acta Med Scand 1982;212:217–23.

	14	 Dik VK, Peters MJL, Dijkmans PA, et al. The relationship between 
disease-related characteristics and conduction disturbances in 
ankylosing spondylitis. Scand J Rheumatol 2010;39:38–41.

	15	 Thomsen NH, Hørslev-Petersen K, Beyer JM. Ambulatory 24-hour 
continuous electrocardiographic monitoring in 54 patients with 
ankylosing spondylitis. Eur Heart J 1986;7:240–6.

	16	 O'Neill TW, King G, Graham IM, et al. Echocardiographic 
abnormalities in ankylosing spondylitis. Ann Rheum Dis 
1992;51:652–4.

	17	 Sukenik S, Pras A, Buskila D, et al. Cardiovascular manifestations of 
ankylosing spondylitis. Clin Rheumatol 1987;6:588–92.

	18	 Lange U, Stapfer G, Ditting T, et al. Pathologic alterations of the 
heart and the kidney in patients with ankylosing spondylitis. Eur J 
Med Res 2007;12:573–81.

	19	 Nitter-Hauge S, Otterstad JE. Characteristics of atrioventricular 
conduction disturbances in ankylosing spondylitis (MB. Bechterew). 
Acta Med Scand 1981;210:197–200.

	20	 Liew JW, Ramiro S, Gensler LS. Cardiovascular morbidity and 
mortality in ankylosing spondylitis and psoriatic arthritis. Best 
Practice and Research: Clinical Rheumatology, 2019.

	21	 Forsblad-d'Elia H, Wallberg H, Klingberg E, et al. Cardiac conduction 
system abnormalities in ankylosing spondylitis: a cross-sectional 
study. BMC Musculoskelet Disord 2013;14:237.

	22	 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;27:361–8.

	23	 van der Heijde D, Lie E, Kvien TK, et al. ASDAS, a highly 
discriminatory ASAS-endorsed disease activity score in patients with 
ankylosing spondylitis. Ann Rheum Dis 2009;68:1811–8.

	24	 Machado PM, Landewé R, Heijde Dvander, et al. Ankylosing 
spondylitis disease activity score (ASDAS): 2018 update of the 
nomenclature for disease activity states. Ann Rheum Dis 2018;77.

	25	 Klingberg E, Lorentzon M, Mellström D, et al. Osteoporosis in 
ankylosing spondylitis - prevalence, risk factors and methods of 
assessment. Arthritis Res Ther 2012;14.

	26	 Møller P. Atrioventricular conduction time in ankylosing spondylitis. 
distribution of P-R intervals in patients and their relatives. Acta Med 
Scand 1985;217:85–8.

	27	 Martin TM, Rosenbaum JT. An update on the genetics of HLA 
B27-associated acute anterior uveitis. Ocul Immunol Inflamm 
2011;19:108–14.

	28	 Peeters AJ, ten Wolde S, Sedney MI, et al. Heart conduction 
disturbance: an HLA-B27 associated disease. Ann Rheum Dis 
1991;50:348–50.

	29	 Bergfeldt L, Möller E. Complete heart block--another HLA B27 
associated disease manifestation. Tissue Antigens 1983;21:385–90.

	30	 Bergfeldt L, Möller E. Pacemaker treated women with heart block 
have no increase in the frequency of HLA-B27 and associated 
rheumatic disorders in contrast to men--a sex linked difference in 
disease susceptibility. J Rheumatol 1986;13:941–3.

	31	 De Bacquer D, De Backer G, Kornitzer M. Prevalences of ECG 
findings in large population based samples of men and women. 
Heart 2000;84:625–33.

	32	 van der Ende MY, Siland JE, Snieder H, et al. Population-
Based values and abnormalities of the electrocardiogram in the 
general Dutch population: the lifelines cohort study. Clin Cardiol 
2017;40:865–72.

	33	 Aro AL, Anttonen O, Kerola T, et al. Prognostic significance of 
prolonged PR interval in the general population. Eur Heart J 
2014;35:123–9.

	34	 Magnani JW, Lopez FL, Soliman EZ, et al. P wave indices, 
obesity, and the metabolic syndrome: the Atherosclerosis risk in 
Communities study. Obesity 2012;20:666–72.

	35	 Kwok CS, Rashid M, Beynon R, et al. Prolonged PR interval, 
first-degree heart block and adverse cardiovascular outcomes: a 
systematic review and meta-analysis. Heart 2016;102:672–80.

	36	 Cheng S, Keyes MJ, Larson MG, et al. Long-Term outcomes in 
individuals with prolonged PR interval or first-degree atrioventricular 
block. JAMA 2009;301:2571–7.

	37	 Rasmussen PV, Nielsen JB, Skov MW, et al. Electrocardiographic 
PR interval duration and cardiovascular risk: results from the 
Copenhagen ECG study. Can J Cardiol 2017;33:674–81.

	38	 Kreger BE, Anderson KM, Kannel WB. Prevalence of intraventricular 
block in the general population: the Framingham study. Am Heart J 
1989;117:903–10.

	39	 Zannad F, Huvelle E, Dickstein K, et al. Left bundle branch block 
as a risk factor for progression to heart failure. Eur J Heart Fail 
2007;9:7–14.

	40	 Eriksson P, Wilhelmsen L, Rosengren A. Bundle-Branch block in 
middle-aged men: risk of complications and death over 28 years. 
The primary prevention study in Göteborg, Sweden. Eur Heart J 
2005;26:2300–6.

	41	 Bussink BE, Holst AG, Jespersen L, et al. Right bundle branch 
block: prevalence, risk factors, and outcome in the general 

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0001-5154-0144
http://dx.doi.org/10.1016/S0140-6736(07)60635-7
http://dx.doi.org/10.1016/j.molimm.2013.06.013
http://dx.doi.org/10.1016/j.molimm.2013.06.013
http://dx.doi.org/10.1007/s10067-005-1117-6
http://dx.doi.org/10.1161/JAHA.118.010016
http://dx.doi.org/10.1007/s11926-012-0270-6
http://www.ncbi.nlm.nih.gov/pubmed/14834714
http://www.ncbi.nlm.nih.gov/pubmed/13585004
http://dx.doi.org/10.1002/art.30581
http://dx.doi.org/10.1136/annrheumdis-2017-212189
http://dx.doi.org/10.1016/S0735-1097(98)00393-3
http://dx.doi.org/10.1016/j.amjmed.2015.04.032
http://www.ncbi.nlm.nih.gov/pubmed/4442013
http://dx.doi.org/10.1111/j.0954-6820.1982.tb03203.x
http://dx.doi.org/10.3109/03009740903096101
http://dx.doi.org/10.1093/oxfordjournals.eurheartj.a062058
http://dx.doi.org/10.1136/ard.51.5.652
http://dx.doi.org/10.1007/BF02330598
http://www.ncbi.nlm.nih.gov/pubmed/18024267
http://www.ncbi.nlm.nih.gov/pubmed/18024267
http://dx.doi.org/10.1111/j.0954-6820.1981.tb09800.x
http://dx.doi.org/10.1186/1471-2474-14-237
http://dx.doi.org/10.1002/art.1780270401
http://dx.doi.org/10.1136/ard.2008.100826
http://dx.doi.org/10.1136/annrheumdis-2018-213184
http://dx.doi.org/10.1186/ar3833
http://www.ncbi.nlm.nih.gov/pubmed/3872014
http://www.ncbi.nlm.nih.gov/pubmed/3872014
http://dx.doi.org/10.3109/09273948.2011.559302
http://dx.doi.org/10.1136/ard.50.6.348
http://dx.doi.org/10.1111/j.1399-0039.1983.tb00188.x
http://www.ncbi.nlm.nih.gov/pubmed/3493346
http://dx.doi.org/10.1136/heart.84.6.625
http://dx.doi.org/10.1002/clc.22737
http://dx.doi.org/10.1093/eurheartj/eht176
http://dx.doi.org/10.1038/oby.2011.53
http://dx.doi.org/10.1136/heartjnl-2015-308956
http://dx.doi.org/10.1001/jama.2009.888
http://dx.doi.org/10.1016/j.cjca.2017.02.015
http://dx.doi.org/10.1016/0002-8703(89)90630-3
http://dx.doi.org/10.1016/j.ejheart.2006.04.011
http://dx.doi.org/10.1093/eurheartj/ehi580


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

RMD OpenRMD OpenRMD Open

population: results from the Copenhagen City heart study. Eur Heart 
J 2013;34:138–46.

	42	 Goulenok TM, Meune C, Gossec L, et al. Usefulness of routine 
electrocardiography for heart disease screening in patients with 
spondyloarthropathy or rheumatoid arthritis. Joint Bone Spine 
2010;77:146–50.

	43	 Hammer RE, Maika SD, Richardson JA, et al. Spontaneous 
inflammatory disease in transgenic rats expressing HLA-B27 and 
human beta 2M: an animal model of HLA-B27-associated human 
disorders. Cell 1990;63:1099–112.

	44	 Sherlock JP, Joyce-Shaikh B, Turner SP, et al. Il-23 induces 
spondyloarthropathy by acting on ROR-γt+ CD3+CD4-CD8- 
entheseal resident T cells. Nat Med 2012;18:1069–76.

	45	 Reinhardt A, Yevsa T, Worbs T, et al. Interleukin-23-Dependent γ/δ T 
cells produce interleukin-17 and accumulate in the Enthesis, aortic 
valve, and ciliary body in mice. Arthritis Rheumatol 2016;68:2476–86.

	46	 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;73:437–45.

http://dx.doi.org/10.1093/eurheartj/ehs291
http://dx.doi.org/10.1093/eurheartj/ehs291
http://dx.doi.org/10.1016/j.jbspin.2010.01.001
http://dx.doi.org/10.1016/0092-8674(90)90512-D
http://dx.doi.org/10.1038/nm.2817
http://dx.doi.org/10.1002/art.39732
http://dx.doi.org/10.1136/annrheumdis-2013-203643

	Cardiac conduction disturbances in patients with ankylosing spondylitis: results from a 5-­year follow-­up cohort study
	Abstract
	Introduction﻿﻿
	Methods
	Patients
	Electrocardiogram
	Statistics

	Results
	﻿﻿Electrocardiogram﻿﻿
	Associations between baseline characteristics and CCD at follow-up
	​Sensitivity analyses

	Discussion
	Limitations
	Strengths

	﻿Conclusions﻿
	References


