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Cardiovascular disease in Ankylosing Spondylitis

Cardiac involvement in Ankylosing Spondylitis (AS) has been recognized for over half a 
century(1). The most common cardiac manifestations in AS are valve disorders, conduction 
disturbances and left ventricular dysfunction(2). Furthermore, atherosclerotic vascular 
disease such as myocardial infarction and cerebral vascular disease occur more frequently 
in AS compared to the general population. Nowadays, inflammation is considered a key 
factor for the cardiac involvement in AS, not only accelerating atherosclerosis but may also 
cause direct cardiac tissue damage. Despite major improvements in the treatment of AS 
with the introduction of tumor necrosis factor (TNF)-α inhibitors, overall life expectancy of 
AS patients is still decreased up to six years compared the general population(3,4). In order 
to improve overall mortality, cardiac and vascular involvement should be recognized early 
and treated accordingly. 

Ankylosing Spondylitis

AS is an autoimmune inflammatory disease with a prevalence up to 0.9% of the general 
population, with a predominance for the male gender. AS is part of a group of diseases 
called Spondyloarthritis, which comprises Axial Spondyloarthritis and Peripheral 
Spondyloarthritis (including psoriatic arthritis). Axial Spondyloarthritis is sub divided in 
a radiographic form of patients meeting the Modified New York criteria for sacroiliitis 
(Ankylosing Spondylitis) and the non-radiographic form (non radiographic Axial 
Spondyloarthritis)(5).  

AS primarily affects the sacroiliac joints and axial skeleton, causing stiffness, pain and 
reduced spinal mobility. The disease usually occurs between the age of 20-30 years 
old with early symptoms of inflammatory back pain (pain at night, improving during 
physical exercise). Unfortunately, the diagnosis of AS is often delayed for years, therefore 
accounting for the amount of irreversible damage to the spinal column and sacroiliac 
joints. Inflammatory enthesopathy progresses to ossification in the spinal column through 
the development of syndesmophytes. This can lead to ankylosing of the spinal column by 
fusion of vertebral bodies, the so called ‘bamboo’ spine. 

AS is not only limited to the sacroiliac joints and axial skeleton, as extra-articular and -spinal 
manifestations such as uveitis, psoriasis, inflammatory bowel disease and cardiovascular 
disease are reported frequently in patients with AS. Of these extra-articular manifestations, 
cardiac and vascular involvement are of major importance, as events of circulatory origin 
are the primary cause of death in AS(6-11). 
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Initial non-pharmacological treatment of AS starts with interventions such as stimulating 
exercise, and commencing physiotherapy and quit smoking (12). The first initial 
medication treatment comprises of non-steroidal anti-inflammatory drugs (NSAIDs) such 
as naproxen, ibuprofen or diclofenac. Disease modifying anti-rheumatic drugs, which 
are widely used for other inflammatory joint diseases, such as rheumatoid arthritis, are 
ineffective in treating AS. TNF-α blocking therapy has shown to be very effective in AS 
patients through blocking of TNF-α, a major proinflammatory cytokine. In the Netherlands, 
in accordance with the international guidelines, TNF-α blocking medication is indicated 
for AS patients, having failed to achieve the desired results having used two NSAID’s for at 
least four weeks in anti-inflammatory doses. No studies are currently available where the 
effect of AS treatment on cardiovascular risk reduction or mortality has been investigated 
in. Extrapolating conclusions from studies in Rheumatoid Arthritis, one may expect that 
through the lowering of inflammatory activity cardiac co-morbidities and atherosclerosis 
may be favorably affected. 

Left ventricular dysfunction - Inflammation, a key driver?

Both diastolic and systolic left ventricular dysfunction can be associated with AS. This may 
lead to an increased prevalence of congestive heart failure, a disease with a high mortality 
rate. Congestive heart failure occurs when functional cardiac disorders impair the ability 
of the left ventricle to fill with or eject blood. This may be due to decreased contraction 
(systolic) or decreased relaxation (diastolic) of the cardiac muscle. Advanced systolic 
failure leads to heart failure with a reduced ejection fraction (HFrEF), whereas advanced 
diastolic failure leads to heart failure with a preserved ejection fraction (HFpEF). 

The incidence of myocardial infarction in AS patients is increased due to atherosclerosis, 
potentially leading to an increased prevalence of systolic left ventricular dysfunction as 
myocardial damage decreases the ability of the left ventricle to contract. However, as 
most echocardiography studies exclude AS patients with a history of cardiac disease data 
on systolic left ventricular dysfunction is sparse. 

Inflammation may also cause cardiac fibrosis with subsequent stiffening of cardiac tissue 
resulting in diastolic left ventricular dysfunction. However, until now, no studies have 
investigated the association between disease activity (or), disease duration and diastolic 
left ventricular dysfunction in AS. Diastolic left ventricular dysfunction is associated 
with heart failure with preserved ejection fraction and increased mortality. Knowing 
the pathogenic role of inflammation, we hypothesize that effective anti-inflammatory 
antirheumatic therapy might lead to improvement of cardiac function in AS patients.  
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Conduction disturbances

Historically, the HLA-B27 genotype has been associated with an increased risk of cardiac 
conduction disturbances. An increased prevalence of the HLA-B27 genotype in patients 
with pacemakers have been demonstrated more than 20 years ago(13, 14). The most 
frequent conduction disorders in AS are atrio-ventricular manifestations such as atrio-
ventricular block or bundle branch block. It is hypothesized that inflammation leads to 
fibrosis of conduction system resulting in these conduction disorders.  

Beyond the heart

Well-established cardiovascular risk factors such as hypertension and dyslipidemia occur 
more often in AS. Patients with active AS are less physically active due to pain and physical 
restraints, therefore possibly increasing blood pressure and body weigh. Inflammation is 
associated with a more atherogenic lipid profile, where lower levels of total cholesterol 
are associated with an increased cardiovascular risk (15). Several studies indeed reported 
lower levels of total cholesterol in AS patients, in particular in patients with high disease 
activity (16,17). In addition, inflammation might have a direct effect on vascular stiffness, 
resulting in increased vascular resistance and increased blood pressure. 

Treatment effects

Dyslipidemia is one of the more attainable targets to decrease overall cardiovascular risk 
in patients with inflammatory diseases including AS. One study in 92 AS patients showed 
that TNF-α blocking treatment alters the high density lipoprotein composition to a more 
atheroprotective form(18).

In 2010, the EUropean League Against Rheumatism or “EULAR” published recommendations 
for the treatment of cardiovascular risk in patients with inflammatory arthritis, including AS 
(19). Effective suppression of inflammation in patients with AS is essential for lowering the 
cardiovascular risk in AS patients. Moreover, there is need for a detailed assessment and 
treatment of traditional cardiovascular risk factors, as was also advocated in the ASAS (The 
Assessment of SpondyloArthritis international Society)/EULAR treatment recommendations 
(12). No specific recommendations were made regarding a specifically altered risk score for 
AS patients as data is yet too limited. Whether or not a specific cardiovascular risk prediction 
model for AS should be developed is currently under discussion. In 2010, a yearly CV risk 
screening was advocated in all patients with inflammatory arthritis (19). 
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Thesis outline

In chapter 2, we reviewed the current literature on diastolic left ventricular dysfunction in 
AS in order to assess its prevalence, along with discussing the hypothesized pathogenesis 
of left ventricular dysfunction in AS. We performed cardiac magnetic resonance imaging 
to explore (the) cardiac function into more detail, among patients with diastolic left 
ventricular dysfunction in chapter 3, assessing cardiac fibrosis and vascular stiffness. 
Subsequently, we studied vascular stiffness of the aorta with cardiac magnetic resonance 
imaging in chapter 4 followed by prospectively investigating the effects of anti-
inflammatory treatment on systolic and diastolic left ventricular function In chapter 5.  In 
AS, not only the heart itself but the whole cardiovascular system is affected which was 
investigated in the following three chapters. To further explore the effects of inflammation, 
we investigated the relationship between conduction disorders and inflammation 
in a separate population of rheumatoid arthritis patients (Chapter 6). In chapter 7 and 
chapter 8 respectively, we studied the current state of cardiovascular risk management 
in AS patients and investigated the effect of anti-inflammatory treatment on the lipid 
profile. Chapter 9 is dedicated to the updated EULAR guidelines on cardiovascular risk 
management in rheumatic diseases. 
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Abstract

Ankylosing spondylitis (AS) is associated with increased mortality largely due to 
cardiovascular disease. Diastolic left ventricular (LV) dysfunction serves as a precursor 
to chronic heart failure and may cause morbidity and mortality. A systematic literature 
search was conducted to determine the prevalence of diastolic LV dysfunction in patients 
with AS. We identified all echocardiographic studies investigating diastolic LV function 
in patients with AS. The initial search yielded 166 studies of which 11 met the inclusion 
criteria. Compared to control subjects, AS patients had a worse E/A ratio (mean difference 
-0.13 meters/sec (95%-CI: -0.19 to -0.07), a prolonged deceleration time (mean difference 
13.90ms (95%-CI: 6.03 to 21.78), and a prolonged mean isovolumetric relaxation time 
(mean difference mean difference 8.06ms (95%-CI: 3.23 to 12.89), all suggestive for diastolic 
LV dysfunction. The best way to establish diastolic LV dysfunction, however, is to combine 
E/A ratio, deceleration time, and isovolumetric relaxation time. The latter has been done 
in 3 studies, all reaffirming an increased prevalence rate of diastolic LV dysfunction in 
AS patients as compared with control subjects, i.e. 9% versus 0%, 30% versus 12%, and 
45% versus 18%, respectively. Our observations support the current evidence base for 
an increased risk of diastolic LV dysfunction in AS. However, larger studies are needed to 
investigate the exact magnitude of diastolic LV dysfunction and its clinical relevance in 
patients with AS. 
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Introduction

In ankylosing spondylitis (AS), cardiovascular disease increases mortality approximately 
twofold compared to the general population, and heart failure (HF) is an important 
contributor to the number of circulatory deaths(1-4). HF develops when structural or 
functional cardiac disorders impair the ability of the left ventricle to fill with or eject blood. 
A disturbed filling pattern termed diastolic left ventricular (LV) dysfunction, is caused by 
impaired relaxation of the left ventricle and may eventually lead to HF with preserved 
ejection fraction (HFpEF)(5). Failing pump function of the heart is termed systolic LV 
dysfunction and may lead to HF with reduced ejection fraction (HFrEF)(5). 

In RA, multiple studies have shown an increased prevalence of diastolic LV dysfunction 
but not systolic LV dysfunction(6). Systemic inflammation appears to be an important 
risk factor for diastolic LV dysfunction and HFpEF, as systemic inflammation gradually 
damages the cardiomyocytes and causes increased collagen deposition in the heart(7). 
Against this background, we hypothesize that AS patients are at increased risk for diastolic 
LV dysfunction and its sequelae HFpEF. To address this item, we conducted a systematic 
review and meta-analysis to summarize all available studies investigating diastolic LV 
functioning in AS.

Methods

Search - A systematic literature search was conducted to identify all articles published from 
January 1990 to April 2013 that assessed diastolic LV function with echocardiography in 
AS. As technological advances in echocardiographic techniques may lead to discrepancies 
in the results, we only included studies published from 1990 onwards. We performed the 
search in Medline, EMBASE and Cochrane library. The search details are shown in figure 
1. The complete search, including search terms, is described in detail in supplement 1. 
References of included articles were manually scanned for other relevant studies. 

Study eligibility - Two reviewers (S.H. and C.v.D.) screened all titles and abstracts that were 
retrieved by the search. Studies that met the following inclusion criteria were included: 
cross-sectional studies with a control group, patients diagnosed with AS fulfilling the New 
York 1984 criteria and use of echocardiography(8). Studies were excluded if the language 
was not English, or when data on echocardiographic measurements associated with 
diastolic LV function were lacking.

Definitions - The cardiac cycle encompasses two phases, namely systole (contraction and 
ejection) en diastole (relaxation and filling). Systolic LV function is described using ejection 
fraction (EF), which is defined as the stroke volume (the volume of the left ventricle that 
is ejected with each contraction) divided by this LV end-diastolic volume, multiplied by 
100%. Normal systolic LV function usually ranges from an EF of 55-70%(9). Systolic LV 
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dysfunction is defined as an EF of <50%. The transthoracic echocardiographic parameters 
commonly used to assess diastolic LV function include peak early filling velocity (E-wave) 
divided by late diastolic filling velocity (A-wave) (E/A ratio), deceleration time (DT), early 
diastolic lateral annular velocity (Em), and isovolumetric relaxation time (IVRT) (Table 1). 
According to these parameters diastolic LV dysfunction is graded into three categories: 
mild (grade I), moderate/pseudonormal (grade II) and restrictive (grade III)(10). Since 
most studies did not use this combination of echocardiographic parameters for grading 
diastolic LV dysfunction, we included all studies with at least one reported parameter for 
diastolic LV dysfunction. Studies not specifically designed to assess diastolic LV function, 
but nonetheless reporting on single echocardiographic parameters were also included. 

Data extraction - Two reviewers (S.H. and C.v.D.) individually extracted data from the 
included studies. In case of disagreement, the opinion of a third reviewer was sought (M.N.) 
to reach consensus. The following data were retrieved: title, authors, year of publication, 
study design, inclusion- and exclusion criteria, number of patients and controls, mean 
age, percentage male, disease duration, echocardiographic methods, the definition of 
diastolic LV dysfunction used and the prevalence of diastolic LV dysfunction. 

Figure 1 | Flowchart literature search.
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Table 1 | The grading of diastolic LV dysfunction according to the EAE/ASE(10;22). 

Echocardiographic 
parameter

Grade I ‘Mild’ Grade II ‘Pseudonormal’ Grade III ‘Restrictive’

E/A ratio (meters/sec) <0.8
0.8-1.5
(decreases ≥50% during 
Vasalva manoeuvre)

≥2

DT (ms) >200ms 160-200ms <160ms

IVRT(ms) ≥100 ms <60ms

Em sept < 8 cm/s < 8 cm/s < 8 cm/s

Em lat < 10 cm/s < 10 cm/s < 10 cm/s

E/A ratio: peak early filling velocity (E-wave) divided by late diastolic filling velocity (A-wave). DT: deceleration 
time. IVRT: isovolumetric relaxation time; Em sept: early diastolic septal annular velocity. Em lat: early diastolic 
lateral annular velocity.

Pooling of the data - If possible, outcomes of separate studies on diastolic LV dysfunction 
were pooled in order to calculate a point estimate for diastolic LV dysfunction. Meta-
analysis was performed using Review Manager version 5.1 (Cochrane Collaboration). 
Heterogeneity was estimated using I2 index. If I2> 75%, we used a random effects model 
to calculate overall effect sizes for all individual components, with mean differences and 
95% confidence intervals. Publication bias was checked visually by creating a funnel plot 
with the precision plotted against the mean difference of single diastolic LV parameters.

Quality assessment - All studies were scored for quality using the Newcastle-Ottawa Scale 
for case control studies. This score consists of three categories to evaluate quality, namely 
selection of cases and controls, comparability of cases and controls, and ascertainment of 
exposure. A maximum number of points are scored for each category (4, 2 and 3 points 
respectively), with a higher score indicating higher methodological quality.  

Results

Description of selected studies - The original search yielded a total of 166 studies (figure 1). 
Of these, 61 studies were eligible for inclusion. Thirty-four either non-controlled studies 
or studies lacking echocardiographic parameters were excluded. Sixteen studies were 
excluded because they were written in another language than English. The remaining 11 
studies met the inclusion criteria and comprised a total of 600 AS patients and 415 control 
subjects. 

Characteristics of patients included in the studies - Features of the included studies are 
presented in table 2. Older age was an exclusion criterion in two studies because of 
the higher prevalence of cardiac disease in elderly. Patients older than 75 years were 
excluded in the study by Caliskan et al and Kuloglu et al excluded patients older than 60 
years(11;12). All studies excluded patients with known cardiac disease or with known risk 



Chapter 1

20

2

factors for diastolic LV dysfunction, such as hypertension and diabetes mellitus(11-21). 
Disease duration was reported in 8 of the 11 studies and ranged from 3.2 years to 14.8 
years(11;13;14;16-20). 

Table 2 | Features of studies included in the analysis

Author, year of 
publication

Subjects 
(N=)

Mean disease duration 
(years)

Mean age 
(years ± SD)

Quality

Ercan, 2012(13)
Controls: 21
AS: 66

5.0
Controls: 27.1±4.0
AS: 30.9±6.0

4/2/2

Kuloglu, 2012(12)
Controls: 30
AS: 30

NR
Controls: 33.2±8.1
AS: 37.2±10.2

3/0/2

Kiris, 2012(14)
Controls: 40
AS: 77

7.6
Controls: 39.1±8.2
AS: 36.4±10.0

4/0/2

Kaya, 2010(15)
Controls: 30
AS: 28

NR
Controls: 29.3±5.8
AS: 28.7±5.7

3/2/2

Gunes, 2009(16)
Controls: 25
AS: 35

7.6
Controls: 36.9±10.4  
AS: 33.5±9.4

3/2/2

Acar, 2009(17)
Controls: 42
AS: 40

5.8
Controls: 35.7±10.0
AS: 37.8±10.2

2/1/2

Moyssakis, 2009(18)
Controls: 78
AS: 57

14.8
Controls: 39.9±9.1
AS: 41.8±10.0

3/0/2

Okan, 2008(19)
Controls: 33
AS: 49

12.4
Controls: 38.0±11.0
AS: 36.0±9.0

4/2/2

Caliskan, 2008(11)
Controls: 35
AS: 40

6.1
Controls: 38.9±10.2
AS: 37.5±6.4

3/2/2

Yildirir, 2002(20)
Controls: 31
AS: 88

5.6
Controls: 33.0±9.0
AS:33.0±11.0

4/2/2

Sun, 1992(21)
Controls: 25
AS: 20

NR
Controls: 44.0±11.0
AS: 45.0±11.0

2/2/2

AS: ankylosing spondylitis, NR: not reported

Diastolic LV dysfunction - E/A ratio was reported in all studies(11-21). On average, a worse 
E/A ratio was found in AS patients, with a mean difference of -0.13 meters/sec (95%-CI: 
-0.19 to -0.07)(figure 2),(11-21). DT time was available in 9 studies, with 6 studies reporting 
a significantly prolonged DT time(11;12;14-20). Together, this resulted in a mean difference 
of 13.90 ms in DT (95%-CI: 6.03 to 21.78) in detriment of AS patients (Figure 3)(11;12;14-20). 
Eight studies reported an IVRT, and a prolonged IVRT was reported in 5 studies, leading to 
a mean difference of 8.06ms in IVRT (95%-CI: 3.23 to 12.89)(figure 4)(11;12;15-20).
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Figure 2 | E/A ratio.

Figure 3 | Isovolumetric relaxation time (ms).

Figure 4 | Deceleration time (ms).
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Publication bias was assessed with respect to E/A ratio, DT, and IVRT, with no evidence 
of bias (data not shown). Total prevalence of diastolic LV dysfunction in AS patients was 
reported in three studies, which were all matched for age (16;17;19). These studies used 
the combined set of parameters for the definition of diastolic LV dysfunction as advised 
by the ASE and EAE. In the study from Acar et al, diastolic LV dysfunction was observed in 
12 of 40 (30%) AS patients (grade I n=11; grade II n=1) and in 5 of 42 (12%) controls (grade 
I n=4; grade II n=1)(17). In the study from Okan et al, t 22 out of 49 patients (45%) had 
diastolic LV dysfunction (grade I n=6; grade II n=16), as compared with 6 of the 33 controls 
(18%) (grade I n=6; grade II n=2)(19). In the study from Gunes et al, 3 out of 34 patients 
(9%) had diastolic LV dysfunction compared to none in the control group(16). None of 
these studies reported an association between disease activity or duration and diastolic 
LV dysfunction.

Four studies reported on LV mass(11;14;17;18). Hypertrophy of the left ventricle was 
observed significantly more often in AS in one study(18). This study found an increased 
LV mass index of 101±16 g/m^2 in AS patients compared with 82±15 g/m^2 in controls 
(p< 0.001) while the authors found no significant difference in systolic or diastolic blood 
pressure. When pooling the data for LV mass, the mean difference in LV mass index showed 
a trend towards hypertrophy of the left ventricle with a mean difference of 5.74 g/m^2 
(95%-CI: -1.85 to 13.34), but this difference reached no statistical significance. 

Discussion

This systematic review and meta-analysis examines prevalence of diastolic LV dysfunction 
in AS patients. We found that AS patients have increased features of diastolic LV 
dysfunction. AS patients had a lower E/A ratio, a prolonged mean DT, and a prolonged 
mean IVRT, all suggestive for diastolic LV dysfunction. The best way to establish diastolic 
LV dysfunction, however, is to combine the E/A ratio, DT, and IVRT as stated by the ASE 
and the EAE(10;22). The latter has been done in 3 studies, that all reaffirmed an increased 
prevalence rate of diastolic LV dysfunction in AS patients(16;17;19). 

The pathogenesis of diastolic LV dysfunction is multifactorial, and much is still not 
understood. In AS, the increased prevalence of diastolic LV dysfunction could be due to 
the general systemic inflammation process. Inflammation is known to affect both the 
myocardium and endocardium of the heart, causing diastolic LV dysfunction through 
a number of potential pathophysiological mechanisms(7;23). First, inflammation might 
compromise LV relaxation by affecting the extracellular matrix causing fibrosis and 
diminished elasticity, thereby decreasing the ability of the cardiac muscle to relax(7;23). 
Second, inflammation and hypertension may cause hypertrophy of the left ventricle as 
the heart compensates for increased pressure in the ventricles and damaged myocardium 
and endocardium(24;25). When the hypertrophic heart dilates, the overall ability to relax 
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decreases(25). In patients with other inflammatory diseases such as rheumatoid arthritis 
and psoriatic arthritis, the LV mass seems to be increased (6;26;27). In agreement, our 
observations revealed a trend towards hypertrophy of the LV in AS. The fact that the 
overall age of AS patients is substantially lower as compared with RA and PsA patients 
and that patients with hypertension were excluded in all studies may explain why we did 
not observe significant differences in LV mass.

Strengths and weaknesses of this study merit careful consideration. First, the diagnosis of 
diastolic LV dysfunction is highly challenging and debate on the definition and diagnostic 
approach is still ongoing. It has been pointed out that a single diastolic parameter cannot 
reliably detect diastolic LV dysfunction. For example, it is possible that E/A ratio seems to 
be within normal range while diastolic LV dysfunction is present based on the remaining 
echocardiographic parameters (grade II – pseudonormal, table 1) that according to 
the EAE/ASE, are needed to assess diastolic LV dysfunction, Hence, as most studies 
included in this review only reported on single parameters for diastolic LV dysfunction, 
we need to interpret our results with caution. However, all available studies that used a 
combination of diastolic LV parameters consistently observed a higher prevalence rate of 
diastolic dysfunction in AS(16;17;19). Second, all studies excluded patients with known 
cardiac disease and hypertension, while these are important risk factors for diastolic 
LV dysfunction. Therefore it is plausible that the prevalence of diastolic LV dysfunction 
was underestimated due to the selection of included patients. Third, most studies were 
not blinded, which could have led to suspicion bias. Amongst the 12 studies, in only 
3 studies the cardiac echocardiography was performed blindly or blindly analyzed 
afterwards(11;12;16). The main reason for the lack of blinded studies is that AS patients 
often have visible deformities, which makes it impossible to blind the entire study. Finally, 
none of the included studies reported the use of medication for the treatment of AS in 
their analysis, such as NSAID’s or tumour necrosis factor (TNF)-α inhibitors. It is advised 
to avoid the use of both NSAIDs and TNF-α inhibitors in symptomatic HF, although the 
effect of NSAIDs and TNF-α inhibitors on diastolic LV dysfunction is currently unknown. 
By contrast, one may speculate that TNF-α inhibitors lower systemic inflammation and 
could thereby protect the cardiovascular system against inflammatory damage and on 
the long-term against HF. 

Diastolic LV dysfunction is increasingly acknowledged as a major contributor to the 
development of HF, but as the early onset of HFpEF is often asymptomatic, HFpEF is 
difficult to diagnose in early stages(22). Only after several years, progression of diastolic 
LV dysfunction results in heart insufficiency and becomes symptomatic HFpEF, with 
symptoms such as tachypnea, dyspnea, and edema (22;28). HF is an end stage disease 
and is prevalent in approximately 1-2% of the population, with prevalence increasing with 
age(29). The annual mortality for patients with HFpEF is approximately 2%(28). Although 
not the main focus of this study, none of the included studies found a significant difference 
in EF (precursor for systolic LV function) between AS patients and control subjects. This 
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may suggest that, similarly as in RA patients, primarily changes in diastolic properties lead 
to heart failure in AS.

Until today there is no treatment available to reduce morbidity and mortality in HFpEF. 
At present, diastolic blood pressure control is pivotal in adequate treatment of HFpEF to 
lower the diastolic pressure in the left ventricle(22). Hence, in AS, blood pressure control is 
important to lower the risk of diastolic LV dysfunction, especially because the prevalence 
of hypertension is probably increased in AS patients(2;30). 

Taken together, our observations support the current evidence base for diastolic LV 
dysfunction in AS. However, confirmation in large cross sectional studies with the 
appropriate definition of diastolic LV dysfunction is urgently needed. If diastolic LV 
dysfunction in AS is confirmed, these studies should be followed by long-term follow 
up studies to investigate the evolvement of diastolic LV dysfunction over years. With 
inflammation held responsible for loss of diastolic LV function, longitudinal studies are 
suited to study the efficacy of anti-inflammatory therapy, e.g. with TNF-α inhibitors, on 
cardiac function.

Table 3 | Echocardiographic features of included studies. 

Author, year of 
publication 

EF 
(%)

E/A 
(m/s)

IVRT 
(ms)

DT 
(ms)

LV mass 
(g/m^2)

Ercan, 2012(13) - 
AS: 1.24±0.30
Co: 1.23±0.20

- - -

Kuloglu, 2012(12)
AS: 65.6±4.7
Co: 67.5±3.7

AS: 1.23±0.24
Co: 1.41±0.32

AS: 93.1±9.7
Co: 97.7±19.3

AS: 196.6±32.6 
Co: 169.0±37.4

-

Kiris, 2012(14)
AS: 68.1±3.6 
Co: 67.9±4.1

AS: 1.40±0.40 
Co: 1.60±0.41

-
AS:  182.2±43.7
Co: 195.3±32.1

AS: 88.9±20.3  
Co: 85.0±9.8

Kaya, 2010(15)
AS:  63.8±2.8
Co: 65.7±3.6

AS: 1.16±0.34
Co: 1.19±0.29

AS: 91.7±10.5 
Co: 93.4±13.4

AS: 201.4±25.5  
Co: 206.8±32.7

-

Gunes, 2009(16)
AS: 63.5± 3.4
Co: 63.4±2.5

AS: 1.24±0.22  
Co: 1.31±0.21

AS: 96.5±7.4 
Co: 79.3±9.1

AS: 197.5±25.6 
Co: 176.0±10.3

-

Acar, 2009(17)
AS:  66.6±4.9
Co: 67.0±4.7

AS: 1.21±0.30 
Co: 1.40±0.28

AS: 95.2±14.2 
Co: 90.4±10.8

AS:  204.8±20.8
Co: 193.5±16.0

AS: 103.8±17.6  
Co: 100.6±16.6

Moyssakis, 2009(18)
AS: 59.0±5.7
Co: 62.0±4.6

AS: 1.02±0.22
Co: 1.11±0.25

AS:  84.0±11.0
Co: 73.0±7.0

AS:  179.0±24.0
Co: 166.0±19.0

AS: 100.0±16
Co: 81.5±14.5

Okan, 2008(19)
AS: 65.0±4.4
Co: 65.0±3.9

AS: 1.30±0.35 
Co: 1.36±0.27

AS: 86.0±11.8 
Co: 78.3±12.1

AS:  212.8±42.2
Co: 183.4±22.5

-

Caliskan, 2008(11)
AS: 67.9±3.8
Co: 67.2±2.3

AS: 1.20±0.30
Co: 1.32±0.29

AS: 110.3±15.7 
Co: 97.5±17.3

AS: 203.1±41.9 
Co: 188.3±17.5

AS: 84.1±16.1 
Co: 87.4±17.1

Yildirir, 2002(20)
AS:  66.9±4.8
Co: 66.7±3.7

AS: 1.27±0.38 
Co: 1.57± 0.54

AS: 94.0±17.0 
Co: 79.0±14.0

AS:  218.0±38.0
Co: 193.0±23.0

-

Sun, 1992(21) -
AS: 1.21±0.33
Co: 1.60±0.35

- - - 

EF: ejection fraction, E/A: peak early filling velocity (E-wave) divided by late diastolic filling velocity (A-wave), DT: 
deceleration time, IVRT: isovolumetric relaxation time, LV mass: left ventricle mass, AS: ankylosing spondylitis, Co: 

controls. Bold: statistically significant.
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Supplement 1 Search 

Medline 

#1 Diastolic/Systolic Ventricular dysfunction OR Heart failure

“Ventricular Dysfunction”[Mesh] OR “Heart Failure”[Mesh] OR “Heart Failure, 
Diastolic”[Mesh] OR “Cardiac Failure”[tiab] OR “Myocardial failures”[tiab] OR “Left sided 
heart failure”[tiab] OR “Ventricular Dysfunction”[tiab] OR “Ventricular Dysfunctions”[tiab] 
OR “Cardiomyopathies”[Mesh] OR “cardiomyopathy dilated”[Mesh] OR “cardiomyopathy 
hypertrophy”[Mesh] OR “Cardiomyopathies”[tiab] OR “cardiomyopathy dilated”[tiab] 
OR “cardiomyopathy hypertrophy”[tiab] OR “Echocardiography”[Mesh] OR 
“Echocardiography”[Mesh]

#2 Ankylosing spondylitis

“Spondylitis, Ankylosing”[Mesh] OR “Bechterew Disease”[tiab] OR “Bechterew’s 
Disease”[tiab] OR “Bechterews Disease”[tiab] OR “Ankylosing Spondylitis”[tiab] OR 
“Ankylosing Spondyloarthritis”[tiab] OR “Ankylosing Spondyloarthritides”[tiab] OR 
“Rheumatoid Spondylitis”[tiab] OR “Ankylosing Spondylarthritis”[tiab] OR “Ankylosing 
Spondylarthritides”[tiab] OR “Marie Struempell Disease”[tiab] 

Embase 

#1 Diastolic Ventricular dysfunction OR Heart failure

‘heart ventricle function’/de OR ‘ventricular dysfunction’:ti,ab OR ‘ventricular 
function’:ti,ab OR ‘diastolic heart failure’/de OR ‘diastolic dysfunction’/exp OR ‘heart 
left ventricle failure’/de OR ‘Cardiac Failure’:ti,ab OR ‘Myocardial failures’:ti,ab OR 
‘Left sided heart failure’:ti,ab OR ‘Ventricular Dysfunction’:ti,ab OR ‘Ventricular 
Dysfunctions’:ti,ab OR ‘Cardiomyopathies’:ti,ab OR ‘cardiomyopathy dilated’:ti,ab OR 
‘cardiomyopathy hypertrophy’:ti,ab OR ‘Cardiomyopathies’:ti,ab OR ‘cardiomyopathy 
dilated’:ti,ab OR ‘cardiomyopathy hypertrophy’:ti,ab OR ‘Echocardiography’:ti,ab OR 
‘Echocardiography’:ti,ab

#2 Ankylosing spondylitis 

‘ankylosing spondylitis’/de OR ‘Bechterew Disease’:ti,ab OR ‘Bechterews Disease’:ti,ab 
OR ‘Ankylosing Spondylitis’:ti,ab OR ‘Ankylosing Spondyloarthritis’:ti,ab OR ‘Ankylosing 
Spondyloarthritides’:ti,ab OR ‘Rheumatoid Spondylitis’:ti,ab OR ‘Ankylosing 
Spondylarthritis’:ti,ab OR ‘Ankylosing Spondylarthritides’:ti,ab OR ‘Marie Struempell 
Disease’:ti,ab



Chapter 1

26

2

Cochrane 

#1 Diastolic Ventricular dysfunction  OR Heart failure

Ventricular Dysfunction OR Heart Failure OR Cardiac Failure OR Myocardial failures OR 
Left sided heart failure OR  Ventricular Dysfunction OR Ventricular Dysfunctions OR 
Cardiomyopathies OR cardiomyopathy dilated OR cardiomyopathy hypertrophy OR 
Cardiomyopathies OR cardiomyopathy dilated OR cardiomyopathy hypertrophy OR 
Echocardiography OR Echocardiography 

#2 Ankylosing spondylitis

Ankylosing Spondylitis OR Bechterew Disease OR Bechterews Disease OR Ankylosing 
Spondylitis OR Ankylosing Spondyloarthritis OR Ankylosing Spondyloarthritides OR 
Rheumatoid Spondylitis OR Ankylosing Spondylarthritis OR Ankylosing Spondylarthritides 
OR Marie Struempell Disease 
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Abstract

Objective - To evaluate cardiac involvement in patients with ankylosing spondylitis using 
cardiac magnetic resonance (CMR). 

Methods - Patients with ankylosing spondylitis without cardiovascular symptoms or 
known cardiovascular disease were screened by transthoracic echocardiography (TTE) 
for participation in this exploratory CMR study. We prospectively enrolled 15 ankylosing 
spondylitis patients with an abnormal TTE for further tissue characterization using late 
gadolinium enhancement (LGE) and T1 mapping. T1 mapping was used to calculate 
myocardial extracellular volume (ECV). Disease activity was assessed by C reactive protein 
(CRP) and erythrocyte sedimentation rate (ESR) measurements. 

Results - In the total of 15 included patients, 14 had a complete CMR exam (mean age 
62 years, 93% male and mean disease duration 21 years). Left ventricular (LV) diastolic 
dysfunction was the most common finding on TTE (79%), followed by aortic root dilatation 
(14%), right ventricular (RV) dilatation (7%) and RV dysfunction (7%). CMR revealed focal 
hyperenhancement in three patients (21%), all with a particular pattern of enhancement. 
LV dysfunction, as defined by a LV ejection fraction below 55%, was observed in five 
patients (36%). Myocardial ECV was correlated with the CRP concentration (R=0.78, 
p<0.01) and ESR level (RS=0.73, p<0.01). 

Conclusions - In patients with ankylosing spondylitis, CMR with cine imaging and LGE 
identified global LV dysfunction and focal areas of hyperenhancement. Myocardial ECV, 
quantified by CMR T1 mapping, was associated with the degree of disease activity. These 
results may suggest the presence of cardiac involvement in ankylosing spondylitis and 
may show the potential of ECV as a marker for disease monitoring.
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Introduction

Ankylosing spondylitis is a chronic rheumatic inflammatory disease that affects 
predominantly the sacroiliac joints and spinal column. Ankylosing spondylitis is associated 
with increased cardiovascular mortality, with standardised mortality ratios ranging from 
1.3 to 2.1 in previous studies.(1 2) Epidemiological studies have described a higher 
prevalence of cardiovascular disease in patients with ankylosing spondylitis compared 
with the general population, especially congestive heart failure (prevalence ratio of 1.8) 
and ischaemic heart disease (prevalence ratio of approximately 1.3).(3) In addition, several 
echocardiography studies have shown an increased prevalence of diastolic left ventricular 
(LV) dysfunction and aortic valve regurgitation in ankylosing spondylitis.(4 5) The exact 
pathophysiological mechanism behind LV diastolic dysfunction in ankylosing spondylitis 
is not fully understood. However, it can be speculated that myocardial tissue changes, in 
particular diffuse inflammation and/or fibrosis, may underlie impaired LV diastolic filling 
and relaxation, possibly as a result of ankylosing spondylitis disease activity. Cardiovascular 
magnetic resonance (CMR) is currently the gold standard for measurements of global and 
regional ventricular function.(6) More importantly, CMR permits accurate and noninvasive 
characterisation of the myocardial tissue through assessment of regional oedema with 
T2-weighted imaging and regional fibrosis with late gadolinium enhancement (LGE) 
imaging.(7 8) Recent advances in CMR also allow for objective detection of diffuse fibrosis 
and diffuse oedema using respectively extracellular volume (ECV) quantification and 
native T1 mapping or T2 mapping.(9 10) Since echocardiography is limited in the ability to 
characterise the myocardial tissue, and studies using CMR have not been conducted yet, it 
remains uncertain whether and to what extent the myocardium is involved in ankylosing 
spondylitis. Therefore, we performed the first prospective CMR study to evaluate cardiac 
involvement in patients with ankylosing spondylitis.

Materials and methods

Patient population

Patients were recruited from a cross-sectional cohort study at the Amsterdam Rheumatology 
and Immunology Center, Amsterdam, The Netherlands. In this cohort, patients with 
ankylosing spondylitis, between 50 and 75 years old and fulfilling the modified New 
York criteria for ankylosing spondylitis, undergo transthoracic echocardiography (TTE).
(11) Patients with ankylosing spondylitis without cardiovascular symptoms or known 
cardiovascular disease were screened by TTE for participation in this exploratory CMR 
study. Between January 2015 and November 2015, we prospectively and consecutively 
enrolled 15 patients with ankylosing spondylitis with an abnormal TTE for further tissue 
characterisation using CMR.
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Abnormal TTE was defined by diastolic or systolic ventricular dysfunction, ventricular 
dilatation, valvular disease or aortic root dilatation. LV systolic function and left atrial 
volume index (LAVI) were determined by two-dimensional TTE (2D-TTE) using the biplane 
method of discs. In agreement with previous recommendations, LV diastolic dysfunction 
was diagnosed by the presence of at least two of the following three echocardiographic 
criteria: LAVI ≥34 mL/m2; E0 septal <8 cm/s or E0 lateral <10 cm/s. In addition, diastolic 
dysfunction severity was graded according to transmitral E/A ratio, deceleration time and 
average E/e0.(12) The aortic root was considered dilated if the maximal diameter at the 
sinuses of Valsalva was 4.1 cm or greater.(13)

Ankylosing spondylitis disease characteristics

Medical history was obtained of ankylosing spondylitis, including age at diagnosis, human 
leucocyte antigen-B27 status and medication use. Cardiovascular risk factors including 
hypertension, hypercholesterolaemia, diabetes mellitus and smoking were assessed. Disease 
activity was measured with the Ankylosing Spondylitis Disease Activity Score–C reactive 
protein (ASDAS– CRP).(14) Quantification of spinal mobility was assessed with the Bath 
Ankylosing Spondylitis Metrology Index, on a 10-point scale.(15) Erythrocyte sedimentation 
rate (ESR) and CRP were measured in blood samples that were obtained around the time of 
cardiovascular evaluation, and were averaged over the last five blood measurements.

CMR protocol

All patients underwent CMR imaging on a 1.5 Tesla clinical MR system (Avanto, Siemens, 
Erlangen, Germany). Functional imaging was performed using a balanced steady-state free 
precession (SSFP) sequence with retrospective gating in four-chamber, three-chamber and 
two-chamber long-axis and short-axis orientations (typical parameters: TR/TE 3.2/1.5 ms, 
flip angle 60°, voxel size 1.4×1.4×5.0 mm, temporal resolution 35–50 ms). T1 mapping was 
performed using a Shortened Modified Look-Locker Inversion recovery (ShMOLLI) sequence.
(16) T2 mapping was performed using T2-prepared SSFP images, with three different T2 
preparation times with automatic non-rigid motion correction.(17) The acquisitions were 
performed within a breath-hold and obtained in a single midventricular purely transverse 
plane, with identical position for both T1 and T2 maps. At the scanner, pixel-wise T2 maps 
were generated by fitting to a single exponential curve, after automatic non-rigid motion 
registration of the three images. T1 maps were generated using the ShMOLLI algorithms.
(18) LGE images were acquired 10–15 min after intravenous administration of a bolus of 
0.15 mmol/kg Gd-DOTA (Guerbet, Villepinte, France), in identical orientations as the cine 
images, using a 2D segmented inversion-recovery gradient-echo pulse sequence (typical 
parameters: voxel size 1.4×1.4×5.0 mm, typical inversion time 300–450 ms). T1 mapping was 
repeated using identical slice locations as the native T1 maps, at approximately 15 min after 
contrast injection for postcontrast analyses.
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CMR image analysis

All analyses were performed offline in a blinded fashion using dedicated software (QMass 
V.7.6, Medis, Leiden, The Netherlands). Epicardial and endocardial borders were manually 
traced on cine short-axis slices for the measurement of LV volume, LV mass and LV ejection 
fraction (LVEF). Impaired LV function was defined as a LVEF <55%. For segmental analysis, the 
left ventricle was divided into 16 segments (according to the 17-segment American Heart 
Association (AHA) model, excluding the apex). Systolic wall thickening (SWT) was calculated 
as the percentage difference between the end-diastolic wall thickness and end-systolic wall 
thickness. LGE images were evaluated by consensus agreements of two experienced CMR 
readers (PSB and RN). Hyperenhancement was defined as present when myocardial high 
signal intensity was visible in both short-axis and matching long-axis views. The extent of 
hyperenhancement was quantified by  applying the fullwidth at half-maximum algorithm 
on LGE short-axis slices with manual tracings of epicardial and endocardial borders, and 
is expressed as percentage of LV mass. T1 and T2 maps were assessed for the presence 
of artefacts, diaphragmatic movement and variation in cardiac cycle by examining the 
raw images first. In addition, the goodness-of-fit was assessed for each T1 map by using 
the R2 maps. On native T1 maps, a region of interest (ROI) was manually drawn within the 
LV septum and lateral wall, excluding any regions with focal hyperenhancement using 
matching LGE images. Apical segments were excluded for ROIs’ placement, because apical 
T1 and T2 measurements were considered to be less reliable due to partial volume effect. 
Another ROI was placed in the blood pool, excluding papillary muscles and trabeculae. ROIs 
were subsequently copied to the postcontrast T1 maps and T2 maps.

Figure 1 illustrates a typical example of the different MR sequences and the size and 
location of the ROIs. Myocardial T1 and T2 values were derived from the mean of the 
septum and lateral LV wall, and also the average values were calculated.

ECV was calculated from native and postcontrast T1 measurements using a correction for 
synthetic haematocrit, according to a previously described method.(19)

Statistics 

Continuous variables are presented as mean±SD for normally distributed variables, 
median and IQR for non-normally distributed variables. Categorical data are presented as 
frequencies and percentages. Histograms were used to determine if continuous data were 
normally distributed. CRP was log-transformed to obtain a normal distribution. Categorical 
values were compared between subgroups of patients using a Fisher’s exact test. Differences 
in mean values were compared between subgroups of patients, using an independent 
sample’s t-test, and Mann-Whitney U test was used when data were not normally distributed. 
Associations between continuous variables and CRP were quantified using Pearson’s 
correlation (R). Spearman’s rank correlation (RS) was used to quantify associations with 
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ESR, as this variable showed a skewed distribution despite logtransformation. A value of 
p<0.05 was considered statistically significant. All statistical analyses were performed using 
SPSSstatistics (IBM SPSS Statistics V.22, Chicago, Illinois, USA).

 

Figure 1 | Typical location and size of the regions for T1 and T2 relaxation times assessment. LGE, late gadolinium 
enhancement.

Results

Patient characteristics and ankylosing spondylitis disease activity 

Sixty-three patients with ankylosing spondylitis were screened by TTE when the predefined 
number of fifteen participants was reached. One patient was excluded from further 
analysis because of an incomplete CMR exam due to increasing back pain and discomfort 
during scanning. Ultimately, 14 patients with ankylosing spondylitis underwent a 
complete CMR exam and were included in the present study. Table 1 provides the patient 
characteristics. The mean age of the population was 62±7 years, and the mean disease 
duration was 21±10 years. On TTE, 11 patients had LV diastolic dysfunction grade II, and 3 
had aortic root dilatation, right ventricular (RV) dilatation or RV dysfunction, respectively. 
One patient with LV diastolic dysfunction also had aortic root dilatation. 
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Table 1 Characteristics of patients with ankylosing spondylitis, overall and in subgroups with and without 
myocardial abnormalities.

All patients
(N=14)

LGE and/or LV 
dysfunction
(N=6)

No LGE and LV 
dysfunction
(N=8)

p Value*

Age (years) 62±7 64±7 61±8 0.43

Male gender (n, %) 13 (93) 6 (100) 7 (87) 1.0

Disease characteristics

HLA-B27 positive (n, %) 11 (79) 5 (83) 6 (75) 1.0

Time since diagnosis (years) 21±10 27±11 18±8 0.11

Time-averaged ESR (mm/hour) 5 (3–15) 4 (3–7) 10 (3–19) 0.14

Time-averaged CRP (mg/L) 7 (3–13) 6 (2–11) 9 (3–27) 0.75

BASMI10 4.9±1.6 5.2±1.7 4.7±1.7 0.62

ASDAS 2.5±0.9 2.2±0.7 2.7±1.0 0.27

Current biologics use (n, %) 6 (43) 3 (50) 3 (38) 1.0

Current NSAID use (n, %) 11 (79) 3 (50) 8 (100) 0.055

Cardiovascular risk factors

Hypertension (n, %) 7 (47) 1 (17) 6 (75) 0.10

Systolic blood pressure (mm Hg) 139±14 131±9 143±15 0.11

Diastolic blood pressure (mm Hg) 85±5 86±5 82±4 0.12

Diabetes mellitus type 2 (n, %) 3 (21) 0 (0) 3 (38) 0.21

Smoking, current (n, %) 2 (14) 2 (33) 0 (0) 0.17

Smoking, ever (n, %) 10 (71) 5 (83) 5 (63) 0.58

*p Value for the comparison between patients with and without myocardial abnormalities.
ASDAS, Ankylosing Spondylitis Disease Activity Score; BASMI, Bath Ankylosing Spondylitis Metrology Index; CRP, 
C reactive protein; ESR, erythrocyte sedimentation rate; HLA, human
leucocyte antigen; LGE, late gadolinium enhancement; LV, left ventricular; NSAID, non-steroidal anti-
inflammatory drug.

In total, six patients (43%) were currently using biologics, with a mean duration of 7.4±1.9 
years. Median time-averaged CRP concentration and median time-averaged ESR level 
were respectively 7 mg/L (3–13 mg/L) and 5 mm/hour (3–15 mm/ hour), and mean ASDAS 
score was 2.5±0.9. CMR cine imaging and LGE CMR findings are summarised in table 2. 
Mean LVEF was 54 ±6%, and was impaired in five patients (36%). Hyperenhancement was 
found on the LGE images in three patients (21%). All three had a particular pattern of 
myocardial enhancement, with midwall to subepicardial hyperenhancement localised in 
the basal inferior and inferolateral LV walls (figure 2).
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Figure 2 | Late gadolinium enhancement images in three patients with hyperenhancement. Top panel (patient 
2): a 70-year-old male, diagnosed with ankylosing spondylitis since 24 years; second panel (patient 11): a 
74-year-old male, diagnosed with ankylosing spondylitis since 16 years; third panel (patient 13): a 65-year-old 
male, diagnosed with ankylosing spondylitis since 42 years.

The size of the hyperenhancement ranged from 2.6% to 5.4% of the total LV mass. Of the five 
patients with impaired global LV function, two were LGE-positive. LVEF was significantly 
lower in LGE-positive patients (47±8%) than in LGE-negative patients (56±5%, p=0.03). 
Within the group of patients with hyperenhancement, SWTwas lower in myocardial 
segments with hyperenhancement, but did not reach significance in comparison with 
segments without hyperenhancement (66±21 vs 76±21%, respectively, p=0.19).

Table 1 shows the comparison of patient characteristics between patients with and 
without myocardial abnormalities as detected by cine imaging and LGE. Mean disease 
duration was higher in patients with LGE and/or LV dysfunction than in patients without 
LGE and LV dysfunction (respectively 27±11 vs 18±8 years), but the difference was not 
statistically significant (p=0.11).



Cardiac MRI in Ankylosing Spondylitis

37

3

CMR tissue relaxation mapping

Myocardial tissue parameters are summarised in table 2. Although hyperenhancement 
was predominantly observed in the basal lateral wall, there were no significant differences 
found in mean native T1, T2 and ECV between the LV septum and lateral wall (p=0.52, 
p=0.29 and p=0.28, respectively) in areas without hyperenhancement. Furthermore, 
LGE-positive and LGE-negative patients showed comparable average values of native T1 
(922±27 vs 930±32, p=0.79), T2 (53±1 vs 52±3, p=0.19) and ECV (29.6±1.7 vs 28.3±2.7, 
p=0.46). To explore whether ankylosing spondylitis disease activity was related to 
cardiac involvement, myocardial tissue parameters were correlated to time-averaged 
CRP concentration and time-averaged ESR level. Myocardial native T1 and T2 values did 
not show significant correlations with CRP concentration (native T1: R=0.20, p=0.49; T2: 
R=0.36, p=0.20) or ESR level (native T1: RS=0.49, p=0.08; T2: RS=0.28, p=0.33), suggesting 
a lack of correlation between ankylosing spondylitis disease activity and potential 
inflammatory-related myocardial oedema. In contrast, however, myocardial ECV values 
were significantly correlated with CRP concentration (R=0.78, p<0.01) and ESR level 
(RS=0.73, p<0.01) (figures 3 and 4), suggesting that ankylosing spondylitis disease activity 
is related to expansion of the myocardial ECV, possible due to diffuse fibrosis. The significant 
associations of ECV with CRP and ESR were found for ECV both at the septum (CRP: R=0.67, 
p<0.01; ESR: RS=0.60, p=0.02) and at the lateral LV wall (CRP: R=0.76, p<0.01; ESR: RS=0.72, 
p<0.01). Moreover, ECV remained independently associated with CRP and ESR even after 
correcting for the presence of hyperenhancement on the LGE images (p<0.01).  

Figure 3 | Correlation of myocardial ECV to the log of C reactive protein (CRP) and the log of erythrocyte 
sedimentation rate (ESR). Open dots indicate late gadolinium enhancement (LGE)-negative patients. Filled dots 
indicate LGE-positive patients. Dotted lines represent 95% confidence band. ECV, extracellular volume.
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Table 2 | Cardiovascular magnetic resonance findings.

LV volume, mass and function

End-diastolic volume (mL) 171±23

End-systolic volume (mL) 80±19

Ejection fraction (%) 54±6

Mass (g) 96±14

LGE present 3 (21)

Myocardial native T1 relaxation

Septum (ms) 933±30

Lateral wall (ms) 924±41

Average (ms) 928±30

Myocardial T2 relaxation

Septum (ms) 52±4

Lateral wall (ms) 51±3

Average (ms) 52±3

Myocardial ECV fraction

Septum (%) 28.1±2.0

Lateral wall (%) 29.3±3.6

Average (%) 28.6±2.5

ECV, extracellular volume; LGE, late gadolinium enhancement; LV, left ventricular.

Comparison of TTE and CMR findings

Table 3 demonstrates the comparison of TTE findings and CMR findings for each patient. 
Three patients had normal LV diastolicfunction on TTE. Interestingly, CMR revealed 
both an impaired LV function and hyperenhancement in one patient, and impaired LV 
function without hyperenhancement in another. The third patient showed no myocardial 
abnormalities. In four patients, LVEF could not be determined by 2D-TTE because of poor 
echocardiographic windows. In two of these patients, CMR revealed impaired LV function. 
In addition, CMR revealed impaired LV function in two of seven patients (29%) with 
normal LV function according to 2D-TTE. Two patients had aortic root dilatation (4.1 cm) 
according to TTE, but normal aortic root dimensions measured by CMR. Three patients 
had echocardiographically measured normal aortic dimensions, but either aortic root 
dilatation or ascending aorta dilatation according to CMR.
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Figure 4 | Representative examples of matching late gadolinium enhancement (LGE) images and T1 maps 
with corresponding disease activity in patients with ankylosing spondylitis. Top panel (patient 5): patient with 
low disease activity (C reactive protein (CRP) 3 mg/L, erythrocyte sedimentation rate (ESR) 3 mm/hour), no 
hyperenhancement on the LGE images, native T1 927 ms, postcontrast T1 510 ms, extracellular volume (ECV) 
24.3%; second panel (patient 14): patient with increased disease activity (CRP 7 mg/L, ESR 25 mm/hour), no 
hyperenhancement on the LGE images, native T1 971 ms, postcontrast T1 490 ms, ECV 30.5%; third panel (patient 
2): patient with increased disease activity (CRP 14 mg/L, ESR 9 mm/hour), hyperenhancement in the basal lateral 
wall, native T1 954, postcontrast T1 508 ms, ECV 31.6% (measured outside the hyperenhanced area).
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Discussion

This explorative study was conducted to determine the presence and extent of cardiac 
involvement in patients with ankylosing spondylitis, using CMR. We have shown for the 
first time in patients with ankylosing spondylitis that CMR with cine imaging and LGE can 
identify global LV dysfunction and particular areas of myocardial hyperenhancement, and 
that myocardial ECV, quantified by CMR T1 mapping, was associated with the degree of 
disease activity. CMR with LGE identified focal areas of hyperenhancement in ankylosing 
spondylitis. 

In the present study, hyperenhancement was found on the LGE images in three patients 
(21%). Hyperenhancement on a LGE image is caused by accumulation of Gd-based 
contrast within areas of ECVexpansion, which, in most chronic diseases, reflects focal 
fibrosis. The LGE-positive patients in our study all demonstrated a typical pattern of LGE, 
with hyperenhancement localized in the midwall to subepicardial layer. This pattern 
closely resembles previous findings in other autoimmune diseases such as rheumatoid 
arthritis,(20) systemic lupus erythematosus(21) and systemic sclerosis,(22) and can also 
be seen in other inflammatory cardiomyopathies.(23) In addition to the diagnostic 
significance, LGE might also have important prognostic implications. Previous studies 
in patients with non-ischaemic cardiomyopathies show that the presence and extent 
of LGE can predict adverse cardiac outcomes.(24) Considering the small sample size, 
further studies within a larger patient group and with long-term follow-up are needed to 
determine the prognostic implications of LGE in ankylosing spondylitis.

Association between myocardial ECV and disease activity

In addition to LGE imaging, we performed T1 and T2 mapping to characterise the 
myocardium more quantitatively. Conventional CMR methods, including LGE imaging, 
only show differences between affected and non-affected tissues, and may therefore fail 
to detect global myocardial disease. In contrast, T1 and T2 mapping permits measuring 
the myocardial relaxation times at a pixel level. We expected to find a correlation between 
ankylosing spondylitis disease activity and inflammatory-related myocardial oedema, 
as assessed by native T1 and T2 measurements. Although native T1 and T2 values were 
higher with increasing disease activity, their correlation was not statistically significant. 
This lack of significance might be caused by the sample size. On the other hand, we did 
show that myocardial ECV, a marker of diffuse interstitial fibrosis, is indeed correlated to 
ankylosing spondylitis disease activity. Myocardial ECV values were strongly correlated to 
inflammatory markers. Possibly, ankylosing spondylitis disease activity is related to diffuse 
interstitial fibrosis as suggested by our ECV measurements. This is supported by a previous 
study showing a diffuse increase of interstitial connective tissue in postmortem hearts of 
patients with ankylosing spondylitis.(25) Also, there is increasing evidence indicating that 
interstitial fibrosis can develop as a complication of inflammation.(26) During pathological 
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conditions, inflammatory cells can invade into the heart and may release cytokines that 
activate fibroblasts, ultimately leading to myocardial fibrosis.(27) One of the most important 
known cytokines in the development of inflammation-driven fibrosis is transforming growth 
factor β, which has been shown to exert synergistic effects on the induction of collagen 
gene expression and inhibition of the collagen degradation system.(28) Furthermore, the 
high prevalence of LV diastolic dysfunction in our study population, and in patients with 
ankylosing spondylitis in general, also supports the presence of diffuse interstitial fibrosis.4 
It is currently believed that myocardial fibrosis can contribute to high LV diastolic stiffness, 
which can ultimately lead to impairment of ventricular relaxation and filling.(29) Future 
research with appropriate study size is required to investigate the contribution of myocardial 
inflammation and fibrosis to changes in LV diastolic function in ankylosing spondylitis. 

Clinical implications 

The present study has several clinical implications. First, findings of our study may suggest 
the presence of cardiac involvement in ankylosing spondylitis. Ankylosing spondylitis 
affects up to 32 in 10 000 adults worldwide, and it is estimated that, in Europe alone, over 
1.3 million people are currently suffering from ankylosing spondylitis.(30) It is known that 
patients with ankylosing spondylitis have overall an increased mortality rate, primarily due 
to an increase in cardiovascular disease, including cardiomyopathy. Early diagnosis and 
treatment of cardiac involvement could therefore potentially reduce cardiac mortality in 
this patient group. Second, our study shows a high prevalence of myocardial abnormalities 
in patients with ankylosing spondylitis who were referred for CMR because of abnormal 
echocardiography findings, of which LV diastolic dysfunction was the primary abnormality. 
Even more interestingly, also patients without LV diastolic dysfunction showed myocardial 
abnormalities on CMR imaging, suggesting that CMR has incremental value compared with 
TTE for evaluating cardiac involvement in ankylosing spondylitis.

Study limitations

Due to the explorative nature of this study, the sample size of our study population was 
relatively small. As a consequence, we cannot rule out that non-significant differences or 
correlations were caused by a lack of statistical power. Despite the limited sample size, 
we found global LV dysfunction and focal areas of hyperenhancement in patients with 
ankylosing spondylitis using CMR. Second, only patients with echocardiographic signs 
of myocardial disease are included in the present study, and therefore the results might 
not be extrapolated to the total population with ankylosing spondylitis. Nevertheless, 
results from this first CMR study in ankylosing spondylitis may suggest the presence of 
cardiac involvement, which warrants further studies with larger sample sizes to determine 
the prevalence of cardiac involvement in the total group of patients with ankylosing 
spondylitis.
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Conclusions

In asymptomatic patients with ankylosing spondylitis, CMR with cine imaging and LGE 
identified global LV dysfunction and focal areas of hyperenhancement. Myocardial ECV, 
quantified by CMR T1 mapping, was associated with the degree of disease activity. Results 
from this first CMR study in ankylosing spondylitis may suggest the presence of cardiac 
involvement in the disease. Future larger studies with follow-up are needed to establish 
the prevalence and significance of cardiac pathology in ankylosing spondylitis and to 
establish the potential of ECV as a marker for disease monitoring.
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Abstract

Objectives: To evaluate aortic stiffness in patients with ankylosing spondylitis (AS) 
using cardiovascular magnetic resonance (CMR), and to assess its association with AS 
characteristics and left ventricular (LV) remodelling.

Methods: In this prospective study, 14 consecutive AS patients were each matched to 
two controls without cardiovascular symptoms or known cardiovascular disease who 
underwent CMR imaging for the assessment of aortic arch pulse wave velocity (PWV) at 
1.5 Tesla. To enhance comparability of the samples, matching was done with replacement 
resulting in 20 unique controls. Only AS patients with abnormal findings on screening 
echocardiography were included in this exploratory study. Cine CMR was used to assess 
LV geometry and systolic function, and late gadolinium enhancement was performed to 
determine the presence of myocardial hyperenhancement (i.e. fibrosis). 

Results: Aortic arch PWV was significantly higher in the AS group compared with the 
control group (median 9.7 m/s, interquartile range [IQR] 7.1 to 11.8 m/s vs. 6.1 m/s, IQR 
4.6 to 7.6 m/s; p<0.001). PWV was positively associated with functional disability as 
measured by BASFI (R: 0.62; p=0.018). Three patients (21%) with a non-ischemic pattern of 
hyperenhancement showed increased PWV (11.7 m/s, 12.3 m/s and 16.5 m/s) as compared 
to the 11 patients without hyperenhancement (9.0 m/s, IQR 6.6 to 10.5 m/s; p=0.022). PWV 
was inversely associated with LV ejection fraction (R:-0.63; p=0.015), but was not found to 
be statistically correlated to LV volumes or mass.

Conclusions: Aortic arch PWV was increased in our cohort of patients with AS. Higher PWV 
in the aortic arch was associated with functional disability, the presence of non-ischemic 
hyperenhancement and reduced LV systolic function
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Introduction

Ankylosing spondylitis (AS) is a rheumatic inflammatory disease that is associated with a 
higher risk of cardiovascular death, even after adjustment for traditional risk factors.(1) In 
addition, structural and functional cardiac abnormalities have been detected in this patient 
group.(2-4) The increased cardiovascular burden in AS could be due to stiffening of the 
arteries from chronic inflammation,(5 which is linked to increased cardiovascular events.
(6) Aortic pulse wave velocity (PWV) is the gold standard for the assessment of arterial 
stiffness(7). Studies evaluating arterial stiffness in AS have reported inconsistent results; 
2 studies(8,9) reported significantly higher aortic PWV in patients with AS compared to 
healthy controls, but 2 other studies did not.(10,11) All these studies, however, used either 
tonometry or ultrasound, which both provide an indirect assessment of the aortic PWV. In 
addition, no studies have assessed arterial stiffness and cardiac function simultaneously 
in AS patients. Cardiovascular magnetic resonance (CMR) imaging allows accurate 
measurement of the arterial length between the measurement sites and provides accurate 
assessment of cardiac function and geometry within the same examination.(12,13) 

The present study aimed to evaluate aortic stiffness in patients with ankylosing spondylitis 
(AS) using CMR, and to assess its association with AS characteristics and left ventricular 
(LV) remodelling.
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Methods 

Study population

Ankylosing spondylitis patients

In this exploratory study, only AS patients with abnormal findings on screening 
transthoracic echocardiography (TTE) were included for further CMR imaging. Between 
January 2015 and November 2015, 63 patients with AS were screened by TTE before the 
pre-set number of 15 study patients was reached. Of those 15 patients, one was excluded 
because of an incomplete CMR scan. Abnormal TTE findings of the 14 patients included 
LV diastolic dysfunction grade II (n=11), aortic root dilatation (n=2), right ventricular (RV) 
dilatation (n=1), and RV dysfunction (n=1). One patient with LV diastolic dysfunction also 
had aortic root dilatation. The diagnosis of AS was based on the modified New York criteria.
(14) All patients were between 50 and 75 years old, without cardiovascular symptoms and 
without known cardiovascular disease. Further details of the study design were described 
in a previous publication.(4) The present study was conducted in accordance with the 
Declaration of Helsinki, was approved by the institutional review board (Ethics Committee 
of the Slotervaart Hospital and Reade, Amsterdam, The Netherlands, NL44202.048.13), 
and all patients gave written informed consent. 

Control subjects

To determine whether patients with AS have higher aortic stiffness, we performed a 
matched control analysis with subjects drawn from the Dallas Heart Study (DHS). The 
DHS is a multiethnic, population-based cohort study in which 2122 participants without 
cardiovascular disease underwent CMR imaging between July 2000 to January 2002 for 
the assessment of aortic arch PWV.(15) For each AS patient, two matched controls were 
selected in order to have sufficient statistical power for detecting differences in PWV. 
Controls were selected from the group of 2122 participants using exact matching on 
ethnicity, sex, smoking status, diabetes mellitus (DM), presence of hypertension, and 
use of blood pressure lowering medication combined with nearest neighbor matching 
on age, body mass index (BMI), systolic blood pressure (SBP) and resting heart rate (HR) 
during the cardiovascular MR. Due to the relatively large number of matching variables, 8 
controls were used more than once to allow an appropriate 1:2 match, as described in the 
statistical analysis section.(16) 
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Ankylosing spondylitis characteristics 

AS disease activity was quantified by using the Ankylosing Spondylitis Disease Activity 
Score-C-reactive protein (ASDAS-CRP),(17) erythrocyte sedimentation rate (ESR), and 
C-reactive protein (CRP). Blood ESR and CRP were averaged over the last five blood 
measurements. Functional disability and spinal mobility were assessed by using 
respectively the Bath Ankylosing Spondylitis Functional Index (BASFI)(18) and the Bath 
Ankylosing Spondylitis Metrology Index (BASMI).(19) 

CMR protocol

All study participants underwent cardiovascular MR imaging on a 1.5 Tesla clinical MR 
system. AS patients were scanned on an Avanto (Siemens, Erlangen, Germany) at the 
VUmc, and DHS participants were scanned on an Intera (Philips Medical Systems, Best, 
Netherlands) at the University of Texas Southwestern Medical Center (UT Southwestern). 
For flow analyses, a breath-hold, velocity encoded, phase-contrast gradient echo 
sequence was acquired in a transverse plane at the level of the pulmonary trunk. Typical 
parameters of the phase-contrast sequence were as follows: temporal resolution 35-
50 ms, slice thickness 8mm, in-plane resolution <1.8 mm x <1.8 mm, through-plane 
velocity-encoding at 150 cm/s). For assessment of the aortic arch length, an oblique-
sagittal image of the aorta (candy cane view) was obtained using a True Fast Imaging with 
Steady Precession (true FISP) sequence (VUmc) or a double inversion-recovery spin echo 
sequence (UT Southwestern).

In patients with AS, functional imaging was performed using a balanced steady-state free 
precession (SSFP) sequence with retrospective gating in four-, three-, and two- chamber 
long-axis and short-axis orientations (typical parameters: TR/TE 3.2/1.5 ms, flip angle 60°, 
voxel size 1.4×1.4x5.0 mm, temporal resolution 35–50 ms). In addition, LGE images were 
acquired 10-15 minutes after intravenous administration of a bolus of 0.15 mmol/kg Gd-
DOTA (Guerbet, Villepinte, France), in identical orientations as the cine images, using a 2D 
segmented inversion-recovery gradient-echo pulse sequence (typical parameters: voxel 
size 1.4×1.4x5.0 mm, typical inversion time 300–450 ms). 

CMR image analysis 

Lumen contours of the ascending and descending aorta were manually traced on 
magnitude gradient-echo images throughout the cardiac cycle, and were subsequently 
copied to phase velocity maps to produce time-velocity flow curves using Qflow 
(Medis, Leiden, the Netherlands) (figure 1A). The time-velocity curves were interpolated 
to a temporal resolution of 10 ms using cubic spline. The length of the aortic arch was 
measured on the candy cane view by drawing a segmented line through the center of 
the aorta between the ascending and descending aortic positions of the phase contrast 
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acquisition (figure 1B). Aortic arch PWV was then calculated as the ratio between the length 
of the aortic arch and the transit time between the ascending and descending upstroke 
velocities at half maximum (figure 1C). To assess interobserver variability, a second reader 
R.P.A.) blinded to the obtained results repeated the aortic arch PWV measurements in the 
patients with AS. Left ventricular analyses was performed offline using QMass v7.6 (Medis, 
Leiden, the Netherlands). Epicardial and endocardial borders were manually traced on 
cine short-axis slices for calculation of LV volume, LV mass, and LV ejection fraction (LVEF). 
Parameters of LV geometry and function were indexed to the body surface area.

 

Figure 1 | Assessment of aortic arch pulse wave velocity (PWV) using cardiovascular magnetic resonance. A) 
Tracing of the lumen contours of the ascending (red contour) and descending aorta (blue contour). B) Calculation 
of the transit time (dotted green line) between the ascending (red line) and descending (blue line) upstroke 
velocities at half maximum (black dots). C) Measurement of the aortic arch length between the two recording 
sites (white bar) on the candy cane view.

Statistical analysis

Data are presented as mean ± SD for normally distributed continuous variables, median 
and interquartile range (IQR) for non-normally distributed continuous variables, and 
as number and percentages (%) for categorical variables. Histograms were used to 
determine if continuous variables were normally distributed. CRP and aortic arch PWV 
were log transformed to obtain normal distribution. Mean values were compared between 
subgroups of patients using an independent-samples t-test or Mann-Whitney U test for 
respectively normally distributed and non-normally distributed continuous variables. 
Categorical values were compared between subgroups of patients using a chi-square test. 
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Associations between normally distributed continuous variables were quantified using 
Pearson’s correlation (R). Spearman’s rank correlation (RS) was used to quantify associations 
between non-normally distributed continuous variables. Interobserver variability of aortic 
arch PWV assessment was evaluated using the Bland-Altman method and the two-way 
random single measures intraclass correlation coefficient (ICC) for absolute agreement. 
As Bland-Altman plots of log-transformed data are difficult to interpret, we used methods 
described in(20) to back-transform the limits of agreement derived on log-transformed 
data to the original scale.

We used exact matching for all categorical variables and nearest neighbor matching 
for the continuous variables (i.e. age, BMI, SBP and HR) to match each AS patient to two 
controls. In order to reduce the amount of bias when estimating the difference between 
groups, we used the NNMATCH procedure in Stata 12 using the ‘with replacement’-option, 
thereby allowing different AS patients to be matched to the same control and weighing 
observations accordingly (21). In addition to the matched-pair analysis performed within 
the NNMATCH procedure, we performed a multivariable regression analysis in which we 
controlled for these continuous variables on which matching was not exact. In this analysis 
we included the 14 AS patients and the 20 unique controls  and fitted a regression model 
with the logarithm of aortic arch PWV as dependent variable and including presence of 
AS as independent variable while correcting for age, BMI, SBP, HR. All statistical analyses 
were performed using SPSS statistics (IBM SPSS Statistics 22, Chicago, IL, USA) except for 
the matching and comparison of mean aortic stiffness parameters between the matched 
samples.  P values of < 0.05 were considered statistically significant.
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Results

Patient characteristics of the 14 included patients with AS and the 20 healthy controls are 
described in table 1. AS patients had higher age and slightly higher resting heart rate than 
matched controls (respectively 62 ± 7 vs. 55 ± 6 years and 72 ± 12 vs. 69 ± 9 bpm). BMI was 
higher in controls than in AS patients (27.9 ± 3.0 vs. 27.3 ± 2.6 kg/m2). Otherwise, there 
were no differences in demographics between the groups.

AS characteristics and LV characteristics are described in table 2. Human leukocyte 
antigen B27 was positive in 11 (79%) patients. Mean LVEF was 54 ± 6%, and was impaired 
(i.e. lower than 55%) in 5 patients (36%). On the LGE images, 3 patients (21%) showed 
hyperenhancement, all with regions of hyperenhancement in the basal mid-wall to 
subepicardial layer of the inferior and inferolateral basal LV walls (supplementary figure 
1). Hypertension was present in 1 of the 3 (33%) patients with hyperenhancement 
compared to 6 of the 11 (55%) patients without hyperenhancement. One patient with 
hyperenhancement had normal LV diastolic function.  

Table 1 | Patient demographic and clinical characteristics.

AS patients 
(N=14)

Controls 
(N=20)

Standardized 
differences

Age (years) 62 ± 7 55 ± 6 1.05

Male (sex) 13 (93) 18 (90) 0

BMI (kg/m2) 27.3 ± 2.6 27.9 ± 3.0 -0.41

Cardiovascular risk factors

Hypertension 7 (50) 9 (45) 0

Diabetes mellitus 3 (21) 3 (15) 0

Current smoker 2 (14) 3 (15) 0

Antihypertensive medication 7 (50) 9 (45) 0

Systolic blood pressure (mmHg) 138 ± 14 135 ± 12 0.20

Resting heart rate (bpm) 72 ± 12 69 ± 9 0.35

Values are mean ± standard deviation or n (%). BMI = body mass index; mmHG = millimeters of mercury; bpm 
= beats per minute.
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Table 2 | AS and LV characteristics.

AS patients 
(N=14)

AS activity and severity

     HLA-B27 positive 11 (79)

     Time since diagnosis (years) 21 ± 10

     BASFI (score) 3.3 (1.9-6.8)

     BASMI (score) 4.9 ± 1.6

     ASDAS-CRP (score) 2.5 ± 0.9

     Time-averaged CRP (mg/l) 7 (3-13)

     Time-averaged ESR (mm/h) 5 (3-15)

AS medication

     TNFα inhibitor 6 (43)

     DMARDs 2 (14)

     NSAIDs 11 (79)

LV geometry and function 85 ± 11

    Indexed ESV (ml/m2) 40 ± 10

    Indexed Mass (g/m2) 48 ± 6

    EF (%) 54 ± 6

LV hyperenhancement present 3 (21)

Values are mean ± standard deviation, median (interquartile range) or n (%). AS = ankylosing spondylitis; HLA 
=  Human leukocyte antigen;  BASFI = Bath Ankylosing Spondylitis Functional Index; BASMI = Bath Ankylosing 
Spondylitis Metrology Index; ASDAS = Ankylosing Spondylitis Disease Activity Score-C-reactive protein;  CRP 
= C-reactive protein; ESR = erythrocyte sedimentation rate;  TNF = tumor necrosis factor; DMARD = disease-
modifying antirheumatic drugs;  NSAID =  non-steroidal anti-inflammatory drugs; LV= left ventricular; EDV = end 
systolic volume; ESV = end systolic volume; EF= ejection fraction.

 Aortic arch PWV in AS patients in comparison to controls

Median aortic arch PWV in patients with AS was 9.7 m/s (IQR 7.1 to 11.8 m/s). Supplementary 
figure 2 shows the Scatter plots and Bland-Altman plots for the interobserver variability 
analysis. Interobserver variability for aortic arch PWV was low with a mean bias of -0.04 m/s 
and a ICC of 0.98.

To determine whether patients with AS have increased aortic stiffness, we compared aortic 
arch PWV measurements between AS patients and their matched controls. PWV in the aortic 
arch was significantly higher in the patients with AS (9.7 m/s , IQR 7.1 to 11.8 m/s) than in the 
matched controls (6.1 m/s, IQR 4.6 to 7.6 m/s; p<0.001)(figure 2). 

We performed a multivariate regression analysis to control for the small differences in age, 
BMI, SBP and HR between the AS group and the control group (supplementary table 1). Even 
after correcting for these potential confounders, the presence of AS remained significantly 
associated with aortic arch PWV (B: 0.19; p=0.020). Furthermore, in subgroup analysis 
including 6 AS patients younger than 60 years, aortic arch PWV was significantly higher in 
patients with AS (9.1 m/s, IQR 7.3 to 11.0 m/s) compared to matched controls (5.7 m/s, IQR 
4.6 to 7.6 m/s, p=0.008) while having comparable age (55 ± 2 vs. 52 ± 6 years) (figure 2).
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Figure 2 | Aortic arch pulse wave velocity (PWV) in patients with ankylosing spondylitis (AS) (orange) and healthy 
controls green). Values were compared in the total group of patients (left) and in a subgroup analysis with 
AS patients younger than 60 years only (right). Boxes and error bars indicate median and interquartile range.

Correlation of aortic arch PWV with AS characteristics

To explore whether AS characteristics were associated with aortic stiffness, we correlated 
AS severity and activity parameters to aortic arch PWV. BASFI was positively associated 
with aortic arch PWV (R: 0.62; p=0.018). Aortic arch PWV was higher with increasing BASMI, 
but this correlation was not statistically significant (RS:0.36; p=0.21). Disease duration, 
ASDAS-CRP, CRP, and ESR did not show statistically significant correlations with aortic arch 
PWV (table 3). 

At the time of inclusion, 1 patient was not receiving any anti-inflammatory treatment, 
7 were on NSAIDs only, 2 were on anti-TNF treatment only, and 4 patients were on both 
NSAIDs and anti-TNF treatment. AS patient on NSAIDs had significantly lower aortic PWV 
(median 9.0 m/s, IQR 6.6 to 10.5 m/s) than those not on NSAIDs (11.7 m/s, 13.2 m/s and 16.5 
m/s, p=0.01). Aortic arch PWV was similar in AS patients on anti-TNF treatment compared 
to those not on anti-TNF treatment (9.2 m/s, IQR 6.1 to 14.0 m/s vs. 9.9 m/s, IQR 7.7 to 
11.7 m/s; p=1.00). However, aortic PWV tended to be lower in patients receiving dual-
treatment with both NSAIDs and anti-TNF than in patients receiving single-treatment 
with either NSAIDs or anti-TNF (7.4 m/s, IQR 5.2 to 9.8 m/s vs. 10.5 m/s, IQR 8.1 to 12.7 m/s; 
p=0.15). Supplementary table 2 summarizes the associations between medication and 
nicotine use and aortic arch PWV in the AS patients. NSAID use was significantly associated 
with lower aortic arch PWV (B: -0.22, p=0.03). The use of ACE inhibitors (ACEi) or angiotensin 
II receptor blockers (ARB) showed a non-significant trend of lower aortic arch PWV, while 
current smoking showed a non-significant trend of higher aortic arch PWV. There were only 
2 active smokers in the AS cohort. These two smokers had an aortic PWV of 13.2 m/s and 
11.7 m/s, while the non-smokers had a median aortic arch PWV of 9.1 m/s (IQR 6.7-11.3).
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Table 3 | Correlation of AS-related factors and LV  remodeling with aortic arch pulse wave velocity.

Aortic arch PWV 
(log m/s)

R p-value

AS-related factors

Disease duration (years) 0.24 0.41

BASFI (log score) 0.62 0.018

BASMI (score) 0.36 0.21

ASDAS-CRP (score) -0.02 0.96

Time-averaged CRP (log mg/l) 0.12 0.69

Time-averaged ESR (mm/h -0.09 0.76

LV remodeling

Indexed EDV (ml/m2) 0.13 0.65

Indexed ESV (ml/m2) 0.40 0.16

Indexed Mass (g/m2) 0.38 0.18

EF (%) -0.63 0.015

BASFI =  Bath Ankylosing Spondylitis Functional Index; BASMI = Bath Ankylosing Spondylitis Metrology Index; 
ASDAS-CRP = Ankylosing Spondylitis Disease Activity Score-C-reactive protein; CRP = C-reactive protein; ESR = 
erythrocyte sedimentation rate. EDV = end diastolic volume; ESV = end systolic volume; EF = ejection fraction.

Correlation of aortic arch PWV with LV remodelling

We evaluated the relation between aortic stiffness and the presence of hyperenhancement 
on the LGE images. Aortic arch PWV was significantly higher in the 3 patients with 
hyperenhancement (11.7 m/s, 12.3 m/s and 16.5 m/s) than in the 11 patients without 
hyperenhancement (9.0 m/s, IQR 6.6 to 10.5 m/s; p=0.022). 

To assess the impact of aortic stiffness on LV geometry and function, we correlated 
aortic arch PWV values to measurements of LV volumes, LV mass and LVEF. Aortic arch 
PWV showed a significant correlation with LVEF (R:-0.63; p=0.015)(figure 3). There were, 
however, no significant correlations between aortic arch PWV and indexed LVEDV (R:0.13; 
p=0.65), indexed LVESV (R:0.40; p=0.16) and indexed LV mass (R:0.38; p=0.18)(table 3). 

Considering that LVEF was significantly lower in patients with hyperenhancement 
(47±8 vs. 56±5%; p=0.04), we performed subgroup analysis to evaluate whether the 
association between aortic arch PWV and LVEF was independent of the presence of 
hyperenhancement. In the 11 patients without hyperenhancement, correlation between 
LVEF values and aortic arch PWV values were still moderate although this did not reach 
statistical significance (R:-0.43; p=0.19).
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Figure 3 | Correlation of aortic arch pulse wave velocity 
(PWV) to left ventricular ejection fraction (LVEF). Filled 
dots indicate patients with hyperenhancement on 
the LGE images. Open dots indicate patients without 
hyperenhancement. Dotted lines represent 95% 
confidence band.

Discussion

This study is the first to evaluate aortic stiffness in patients with AS by CMR, and to 
assess its association with AS characteristics and LV remodelling, compared to a well-
matched control cohort. Aortic arch PWV was increased in our cohort of patients with 
AS, and was found to be associated with functional disability, the presence of myocardial 
hyperenhancement (i.e. non-ischemic pattern) and reduced LV systolic function. 

Increased aortic stiffness in patients with AS

Our patient cohort with AS had higher aortic arch PWV as compared to matched controls. 
This is in line with studies by Avram et al.(8) and Bodnar et al.(9), showing higher carotid-
femoral PWV in patients with AS. In contrast, higher carotid-femoral PWV was not found 
in studies by Arida et al.(10) and Berg et al.(11). Considering the previous inconsistent 
results, our study adds to current understanding of increased PWV in AS. Several reasons 
may explain the inconsistency between these studies and our results. First, in the studies 
by Arida et al.(10) and Berg et al.(11), the study populations had a mean age of respectively 
49 years and 48 years, which is 13-14 years lower than our study population. Patients also 
had a much lower prevalence of cardiovascular risk factors than our study population. 
It can be speculated that stiffening of the aorta in AS develops later in life, and perhaps 
only in a subset of patients. Second, the likelihood of finding increased aortic stiffness 
may have been higher in our study, as we only included patients with abnormal findings 
on screening TTE, of which LV diastolic dysfunction was the primary abnormality. Third, 
both studies used either tonometry or ultrasound to assess PWV, while we used CMR. 
The current study is the first to use CMR to measure PWV in patients with AS. Previous 
studies have shown that CMR can assess the aortic arch PWV with high accuracy and 
reproducibility, and therefore may be more reliable than tonometry and ultrasound as 
it enables the measurement of the true arterial path length between the two recording 
sites.(12,22) In contrast, tonometry and ultrasound both use an estimation of the arterial 
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path length which is provided by an external tape measure over the body surface. This is 
an important drawback of these methods, especially in patients with AS considering that 
kyphosis and height loss may cause underestimation of the arterial path length and thus 
aortic PWV.(23)

Aortic stiffness in relation to AS factors

Consistent with previous studies, we found no significant correlation between aortic arch 
PWV and inflammatory activity markers, including ASDAS, CRP and ESR.(10,8,11,9). It can 
be argued that, in order to show an association between inflammation and aortic arch 
PWV, disease activity measurements need to be averaged over a much longer period of 
time, especially as AS disease activity varies over time.. Interestingly, however, we found 
significantly lower aortic arch PWV in patients treated with NSAIDS, and a trend towards 
lower PWV in patients treated with both NSAIDs and anti-TNF. These findings may suggest 
that anti-inflammatory treatment reduces vascular resistance in AS, which is consistent 
with previous findings in gout (24) and rheumatoid arthritis (25), although in the latter 
this effect was only observed when flaring occurred. In addition to anti-inflammatory 
treatment, it can also be speculated that AS patients may benefit from treatment with 
ACEIs and smoking cessation interventions, considering that both have been shown to 
positively affect arterial stiffness (27,26). Unfortunately, the current cohort was too small 
to observe significant effects of ACEi and smoking on PWV in AS. 

We also used the BASFI score as a marker of disease severity, and found an association 
between aortic arch PWV and functional disability, similar to Avram et al.(8) and Bodnar 
et al.(9). Most likely, functional disability is associated with aortic arch PWV because it 
reflects more severe disease or higher vulnerability to tissue damage. However, it can also 
be speculated that functional disability leads to higher aortic arch PWV through physical 
inactivity. (28) Furthermore, the effect of AS and the resulting kyphosis on the angulation 
and position of the aorta should also be considered.(29) 

Impact of aortic stiffness on LV remodelling

Arterial stiffness causes reflected waves to return earlier (in the late systole) to the heart, 
which increases the load on the LV.(30) In the present study, we found aortic arch PWV to 
be inversely associated with LVEF, which is in line with previous findings in a population-
based cohort(13) and in a hypertension cohort.(31) Furthermore, CMR’s unique tissue 
characterizing abilities has led to the observation that hyperenhancement, a measure 
of cardiac fibrosis, is associated with PWV suggesting simultaneous cardiac and vascular 
involvement, which is a novel finding and adds to the current literature. . This hypothesis 
is supported by previous studies in patients with other rheumatic diseases, showing a 
similar pattern of hyperenhancement(32-34) and also higher aortic arch PWV (35). Another 
possible, but perhaps less likely, explanation is that arterial stiffening increases the wall 
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stress in the lateral LV wall, leading to secondary myocardial fibrosis. However, increased 
LV load is generally not associated with a specific pattern of hyperenhancement.(36) Also, 
hypertension was less prevalent in patients who showed hyperenhancement. 

Limitations

There are several limitations of the study. First, due to the relatively small sample size, 
the possibility of type II errors cannot be excluded. In particular, the lack of significant 
correlations between aortic arch PWV and disease duration, BASMI, and LV mass does not 
necessarily exclude the existence of a correlation. Second, although this is the first study 
to evaluate aortic stiffness in patients with AS using CMR, it was performed in a selected 
AS population consisting of patients aged between 50-75 years with abnormal findings 
on screening TTE (i.e. mainly LV diastolic dysfunction). Therefore, the results may not 
be generalized to the entire AS population. Also, this preselection by TTE abnormalities 
may have introduced a bias in the comparison between the AS group and the control 
group. On the other hand, previous studies have shown that LV diastolic dysfunction 
is associated with AS, and thus matching on this factor can also lead to overmatching 
and bias.(2) Furthermore, we matched controls for age, BMI, HR and SBP, which are all 
associated with LV diastolic dysfunction, and still found higher aortic arch PWV in AS 
patients.(37) Nonetheless, supports the concept that AS is associated with stiffening of 
the aorta, and therefore deserve further study in a larger and more diverse AS population 
using CMR. Last, although the CMR protocols were similar between the AS group and 
the control group (i.e. same slice orientation, velocity encoding and slice thickness), 
they were performed on different MR systems. The velocity-encoded MR images were, 
however, acquired in transverse aortic slices at the isocenter of the magnet, which has 
been shown to be the most reliable method across scanner platforms.(38) In addition, 
potential variations in transverse aortic flow measurements between scanner platforms 
are very small and therefore unlikely to account for the observed difference in aortic PWV 
between the groups.  

Conclusions

Aortic arch PWV was increased in our cohort of patients with AS. Higher PWV in the 
aortic arch was associated with functional disability, the presence of myocardial 
hyperenhancement (i.e. non-ischemic pattern) and reduced LV systolic function. This first 
hypothesis-generating CMR study to assess aortic arch PWV in AS supports the concept 
that AS is associated with stiffening of the aorta, and suggests that this increased aortic 
stiffness is a contributor of LV remodeling. However, future research should be performed 
to investigate whether AS patients with more severe disease should be treated more 
aggressively compared to those with low disease activity with regard to cardiovascular 
disease.
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Supplementary material

Supplementary Table 1 | Association of patient characteristics with log-transformed aortic arch pulse wave 
velocity.

Univariate analysis Multivariate analysis

B (95% CI) p-value B (95% CI) p-value

Age (per 10 year increase) 0.07 (-0.02 to 0.16) 0.106 0.001 (-0.11 to 0.11) 0.98

BMI (per 1 kg/m2 increase) 0.002 (-0.02 to 0.03) 0.87 0.003 (-0.02 to 0.03) 0.83

SBP (per 10 mmHg increase) 0.02 (-0.03 to 0.07) 0.44 0.01 (-0.04 to 0.06) 0.66

Resting HR (per 10 bpm increase) -0.01 (-0.08 to 0.06) 0.81 -0.02 (-0.09 to 0.06) 0.63

Presence of AS (yes/no) 0.18 (0.06 to 0.30) 0.004 0.19 (0.03 to 0.34) 0.020

BMI = body mass index; SBP = systolic blood pressure; HR = heart rate; DM = diabetes mellitus; AS = ankylosing 
spondylitis; B = coefficient of regression; CI = confidence interval. 

Supplementary Table 2 | Association of patient characteristics with log-transformed aortic arch pulse wave 
velocity.

B (95% CI) p-value

ACEi/ARB -0.08 (-0.27 to 0.12) 0.42

Statins 0.02 (-0.26 to 0.29) 0.90

TNFα inhibitor 0.001 (-0.20 to 0.20) 0.99

NSAID -0.22 (-0.41 to -0.03) 0.03

Nicotine 0.15 (-0.11 to 0.41) 0.23

ACEi = ACE inhibitor; ARB = Angiotensin II receptor blocker; TNF = tumor necrosis factor; NSAID =  non-steroidal 
anti-inflammatory drugs;

 

Supplementary Figure 1 | Representative example of non-ischemic hyperenhancement in a patient with 
ankylosing spondylitis. Short-axis (left) and matching long-axis (right) late gadolinium enhancement images 
showing regions of hyperenhancement (arrows) in the epicardial and midwall layers of the lateral left ventricle 
wall.
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Supplementary Figure 2 | Interobserver variability of aortic arch PWV. Scatter plots (A and C) with regression 
lines and 95% confidence bands and Bland-Altman plots (B and D) with means and limits of agreement (LA) of 
log-transformed (orange) and original (green) aortic arch pulse wave velocity (PWV) data. The Bland-Altman 
plots show the differences between the two readers in relation to the mean of the two measurements. 
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Abstract

Introduction – Diastolic left ventricular (LV) dysfunction appears more prevalent in 
ankylosing spondylitis (AS). The effects of tumor necrosis factor alpha (TNF-α) blocking 
therapy, a strong and effective anti-inflammatory drug, on diastolic LV function in AS are 
unknown. 

Objective – To study  the effects of one year treatment with golimumab 50mg 
s.c. once per month on systolic and diastolic LV dysfunction in AS patients. 
Methods – Forty consecutive AS patients were treated with TNF-α blocking therapy for one 
year. Transthoracic echocardiography was performed in all patients at baseline and after 
one year of treatment.

Results – Diastolic LV function improved after treatment in 4 out of 6 (67%) AS patients 
who completed follow-up (p=0.125), and did not develop or worsen in any of the other 
patients. Treatment with TNF-α blocking therapy had no effect on systolic LV function.

Conclusion - These findings give support to believe that diastolic LV dysfunction  improves 
during treatment with golimumab. 
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Introduction

Ankylosing spondylitis (AS) is a chronic inflammatory rheumatic disease that affects 
the spinal column causing pain and decreased spinal flexibility (1, 2). Extra-spinal 
manifestations including cardiac pathology are common in AS (3-5). The cardiac pathology 
linked to AS includes valvular dysfunction, in particular of the aortic valve, conduction 
disorders and heart failure (HF) (3, 6-9). 

It is conceivable that these cardiac abnormalities originate due to the systemic inflammatory 
process inherent to AS, as inflammation may affect the aortic root, aortic and mitral valve 
cups, the atrioventricular node and the proximal septum (10, 11). Also, inflammation 
accelerates the process of atherosclerosis, increasing the chance of developing ischemic 
heart disease and HF (12-14). Finally, inflammation might affect the myocardium and 
endocardium itself, leading to an abnormal filling pattern termed diastolic left ventricular 
(LV) dysfunction (15). Diastolic LV dysfunction is caused by impaired relaxation of the left 
ventricle and may eventually lead to HF with preserved ejection fraction (HFpEF)(16). 
Failing pump function of the heart is termed systolic LV dysfunction and may lead to HF 
with reduced ejection fraction (HFrEF)(16). 

Recently, we performed a review which suggested a higher prevalence of diastolic LV 
dysfunction in AS patients, an important precursor to chronic heart failure which may 
contribute to the enhanced morbidity and mortality in AS (8). Considering this, in this 
study we investigate the precise magnitude of LV dysfunction, particularly diastolic LF 
dysfunction, in AS patients and we examined the effect of TNF-α blocking therapy on LV 
function during a treatment period of one year.

Methods

Study population – Consecutive AS patients were included at the rheumatology 
departments of the VU University Medical Center (VUmc) and Reade, Amsterdam, The 
Netherlands from November 2012 to May 2014. All patients fulfilled the 1984 Modified 
New York criteria for AS (17). Patients were included when they were eligible for treatment 
with TNF-α blocking therapy and were treated for one year with golimumab (Simponi®) 50 
mg subcutaneously once a month. Switching to another TNF-α blocker during the study 
was allowed. Cardiac function was assessed with transthoracic echocardiography (TTE) 
at baseline and after one year of treatment. Approval was obtained from the local ethics 
committee (Ethics Committee of the Slotervaart Hospital and Reade, Amsterdam, The 
Netherlands) and all participating patients gave written consent. 

Patient and disease characteristics – Medical history was obtained of AS history, medication 
use, hypertension, diabetes mellitus type 2 and CV events. Patients with a history of CV 
events were subsequently excluded. Physical examination included height, weight and 
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blood pressure measurements. Body mass index (BMI) was calculated. Hypertension was 
defined as present if a patient was treated with antihypertensive medication or had an 
indication for treatment. Blood sample measurements included standard haematological 
assessment, C-reactive protein (CRP) and erythrocyte sedimentation rate (ESR). Disease 
activity was measured with the Bath Ankylosing Spondylitis Disease Activity Index 
(BASDAI), Bath Ankylosing Spondylitis Functional Index (BASFI), and the Ankylosing 
Spondylitis Disease Activity Score - CRP (ASDAS). 

Transthoracic echocardiography – TTE was performed by experienced echo technicians at 
the VUmc. To exclude inter-observer variability, all recordings of echocardiography data 
from both AS patients and controls were stored digitally and were afterwards analysed 
offline by a single investigator (T.K.). TTE was performed according to the following 
protocol based on the guidelines provided by European Association of Echocardiography 
(18). Evaluation of cardiac function consisted of 2D, spectral and colour flow Doppler 
recordings. 2D recordings were performed in parasternal long- and short-axis views, and 
apical four-, three- and two-chamber views. Left atrial and ventricular diastolic and systolic 
diameters, posterior wall thicknesses (PWT) and interventricular septum thicknesses (IVS) 
were measured during systole and diastole by 2D imaging. Left ventricular mass (LVM) was 
calculated with the following formula: 0.8 (1.04) ((end diastolic diameter (EDD) + IVS + PWT) 
3 - EDD3) + 0.6 (in grams). The relative wall thickness (RWT) was calculated as following: 
(IVS + PWT)/EDD. Left ventricular systolic and diastolic volumes and ejection fraction 
(EF) were calculated from the apical four chamber view using 3D echocardiography or 
modified Simpson’s method (18). Left atrial volume was measured using modified biplane 
Simpson’s rule. Aortic and mitral valve function was evaluated using colour Doppler flow. 
Pulsed-Doppler spectral recordings of the mitral inflow were obtained with the sample 
volume placed at the tips of the mitral leaflets. From the transmitral pulsed-Doppler 
recordings, peak E and A velocities, the E/A ratio, and the E wave deceleration times (DT) 
were obtained. Pulse wave tissue Doppler imaging was performed in the apical views to 
acquire mitral annular velocities. The sample volume was positioned at, or within 1 cm of 
the septal (e’ sept) and lateral (e’ lat) insertion sites of the mitral leaflets. 

Definitions - Systolic LV dysfunction was defined as an EF <50%. Expert opinion defined 
the presence of systolic LV dysfunction if the EF could not be determined due to 
image quality or other. Diastolic LV dysfunction was graded into three categories: mild 
(grade I), pseudonormal (grade II) and restrictive (grade III), using criteria based on the 
recommendations by Nagueh et al (19). Detailed explanations of used echocardiographic 
measurements are shown in a supplementary file. Diastolic LV dysfunction was present 
when at least two out of three measurements (i.e. e’ sept, e’ lat, left atrial volume) were 
abnormal. The specific grade of diastolic LV dysfunction (normal, mild, pseudonormal or 
restrictive) was defined when at least two of the three measurements (i.e. E/A ratio, DT, 
E/e’ ratio) met that specific grade. Valvular function and aortic diameters were evaluated 
according to the most recent echocardiographic guidelines (18, 20). 
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Statistical analysis - For data analysis SPSS Version 19.0 (IBM Corp., Armonk, New York) 
was used. Demographic and disease characteristics were summarized using descriptive 
statistics. Distribution of data was analysed with histograms. Values are expressed as mean 
± standard deviation (SD), median (interquartile range, IQR) or numbers (percentages, 
%) where appropriate. Independent samples t-tests were used for comparisons of 
normally distributed continuous variables and the Mann-Whitney U-test for non-normally 
distributed continuous variables. The Fisher’s Exact test was performed on dichotomous 
variables. Echocardiographic data of all patients completing the follow-up at one year 
were analysed using the paired samples t-test, the Wilcoxon signed-ranks test or McNemar 
test, where appropriate. A level of p<0.05 was considered statistically significant. 

Results

Patient, control, and disease characteristics – In total, 47 consecutive AS patients were 
included. Three patients refused echocardiography, and four patients had a history of CV 
events (myocardial infarction n=2, cerebrovascular accident n=2) and were subsequently 
excluded (figure 1). Baseline data is shown in table 1. Of all AS patients, 33 (83%) were 
HLA-B27 positive. Before initiation of TNF-α blocking therapy, the mean BASDAI score was 
5.6 ± 1.7 and the mean ASDAS score was 3.2 ± 1.2. Six (15%) AS patients had a history of 
hypertension compared to none in the control group (p=0.011). 

Baseline echocardiography - In total, thirteen (33%) AS patients had cardiac pathology 
(i.e. one or more of the following: systolic and/or diastolic LV dysfunction, aortic valve 
dysfunction and/or aortic dilatation; one AS patient had two disorders). 

Nine (23%) AS patients had diastolic LV dysfunction at baseline. The mean age of patients 
with diastolic LV dysfunction was 52.2 ± 7.2 years compared to 38.7 ± 9.8 years in patients 
with a normal diastolic LV function (p<0.001), and the prevalence of hypertension was 
44% in patients with diastolic LV dysfunction compared to 6% in patients with a normal 
diastolic LV function (p=0.005) (Table 3). Levels of CRP: 4 (1-12) mg/l vs. 9 (6-20) mg/l, and 
ESR: 6 (5-25) mm/h vs. 14 (6-46) mm/h were higher in the group of patients with diastolic 
LV dysfunction, however, these differences did not reach statistical significance. 
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Table 1. Baseline characteristics 

Variables

Age, years (mean ± SD) 41.8 ± 10.8
Gender, male (n, %) 27 (68)
Body mass index, kg/m2 (median, range) 24.4 (21.9-28.0)
Hypertension (n, %) 6 (15)
Diabetes mellitus type 2 (n, %) 1 (3)

Disease characteristics

Years since disease onset (median, range) 16 (9-24)
Years since diagnosis (median, range) 8 (2-16)
HLA-B27 positive (n, %) 33 (83)
Systolic blood pressure, mmHg (mean ± SD) 126 ± 13
Diastolic blood pressure, mmHg (mean ± SD) 81 ± 7
ESR, mm/h (median, range) 10 (6-22)
CRP, mg/l (median, range) 4 (1-12)
BASDAI (mean ± SD) 5.6 ± 1.7
BASFI (mean ± SD) 4.5 ± 2.4
ASDAS (mean ± SD) 3.2 ± 1.2
Prior anti TNF-α medication use (n, %) 22 (55)
Current NSAIDs use (n, %) 33 (83)
Years of prior anti TNF-α medication use (median, range) 0.3 (0.0–4.0)

Echocardiography

Cardiac abnormality Ɨ (n, %)* 13 (33)
Systolic LV dysfunction (n, %) 0 (0)
Diastolic LV dysfunction (n, %) 9 (23)
Grade I / II / III (n, %) 7 (18) / 2 (5) / 0 (0)
Aortic valve dysfunction (n, %) 1 (3)
Aortic dilatation (n, %) 2 (5)
Structural abnormality (n, %) 2 (5)

LV mass index, g/m2 (mean ± SD) 74.7 ± 16.6
LA volume / BSA, ml/m2 (mean ± SD) 24.3 ± 6.9
Aortic root diameter, mm (mean ± SD) 3.1 ± 0.4
Mitral dysfunction (n, %) 8 (20)
Ejection fraction, % (mean ± SD) 60.0 ± 4.8
Peak E velocity, cm/s (mean ± SD) 79.7 ± 15.6
Peak A velocity, cm/s (mean ± SD) 60.3 ± 13.4
E/A ratio (mean ± SD) 1.38 ± 0.4
Deceleration time, ms (mean ± SD) 191 ± 33
Septal e’, cm/s (mean ± SD) 9.9 ± 2.4
E/e’ ratio (mean ± SD) 7.5 ± 1.7

ASDAS: Ankylosing Spondylitis Disease Activity Score, BASDAI: Bath Ankylosing Spondylitis Disease Activity Index, 
BASFI: Bath Ankylosing Spondylitis Functional Index, CRP: C-reactive protein, ESR: erythrocyte sedimentation 
rate, n: number, NSAID: Non-Steroidal Anti-Inflammatory Drug, SD: standard deviation, * statistically significant: 
p<0.05. 
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Figure 1 | Flowchart of included patients.

Table 2 | Echocardiographic data 

Cardiac abnormalities AS patients

Cardiac abnormality Ɨ (n, %)* 13 (33)

Systolic LV dysfunction (n, %) 0 (0)

Diastolic LV dysfunction (n, %) 9 (23)

Grade I / II / III (n, %) 7 (18) / 2 (5) / 0 (0)

Aortic valve dysfunction (n, %) 1 (3)

Aortic dilatation (n, %) 2 (5)

Structural abnormality (n, %) 2 (5)

Other echocardiography variables

LV mass index, g/m2 (mean ± SD) 74.7 ± 16.6

LA volume / BSA, ml/m2 (mean ± SD) 24.3 ± 6.9

Aortic root diameter, mm (mean ± SD) 3.1 ± 0.4

Mitral dysfunction (n, %) 8 (20)

Ejection fraction, % (mean ± SD) 60.0 ± 4.8

Diastolic LV function variables

Peak E velocity, cm/s (mean ± SD) 79.7 ± 15.6

Peak A velocity, cm/s (mean ± SD) 60.3 ± 13.4

E/A ratio (mean ± SD) 1.38 ± 0.4

Deceleration time, ms (mean ± SD) 191 ± 33

Septal e’, cm/s (mean ± SD) 9.9 ± 2.4

E/e’ ratio (mean ± SD) 7.5 ± 1.7 

AS: ankylosing spondylitis, BSA: body surface area, LA: left atrium, LV: left ventricle, n: number, SD: standard 
deviation. Ɨ One AS patient and one control had two abnormalities. * Statistically significant: p<0.05.
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Table 3 | Differences in characteristics of study population between AS patients with and without diastolic LV 
dysfunction at baseline.

Variables
Normal diastolic LV 
function (n=31)

Diastolic LV 
dysfunction (n=9)

p-value

Age, years (mean ± SD) 38.7 ± 9.8 52.2 ± 7.2 <0.001*

Years since diagnosis (median, range) 8.0 (2.0-13.0) 8.0 (2.0-19.0) 0.649

HLA-B27 positive (n, %) 26 (84) 7 (78) 0.645

CRP, mg/l (median, range) 4 (1-12) 9 (6-20) 0.132

ESR, mm/h (median, range) 6 (5-25) 14 (6-46) 0.292

SBP, mmHg (mean ± SD) 124 ± 13 130 ± 10 0.190

DBP, mmHg (mean ± SD) 80 ± 7 83 ± 2 0.256

Hypertension (n, %) 2 (6) 4 (44)  0.002*

Prior anti TNF-α medication use (n, %) 18 (58) 4 (44) 0.705

NSAIDs usage (n, %) 25 (81) 8 (88) 1.000

BASDAI (mean ± SD) 5.7 ± 1.8 5.1 ± 1.6 0.761

ASDAS (mean ± SD) 3.2 ± 1.2 3.3 ± 1.0 0.405

ASDAS: Ankylosing Spondylitis Disease Activity Score, BASDAI: Bath Ankylosing Spondylitis Disease Activity 
Index, CRP: C-reactive protein, DBP: diastolic blood pressure, ESR: erythrocyte sedimentation rate, NSAID: 
Non-Steroidal Anti-Inflammatory Drug, SBP: systolic blood pressure, TNF: tumor necrosis factor, * statistically 
significant: p<0.05. 

Follow-up echocardiography after one year of treatment – Results are shown in table 4. Of 
all 40 patients, 31 (78%) completed the study. The reasons for dropping out of the study 
were treatment failure (n=5) or loss to follow-up (n=4). There were no baseline differences 
between these two groups regarding age and inflammation levels, except the BASDAI 
(6.8 ± 1.6 vs 5.2 ± 1.6, p=0.016) and BASFI (6.4 ± 2.8 vs 4.0 ± 2.0, p=0.016) scores were 
significantly higher in the group of dropouts compared to those that completed the study. 
Treatment with TNF-α blocking therapy resulted in a significant decrease in inflammatory 
and disease activity, with a median CRP levels decreasing from 5.0 (2.0-12.0) mg/l to 2.0 
(1.9-3.2) mg/l (p<0.001), mean BASDAI decreasing from 5.2 ± 1.6 to 3.7 ± 2.3 (p=0.001), 
and mean ASDAS decreasing from 3.1 ± 1.2 to 2.0 ± 1.0 (p<0.001). 

In four out of six AS patients diastolic LV function improved during treatment (p=0.125), 
see figure 2. In three patients, diastolic LV dysfunction grade I improved to normal 
function, and one patient with diastolic LV dysfunction grade II had a normal function 
after 12 months. In none of the other patients the grade of diastolic LV function worsened, 
and no new cases of diastolic LV dysfunction were found. Treatment with TNF-α blocking 
therapy had no effect on LV mass, left atrial volume or systolic LV function.
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Table 4 | Effects of Golimumab Treatment

Disease variables Baseline One year p-value

CRP, mg/l (median, range) 5.0 (2.0-12.0) 2.0 (1.9-3.2)  <0.001

ESR, mm/h (median, range) 10.0 (6.0-22.0) 4.0 (2.0-7.0)  <0.001

BASDAI (mean ± SD) 5.2 ± 1.6 3.7 ± 2.3  0.001

ASDAS (mean ± SD) 3.1 ± 1.2 2.0 ± 1.0 <0.001

SBP, mmHg (mean ± SD) 127 ± 13 124 ± 11 0.095

DBP, mmHg (mean ± SD) 82 ± 7 83 ± 8 0.472

Echocardiographic variables

LV mass index, g/m2 (mean ± SD) 75.1 ± 17.7 73.1 ± 15.0 0.389

LA volume / BSA, ml/m2 (mean ± SD) 24.4 ± 6.8 25.8 ± 7.8 0.384

Ejection fraction, % (mean ± SD) 60.4 ± 4.5 58.8 ± 4.7 0.081

LVEDVI (mean ± SD) 65.1 ± 13.4 64.1 ± 12.1 0.313

LVESVI (mean ± SD) 26.2 ± 7.2 27.1 ± 6.3 0.966

Systolic LV dysfunction (n, %) 0 (0) 0 (0) N/A

Diastolic LV dysfunction (n, %)
Grade I / II / III (n, %)

6 (20)
4 (13) / 2 (5) / 0 (0)

2 (6)
1 (3) / 1 (3)/ 0 (0)

0.125

E/A ratio (mean ± SD) 1.42 ± 0.37 1.42 ± 0.46 0.923

Deceleration time, ms (mean ± SD) 192 ± 32 198 ± 28 0.415

E/e’ ratio (mean ± SD) 7.7 ± 1.8 7.2 ± 1.2 0.104

AS: ankylosing spondylitis, ASDAS: Ankylosing Spondylitis Disease Activity Score, BASDAI: Bath Ankylosing 
Spondylitis Disease Activity Index, BSA: body surface area, CRP: C-reactive protein, ESR: erythrocyte sedimentation 
rate, LA: left atrial, LV: left ventricle, n: number, N/A: not applicable, SD: standard deviation

Figure 2 | The effect of Golimumab Treatment on diastolic left ventricular function.
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Discussion

Our observations suggest that TNF-α blocking therapy may favourably influence diastolic 
LV function in patients with an inflammatory disease. No differences were found in systolic 
LV function.

Increased diastolic LV dysfunction has previously been reported in AS, comparable to 
other diseases associated with an increased inflammatory response, such as rheumatoid 
arthritis, psoriatic arthritis and diabetes mellitus (21-24). There is a growing interest in 
diastolic LV dysfunction as it has been shown to be an increasing problem with its own 
morbidity and mortality (25, 26). Diastolic LV dysfunction is poorly understood and the 
pathophysiology of the disease is speculative at best (15, 27). Treatment of diastolic LV 
dysfunction is subject of many studies, all failing to bring improvement (28). Therefore, 
the present study might attribute to the understanding of this disease and help formulate 
new points of intervention in order to resolve this growing problem. 

Pathogenically, the systemic inflammatory process may cause cardiac fibrosis, 
subsequently decreasing overall cardiac muscle elasticity and the relaxing abilities (27). 
In this study, inflammation levels were not significantly different in patients with diastolic 
LV dysfunction compared to those without. An effect of inflammation can however not 
be disregarded, as it is possible the cumulative disease and inflammatory burden over 
several years affects the CV system, which is difficult to establish. Also, the investigated 
groups might have been too small to detect subtle differences. Patients with diastolic 
LV dysfunction were older and had a higher blood pressure compared to those without 
diastolic LV dysfunction, both known risk factors  for the development of diastolic LV 
dysfunction (16). The prevalence of hypertension is often reported higher in AS compared 
to controls (29-31). The frequent use of NSAIDs, being the cornerstone of AS treatment, 
might add to this risk through its anti-natriuretic and vasoconstrictor effects (32). Blood 
pressure should therefore be monitored regularly in all AS patients and properly treated 
when necessary. 

The development of TNF-α blockers has led to great improvements in the treatment of 
AS, with major reductions in disease and inflammatory activity (33). In this study, we 
found a potential favourable effect of TNF-α blocking treatment on diastolic LV function, 
as diastolic LV function normalized in four AS patients during treatment. This potential 
positive effect may be explained in several ways. First, suppressing inflammation (i.e. 
TNF-α) might lead to improvements in endothelial function through increases in nitric 
oxide production and a decrease in resting tension in the adjacent cardiomyocytes 
(27, 34-36). Second, lowering of disease activity may lead to improvements in physical 
capabilities and exercise possibilities resulting in better diastolic cardiac function (37, 38). 
Third, decreased use of NSAIDs might positively affect blood pressure levels and lower the 
cardiac afterload, improving diastolic LV dysfunction. 
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This study has several strengths and limitations. First we included a homogeneous group 
of consecutive AS patients with high disease activity. Second, this is one of the first 
studies investigating the effects of TNF-α blocking therapy on left ventricular function 
in AS. A limitation of this study is the relatively low number of included patients, which 
limits the possibility of detecting associations between cardiac pathology and disease 
characteristics such as inflammation. 

Treatment with TNF-α blocking therapy showed a potential favourable effect on diastolic 
LV dysfunction, but the precise effect of TNF-α blocking treatment and the exact prevalence 
of cardiac pathology in AS remains to be determined in future studies.   
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Abstract

Objective -  To investigate the prevalence of conduction disorders in patients with early 
arthritis and the relationship with inflammation and traditional cardiovascular (CV) risk 
factors. 

Methods - Patients with rheumatoid arthritis (RA) have a 2-fold higher risk of sudden 
cardiac death, possibly owing to conduction disorders. This increased risk might already be 
present at the clinical onset of arthritis. Therefore, we assessed electrocardiography, blood 
pressure, 28-joint Disease Activity Score (DAS28), lipid profile, erythrocyte sedimentation 
rate (ESR), and C-reactive protein (CRP) level in 480 patients with early arthritis at baseline 
and after 1 year.

Results - The prevalence of conduction disorders was 12.5%. Conduction times at 
baseline were not associated with DAS28, ESR, or CRP levels and did not change during 
antirheumatic treatment. Baseline and the improvement in DAS28 (European League 
Against Rheumatism response), ESR, and CRP were significantly associated with heart 
rate, lipid profile and blood pressure. Elevated total cholesterol and blood pressure were 
associated with an increased QRS time. The change in heart rate differed 7.3 bpm between 
patients with the least versus largest DAS improvement.

Conclusion - The prevalence of conduction disorders in patients with early arthritis was 
12.5%, which is similar to the general population and was not associated with changes 
in inflammation markers. However, a high cholesterol was associated with a prolonged 
QRS time. Therefore, the emphasis of CV risk management in arthritis should not only be 
on treatment of disease activity but also on traditional CV risk factors. The relationship 
between the improvement in disease activity and heart rate is remarkable, because this 
could imply a 10-year CV mortality risk difference of 24%.
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Introduction

Rheumatoid arthritis (RA) is associated with increased morbidity and mortality, primarily 
because of cardiovascular (CV) disease(1). More than 50% of all premature deaths in RA 
are attributable to CV disease, in particular ischemic events such as myocardial infarction 
(MI) and stroke(2-4). This increased CV risk is already present at the clinical onset of RA(5-
7). Traditional CV risk factors are well described in patients with established arthritis and 
some risk factors are shared, including a higher prevalence of smoking, hypertension, 
dyslipidemia, and a higher body mass index (BMI) compared with the general 
population(6;8;9). However, lipid levels are inversely associated with RA disease activity, 
meaning that higher inflammation levels are associated with lower cholesterol levels. This 
is paradoxical, because lower cholesterol levels in these patients with active RA disease 
are associated with an increased CV risk(10).

Further, patients with RA also have a 2-fold increased risk of sudden cardiac death (SCD), 
mostly due to cardiac arrhythmias(4;8;11). Structural changes due to ischemic heart 
disease, congestive heart failure, and systemic inflammation all promote this arrhythmic 
risk. Prolongation of the QT time corrected for heart rate (QTc) is another albeit indirect risk 
factor for arrhythmia in patients with chronic RA (4;8;12;13). Heart rate is also associated 
with CV events and premature death. Bemelmans and Visseren found that an increase in 
heart rate of 10 bpm is related to 10%-30% more chance for CV events and premature 
death(14). Hozawa, et al showed that an increase of 5 bpm in heart rate was associated 
with a 17% increase in the risk of CV mortality(15). Moreover, drugs used in the treatment 
of RA such as  glucocorticoids and nonsteroidal antiinflammatory drugs may also influence 
arrhythmic risk(16).

The majority of studies that investigated CV disease in patients with arthritis were 
performed in patients with established disease(1;17). Because systemic inflammation 
is already increased years before the clinical onset of arthritis (18) we assessed patients 
with early arthritis to determine the prevalence of conduction disorders before the start 
of antiinflammatory treatment and compared this with the general population in which 
the prevalence of conduction disorders, ranges between 9.1% and 17.3%(19-24). We also 
studied the effect of inflammation and traditional CV risk factors on conduction times.
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Materials and methods

Study population. The study population comprised a cohort of consecutive patients with 
early arthritis from the Early Arthritis Cohort at Reade in Amsterdam, the Netherlands. 
This ongoing cohort includes patients aged over 17 years with at least 2 swollen joints, a 
symptom duration <2 years, and no prior treatment with disease-modifying antirheumatic 
drugs (DMARD). Diagnosis of RA was according to the American College of Rheumatology 
(ACR)/ European League Against Rheumatism (EULAR) 2010 criteria for RA(25). Patients 
were excluded if they had a diagnosis of crystal arthropathy, spondyloarthritis, 
osteoarthritis, systemic lupus erythematosus, Sjögren syndrome or infectious arthritis 
were excluded. Data came from patients included between November 2008 and July 
2014. Approval was obtained from the local ethics committee (P0120, Ethics Committee 
of the Slotervaart Hospital and Reade, Amsterdam, the Netherlands), and all participating 
patients signed written informed consent according to the Declaration of Helsinki.

Patient characteristics. At baseline, patients were interviewed to record details about 
symptom history, clinical characteristics, medication use and demographics, and 
underwent a physical examination. Followup data were collected after 52 weeks. 
Disease activity was measured with the Disease Activity Score of 28 joints (DAS28) and 
the EULAR response was determined(26). Physical examination included weight, height, 
blood pressure, ankle brachial index (ABI), and an electrocardiogram (ECG). Blood 
pressure was measured manually according to the standard hospital procedures. Blood 
sample measurements included erythrocyte sedimentation rate (ESR), C-reactive protein 
(CRP), and lipid profile, consisting of total cholesterol (TChol), triglycerides, low-density 
lipoprotein (LDL), and high-density lipoprotein (HDL). 

Treatment. After the baseline visit, treatment could be initiated with methotrexate (MTX), 
prednisone, hydroxychloroquine (HCQ), sulfasalazine (SSZ), or a combination of these. 
Patients who used β-blockers or the calcium channel blockers verapamil or diltiazem, 
antihypertensive drugs or statins were excluded from analyses that involved conduction 
times, blood pressure, and cholesterol, respectively.

ECG details. A standard resting 12-lead ECG was annually performed with the Mortara 
Eli 205C. Heart rate in bpm, QRS, QT, QTc and PQ time in milliseconds was recorded. 
All baseline ECG were reviewed by a cardiologist (JD) who was unaware of the patient 
characteristics. These disorders were noted: Atrioventricular block (AV), (incomplete) left 
bundle branch block (LBBB), (incomplete) right bundle branch block (RBBB), left anterior 
fascicular block (LAFB), left posterior fascicular block, a prolonged QTc time, and other 
intraventricular conduction disorders. A prolonged QTc time was defined as a QTc time of 
>450 milliseconds for men and >460 milliseconds for women.
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Statistical analysis. For descriptive purposes mean (SD), median (interquartile range (IQR)), 
or percentages were used, where appropriate. Independent Student t test was used for 
continuous variables with a normal distribution, and the nonparametric Mann-Whitney U 
test was used for continuous variables that had a skewed distribution. For dichotomous 
variables Pearson’s chi-square test was used. Fisher’s exact test was used with variables 
in the cross-table smaller than 5. Linear or logistic regression analysis was performed to 
assess associations between conduction times and clinical and laboratory data. A p-value 
<0.05 was considered significant. Data were analyzed with SPSS Version 21.0 (SPSS).

Results

Baseline patient data. The study included 480 consecutive patients with early arthritis. Of 
them, 406 (85%) fulfilled the ACR/EULAR 2010 criteria for RA. The mean age was 53 years 
and 28% were men. Further descriptive data are in Table 1. At baseline, 63 patients used a 
statin and 87 patients used 1 or more antihypertensive drug; of them, 25 used a β-blocker 
or calcium channel blocker. During the first year, 359 patients started antirheumatic 
treatment. Eighty patients used monotherapy MTX, 21 HCQ, and 5 prednisone. All other 
patients used a combination of 2 or more of these drugs. 

Baseline ECG and heart rhythm. At baseline, 12.5% of all patients with early arthritis had 
a conduction disorder according to the cardiologist, of which LAFB (27.8%), incomplete 
RBBB (22.2%), and first degree AV block (22.2%) were most often diagnosed (Figure 1). A 
prolonged QTc time was present in 2 patients (0.4%) and in 1 patient with an LBBB. There 
was no association between ESR, CRP, or DAS28 and the presence of conduction disorders. 
Patients with a disorder were, however, generally older than those without (56 vs 52 yrs; 
p=0.03). Mean (SD) heart rate was 67 (12) bpm; 451 patients had sinus rhythm and 4 had 
atrial fibrillation. Heart rate was significantly associated with indices of disease activity 
(Table 2). QT time was significantly associated with DAS28, ESR and CRP levels; however 
QTc time was not significantly associated (Table 2).

 
Figure 1 | Distribution of total conduction disorders at baseline, n = 60. QTc: QT time corrected for heat rate.
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CV risk profile. The mean BMI was 26.4 (4.9) kg/m², and 32.1% were current smokers. 
Being overweight (defined as BMI > 25 kg/m²) or current smoking were not significantly 
associated with conduction disorders. Mean (SD) systolic blood pressure in patients who 
did not use antihypertensives was 134 (20) mmHg and diastolic blood pressure was 80 
(12) mmHg. A high systolic (> 140 mmHg) or diastolic (> 90 mmHg) blood pressure was 
found 118 patients (30.1%). Of these, 14.6% had a conduction disorder versus 11.6% in 
the patients with a normal blood pressure (p = 0.34). Prolongation of the QRS time tended 
to be related to abnormal blood pressure [B: 2.28 (-0.25-4.80), p = 0.08]. However, after 
correction for baseline demographics [DAS28, sex, age, symptom duration, rheumatoid 
factor (RF) or anticitrullinated protein antibodies (ACPA) positivity, pain visual analog scale 
(VAS) and BMI], no significant association was found (p = 0.36). The systolic and diastolic 
blood pressures were associated with DAS28, ESR, and CRP levels (Supplementary Table 
1). The mean (SD) ABI was 1.0 (0.1) and 16.0% of the patients had an ABI of < 0.9, and 
showed no association with conduction disorders.

Of the 417 patients without a statin, 9.1% had TChol of more than 6.5 mmol/l. TChol was 
not associated with the presence of a conduction disorder. Neither was the TChol:HDL ratio 
of which the mean (SD) was 4.0 (1.3). Patients with a high TChol (> 6.5 mmol/l), without 
statin or β-blocker, showed an association with QRS time. Patients with a high TChol had 
a mean QRS time of 97.8 (16.9), vs 93.4 (10.9) in the patients with normal cholesterol (p = 
0.03). After correction for baseline demographics (DAS28, sex, age, symptom duration, RF, 
or ACPA positivity, VAS pain, and BMI) the same results were obtained [B: 5.38 (0.76-10.00), 
p = 0.02]. The same results were found when the patients with an RBBB were excluded (p 
= 0.01). TChol, HDL, and TChol:HDL ratio were significantly associated with disease activity 
(Supplementary Table 1). 

Baseline versus Year 1 disease characteristics. An ECG was done of 244 patients after 1 year. 
There were 236 patients who did not have a complete visit after 1 year. Reasons were 
remission (3), the patient moved (8), the patients had a different diagnosis (12), the 
patient did not want to participate anymore (27), death (2), the patient had a visit without 
ECG (119), and unknown (65). Baseline characteristics of the 244 patients with 1-year 
followup data compared with patients who did not have a complete visit after 1 year were 
comparable except for a small difference in DAS28 (SD) at baseline, 4.9 (1.3) vs 4.6 (1.5).
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Table 1| Demographics. Values are mean (SD) unless otherwise indicated.

Baseline characteristics, n=480 Values

Age, yrs 53 (13.3)

Sex, male (n, %) 135 (28.0)

Symptom duration, mos, median (IQR) 6.0 (3.0-17.8)

VAS pain, median (IQR) 52.0 (28.0-70.0)

DAS28 4.8 (1.4)

ESR, mm/h, median (IQR) 20.0 (9.0-38.0)

CRP, mg/l, median (IQR) 7.5 (2.0-20.0)

RF-positive, n (%) 228 (50.9)

ACPA-positive, n (%) 256 (57.3)

TJC 28, median (IQR) 5.0 (2.0-9.0)

SJC 28, median (IQR) 5.0 (3.0-9.0)

Conduction

Conduction disorder, n (%) 60 (12.5)

HR, bpm * 66.7 (11.5)

QRS, ms * 93.8 (11.7)

QT, ms * 402.6 (30.7)

QTc, ms * 413.0 (17.2)

PQ, ms * 152.1 (23.7)

Cardiovascular risk factors

Current smoking, n (%) 154 (32.1)

BMI, kg/m² 26.4 (4.9)

Systolic BP, mmHg † 134.1 (20.4)

Diastolic BP, mmHg † 80.1 (11.8)

ABI † 1.0 (0.1)

TChol, mmol/l ‡ 5.1 (1.0)

Triglycerides, mmol/l, median (IQR) ‡ 1.1 (0.8-1.5)

LDL, mmol/l ‡ 3.2 (0.9)

HDL, mmol/l ‡ 1.4 (0.4)

TChol:HDL ratio ‡ 4.0 (1.3)

* Patients who did not use β-blockers, n = 455. † Patients who did not use antihypertensive drugs, n = 360. ‡ 
Patients who did not use statins, n = 417. ABI:  ankle brachial index; ACPA: anticitrullinated protein antibodies; 
BMI: body mass index; BP: blood pressure; CRP: C-reactive protein; DAS28: 28-joint Disease Activity Score; ESR: 
erythrocyte sedimentation rate; HDL: high-density lipoprotein; HR: heart rate; IQR: interquartile range; LDL: low-
density lipoprotein; QTc: QT corrected for heart rate; RF: rheumatoid factor; SJC: swollen joint count; SD: standard 
deviation; syst BP: systolic blood pressure; TChol: total cholesterol; TJC: tender joint count; VAS: visual analog 
scale.
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Table 2 | Association of heart rate and conduction times with disease activity at baseline in patients who did 
not use β-blockers (n = 455). All data are corrected for sex, age, symptom duration, RF or ACPA positivity, pain 
visual analog scale, and body mass index.

DAS28 levels ESR levels CRP levels

B (CI) P-value B (CI) P-value B (CI) P-value

HR, bpm
2.268 

(1.222-3.331)
< 0.001

0.210 
(0.151-0.268)

< 0.001
0.207

 (0.152-0.261)
< 0.001

QRS, ms
-1.078

(-2.217-0.060)
0.063

-0.038
(-0.105-0.028) 

0.259
-0.028 

(-0.091-0.036)
0.392

QT, ms
-4.207 

(-6.994- -1.420)
0.003

-0.372 
(-0.531- -0.213)

< 0.001
-0.380 

(-0.530- -0.231)
< 0.001

QTc, ms
0.657 

(-0.973-2.288)
0.428

0.033 
(-0.062-0.128)

0.493
-0.007 

(-0.097-0.084)
0.886

PR, ms
-1.403 

(-3.669-0.863)
0.224

-0.135 
(-0.266-0.004)

0.043
-0.117

(-0.242-0.009)
0.069

B: beta; CI: confidence interval; CRP: C-reactive protein; DAS28: 28-joint Disease Activity Score; ESR: erythrocyte 
sedimentation rate; HR: heart rate; QTc: QT corrected for heart rate; RF: rheumatoid factor; ACPA: anticitrullinated 
protein antibodies.

Of the 244 patients, 39 used a statin at baseline and/or after 1 year, 52 used antihypertensive 
drugs, and 16 used a β-blocker. After 1 year, DAS28, ESR, and CRP decreased significantly 
(Table 3). Regarding EULAR response, of the 244 patients, 58.9% had a good, 24.9% had a 
moderate one and 16.2% had none.

Table 3 | Change in disease activity and conduction times in patients with 1-year followup data (n = 244). Data 
are mean (SD) unless otherwise indicated. 

Disease activity T=0 T=1 p

CRP, mg/l, median (IQR) 9.0 (2.0-20.0) 3.0 (1.0-6.0) < 0.001

ESR, mm/hour, median (IQR) 22.0 (10.0-38.0) 10.0 (4.0-19.0) < 0.001

DAS28, median (IQR) 4.9 (1.3) 2.8 (1.2) < 0.001

TJC 28, median (IQR) 5.0 (3.0-10.0) 1.0 (0.0-3.0) < 0.001

SJC 28, median (IQR) 6.0 (4.0-9.0) 0.0 (0.0-2.0) < 0.001

Conduction*

HR, bpm 66.4 (11.5) 67.0 (10.6) 0.246

QRS, ms 94.2 (10.1) 94.8 (9.8) 0.219

QT, ms 405.2 (30.6) 401.0 (28.9) 0.005

QTc, ms 414.5 (17.6) 414.5 (19.2) 0.732

PQ, ms 149.0 (24.3) 150.0 (23.4) 0.170

* In patients who did not use β-blockers (n = 227). CRP: C-reactive protein; DAS28: 28-joint Disease Activity Score; 
ESR: erythrocyte sedimentation rate; HR: heart rate; IQR: interquartile range; QTc: QT corrected for heart rate; SJC: 
swollen joint count; TJC: tender joint count. 
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Year 1 ECG and heart rhythm. Paired t tests showed no significant alterations in conduction 
times after 1 year of treatment (Table 3). There were no significant differences in conduction 
times between patients with a good, moderate, or no EULAR response. 

A prolonged QTc time was seen in 5 patients (2.0%) and in 1 patient with an intraventricular 
disorder. Of the 5 patients, 2 were currently using a β-blocker. None of these patients had 
a prolonged QTc time at baseline. Patients with a prolonged QTc time had a higher mean 
DAS than patients without prolonged QTc [3.4 (0.6) vs 2.8 (1.2), p = 0.30]. Three patients had 
a moderate EULAR response, 1 had a good and 1 had none.

There was an association between disease improvement and decrease in heart rate. Patients 
in the quartile with the least DAS improvement or DAS worsening had a mean increase in 
heart rate over 1 year of 3.8 bpm (p = 0.02). Patients in the quartile with the largest DAS 
improvement had a decrease in heart rate of -3.5 bpm (p = 0.01). The difference in heart 
rate change between the 4 groups was statistically significant (p < 0.01; Figure 2A). When 
patients were divided by EULAR response, patients with a good EULAR response had a mean 
increase in heart rate of 0.7 bpm, versus a decrease of -1.6 bpm in de moderate responders 
and an increase of 4.9 bpm in those with no response (Figure 2B). The difference of increase 
in heart rate of 4.2 bpm between the good and nonresponders was significant (p = 0.02). 
There was no significant difference between good and moderate EULAR responders.
 

 

Figure 2 | A. Percentiles of improvement in DAS28 and change in bpm, Year 1 minus baseline. B. EULAR response 
and change in bpm, Year 1 minus baseline. DAS28: 28-joint Disease Activity Score; EULAR: European League 
Against Rheumatism.

Year 1 CV risk factors. The mean BMI increased to 26.8 (5.1) kg/ m². Mean (SD) systolic 
and diastolic blood pressure at the 1-year visit were 132 (16) mmHg and 78 (11) mmHg, 
respectively. In 13.8%, the blood pressure was elevated. BMI and blood pressure were not 
associated with conduction times. At 1 year, the mean (SD) TChol increased significantly 
to 5.4 (1.0) mmol/l, and 8.1% of the patients had a TChol > 6.5. Mean HDL levels increased 
to 1.6 (0.5) mmol/l. The TChol and HDL increases were associated with improvement in 
DAS28, ESR, and CRP levels, but not with conduction times. The TChol:HDL ratio decreased 
from 4.1 (1.2) to 3.6 (1.1); p < 0.01 (Supplementary Table 2).
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Discussion

In DMARD-naive patients with early arthritis, the prevalence of conduction disorders 
was 12.5%, with LAFB, incomplete RBBB and AV block as the most common disorders. 
This prevalence appears to be similar to the general population, in which the prevalence 
ranges between 9.1% and 17.3%(19-24). Previous literature showed that patients with 
RA had a significantly higher risk of both hospitalized and unrecognized MI, prior to the 
clinical onset of RA. However, the risk of SCD at the time of the clinical onset of RA is not 
known(27). The main risk factor for SCD are arrhythmias and QTc interval prolongation. 
In patients with established arthritis, a prolonged QTc was demonstrated(8;12;13). In our 
study, overall there was no increased mean QTc time, and at baseline the QTc time was 
prolonged in only 0.4% of the patients, a level comparable to the general population(8;19). 
Unfortunately, the 2 patients with a prolonged QTc time at baseline did not have an ECG 
after 1 year of treatment. Five patients (2.0%) developed a prolonged QTc time after 1 year. 
Of those patients, only 1 reached a good EULAR response.

Multiple factors affect the functioning of ion channels in myocardial cells and therefore 
conduction times: genetic abnormality, a cardiac disease (such as MI, owing to transmural 
ischemia), electrolyte levels and some medications(28). Another important factor is reactive 
oxygen species which affects the ion channels on the cardiac myocytes and is stimulated 
by cytokines such as tumor necrosis factor-α (TNF-α) and interleukine-6 (IL-6)(29). However, 
in our study conduction times were not associated with disease and inflammation markers 
(DAS28, EULAR response, ESR, or CRP levels). Although disease activity improved during 
1 year of antiinflammatory treatment, this did not translate into a significant effect on 
conduction times. Because inflammation is considered the major pathophysiological link 
between arthritis and conduction disorders, the studied population might explain this 
difference. Patients with early arthritis have been exposed to inflammatory activity for a 
shorter period of time, which in our study was a median symptom duration of 6 months, 
compared with established chronic arthritis. However, it could also be that patients with 
established RA have prolonged exposure to more traditional CV risk factors, particularly 
dyslipidemia, which is already present in patients with early arthritis(30;31). This is 
important because of the association between traditional CV risk factors and conduction 
disorders; we found that a high total cholesterol at baseline was associated with a 
prolonged QRS time. However, this association disappeared after 1 year of treatment. After 
correction for RBBB, because RBBB can be physiologic, the same results were obtained. 
However, Kurl, et al. found that QRS duration is an independent predictor of the risk of 
SCD, where each 10-ms increase in QRS duration was associated with a 27% higher risk for 
SCD(32). In our present study this would mean that the 4.4-ms increased mean in QRS time 
in the patients with a high TChol resembles a 11.9% higher risk for SCD, compared with the 
patients with a normal TChol. It has been suggested that TNF-α, Interferon-γ, and IL-1 can 
stimulate the production of ceramide. Ceramide are lipid molecules that partly consist of 
fatty acids, they downregulate ion channels in cardiac myocytes and can affect conduction 
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times(29). Therefore, both CV risk management as well as disease control are important 
and should be performed in all patients with arthritis(33). Our study strengthens the notion 
that antiinflammatory treatment, in an early stage of the disease, leads to a significant 
improvement in several important CV risk factors, including the TChol:HDL ratio and blood 
pressure(34;35). Interestingly, patients with early arthritis with lower inflammation markers 
had a lower heart rate compared with those with high inflammation markers. In the general 
population heart rate is positively associated with CRP, as demonstrated by Nanchen, et al. 
who found, in 4084 adults with a known CV risk factor, that an increased heart rate was 
associated with systemic inflammation(36). In patients with RA, the association between 
inflammation and heart rate has not been previously described, particularly not the 
improvement in inflammation and the change in heart rate. In our study, every 10-point 
increase in CRP or ESR was associated with an increase in heart rate of 2 bpm, which 
remained after correction for the VAS pain. This could imply an increased CV mortality of 
about 7%(14;15). This relationship between disease activity and heart rate is remarkable 
because it would imply a 10-year CV risk difference of 24% between no/least improvement 
and substantial improvement in DAS28 score(14;15). Patients with higher inflammation 
markers also had higher blood pressure, of which every 10-point increase in CRP or ESR was 
associated with an increase in systolic blood pressure of 1.7 mmHg. However, according to 
Ward, et al.,  this increase in CV risk has less clinical relevance(37).  

Our present study shows that patients with early arthritis have the same prevalence of 
conduction disorders as the general population before anti-rheumatic treatment. Hence, 
in this population a mandatory screening ECG appears unnecessary. In contrast, in patients 
with chronic arthritis a prolonged QTc time is proven and therefore a standard ECG could be 
considered in established arthritis(1;4;8;12;13). For further research it would be interesting 
to match the patients with a healthy control group and repeat the ECG several years after 
rheumatic treatment, to investigate whether longer exposure to systemic inflammation 
increases conduction times and hence, conduction disorders.

Strengths of this study are the large number of consecutive patients and that the 
population reflects a heterogeneous population from a tertiary center. A limitation is that 
in addition to β-blockers and calcium channel blockers (verapamil and diltiazem), there are 
other medications that could affect conduction times (such as antibiotics, antipsychotics, 
or antidepressants). Unfortunately no data were available on these medications.

In early arthritis patients the prevalence of conduction disorders is comparable to the 
general population. However, the prevalence of traditional CV risk factors was increased 
in patients with a higher inflammatory load and the factors were associated with an 
increased QRS time. CV risk factors improved after inflammatory treatment. In particular, 
the difference in pulse rates between patients with persistent inflammation and patients 
with low disease activity or remission is remarkable. Therefore, the focus in patients with 
early arthritis should be on both CV risk management and optimizing antiinflammatory 
treatment. 
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Supplementary material 

Supplementary Table 1 | Baseline traditional cardiovascular risk factors and the association with disease activity.

DAS28 levels ESR levels CRP levels

B (CI) p B (CI) p B (CI) p

Age, years
2.250 

(1.412-3.089)
< 0.001

0.152 
(0.103-0.202)

< 0.001
0.093 

(0.042-0.145)
< 0.001

BMI, kg/m²
0.556 

(0.231-0.880)
0.001

0.035 
(0.016-0.054)

< 0.001
0.013 

(-0.008-0.034)
0.236

Systolic BP, mmHg†
3.328 

(1.834-4.821)
< 0.001

0.172 
(0.071-0.273)

0.001
0.167 

(0.061-0.272)
0.002

Diastolic BP, mmHg†
1.760 

(0.893-2.627)
< 0.001

0.087 
(0.028-0.145)

0.004
0.084 

(0.022-0.146)
0.008

TChol, mmol/l‡
-0.068 

(-0.412-0.007)
0.076

-0.004 
(-0.009-0.000)

0.077
-0.006 

(-0.010- -0.001)
0.012

LDL, mmol/l‡
-0.026

(-0.093-0.041)
0.450

-0.001 
(-0.005-0.003)

0.537
-0.001 

(-0.005-0.003)
0.592

HDL, mmol/l‡
-0.067 

(-0.097- -0.038)
< 0.001

-0.004
(-0.006--0.002)

< 0.001
-0.005 

(-0.007--0.003)
< 0.001

TChol:HDL ratio‡
0.161 

(0.066-0.257)
0.001

0.009 
(0.003-0.014)

0.004
0.011 

(0.005-0.017)
< 0.001

Triglycerides, mmol/l‡
0.041 

(-0.003-0.084)
0.067

0.001 
(-0.001-0.004)

0.310
0.000 

(-0.002-0.003)
0.875

OR (CI) p OR (CI) p OR (CI) p

Current smoking
(yes/no)

1.101 
(0.957-1.267)

0.178
0.994 

(0.985-1.003)
0.179

1.003 
(0.994-1.017)

0.526

Gender 
(male/ female)

1.183 
(1.021-1.370)

0.025
1.005 

(0.996-1.014)
0.259

0.990 
(0.982-0.998)

0.020

† In patients who did not use antihypertensive drugs, n = 360. ‡ In patients who did not use statins, n = 417. 
ABI: ankle brachial index; B: beta; BMI: body mass index; BP: diastolic blood pressure; CI: confidence interval; 
CRP: C-reactive protein; DAS28: 28-joint Disease Activity Score; ESR: erythrocyte sedimentation rate; HDL: high-
density lipoprotein; HR: heart rate; LDL: low-density lipoprotein; OR: odds ratio; TChol: total cholesterol.
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Supplementary Table 2 | Patients with 1-year followup data and traditional cardiovascular risk factors, n = 
243. Data are mean (SD) unless otherwise indicated.

Cardiovascular risk factors T=0 T=1 p

BMI, kg/ m² 26.6 (4.8) 26.8 (5.1) 0.037

Systolic BP, mmHg † 133.4 ( 19.1) 131.6 (15.9) 0.212

Diastolic BP, mmHg † 79.5 (10.8) 77.6 (11.3) 0.045

ABI †        1.0 (0.1) 1.0 (0.1) 0.228

TChol, mmol/l ‡ 5.3 (1.0) 5.4 (1.0) 0.043

Triglycerides, mmol/l, median (IQR) ‡ 1.1 (0.8-1.5) 1.1 (0.9-1.5) 0.692

LDL, mmol/l ‡ 3.3 (0.9) 3.2 (0.9) 0.076

HDL, mmol/l ‡ 1.4 (0.4) 1.6 (0.5) < 0.001

TChol:HDL ratio, ‡ 4.1 (1.2) 3.6 (1.1) < 0.001

† In patients who did not use antihypertensive drugs, n = 188. ‡ In patients who did not use statins, n = 204. 
ABI:  ankle brachial index; BMI: body mass index; BP: blood pressure; mg/l :milligrams/ liter; HDL: high-density 
lipoprotein; HR: heart rate; kg/m²: kilogram square meter; LDL: low-density lipoprotein; TChol: total cholesterol.
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Abstract

Background – Ankylosing spondylitis (AS) is an inflammatory disease with documented 
elevated cardiovascular (CV) risk due to systemic inflammation and a higher prevalence 
of CV risk factors. CV risk management (CV-RM) could be an effective method to reduce 
CV mortality and morbidity in AS patients. We assessed CV risk and evaluated guideline 
adherence according to the Dutch CV-RM guideline.

Methods – This study was conducted with a cohort of consecutive AS patients eligible for 
treatment with a tumor necrosis factor (TNF) -α inhibitor. Data from the Dutch National 
Institute for Public Health and Environment was used to compare the prevalence of CV 
risk factors in AS patients with the Dutch background population. 

Results – In total, 254 consecutive AS patients were included. The prevalences of 
hypertension (41% vs 31%) and smoking (43% vs 27%) were substantially higher in AS 
patients as compared to the general Dutch background population. Of 138 AS patients 
older than 40 years the 10-years CV risk could be calculated. Fifty-one of these 138 patients 
(37%) had an indication for CV risk treatment. CV risk treatment was initiated in 42 of 
the 51 (82%), however, in only 12 of the 51 (24%) patients treatment targets for either 
hypertension or hypercholesterolemia were reached.

Conclusion – The increased rates of hypertension and smoking illustrate the importance of 
CV-RM in AS patients. Although the majority of all AS patients eligible for CV-RM received 
CV risk medication, CV-RM remains a challenge for treating physicians, as treatment 
targets were not achieved in three-quarter of the eligible patients. 
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Background

Ankylosing spondylitis (AS) is an autoimmune inflammatory disease and associated 
with a decreased overall life expectancy compared to the general population[1, 2]. 
Studies investigating mortality in AS show that the most common causes of death are 
of circulatory origin[3-5]. This increased cardiovascular (CV) mortality and morbidity is 
caused by multiple factors. Chronic inflammation acts independently or synergistically 
with traditional risk factors in the pathogenesis of atherosclerosis[3]. Obviously traditional 
CV risk factors, such as hypertension, hypercholesterolemia, and smoking remain 
important and modifiable contributors. Until now, it is still unclear which CV risk factors 
are more prevalent in the AS population compared to the general population, as studies 
on this subject and their results are heterogeneous[4-6]. 

Early identification and optimal CV risk management are mandatory to reduce the CV risk 
in AS patients. Worldwide, various CV risk management (CV-RM) guidelines with different 
algorithms are available[7, 8]. Most of these algorithms do not include inflammation. 
The EULAR CV-RM guideline considers AS to be an important CV risk factor, but unlike 
rheumatoid arthritis (RA), does not suggest modification of CV risk calculation for this 
group, as epidemiological evidence supporting an increased CV risk is less evident in 
AS[9]. In recent years, however, accumulating evidence for the increased CV risk in AS is 
emerging[10-12]. So, similarly as in RA, one may consider multiplying the derived CV risk 
estimate by 1.5 or adding 15 years to the actual age of an AS patient when calculating CV 
risk for a better CV risk estimate. Regardless of the algorithm used, it is currently unknown 
whether their implementation in AS patients is successful.

As many aspects on CV risk, its risk factors, and management are still unclear, we 1) 
assessed the prevalence of CV risk factors as compared to the prevalence of these risk 
factors in the general Dutch population; 2) estimated the 10-years CV risk in AS patients 
according to CV risk algorithms used in the Dutch, European and American CV-RM 
guidelines and 3) investigated whether AS patients at increased CV risk receive optimal 
preventive treatment according to the current Dutch CV-RM guideline in a large cohort of 
AS patients with active disease.
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Methods

Study population – This cross-sectional study was conducted retrospectively. The 
study population consisted of 254 consecutive AS patients who were recruited from 
two simultaneously running observational prospective cohorts at the rheumatology 
department of the Jan van Breemen Research Institute | Reade, Amsterdam from August 
2004 till August 2012. All patients fulfilled the 1984 Modified New York criteria for AS[13]. 
TNF-α blocking therapy naïve patients were included when they were eligible for TNF-α 
blocking therapy according to the Dutch consensus statement on the initiation of TNF-α 
blocking therapy in AS[14]. Approval was obtained from the local ethics committee (Ethics 
Committee of the Slotervaart Hospital and Reade, Amsterdam, The Netherlands) and all 
participating patients gave written informed consent.

Patient characteristics – All participating patients underwent a physical examination and an 
interview to record details about disease history, clinical characteristics and demographics 
before start of TNF-α blocking therapy. Special attention was paid to hypercholesterolemia, 
hypertension, overweight, type 2 diabetes mellitus (DM), and smoking. History of 
cardiovascular disease (CVD) was assessed, including coronary heart disease, congestive 
heart failure, cerebrovascular disease and peripheral arterial disease. The use of cholesterol 
lowering agents, antihypertensives and non-steroidal anti-inflammatory drugs (NSAIDs) 
was also recorded. Disease activity was measured with the Bath Ankylosing Spondylitis 
Disease Activity Index (BASDAI). Physical examination included height, weight and 
blood pressure measurements. Blood pressure was  measured manually according to 
the standard hospital procedures. Blood sample measurements (non-fasting) included 
standard hematological assessment, C-reactive protein (CRP), erythrocyte sedimentation 
rate (ESR), creatinine and cholesterol levels. A single laboratory analyzed all blood samples. 

General population – Prevalences of CV risk factors in this cohort were compared to data 
from the general Dutch background population from TNS-NIPO[15] or the Dutch National 
Institute for public health and environment (RIVM)[16]. The same definitions for the 
hypertension, hypercholesterolemia and overweight for the background population and 
included AS patients were used. Overweight was defined as a BMI ≥25 kg/m2 and obesity as 
a BMI ≥30 kg/m2. Hypertension was defined as a systolic blood pressure (SBP) ≥140 mmHg 
and/or a diastolic blood pressure (DBP) ≥90 mmHg and/or the use of antihypertensive 
drugs. Hypercholesterolemia was defined as total cholesterol (TC) level of ≥6.5 mmol/L 
and/or use of cholesterol lowering drugs. 

CV risk assessment – The CV risk stratification methods of the Dutch, European and 
American CV-RM guidelines were used to estimate 10-years CV risk [7, 8, 17].  To adjust for 
the increased CV risk in AS patients we also calculated the 10-years CV risk by adding 15 
years to the age of the AS patients in the Dutch risk stratification method. This is standard 
practice in all Dutch patients with RA and/or DM, as the CARRE study by Van Halm et al. 
showed that the CV risk of RA patients equals that of DM patients[17, 18]. 
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CV risk management - The Dutch CV-RM guidelines were also applied to investigate whether 
AS patients at increased CV risk received adequate preventive treatment[18]. The Dutch 
CV-RM charts were used, as they are specific for the Dutch population and assesses the 
total CV burden instead of CV mortality alone. In the Dutch CV-RM guidelines, gender, age, 
smoking status, SBP and the TC/HDL-C ratio are used to calculate CV risk. Smoking was 
defined as currently smoking at least once per week. Patients for whom no cholesterol 
levels or blood pressure measurements were available, patients with previous CVD and 
patients younger than 40 were excluded, as the Dutch CV-RM guidelines are not validated 
for patients aged below 40 years. We categorized patients into three groups: (1) patients 
who had an indication for preventive treatment but did not receive this; (2) patients who 
were inadequately treated as they did not meet the treatment goals (i.e. a SBP ≤140 mmHg 
and/or an low density lipoprotein (LDL) -cholesterol ≤ 2.5 mmol/L); (3) patients who were 
treated adequately or had no increased CV risk or CV risk factors. 

Statistical analysis - For data analysis SPSS Version 21.0 (SPSS, Chicago, Illinois, USA) was 
used. Values are expressed as mean ± standard deviation (SD), median (interquartile 
range) (IQR) or percentages, as appropriate. For comparisons of variables with a normal 
distribution between two groups, independent t-tests were used. The Pearson’s chi-square 
test was performed on dichotomous variables.  

Results

Basic demographics and disease characteristics – In total, 254 consecutive AS patients were 
included (table 1). The median age of the total AS population was 42 years (IQR 35-51), and 
170 patients (67%) were male. Median disease duration was 7 years (IQR 2-14), median 
CRP was 8 mg/l (IQR 3-25) and mean BASDAI score was 5.9±1.9. One-hundred-and-eighty 
patients (71%) used NSAIDs. SBP and DPB levels did not significantly differ between 
patients using NSAIDs (mean SBP/DBP 126/80 mmHg) and not using NSAIDs (mean SBP/
DBP 131/82 mmHg), p=0.4 and p=0.9 respectively. However, patients who used NSAIDs, 
as compared to those who did not, significantly more often used antihypertensive 
medication (26% vs. 9%, p=0.003). 

Prevalence of CV risk factors - Of 254 AS patients, eight patients (3%) had a history of CVD and 
five patients (2%) were diagnosed with type 2 DM. One-hundred-and-nine patients (43%) 
smoked (45% of the men and 38% of the women) compared to 27% of the general Dutch 
population (30% of the men and 24% of the women) p=0.001. Mean BMI was 26.2±4.6, 
134 patients (53%) were overweight and 44 patients (17%) were obese. Hypertension 
was present in 103 AS patients (41%) versus 31% in the general population (p=0.026). 
Hypercholesterolemia was present in 30 patients (12%). The results for hypertension, 
hypercholesterolemia and overweight are displayed categorized by age and gender in 
figure 1. Compared to the general Dutch population, the prevalences of hypertension and 
smoking are higher in AS patients, the latter, however, only in AS males.
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Table 1 | Patient characteristics N=254

Demographic

Age, years (median, IQR) 42 (35-51) 
Male (number, percentage) 170 (67%)

Disease status

Disease duration, years (median, IQR) 7 (2-10) 
HLA-B27 positive (number, percentage) 196 (77%)
C-reactive protein, mg/l (median, IQR) 8 (3-25)
Erythrocyte sedimentation rate, mm/h (median, IQR) 19 (7-37)
BASDAI (0-10) (mean, SD) 5.9 ± 1.9

CV risk factors 

Prior CVD (number, percentage) 8 (3%)
Myocardial infarction (number) 4
TIA/CVA (number)  4
Peripheral arterial disease (number) 0

Smoking (number, %)   109 (43%)
Systolic blood pressure, mmHg (mean, SD) 127 ± 17
Diastolic blood pressure, mmHg (mean, SD) 81 ± 10
Hypertension (SBP≥140 and/or DBP≥90 and/or antihypertensive drugs) 
(number, percentage)

81 (32%)

Hypercholesterolemia (TC ≥ 6,5 mmol/L and/or cholesterol lowering 
drugs) (number, percentage)

30 (12%)

Diabetes type 2  (number, percentage) 5 (2%)
Body mass index (mean, SD) 26.2 ± 4.6
Overweight (≥25 BMI) kg/m2 (number, percentage) 134 (53%)
Kidney function (eGRF Cockcroft Gault) ml/min (mean, SD) 125.5 ± 34.2

Lipid levels

Total cholesterol (mmol/l) (mean, SD) 4.96 ± 0.94
Triglycerides (mmol/l) (median, IQR) 1.28 (0.92-1.87)
HDL cholesterol (mmol/l) (mean, SD) 1.32 ± 0.39
LDL cholesterol (mmol/l) (mean, SD) 2.92 ± 0.81
Total cholesterol/HDL-C ratio (mean, SD) 4.05 ± 1.39

Medication

Statins (number, percentage) 16 (6%)
Antihypertensive drugs (number, percentage) 36 (14%)
NSAIDs (number, percentage) 180 (71%)

Diclofenac (number, percentage) 46 (26%)
Etoricoxib (number, percentage) 41 (23%)
Naproxen (number, percentage) 29 (16%)
Ibuprofen (number, percentage) 21 (12%)
Other (number, percentage) 43 (23%)

Data is expressed as number (percentage), mean±standard deviation or median (range) as appropriate. BASDAI: 
Bath Ankylosing Spondylitis Disease Activity Index, CVD: cardiovascular disease, TIA: Transient ischemic attack, 
CVA: Cerebrovascular Accident, SBP: Systolic Blood pressure, DBP: Diastolic Blood Pressure, BMI: Body Mass 
Index, eGRF: estimated Glomerular Filtration Rate, TC: total cholesterol, HDL: High Density Lipoprotein, LDL: Low 
Density Lipoprotein, NSAID: Non-Steroidal Anti-Inflammatory Drug
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 Figure 1 | Prevalences of hypertension (A), overweight (B) and hypercholesterolemia (C) in AS patients compared 
to the general Dutch population in four different age categories. X-axis: age categories, Y-axis: percentage, black: 
ankylosing spondylitis population, grey: general Dutch population.

CV risk assessment – Out of 254 patients, CV risk according to the Dutch CV-RM guidelines 
could be assessed in 130 patients (table 2). One-hundred-and-eight patients were 
excluded as they were younger than 40 years, eight patients due to a history of CVD, and 
eight patients due to lack of cholesterol or blood pressure data. According to the Dutch 
CV-RM guidelines, nine patients (7%) were at high CV risk, sixteen patients (12%) were at 
intermediate CV risk and 105 patients (81%) were at low CV risk. When adding 15 years 
to the age of AS patients, CV risk could be assessed in 231 AS patients (excluding seven 
patients due to age below 40 years, eight patients due to CVD history, eight patients due 
to lack of data). The percentage of high CV risk patients increased to 26% (table 3). For the 
European and American guidelines the percentage of patients at high CV risk was 22% 
and 29%, respectively. 
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Table 2 | Patients at risk according to Dutch CV-RM Guideline risk scores and treatment

Dutch CV-RM
guidelines

Total
N=254

Indication 
for CV risk 

medication
N=51

Inadequately 
or not treated

N=39

Statins
N=7

Antihypertensive 
drugs
N=27

Both statin and 
antihypertensive

N=9

High risk >20% 9 9 9 2 2 1

Intermediate risk 10-20% 16 10 8 1 6 1

Low risk <10% 105 24 14 1 16 5

Secondary CV prevention 8 8 8 3 3 2

CV risk not determined* 116 N.A. N.A. 0 0 0

NA; not applicable N; number of patients, CV; cardiovascular * Patients who could not be included because of 
age <40 years or missing cholesterol / blood pressure values. 

CV risk management – According to the Dutch CV-RM guidelines, of the 130 screened 
AS patients, nine patients (7%) were not treated at all while there was an indication for 
primary CV risk prevention treatment and 22 patients (17%) were inadequately treated, 
as treatment targets for blood pressure or cholesterol levels were not reached (table 2). 
Of the eight patients with a history of CVD, all received secondary prevention treatment, 
however, treatment targets were not reached in any of them. 

In total, of the 138 AS assessed patients, 51 patients had an indication for CV risk treatment 
of which 42 patients (82%) received some form of CV risk medication (figure 2). However, 
39 (76%) of the 51 patients were treated inadequately due to failure to reach treatment 
targets for hypertension or hypercholesterolemia or due to total lack of CV risk medication 
(table 2). When the modification factor (adding 15 years) was applied, undertreatment of 
CV risk management was present in 44% of all patients.
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Figure 2 | The identification of AS patients at increased CV risk. AS; ankylosing spondylitis, CV; cardiovascular, 
CVD; cardiovascular disease, n; number of patients. Cardiovascular risk treatment is according to the Dutch 
cardiovascular risk management guideline. Inadequately treated: not treated with statins and/or antihypertensive 
medication while there was an indication for primary or secondary CV risk prevention treatment or not meeting 
treatment goals.



Chapter 7

106

7

Discussion 

In this observational cohort study we observed increased rates of hypertension and smoking 
in patients with active AS when compared to the general Dutch background population. 
This observation together with a documented elevated CV risk in AS patients emphasizes 
the need for optimal CV-RM. The majority of patients at increased CV risk received treatment, 
but CV-RM remains an important challenge for treating physicians, as treatment targets 
were often not achieved. 

Available studies of the prevalence of CV risk factors in AS patients yield varying results. These 
differences could be explained by the heterogeneity of study populations investigated[4-6, 
19]. Given the close relationship between inflammation, CV risk factors, and CV risk, we 
choose to assess CV risk and its risk factors in AS patients with high disease activity. In this 
selected population, we observed higher prevalence rates of hypertension and smoking, 
but not hypercholesterolemia and overweight. Inflammation may deteriorate CV risk factors, 
but patients with active disease may also experience more pain and physical stiffness, which 
can induce physical inactivity, increasing the chance of overweight and hypertension. The 
common use of NSAIDs might also contribute to the increased prevalence of hypertension. 
In fact, although the blood pressure was not significantly different, anti-hypertensive agents 
were prescribed significantly more in AS patients on NSAIDs. 

The number of patients at high CV risk varied widely depending on the CV risk algorithm 
that was used. According to the Dutch CV-RM guidelines, 7% of assessed AS patients was 
at high CV risk, while 22% and 29% were at high risk according to either the European or 
American CV-RM guidelines. Overall, 5% of AS patients was at high CV risk according to all 
three guidelines. The large variation between the different CV-RM guidelines is remarkable. 
Several factors can explain this variation. First, the clinical outcomes on which the different 
guidelines are based vary from 10-years CV risk to develop a fatal atherosclerotic CV event 
(European CV-RM guidelines), 10-years CV risk to develop a fatal or non-fatal myocardial 
infarction or stroke (2013 ACC/AHA guidelines), or to 10-years CV risk to develop a fatal or 
non-fatal atherosclerotic event (Dutch CV-RM guidelines) [7, 8]. Second, all guidelines are 
applicable for different age categories, i.e. Dutch for 40-70, European for 40-65, and ACC/
AHA for 40-79 years of age.

To date, it is recognized that systemic inflammation is an important CV risk factor. However, 
none of the CV-RM guidelines adjust for the inflammatory burden in AS patients, which 
could lead to underestimation of CV risk[7, 8]. The EULAR task force advised to use a 
multiplication factor of 1.5 to CV risk to adjust for the increased CV risk in RA when patients 
have a disease duration >10 years, rheumatoid factor or anti-cyclic citrullinated peptide 
positivity, or presence of extra-articular manifestations[12]. The Dutch CV-RM guidelines 
add 15 years to the age of all RA patients to calculate CV risk, as is also applied in DM patients 
[18]. Currently, due to lack of evidence, it is unknown if, and if yes, what modification factor 
for CV risk assessment in AS patients is most appropriate. To investigate the impact of a 
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modification factor for the increased CV risk in AS patients, we used the same modification 
factors as used in RA, for our group of AS patients. When adding 15 years to the age of the 
AS patients in this cohort, the percentage of patients with high CV risk increases from 7% 
to 26%. Subsequently, undertreatment of this CV risk increased from 28% to 44%. Future 
studies should be conducted to investigate which CV risk stratification method most 
accurately predicts CV risk in AS patients.

Since most patients with AS die from complications of atherosclerosis, early identification 
and optimal CV-RM is of utmost importance. It is reassuring that the awareness of CV-RM 
was good, as the vast majority of AS patients at risk for CV disease received treatment. 
However, it is alarming to see that in 76% CV-RM was suboptimal, as treatment targets 
were not reached. Moreover, in none of AS patients needing secondary prevention of CV 
disease, treatment targets were reached. Undertreatment of CV risk (factors) can be caused 
by multiple factors. First, there might be a lack of awareness of the increased CV risk in AS 
patients in treating physicians. Second, CV-RM, including CV risk screening, treatment, and 
follow-up, is time consuming and lack of time to act on guidelines presents an additional 
hurdle. Also, it is not clear who has responsibility for CV-RM in AS patients, as this can be the 
primary care physician, the treating rheumatologist, or both. The number and complexity of 
available guidelines also impede their implementation. Finally, since AS is often diagnosed 
early in life, implementing a lifetime treatment with medication for CV risk (factors) is 
probably challenging for the physician and is prone for non-compliance. These challenges 
need to be addressed to achieve a decrease in CV morbidity and mortality in AS patients. It 
is therefore important that CV-RM in AS patients should be a joint effort for the primary care 
physician and treating rheumatologist. We should strive for increased awareness of CV risk 
and need to identify and target high-risk individuals for primary and secondary prevention. 

A major strength of this study is the in-depth evaluation of CV risk and CV risk factors. We 
estimated CV risk according to various CV-RM assessment tools, thereby giving an overview 
of the different outcomes on CV risk in this AS population. However, only AS patients with 
active disease and from a single rheumatology centre were included which hampers 
generalizability. Finally, due to the retrospective design of this study, there was no data 
available on the reasons why CV risk treatment was suboptimal. This complicates further 
evaluation of CV-RM implementation, as it is possible that increased CV risk is acknowledged 
but treatment is not initiated because of side effects, comorbidity, or patients’ non-
adherence. 

Conclusions

In conclusion, this study shows that the prevalence of hypertension and smoking is 
increased in AS patients with active disease. Also, AS patients at increased CV risk received 
medication, but treatment targets were often not achieved. Our data illustrate the need 
for programs to improve the quality of CV-RM in AS.
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Abstract

Objectives – To investigate the effects of changing inflammation on lipid levels in 
ankylosing spondylitis.

Methods – In a cohort of 230 patients, lipid levels were measured at baseline and after 52 
weeks of treatment with tumor necrosis factor (TNF)-alpha blocking agents.

Results - Total cholesterol (+4.6%), LDL-cholesterol (+4.3%) and HDL-cholesterol (+3.7%) 
increased upon treatment. Changes were most evident in patients with substantial 
reduction in inflammatory levels (total cholesterol +8.2% versus +1.6%, HDL-cholesterol 
+8.3% versus +2.2% in patients with CRP ≥10mg/l normalizing upon treatment, versus 
CRP <10mg/l throughout treatment period).

Conclusion – TNF-alpha blocking therapy results in lipid changes mostly when inflammation 
is appreciably modified.
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Introduction

In the general population, high levels of total cholesterol (TC) and low density lipoprotein 
cholesterol (LDL-C), and low levels of high density lipoprotein cholesterol (HDL-C) are well 
associated with atherosclerotic cardiovascular disease (CVD)(1). In inflammatory diseases, 
such as ankylosing spondylitis (AS) and rheumatoid arthritis (RA), systemic inflammation 
induces secondary dyslipidaemia with particularly lower levels of TC and HDL-C(2-4). 
Effective anti-inflammatory treatment with tumor necrosis factor (TNF) alpha-blocking 
therapy has been shown to reduce CVD risk, despite increases in lipid levels(5).

Extensive research on the effect of TNF-alpha blocking therapy on lipid levels has been 
performed in the last few years. However, it is still unclear whether lipid changes following 
TNF-alpha blocking therapy are due to reducing inflammation, or due to a treatment 
specific effect of TNF-alpha blocking therapy(2). In AS, C-reactive protein (CRP) levels are 
elevated in approximately half of the patients with high disease activity(6). Therefore, AS is 
suitable to investigate the effect of TNF-alpha blocking therapy on lipid levels in patients 
with low versus high CRP levels (CRP≥10mg/l). The rarity of steroid use in AS patients is 
another argument to investigate the effect of TNF-alpha blocking therapy in AS patients, 
considering that research on the lipid altering effects of TNF-alpha blocking therapy in RA 
might be obscured by simultaneous alterations in steroid use(7-9).

Understanding the complex relationship between inflammation and changes in lipid 
levels upon treatment is a key step towards correct CVD risk management. Hence, we 
investigated the effect of changing inflammation levels (i.e. decreasing CRP levels) as a 
result of TNF-alpha blocking therapy on the lipid profile in a large group of AS patients. 

Methods

Patients - 230 consecutive AS patients with an indication for TNF-alpha blocking therapy 
with etanercept or adalimumab were enrolled. All patients fulfilled the 1984 modified 
New York Criteria for AS (10). Etanercept dose was 50mg subcutaneously once a week 
or 25mg twice a week. Adalimumab dose was 40mg subcutaneously every two weeks. 
Patients treated with statins were excluded. Approval was obtained from the local ethics 
committee and all participating patients gave written informed consent. 

Study design – Data was collected at baseline and after 52 weeks of treatment. Disease 
activity was measured with the BASDAI on a 0-10 scale and serum CRP was measured at 
each visit. As CRP was measured with a non-high-sensitive technique and approximately 
half the patients had elevated CRP levels greater than 10mg/l, a high inflammatory state 
was defined as CRP≥10mg/l(11). 



Chapter 8

112

8

Assessments of lipids – Non-fasting lipid samples were collected. An enzymatic method 
using clinical chemistry analysers (Roche Diagnostics, Mannheim, Germany) was used 
to measure TC. HDL-C was determined with poly(ethylene glycol)-modified enzymes. 
To determine LDL-C levels, the Friedewald formulas were used, but only if triglyceride 
(TG) levels were lower than 4.5mmol/L. ApoA-1 and ApoB levels were measured with an 
immunoturbidimetric method using appropriate assays (Roche Diagnostics, Mannheim, 
Germany). The TC/HDL-C ratio and ApoB/ApoA-1 ratio were calculated. 

Statistical analyses - Lipid levels at baseline and at 52 weeks were compared with the 
paired samples t-test. Linear regression analyses were used to determine the association 
between changes in inflammation (i.e. CRP) and changes in lipid levels. Changes in lipids 
were normally distributed. A p-value of less than 0.05 was considered significant. All 
analyses were performed using SPSS Version 21.0 (Chicago, Illinois, USA).

Results

Baseline characteristics of the 230 included patients are shown in table 1. A total of 79 
patients (34%) started adalimumab, and 151 patients (66%) started etanercept. The mean 
(standard deviation, SD) age of included patients was 42 (11) years, and 151 (66%) of all 
patients were male. Median (interquartile range, IQR) disease duration was 7 (2-14) years; 
mean BASDAI score at baseline was 5.7 (2.0) and 182 patients (79%) were HLA-B27 positive. 
After 52 weeks of treatment, lipid values of 79 patients (34%) were not available because 
TNF-alpha blocking therapy was stopped early due to side effects (n=19), treatment failure 
(n=13),  lack of cholesterol levels (n=31), loss to follow-up (n=13), or other reasons (n=3).

Compared with baseline, median CRP levels decreased significantly upon treatment, 
from 8 (3-22) to 2 (1-6) mg/l (p<0.01). TC increased by 4.6% (table 1), LDL-C increased by 
4.3%, HDL-C increased by 3.7% and ApoA-1 increased by 5.3%, while ApoB showed no 
significant difference. The lipid ratio ApoB/ApoA-1 decreased by 7.8%, while the TC/HDL-C 
ratio was not changed significantly after 52 weeks of TNF-alpha blocking therapy. 

Regression analyses showed an inverse association between changes in CRP and changes 
in TC and HDL-C (table 2). This means, for example, that for every decrease of 10 mg/l 
in CRP, TC increased by 0.10 mmol/l. Having divided the patients into three different 
treatment response categories (table 3), significant changes in TC and HDL-C levels were 
only seen in patients with CRP levels greater than 10mg/l at baseline reduced to less than 
10mg/l after 52 weeks (Table 3, group 2), with an increment of 8.2% in TC and 8.3% in 
HDL-C. The TC/HDL-C ratio did not change in any of the groups.
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Table 1 | Patient characteristics. 

All (n=230)

Demographic

Age, years (mean, SD) 42 (11)

Male (number, %) 151 (66)

Disease status

Disease duration (years, range) 7 (2-14)

HLA-B27 positive (number, %) 182 (79)

CRP, mg/l (median, IQR) 8 (3-22)

     CRP<10 mg/l (number, %) 130 (56)

     CRP≥10 mg/l (number, %) 100 (44)

ESR (mm/h, range) 18 (7-37)

BASDAI (mean, SD) 5.7 (2.0)

NSAIDs use (number, %) 166 (72)

Lipid levels t=0 t=52 % p-value

Total cholesterol, mmol/l (mean, SD) 4.97 (0.93) 5.19 (0.99)* +4.6* 0.002

HDL cholesterol, mmol/l (mean, SD) 1.34 (0.42) 1.39 (0.45)* +3.7* 0.013

Triglycerides, mmol/l (median, IQR) 1.27 (0.89-1.84) 1.38 (0.93-2.23) +8.6* 0.047

LDL cholesterol, mmol/l (mean, SD) 2.92 (0.82) 3.05 (0.83)* +4.3* 0.022

Apolipoprotein-A-1, g/l (mean, SD) 1.42 (0.32) 1.50 (0.34)* +5.3* 0.002

Apolipoprotein-B, g/l (mean, SD) 0.85 (0.22) 0.84 (0.21) -1.2 0.335

TC/HDL-C ratio (mean, SD) 4.03 (1.37) 4.07 (1.51) +1.0 0.580

ApoB/ApoA-1 ratio (mean, SD) 0.64 (0.22) 0.59 (0.19) -7.8* 0.001

Data are expressed as the mean (standard deviation, SD), median (interquartile range, IQR) percentages as appropriate. 
*p<0.05 compared to baseline. ApoA-1: Apolipoprotein-A-1, ApoB: Apolipoprotein-B, BASDAI: Bath Ankylosing 
Spondylitis Disease Activity Index, CRP: C-reactive protein, ESR: erythrocyte sedimentation rate, HDL: high density 
lipoprotein, LDL: low density lipoprotein, NSAIDs: non-steroidal anti-inflammatory drugs, TC: total cholesterol.

Table 2 |  Relationship between changes in CRP and changes in lipid levels.

Variable ΔCRP (*10 mg/l) p-value

Δ Total cholesterol, mmol/l (mean, SD) -0.104 (0.038)* 0.007

Δ HDL cholesterol, mmol/l (mean, SD) -0.024 (0.012)* 0.041

Δ Triglycerides, mmol/l (mean, SD) -0.064 (0.060) 0.294

Δ LDL cholesterol, mmol/l (mean, SD) -0.055 (0.029) 0.060

Δ Apolipoprotein-A-1, g/l (mean, SD) -0.027 (0.016) 0.085

Δ Apolipoprotein-B, g/l (mean, SD) -0.008 (0.006) 0.203

Δ TC/HDL-C ratio (mean, SD) -0.015 (0.043) 0.729

Δ ApoB/ApoA-1 ratio (mean, SD) +0.008 (0.007) 0.235

Regression coefficients and standard errors estimated by regression analyses. The deltas for each lipid item are 
lipid level at 52 weeks minus lipid level at baseline. All analyses were adjusted for age and gender. Data are 
expressed as the mean (standard deviation, SD). *p<0.05. ApoA-1: apolipoprotein A-1, ApoB: apolipoprotein B, 
CRP: C-reactive protein, HDL: high density lipoprotein, LDL: low density lipoprotein, TC: total cholesterol.
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Table 3 | Changes in lipid levels amongst three different treatment response categories during 52 weeks of 
TNF alpha-blocking treatment.

Total cholesterol (mmol/l)

t=0 weeks t=52 weeks % p-value

Group 1 (low-low CRP) 5.10 (0.97) 5.18 (0.94) +1.6 0.328

Group 2 (high-low CRP) 4.85 (0.91) 5.25 (0.96)* +8.2* 0.001

Group 3 (high-high CRP) 4.70 (0.87) 4.80 (1.05) +2.1 0.736

HDL cholesterol (mmol/l)

t=0 weeks t=52 weeks % p-value

Group 1 (low-low CRP) 1.34 (0.45) 1.37 (0.47) +2.2 0.267

Group 2 (high-low CRP) 1.33 (0.39) 1.44 (0.42)* +8.3* 0.011

Group 3 (high-high CRP) 1.32 (0.36) 1.29 (0.36) -2.3 0.389

TC/HDL-C ratio

t=0 weeks t=52 weeks % p-value

Group 1 (low-low CRP) 4.18 (1.50) 4.20 (1.67) +0.5 0.881

Group 2 (high-low CRP) 3.92 (1.34) 3.96 (1.39) +1.0 0.744

Group 3 (high-high CRP) 3.74 (1.31) 3.88 (1.24) +3.7 0.424

Data are expressed as the mean (standard deviation, SD). *p<0.05 compared to baseline. CRP: C-reactive protein, 
HDL-C: high density lipoprotein cholesterol. TC: total cholesterol, Group 1 (n=78) = patients with CRP levels below 
10mg/l throughout the whole treatment period; Group 2 (n =54) = patients in whom CRP levels dropped from 
≥10 mg/l to below 10mg/l; and Group 3 (n=14) = patients in whom CRP levels did not drop below 10mg/l upon 
treatment. Patients in whom CRP levels increased to higher than 10mg/l upon treatment (n=3), and patients 
without CRP or lipid values at 52 weeks were omitted from this table (n=81).

Discussion

Having analysed the complex relationship between inflammation and changes in lipid 
levels in AS patients, the results can be summarized as follows: (a) TNF-alpha blocking 
therapy is associated with a modest, but broadly parallel increase in TC, LDL-C, and 
HDL-C, (b) the TC/HDL-C ratio is not appreciably altered by TNF-alpha blocking therapy (c) 
significant lipid changes following TNF-alpha blocking therapy were only seen in patients 
whom CRP levels decreased below 10mg/l, suggesting that the inverse association 
between inflammation and lipids is not a treatment specific effect.

In AS, contrary to RA, disease activity is reflected by increased inflammatory markers 
(CRP) in only half the patients(12). Hence, by studying AS patients, we had an unique 
opportunity to explore the effect of TNF-alpha blocking therapy in patients with high-
grade inflammation (CRP≥10mg/l) and low-grade inflammation. In patients responding 
to TNF-alpha blocking therapy, as mirrored by a significant reduction in CRP levels, lipid 
levels changed significantly. On the contrary, lipid changes were negligible in patients 
with low levels of CRP at baseline, or in those without any change in CRP levels. This 
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observation indicates that TNF-alpha blocking therapy results in lipid changes only when 
inflammation is appreciably modified. 

In RA, various studies have shown that treatment with TNF-alpha blocking therapy results 
in a fast, absolute increase in lipid levels, after which the lipid levels seem to stabilize(13). 
However, simultaneous tapering of steroids, frequently administered as bridging therapy, 
may confound these observed effects of TNF-alpha blocking therapy on lipid levels(7;8). 
In AS, steroids are rarely used, which enabled us to examine the true effect of TNF-alpha 
blocking therapy on lipid levels(9). In this study, we observed similar changes in TC and 
HDL-C following TNF-alpha blocking therapy, suggesting that the potential confounding 
role of steroids on lipid changes in RA is limited. With respect to CVD risk assessment, our 
data support the use of TC/HDL-C, in accordance with the EULAR CVD risk management 
guideline, as it appears to be the most stable marker(14). 

The strengths of this study lie in the large group of homogeneous AS patients included 
from a single hospital centre. These were all AS patients eligible for TNF-alpha blocking 
therapy, making it an excellent group to study the effects of inflammation and TNF-alpha 
blocking therapy on lipid levels. Furthermore, current evidence of the effect from TNF-
alpha blocking therapy on lipid levels in AS is derived from short term studies with a 
limited number of patients, warranting the need for larger studies with a longer follow-
up(3;15). The longitudinal design of this study however, requires careful consideration, as 
dropouts and missing data may have led to biased results. 

In conclusion, lipid changes following TNF-alpha blocking therapy largely reflect an 
inflammatory suppression effect, as these changes were seen only in AS patients with 
decreasing inflammation levels. As the TC/HDL-C ratio is essentially unaffected by 
inflammation or anti-inflammatory treatment, this is currently the most appropriate 
marker to determine CVD risk in patients with an inflammatory condition. The clinical 
implications of increasing lipid levels through TNF-alpha blocking therapy on the overall 
CVD risk remain to be determined.
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Abstract

Patients with rheumatoid arthritis (RA) and other inflammatory joint disorders (IJD) 
have increased cardiovascular disease (CVD) risk compared with the general population. 
In 2009, the European League Against Rheumatism (EULAR) taskforce recommended 
screening, identification of CVD risk factors and CVD risk management largely based 
on expert opinion. In view of substantial new evidence, an update was conducted 
with the aim of producing CVD risk management recommendations for patients with 
IJD that now incorporates an increasing evidence base. A multidisciplinary steering 
committee (representing 13 European countries) comprised 26 members including 
patient representatives, rheumatologists, cardiologists, internists, epidemiologists, a 
health professional and fellows. Systematic literature searches were performed and 
evidence was categorised according to standard guidelines. The evidence was discussed 
and summarized by the experts in the course of a consensus finding and voting process. 
Three overarching principles were defined. First, there is a higher risk for CVD in patients 
with RA, and this may also apply to ankylosing spondylitis and psoriatic arthritis. Second, 
the rheumatologist is responsible for CVD risk management in patients with IJD. Third, 
the use of non-steroidal anti-inflammatory drugs and corticosteroids should be in 
accordance with treatment-specific recommendations from EULAR and Assessment of 
Spondyloarthritis International Society. Ten recommendations were defined, of which one 
is new and six were changed compared with the 2009 recommendations. Each designated 
an appropriate evidence support level. The present update extends on the evidence that 
CVD risk in the whole spectrum of IJD is increased. This underscores the need for CVD risk 
management in these patients. These recommendations are defined to provide assistance 
in CVD risk management in IJD, based on expert opinion and scientific evidence.
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Introduction

Cardiovascular disease (CVD) risk in patients with rheumatoid arthritis (RA) and other 
inflammatory joint disorders (IJD), in particular ankylosing spondylitis (AS) and psoriatic 
arthritis (PsA), is substantially elevated compared with the general population. For RA, 
the magnitude of this excess risk appears comparable to that reported for patients with 
diabetes mellitus,(1–3) necessitating aggressive and targeted CVD risk management. In 
2009, the European League Against Rheumatism (EULAR) task force was convened to 
critically appraise existing evidence on CVD risk in patients with IJD. This EULAR task force 
formulated 10 recommendations for the screening and identification of CVD risk factors 
and the implementation of CVD risk management in IJD (see online supplementary 
file 1).(4) In view of substantial new evidence, an update of the CVD risk management 
recommendations was performed. In general, CVD risk management involves the 
determination of a cardiovascular risk profile of an individual patient by using values 
including gender, age, smoking status, blood pressure, lipid values and diabetes mellitus 
status. These variables are used in risk prediction algorithms such as Framingham(5) and 
the Systematic Coronary Risk Evaluation (SCORE)(6) to calculate a 10-year risk of CVD 
events. When this CVD risk exceeds a certain value, that is, a 10-year risk of 10% for a 
fatal or non-fatal CVD event (Framingham) or a 10-year risk of 5% for fatal CVD events 
(SCORE), lifestyle changes and treatment with lipid-lowering agents is recommended. 
The importance of a healthy lifestyle is emphasised for all persons, including patients 
at low and intermediate cardiovascular risk. Additionally, the European Society of 
Cardiology (ESC) guideline on CVD prevention in clinical practice also recommends CVD 
risk stratification for patients with hypertension.(7) The initiation of antihypertensives 
depends on the grade of hypertension and total cardiovascular risk. Drug treatment 
is recommended for patients with grade 3 hypertension, but also grade 2 and grade 1  
hypertension with a high CVD risk.(7) Validated RA-specific CVD risk prediction models 
with a proven superiority over general population CVD risk prediction algorithms are 
currently lacking.(7) Furthermore, the existing general population risk prediction models 
that aid the identification of patients who would benefit from primary prevention of 
CVD have been shown to inaccurately estimate the CVD risk in RA.(8 9) Therefore, in 
2009 the EULAR task force advocated the use of a 1.5 multiplication factor for these risk 
prediction models when certain RA disease characteristics were present.(4) In addition, 
certain commonly used variables in existing CVD risk prediction algorithms are influenced 
by inflammation and anti-inflammatory therapy. These risk factors behave differently in 
patients with IJD than in the general population, necessitating clarification and practical 
guidelines for rheumatologists in daily clinical practice. For this update, a new EULAR task 
force reviewed all the previous recommendations from 2009 on CVD risk management in 
IJD. New areas were addressed, including the value of imaging in the routine assessment 
of CVD risk.
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Methods

Task force

With the approval of the EULAR Executive Committee, the convenor (MTN) and methodologist 
(DPMS) who guided the task force in 2009 formed a new task force with the aim of reviewing 
and updating the 2009 EULAR recommendations for CVD risk management in RA and other 
IJD (see online supplementary file 1).(4) The task force comprised 26 members from 13 
European countries, including 2 patient representatives, 14 rheumatologists, 2 cardiologists, 
3 internists, 1 healthcare professional and 4 fellows. The entire process was conducted in 
accordance with the 2014 EULAR standardised operating procedures.(10) 

Literature search

The convenor (MTN) started by formulating a list of potential research questions. These 
were discussed and refined during a teleconference with other members of the task force. 
Thereafter, the fellows (RA, SCH, SR, MH) under guidance of the convenor (MTN) and 
the methodologist (DPMS) compiled the search terms for a comprehensive systematic 
literature review to cover all the research questions. The protocol for the literature search 
was based on the Preferred Reporting Items for Systematic Reviews and Meta-Analysis 
statement (http://www.prisma-statement.org). The Wiley/Cochrane Library, Pubmed/
Medline and Embase were searched from inception (by RA, SCH, MH and librarians LJS 
and JCFK). The Wiley/Cochrane Library was searched up to 9 February 2015, PubMed up 
to 10 February 2015 and Embase up to 13 February 2015. A single search was conducted 
embracing all aspects of the different research questions. The following search terms were 
used (including synonyms and closely related words) as index terms or free-text words: 
‘rheumatoid arthritis’ or ‘spondyloarthritis’ and ‘cardiovascular disease’ and ‘cholesterol’ or 
‘blood pressure’ or ‘smoking’ or ‘diabetes’ or ‘chronic kidney insufficiency’ or ‘sex factors’ or 
‘vitamin D’ or ‘adrenal cortex hormones’ or ‘tumor necrosis factor’ or ‘anti-inflammatory 
agents’ or ‘inflammation’ or ‘carotid intima media’. The full search strategies for the Wiley/
Cochrane Library, PubMed and Embase are shown in online supplementary file 2. All 
duplicates were removed from the results of the first search (figure 1). The remaining 
studies were screened by title and abstract by six investigators (RA, SCH, SR, MH, DPMS 
and MTN) for suitability. Titles and abstracts were eligible if the abstract contained 
clear information about the aims and objectives of the study. From this selection of 
abstracts, full-text articles were assessed for eligibility by the fellows (RA, SCH, SR and 
MH). References of included articles were manually scanned for other relevant studies. 
The included articles were evenly divided among the four fellows, based on their area of 
expertise. Each fellow read the full texts and distilled and summarized the most important 
results. From these results, also taking into account the ten 2009 recommendations, 10 
concept recommendations were derived.
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Consensus finding

The EULAR task force held a 1-day meeting with all members on 31 March 2015. During 
this meeting, the 10 concept recommendations were presented by the four fellows. All 10 
concept recommendations were discussed and subsequently adapted or dropped, and 
new recommendations were formulated. The principles guiding the consensus meeting 
were: (1) all of the 2009 recommendations were reconsidered on the basis of new evidence, 
(2) any of the 2009 recommendations could be kept unchanged, be modified or be totally 
abandoned, (3) new recommendations could be added. After the meeting, the updated 
and new recommendations were graded based on the methodological strength of the 
underlying literature and were categorised according to the Grades of Recommendation, 
Assessment, Development and Evaluation (GRADE) Working Group system.(11) Thereafter, 
the 10 concept recommendations were sent out by email for anonymous voting. All 
members of the task force were asked to indicate their level of agreement (LOA) for each 
recommendation on a 0–10 scale (0, no agreement at all; 10, full agreement). The results 
on agreement were averaged and are hence presented as mean (SD). 
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Results

Literature search

In total, 9328 articles were identified. After removal of duplicates, 6783 articles were 
screened by title and abstract. In total, 961 full-text articles were assessed for eligibility by 
the fellows (RA, SCH, SR and MH). Ultimately, 264 articles were included (figure 1).

 
Figure 1 | Flow chart of the search and selection process. RA, rheumatoid arthritis; AS, ankylosing spondylitis; 
PsA, psoriatic arthritis.

Overarching principles

The task force defined three overarching principles of CVD risk management in RA and 
other IJD (table 1). 
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Table 1 | Overarching principles and recommendations.

Level of
evidence

Strength of 
recommendation

Level of
agreement 

(SD)

Overarching principles
A. Clinicians should be aware of the higher risk for CVD in patients 
with RA compared with the general population.
This may also apply to AS and PsA.
B. The rheumatologist is responsible for CVD risk management in 
patients with RA and other IJD.
C. The use of non-steroidal anti-inflammatory drugs (NSAIDs) 
and corticosteroids should be in accordance with treatment-
specific recommendations from EULAR and the Assessment of 
Spondyloarthritis International Society (ASAS).

Recommendations

1. Disease activity should be controlled optimally in order to lower 
CVD risk in all patients with RA, AS or PsA

2b-3 B 9.1 (1.3)

2. CVD risk assessment is recommended for all patients with RA, AS 
or PsA at least once every 5 years and should be reconsidered 
following major changes in antirheumatic therapy

3–4 C 8.8 (1.1)

3. CVD risk estimation for patients with RA, AS or PsA should be 
performed according to national guidelines and the SCORE CVD risk 
prediction model should be used if no national guideline is available

3–4 C–D 8.7 (2.1)

4. TC and HDLc should be used in CVD risk assessment in RA, AS and 
PsA and lipids should ideally be measured when disease activity 
is stable or in remission. Non-fasting lipids measurements are also 
perfectly acceptable

3 C 8.8 (1.2)

5. CVD risk prediction models should be adapted for patients with RA by 
a 1.5 multiplication factor, if this is not already included in the model

3–4 C 7.5 (2.2)

6. Screening for asymptomatic atherosclerotic plaques by use of 
carotid ultrasound may be considered as part of the CVD risk 
evaluation in patients with RA

3–4 C–D 5.7 (3.9)

7. Lifestyle recommendations should emphasise the benefits of a 
healthy diet, regular exercise and smoking cessation for all patients

3 C 9.8 (0.3)

8. CVD risk management should be carried out according to national 
guidelines in RA, AS or PsA, antihypertensives and statins may be 
used as in the general population

3–4 C–D 9.2 (1.3)

9. Prescription of NSAIDs in RA and PsA should be with caution, 
especially for patients with documented CVD or in the presence of 
CVD risk factors

2a-3 C 8.9 (2.1)

10. Corticosteroids: for prolonged treatment, the glucocorticoid 
dosage should be kept to a minimum and a glucocorticoid taper 
should be attempted in case of remission or low disease activity; 
the reasons to continue glucocorticoid therapy should be regularly 
checked

3–4 C 9.5 (0.7)

AS, ankylosing spondylitis; ASAS, Assessment of Spondyloarthritis International Society; CVD, cardiovascular 
disease; EULAR, European League against Rheumatism; HDLc, high-density lipoprotein cholesterol; IJD, 
inflammatory joint disorder; NSAID, non-steroidal anti-inflammatory drug; PsA, psoriatic arthritis; RA, rheumatoid 
arthritis; SCORE, Systematic Coronary Risk Evaluation; TC, total cholesterol.
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A. Clinicians should be aware of the higher risk for CVD in patients with RA compared with 
the general population. This may also apply to AS and PsA Acknowledging the increased 
CVD risk in IJD was included as a recommendation in our previous guideline of 2009. 
However, in view of its generic nature, this ‘recommendation’ was moved to the Overarching 
principles section of this paper. Since the publication of the 2009 EULAR recommendations, 
the evidence for an enhanced CVD risk in IJD has increased. For example, it was shown 
in a large Danish cohort study that the risk of myocardial infarction (MI) in patients with 
RA is comparable to that in patients with diabetes mellitus.(2) Furthermore, in the same 
study the risk of MI in RA was found to be approximately 70% higher than in the general 
population, which corresponds with the risk of non-RA subjects who are 10 years older.(2) 
Regarding mortality in RA, a meta-analysis including eight studies with follow-up ranging 
from the year 1955 to 1995 concluded that the standardised mortality rates (SMRs) in RA 
were elevated compared with the general population (ie, pooled SMR 1.47, 95% CI 1.19 to 
1.83) and that these SMRs did not change over time.(12) Data from the Norfolk Arthritis 
Register with follow-up until 2012 revealed comparable results with increased all-cause 
mortality in patients with RA compared with the general population along with stable 
SMRs over the past 20 years.(13) New evidence strengthens the notion that the excess 
risk of CVD morbidity and mortality in patients with RA is related to both traditional 
and novel CVD risk factors. Novel risk factors include inflammation, presence of carotid 
plaques, anticitrullinated protein antibody (ACPA) and rheumatoid factor (RF) positivity, 
extra-articular RA manifestations, functional disability and hypothyroidism.(14 15) Recent 
studies reveal increased SMRs in AS, ranging from 1.6 to 1.9.(16–18) These studies report 
either death of circulatory origin or infection as the main cause of death in these patients.
(16–18) Compared with controls, patients with AS have an increased risk of vascular death 
and CVD events.(19–27) Dyslipidaemia,(27) increased prevalence of hypertension, (19 21 
22 28) diabetes mellitus(19 22 25) and increased carotid intima media thickness (cIMT) or 
atherosclerotic plaques(29–31) have all been reported in AS. Furthermore, an increased 
prevalence of (non-) atherosclerotic cardiac disease is reported in AS, such as aortic valve 
dysfunction and conduction disorders, but it is currently unknown whether and to what 
extent this affects CVD risk.(32 33) In PsA, reported SMRs range from 0.8 to 1.6.(17 34 35) 
Overall, patients with PsA are at an increased risk of CVD events; however, data on stroke 
are more conflicting.(34 36–38) Likewise, in PsA CVD risk seems to be influenced by an 
increased prevalence of CVD risk factors such as hypertension(37–40) and increased 
arterial stiffness.(41–43) B. The rheumatologist should ensure that CVD risk management is 
performed in patients with RA and other IJD. The responsibility for CVD risk management 
should be defined locally due to different healthcare systems and economic priorities in 
each country. Therefore, CVD risk management may include healthcare professionals other 
than rheumatologists. In clinical practice, it is not always clear who is taking responsibility 
for CVD risk assessment and management in patients with IJD and the task force therefore 
recommends that the treating rheumatologist should ensure that CVD risk assessment and 
management is being performed regularly, should record who is performing it and should 
make sure that the patient is aware of the need for regular risk assessment.
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C. The use of non-steroidal anti-inflammatory drugs (NSAIDs) and corticosteroids should be 
in accordance with treatmentspecific recommendations from EULAR and the Assessment 
of Spondyloarthritis International Society (ASAS).(44 45) NSAIDs and corticosteroids 
are commonly used for the treatment of IJD and these agents effectively lower disease 
activity and inflammation. However, both treatment options have been associated with 
an increased CVD risk.(46–48) As these medications are often indispensable in tackling 
disease activity in patients with IJD, the task force feels that theiruse should be evaluated 
on an individual patient level. Furthermore, lowering disease activity may have beneficial 
effects on the CVD risk. Therefore, the task force recommends to use NSAIDs and 
corticosteroids according to treatment-specific guidelines.

Recommendations

In line with the 2009 guidelines, we opted to give again 10 recommendations for 
CVD risk management. In total, three recommendations remained unchanged, six 
recommendations were altered and there is one new recommendation. One of the 2009 
recommendations (#1) was moved to the overarching principles as described previously. 
A list of the updated recommendations, including the levels of evidence with the strength 
of recommendation and the LOA based on voting by the task force, is shown in table 1. 
The recommendations follow a logical sequence, and they are not listed in sequence of 
importance. All recommendations are discussed in detail below. 

1. Disease activity should be controlled optimally in order to lower CVD risk in all 
patients with RA, AS or PsA (unchanged, LOA 9.1 (1.3)). In the previous recommendations 
from 2009, the importance of control of disease activity to lower CVD risk was emphasised. 
New evidence still portrays an association between higher cumulative inflammatory 
burden and increased CVD risk in RA.(49–54) Disease duration does not seem to affect CVD 
risk independently.(50) However, disease activity as well as the number and duration of 
flares over time do contribute to the risk of CVD.(49–52) There is now additional evidence 
showing a reduction of CVD risk in patients treated with disease-modifying antirheumatic 
drugs (DMARDs). Reducing inflammation is important in RA for CVD risk management, 
but the type of treatment may be less important. Conventional synthetic DMARDs 
(csDMARDs), in particular methotrexate (MTX), as well as biological DMARDs (bDMARDs), 
such as the TNF inhibitors (TNFi), are often associated with a significant reduction in CVD 
risk in patients with RA.(46 49 51 53 55–62) The CVD risk appears to decrease even further 
after long-term use.(53 56) Reduction of disease activity after treatment with tocilizumab 
or rituximab (RTX) shows a beneficial effect on cIMT, a surrogate marker for CVD, and CVD 
risk in a limited number of studies.(54 63–65) Beneficial effects of TNFi and MTX on arterial 
stiffness have also been described.(43 66–71) One study described a reduction in aortic 
inflammation and stiffness measured by 18F-FDG positron emission tomography-CT after 
TNFi treatment in patients  with RA.(72) For both AS and PsA, evidence for the association 
between inflammation and an enhanced CVD risk is less abundant compared with RA. In 
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view of shared pathogenic mechanisms, it is plausible that decreasing the inflammatory 
burden in AS and PsA will also have favourable effects on the CVD risk in these patients. 
Therefore, control of disease activity, as is routinely recommended, is expected to lower 
CVD risk for both AS and PsA. 

2. CVD risk assessment is recommended for all patients with RA, AS or PsA at least 
once every 5 years and should be reconsidered following major changes in antirheumatic 
therapy (changed, LOA 8.8 (1.1)). CVD risk assessment is recommended for all patients 
with RA, AS or PsA at least once every 5 years, so that lifestyle advice and CVD preventive 
treatment can be initiated when indicated. The advice to screen patients with IJD for 
CVD risk on a yearly basis has been changed to screening every 5 years, which is in line 
with the latest ESC guidelines.(7) Currently, there is noevidence that annual CVD risk 
assessment compared with 5-year risk assessment leads to a more significant reduction 
in CVD mortality or morbidity in patients with IJD. Depending on the CVD risk algorithm 
that is used for screening, patients can be  categorised as having low to moderate risk 
(eg, SCORE <5%), high risk (eg, SCORE ≥5% and <10%) and very high risk (eg, SCORE 
≥10%).(7) Once screened, patients with a low risk can be routinely screened again after 5 
years.  However, if the risk is intermediate rescreening may be done sooner, especially if 
disease progression is more rapid. Patients with a high risk or established CVD should be 
treated for all present CVD risk factors according to existing guidelines. A healthy lifestyle 
should be recommended to all persons, including patients with low and intermediate 
cardiovascular risk.(7) CVD risk evaluation should be reconsidered after major changes in 
antirheumatic therapy, that is, the initiation of bDMARDs or other drugs that may cause 
pronounced increases in low-density lipoprotein cholesterol (LDLc) or alter other CVD risk 
factors, so that doctors can act accordingly.(73 74) 

3. CVD risk assessment for patients with RA, AS or PsA should be performed according 
to national guidelines and the SCORE CVD risk prediction model should be used if no 
national guideline is available (unchanged, LOA 8.7 (2.1)). Evidence is scarce with regard 
to the validity of diseasespecific CVD risk prediction models to accurately predict risk in 
individual patients with RA, and it is therefore currently recommended to perform risk 
evaluation according to general population guidelines. Several novel and RA disease-
specific factors have been associated with an increased risk of CVD, but at present it is 
uncertain if these factors will meaningfully and costeffectively improve CVD risk prediction 
in patients with RA. 

4. Total cholesterol (TC) and high-density lipoprotein cholesterol (HDLc) should be 
used in CVD risk assessment in RA, AS and PsA and lipids should ideally be measured 
when disease activity is stable or in remission. Non-fasting lipids are perfectly acceptable 
(changed, LOA 8.8 (1.2)). The relationship between serum lipid levels and CVD risk is 
non-linear and potentially paradoxical in RA. Patients with RA with highly active disease 
generally have lower serum TC and LDLc levels compared with the general population, 
while their CVD risk is elevated.(73 75–78) As described in the 2009 recommendations, 
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these patients also have reduced serum levels of HDLc and higher levels of triglycerides 
as compared with healthy controls.(78–81) In general, controlling disease activity has 
widespread effects on the lipid profile. Treatment with TNFi and/or csDMARDs (mainly 
MTX) results in an overall increase of lipid components, but mostly HDLc, which improves 
the TC/ HDLc ratio.(79–93) A limited number of studies have reported beneficial effects of 
RTX and tocilizumab on individual lipid components.(64 94 95) However, the net effect 
of treatment with these agents is an overall increase of individual lipid components 
without changes in TC/HDLc ratio.(54 96–101) The same appears to be true for tofacitinib.
(100) Still, statins are effective at reducing lipid levels in tocilizumab or tofacitinib-treated 
patients with sustained elevations of TC and LDLc.(99 100) As described in the 2009 
recommendations, the TC/HDLc ratio is a better CVD risk predictor in RA than individual 
lipid components.(78 102) From a practical point of view, both TC and HDLc can be used 
when using online calculators. As lipid components appear to be modifiable by disease 
activity and anti-inflammatory therapy, assessment of the lipid profile should preferably 
be done when a patient has stable disease or is in remission. Finally, measurement of 
TC and HDLc are perfectly acceptable in non-fasting state, as noted in the recent 2016 
European Guidelines on CVD prevention in clinical practice: prevention guidelines.(7)

5. CVD risk prediction models should be adapted for patients with RA by a 1.5 
multiplication factor, if this is not  already included in the risk algorithm (changed, LOA 
7.5 (2.2)). The SCORE risk calculator is recommended for CVD risk prediction in the general 
population by the ESC guidelines.(103)  However, CVD risk prediction models developed 
for the general population do not include non-traditional CVD risk factors and hence 
there is a possibility of underestimation of future CVD if these models are applied in 
patients with RA. It is indeed reported that several CVD prediction models inaccurately 
predict the risk of CVD in patients with RA.(8 104 105) The 2009 EULAR recommendations 
for CVD risk management suggested a multiplication factor of 1.5 to the calculated total 
CVD risk if the patient fulfilled certain disease-specific criteria (ie, disease duration of >10 
years, RF or ACPA positivity and the presence of certain extra-articular manifestations).(4)
It has been argued that the application of this multiplication factor does not reclassify as 
many patients as was expected into a more appropriate risk category.(9 106) In addition, 
QRESEARCH Cardiovascular Risk Algorithm (QRisk) 2, a CVD risk prediction model that 
includes RA as a risk factor with a multiplication factor of 1.4 for all patients with RA,(107) 
tended to overestimate the CVD risk in patients with RA. QRISK 2 estimates the risk of fatal 
and non-fatal CVD combined.(8) Currently, there are no alternative CVD risk prediction 
models with a proven accuracy and superiority for patients with IJD. Based on all recent 
epidemiology, this multiplication factor is still the most evidence-based way of estimating 
CVD risk in patients with RA. Therefore, the use of an RA-adapted risk prediction model 
is recommended over the use of an unadapted general population model, since there is 
a higher level of evidence on their predictive value. Based on this, the EULAR task force 
still recommends to adapt general population CVD risk algorithms (except for QRISK 2, in 
which the multiplication factor is intrinsic to the algorithm) with a 1.5 multiplication factor 
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for all patients with RA. In contrast to the 2009 recommendations, the presence of certain 
RA-specific criteria is not mandatory anymore for the application of this multiplication 
factor, as evidence on the increased CVD risk in patients who are in the early stages of RA, 
patients with a recent RA diagnosis and patients without extra-articular manifestations.
(108 109) 

6. Screening for asymptomatic atherosclerotic plaques by use of carotid ultrasound 
may be considered as part of the CVD risk evaluation in patients with RA (new, LOA 5.7 
(3.9)). The presence of carotid plaques is associated with poor CVD-free survival and is 
strongly linked to future acute coronary syndrome (ACS) in patients with RA, with a rate 
of ACS of 1.1 (95% CI 0.6 to 1.7) per 100 person-years ( pyrs) for patients with RA with no 
carotid plaques and 4.3 (95% CI 2.9 to 6.3) per 100 pyrs for those with bilateral plaques.(66 
110) RA-specific factors contribute to the presence of carotid atherosclerosis in addition to 
traditional CVD risk factors.(111) Disease duration and disease activity have been shown 
to be associated with plaque size and vulnerability in patients with RA.(112 113) The most 
recent ESC Guidelines on CVD prevention in clinical practice recommend considering 
screening for carotid artery atherosclerosis in patients with moderate CVD risk (class: 
IIa, level of evidence: B, GRADE: strong).(7) Autoimmune diseases like RA, systemic lupus 
erythematosus and psoriasis were acknowledged as diseases with increased CVD risk.
(7) Due to the high pretest probability for detection of carotid artery plaques by use 
of ultrasound in patients with RA, and the clinical consequence ofindication for statin 
treatment if a carotid plaque is present, this procedure could be of additional value for 
CVD risk evaluation. Ultrasound of the carotid arteries to identify atherosclerosis has been 
shown to reclassify a considerable proportion of patients with RA into a more appropriate 
CVD risk group in accordance with current guidelines.(114) 

7. Lifestyle recommendations should emphasise the benefits of  a healthy diet, regular 
exercise and smoking cessation (changed, LOA 9.8 (0.3)). Since the 2009 recommendations, 
no new strong evidence has emerged on the role of smoking on CVD risk in IJD and hence 
this recommendation remains unchanged. Thus, patients should be advised to stop 
smoking and directed towards the locally defined evidence-based smoking cessation 
programmes, even if they have failed previously. The 2009 recommendations did not 
discuss diet or exercise, but it was mentioned in the research agenda.(4) Research on the role 
of exercise in RA management has advanced considerably since 2009. Physical inactivity 
is common in patients with RA, and has been associated with an adverse CVD risk profile.
(115–117) There is accumulating data that structured exercise therapy has beneficial CVD 
effects in patients with RA, at least in the short and medium term.(118–120) Exercise has 
been shown to reduce long-term inflammation in epidemiological studies conducted 
in the general population and increased physical activity was associated with lower 
levels of C reactive protein (CRP).(121) This has also been demonstrated in a study with 
patients with RA in which a 6-month exercise programme lowered CRP levels, probably 
related to a reduction in body fat.(118) Moreover, improvements in both microvascular 
and macrovascular function were found after 3 months of exercise in RA.(120) To date, 
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no studies have shown any adverse effects as a result of exercise.(119) Hence, in RA, high-
intensity exercise is not contraindicated and should be encouraged in those already 
accustomed to activity. Physical activity that is enjoyable is more likely to be sustained. A 
Mediterranean diet is characterised by a high consumption of fruit, vegetables, legumes 
and cereals, and contains less red meat and more fish compared with common Western 
diets. Olive oil or vegetable oil is the primary source of fat intake. This diet has been shown 
to be associated with a reduced incidence of major CVD events in the general population.
(122) In RA, the positive effect of a Mediterranean diet may be mediated by the effect of 
this diet on disease activity.(123) However, there is no specific evidence available on the 
effect of dietary modifications on CVD risk in patients with IJD. Therefore, we recommend 
national guidelines regarding a healthy diet as part of a healthy lifestyle as discussed 
below. An important issue remaining is how lifestyle interventions should be advocated 
to patients with IJD. Studies in this field demonstrate that if information is provided, this 
should be linked to behavioural education.(124) A randomised controlled trial in patients 
with RA evaluated the effect of cognitive behavioural patient education with regard to 
modifiable CVD risk factors in people with RA: patients receiving this intervention had 
more knowledge, and improved behavioural intentions, however, actual behaviour did 
not differ between groups.(125) Obviously, this area is in need of more research.

8. CVD risk management should be carried out according to national guidelines in 
RA, AS or PsA, antihypertensives and statins may be used as in the general population 
(changed, LOA 9.2 (1.3)). Hypertension is a major modifiable risk factor contributing to  
increased CVD risk in IJD.(126–128) Several mechanisms may lead to the development of 
hypertension, including the use of certain antirheumatic drugs such as corticosteroids, 
NSAIDs, ciclosporin and leflunomide.(129–132) It is important to realise that hypertension 
seems to be both underdiagnosed and undertreated in patients with RA.(127) For the 
management of hypertension and hyperlipidaemia, there is no evidence that treatment 
thresholds should differ in patients with IJD compared with the general population. In 
the past years, no new evidence has emerged that ACE inhibitors and angiotensin II 
(ATII) receptor blockers should be the preferred treatment choice for hypertension in 
patients with RA. Therefore, the previous treatment preferences for ACE inhibitors and ATII 
receptor blockers have been omitted. Since the 2009 recommendations, several studies 
have assessed the efficacy of statins in patients with RA. Statins appeared to be at least 
as effective in reducing cholesterol levels, atherosclerotic burden and CVD morbidity 
and mortality, and they do not have more adverse reactions in patients with RA when 
compared with non-RA controls.(77 133–139) In addition, statins have anti-inflammatory 
properties that may result in an even greater CVD risk reduction when combined with 
anti-inflammatory therapy in RA, but studies on this effect are scarce.(140–142) A few 
preclinical studies found unfavourable effects of statins on RTX efficacy in patients with 
haematological malignancies.(143 144) However, several clinical studies showed no 
significant differences in outcome between statin users and non-users receiving RTX 
treatment for a haematological malignancy.(145–148) Clinical trials investigating this 
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issue in RA are scarce. Three clinical studies in RA found no adverse effect of statins on 
RTX efficacy.(149–151) Only one observational study reported a significant difference 
in disease activity 6 months after first RTX treatment in statin users as compared with 
non-users, but this finding was borderline significant (p=0.049) in a small sample size of 
statin-exposed patients (n=23 exposed vs n=164 non-exposed).(152) Obviously, further 
research is necessary to address this issue properly. 

9. Prescription of NSAIDs in RA and PsA should be given with caution, especially for 
patients with documented CVD or in the presence of CVD risk factors (changed, LOA 8.9 
(2.1)). The 2009 recommendations advocate that NSAIDs should be used with caution in 
this population or may even be  contraindicated. (4 153 154) Since the publication of the 
former recommendations, new evidence has emerged on the role of cyclooxygenase-2 
inhibitors (COXIBs) and non-selective NSAIDs in CVD risk. A recent meta-analysis 
concluded that, overall, both non-selective NSAIDs and COXIBs have adverse effects on 
CVD outcomes in patients with RA and PsA.(46) However, the increased CVD risk was 
mainly observed for rofecoxib, which was withdrawn from the market in 2004.There is 
evidence that NSAIDs might increase CVD risk in RA to a lesser extent in comparison to 
the general population than was previously thought.(48) Hence, there is no evidence to 
be stricter with NSAID treatment in patients with RA than what is recommended in the 
national guidelines for patients with no RA. Safety data regarding the use of NSAIDs in 
patients with IJD and prevalent CVD comorbidities are lacking. Naproxen seems to have 
the safest CVD risk profile.(46 48) In general, diclofenac is contraindicated in patients with 
established congestive heart failure (NYHA class II–IV), ischaemic heart disease, peripheral 
arterial disease or cerebrovascular disease, and new evidence supports similar restrictions 
for ibuprofen use.(153 154) For patients with AS, NSAIDs are recommended as first-line 
drug treatment by the ASAS/EULAR group in the recommendations for the management 
of pain and stiffness in patients with AS, and an individual clinical evaluation regarding 
NSAIDs use in patients with AS with established CVD is therefore needed.(155) 

10. Corticosteroids: for prolonged treatment, the glucocorticoid dosage should 
be kept to a minimum, and a glucocorticoid taper should be attempted in case of 
remission or low disease activity; the reasons to continue glucocorticoid therapy should 
be regularly checked (unchanged, LOA 9.5 (0.7)). Corticosteroids rapidly and effectively 
reduce inflammation in RA, but they have also been associated with an increased CVD 
risk, although the literature shows conflicting results. Since the 2009 recommendations, 
new studies have found a dosedependent and duration-dependent increase in CVD 
risk associated with corticosteroid use in RA.(47 156 157) A relatively high daily dose (ie, 
already starting from 8 to 15 mg/day), a high cumulative dose and a longer exposure 
to corticosteroids (in years) appear to be associated with a higher CVD risk.(47 156–
158) Some authors argued that this increased CVD risk was confounded by indication, 
as it was no longer significant after correction for disease activity.(53 159–161) On the 
contrary, other studies that had corrected for disease activity still found a (cumulative) 
dose-dependent and duration-dependent increase in CVD-related morbidity and 
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mortality in patients with RA.(47 156) However, this does not mean that confounding 
by indication has been completely addressed and this is a major limitation of all safety 
studies on corticosteroids. There is no conclusive evidence about the long-term effects of 
corticosteroids, particularly in low daily dosage, on safety outcomes including CVD events 
in RA. In patients with active disease, the benefit of reducing high-grade inflammation may 
counteract the adverse CVD effects of corticosteroid use by reduction of inflammation and 
by improving mobility. In other words, steroids may help to abrogate the harmful effect 
of inflammation on the cardiovascular system, but they will still carry their own adverse 
effects on CVD risk. Altogether, from a CVD prevention point of view, the lowest effective 
dose of corticosteroids should be prescribed for the shortest possible duration in the 
treatment of active IJD. This recommendation is in line with the EULAR recommendations 
on management of glucocorticoid therapy.(44)

Discussion

The 2015 update of the 2009 EULAR recommendations for CVD risk management in IJD 
comprises 3 overarching principles and 10 recommendations. The first overarching principle 
reinforces and extends the evidence of an increased CVD risk in IJD. The second principle 
indicates the responsibility of the rheumatologist for coordinating CVD risk management 
in patients with IJD, whereas the last principle aims to put this recommendation update 
more in line with other (EULAR) recommendations. CVD risk assessment in IJD Presently, 
the enhanced CVD risk in RA, but also in AS and PsA, is widely acknowledged. Thus far, 
fully validated RA-specific CVD risk prediction models that both improve on general 
population models and are cost-effective are lacking, although multiple attempts have 
been made.(8 105 162) Some even question the need for a disease-specific CVD risk 
prediction model for RA, although existing models inaccurately estimate the CVD risk in 
these patients.(8 9) In 2009, this led to the addition of a 1.5 multiplication factor for the 
calculated CVD risk in patients with RA if certain disease characteristics were present.(4) 
Meanwhile, alternative approaches have also been advocated, for example, to increase 
the age of a patient with RA by 15 years(163) or adding a multiplication factor of 1.4.(3) 
Currently, it is unknown what approach would be most appropriate. In the light of this, the 
task force opted to retain the 1.5 multiplication factor to correct for the increased CVD risk 
in patients with RA compared with the general population. However, considering that the 
CVD risk is already increased in early disease or at disease onset and in patients without 
extraarticular manifestations, the three disease-specific criteria for the application of this 
multiplication factor were removed. This makes the estimation of CVD risk in patients 
with RA easier and therefore more feasible for daily clinical practice. As no conclusive 
evidence has emerged regarding the precise CVD risk in patients with AS and PsA, the 
task force opted not to include a multiplication factor for these diseases. In line with the 
ESC Guidelines, the recommendation to perform CVD risk assessment was extended to 
once every 5 years for patients found to be at low-to-moderate cardiovascular risk as 
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there is no evidence that CVD risk assessment every year for IJD reduces CVD risk more 
than screening every 5 years.(164) In patients with an intermediate risk for CVD, screening 
should be performed more often. Patients at high to very high cardiovascular risk should 
promptly be treated for existing CVD risk factors. The new recommendation (#6) includes 
the option of screening for carotid plaques in patients with RA as a tool for CVD risk 
assessment, because carotid plaques are associated with future ACS in  patients with RA. 
Whether routine screening of the carotid arteries is possible in daily clinical practice will 
depend on local availability. The LOA of 5.7 (3.9) for recommendation #6 possibly indicates 
the absence of evidence for routine screening of the carotid arteries in general. CVD risk 
reduction in IJD Just as in the 2009 recommendations, the importance of optimal anti-
inflammatory therapy for CVD risk reduction in RA is emphasised in this update. There 
is accumulating evidence that decreasing the inflammatory burden in RA translates into 
a lower CVD risk. As inflammation is related to CVD risk in all IJD, we extrapolated this 
recommendation to AS and PsA, although further evidence for these types of IJD would 
be valuable. Equally important is the treatment of traditional CVD risk factors that are 
present in these patients according to national guidelines.(128) However, awareness 
of some issues when performing risk estimation and management in patients with IJD 
is important. Active disease of IJD is associated with reduced lipid levels that increase 
(ie, normalise) during effective anti-inflammatory treatment. Biologics have the most 
pronounced lipid increasing effect, which has led to mandatory lipid assessment during 
treatment with tocilizumab.(100) However, it is also important to realise that the anti-
atherogenic properties of HDLc improve during biologic treatment.(94 95) Therefore, it is 
important to assess the net effect of lipid modulation by  biologics. Currently, the effect of 
these changes on CVD outcomes is not known. In addition, awareness of possible adverse 
effects of certain medications such as NSAIDs and corticosteroids has been emphasised. 
Except for smoking cessation, lifestyle recommendations were not given in our previous 
guideline. Since then accumulating data demonstrate that regular physical activity has 
beneficial CVD effects in patients with RA and hence this has been incorporated in the 
updated recommendations. In addition, favourable CVD effects have also been observed 
with a Mediterranean diet, although a formal study in patients with IJD has not yet been 
conducted. As it is not likely that the effectof diet would be different in patients with IJD 
than in the general population, we also added this in our lifestyle recommendation. 

Conclusion

In general, the LOA for the recommendations was (very) high, except for recommendations 
#5 (LOA 7.5) and #6 (LOA 5.7). As in 2009, the level of evidence was moderate for most of 
the recommendations. Several important questions which arose during the development 
of these recommendations remain unanswered. These questions have been put on the 
research agenda (box 1). The 2015/2016 update of the EULAR recommendations for CVD 
risk management in patients with RA and other forms of IJD confirms and further extends 
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the evidence of an increased CVD risk in the whole spectrum of IJD and reinforces the need 
for proper CVD risk management in these patients. As these updated recommendations are 
based on a pan-European consensus, it is hoped that they will facilitate CVD risk management 
in daily clinical practice, ultimately leading to a decreased CVD burden in our patients.

Research Agenda

1. Can we make adjustments to the current CVD risk models to improve estimation of 
CVD risk in patients with IJD?

2. How high is the CVD risk in patients with spondyloarthropathies or non-radiographic 
axial SpA compared with the general population?

3. What is the benefit/risk ratio of intensive anti-inflammatory therapy on CVD risk in 
patients with IJD?

4. Is the increased CVD risk in patients with spondyloarthropathies independent of 
traditional risk factors and what is the association between CVD risk and inflammation 
in spondyloarthropathies?

5. Is there an increased prevalence of cardiac abnormalities, including aortic valve 
dysfunction and conduction disorders in patients with spondyloarthropathies and 
how does this affect overall CVD risk?

6. How does treatment with NSAIDs affect the CVD risk in patients with IJD, in particular 
patients with AS?

7. Should we treat patients with AS continuously or intermittently with NSAIDs from a 
CVD point of view?

8. Should treatment targets for blood pressure and lipids be different in patients with 
IJD from the general population?

9. What is the effect of different modes of action of antirheumatic drugs on CVD risk?
10. What is the relationship between residual disease activity and CVD risk in patients 

with RA on stable DMARD therapy?
11. Is there additional value in measuring lipid subparticles in patients with IJD for 

estimation of CVD risk?
12. What is the added value of ultrasound of the carotid arteries to measure cIMT and 

reveal presence of atherosclerotic plaques in patients with IJD regarding CVD risk 
estimation and in which (sub) population should we conduct this?

13. What is the additional value of novel biomarkers for CVD risk prediction?
14. What is the best technique for implementing lifestyle changes and education in 

patients with IJD?
15. Health economics. Are interventions cost-effective in terms of reducing the number 

of fatal and non-fatal CVD events?
16. Is the prevalence of venous thrombotic events in patients with IJD increased? If so, 

what are the underlying mechanisms?
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In this thesis several areas of cardiovascular disease in AS were investigated. With new 
imaging techniques we investigated the effect of inflammation on cardiac fibrosis and 
vascular stiffness. Furthermore, the effect of anti-inflammatory treatment on diastolic 
left ventricular function and lipid profile was studied. We also present the new EULAR 
cardiovascular risk management guidelines emphasizing the importance of suppressing 
inflammation and optimal cardiovascular risk management. 

Cardiac involvement in Ankylosing Spondylitis

In our systematic review (of the limited data available) we saw that several echocardiography 
studies show an increased prevalence of diastolic left ventricular dysfunction in patients 
with AS compared to control groups (Chapter 2). In Chapter 3 and 4 we explored these 
possible causes with cardiovascular magnetic resonance imaging (CMR), currently the 
gold standard to visualize cardiac tissue. We performed an explorative study in AS patients 
without a history of cardiac disease that had advanced diastolic left ventricular dysfunction 
(grade II) established with echocardiography. Among the included patients, 20% showed 
signs of focal fibrosis on CMR. Furthermore, quantitative measurements of the myocardial 
tissue with myocardial extracellular volume showed a relationship with inflammation. 
These findings suggest an effect of AS disease activity or inflammation on myocardial 
tissue, likely contributing to, or even causing, diastolic left ventricular dysfunction. In the 
same patient group, we saw that overall pulse wave velocity, as a measure of vascular 
stiffness, was increased in AS patients compared to controls (Chapter 4). This is important, 
as aortic stiffness is an independent predictor of vascular morbidity and mortality in the 
general population. Henceforth, vascular stiffness may lead to hypertension and increased 
systolic load, resulting in impaired systolic and diastolic left ventricular function. 

With inflammation presumed as the main cause of diastolic left ventricular dysfunction in 
AS, we investigated the effects of decreasing the inflammatory load with TNF-α blocking 
treatment on diastolic left ventricular function (Chapter 5). We found an improvement 
of diastolic left ventricular dysfunction during treatment with TNF-α blockers in several 
patients. This might be an additional argument to administer these drugs in an early 
stage or proceed with the treatment for longer periods of time in order to decrease the 
cumulative inflammatory burden over the years. When looking at the general patient 
population with diastolic heart failure it is tempting to speculate that anti-inflammatory 
medication might be a novel therapeutic option for patients with diastolic heart failure, 
warranting further and adequate trial investigation. Investigating TNF-α blocking therapy 
in heart failure of diastolic origin patients is important as no therapy has been proven 
successful thus far.
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Cardiovascular disease and risk management in rheumatic 
diseases

Prevention strategies are important to decrease cardiovascular morbidity, and ultimately, 
mortality. Cardiovascular risk management has been widely adopted in the Netherlands. 
The Dutch Cardiovascular Guidelines notably mentions Rheumatoid Arthritis, another 
inflammatory joint disease, as a condition for which cardiovascular risk management is 
necessary, and advices to add 15 years to all Rheumatoid Arthritis patients when calculating 
the cardiovascular risk. For AS however, it is unknown whether or not a multiplication 
factor should be used when calculating cardiovascular risk, as the precise magnitude of 
the cardiovascular burden in AS is still not clearly identified. However, we do know that 
the overall cardiovascular risk in AS is increased and therefore proper cardiovascular risk 
management is of the upmost importance in these patients. 

Unfortunately, cardiovascular risk management appears to be difficult to implement 
in daily clinical practice, as we demonstrated in a study where 254 AS patients were 
included (Chapter 7). We found that in three-quarters of AS patients who should 
receive cardiovascular risk reductive treatment, treatment goals were not achieved. 
These observations illustrate the importance of better awareness for cardiovascular risk 
management in AS, and the need for more practical guidelines to be used in daily practice. 
One of the most accessible and modifiable parameters of cardiovascular risk management 
is the lipid profile, which was investigated in Chapter 8. 

This study showed that the lipid profile in patients with AS is altered compared to the 
general population, with lower total cholesterol levels in patients with high inflammation. 
Instead of high cholesterol levels, normally associated with increased cardiovascular risk, 
low total cholesterol in inflammatory disease is associated with increased cardiovascular 
risk. In our study, anti-inflammatory treatment with TNF-α blockers decreased inflammation 
and normalized these lipid levels. These altered cholesterol levels in AS patients need to 
be considered when initiating cardiovascular risk management, as in patients with active 
disease having with high inflammatory markers, cholesterol levels may be incorrectly 
interpreted as being normal during high disease activity. We advise to use the total 
cholesterol-high density cholesterol ratio for cardiovascular risk management as it was 
the most stable lipid parameter during treatment. 

As shown, inflammation in AS affects the myocardium, the vascular system and the lipid 
profile. Over the years, it has become evident that AS patients also have an increased risk 
for conduction disorders. Possible is that inflammatory activity leads to damage of the 
conduction system. From this view point, one may also expect a higher prevalence of 
conduction disorders in other inflammatory arthritis. Contrary to our expectations, we 
did not find an increased prevalence of conduction disorders in inflammatory arthritis 
patients (Chapter 6). It suggests that there is a limited, or even no effect of inflammation on 
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the conduction system. This indicates that other mechanisms, such as a more local fibrosis 
of the conduction system, possibly HLA-B27 related, might be responsible. With a higher 
prevalence of conduction disorders in AS, we advocate to use regular electrocardiographic 
screening in AS patients. Furthermore continuous investigation is required to determine 
whether there is a specific AS phenotype that is at risk for conduction disorders. 

Preventing cardiovascular complications is important when trying to decrease 
cardiovascular morbidity and mortality. Our final chapter, Chapter 9, concerns the 
updated EULAR guidelines on cardiovascular risk management in inflammatory diseases, 
including AS. Cardiovascular screening was advised every five years for patients with AS, 
and should be implemented according to existing local guidelines. The main objective is 
to controlling the disease activity in order to decrease cardiovascular risk in AS. 

Future research

The whole cardiovascular system is affected in AS. However, only through ongoing 
research and their results can additional information be obtained on the exact prevalence 
of cardiovascular complications and specific cardiac manifestations such as aortic valve 
dysfunction and conduction disorders. Once this information is attained, screening and 
prevention strategies can be developed, and treatment initiated. For this reason we 
started the CArdiac Disease in Ankylosing Spondylitis (CARDAS) study in 2012, an ongoing 
study to investigate the prevalence of cardiac manifestations with echocardiography 
and electrocardiography in AS patients older than 50 years. Preliminary data of the first 
169 included AS patients indicate that the heart is affected in the majority of older AS 
patients, with over 45% having diastolic left ventricular dysfunction and 12% having 
aortic insufficiency which is almost double compared to literature studies of the general 
population. Overall, 70% of the included AS patients had at least one cardiac abnormality. 
All these patients were asymptomatic which meant that they should be categorized 
according to the prevalence of asymptomatic cardiac abnormalities in general population 
before we can recommend routine echocardiographic screening in AS patients. Currently, 
matched healthy controls are included in the CARDAS study for this goal.

Only when the precise prevalence of AS-related cardiac abnormalities such as aortic valve 
dysfunction has been clarified, screening and treatment strategies can be developed. Firstly, 
treatment of AS disease activity should be optimized as treatment of disease is the most 
important way to decrease cardiovascular risk. Secondly, prevention strategies need to 
be implemented and possibly the commencement of screening programs. Consequently, 
general and specific cardiovascular risk management guidelines should be continuously 
updated. To ensure proper initiation of cardiovascular risk management, studies need to 
be performed to take into account the pros and cons of cardiovascular risk management. 
Furthermore, studies on anti-inflammatory treatment with TNF-α blockers in AS, along 
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with other rheumatic or inflammatory diseases, should be performed to determine 
possible positive effect of this treatment on diastolic left ventricular dysfunction.

Several major research topics need to be addressed in the near future:

• The risk of ischemic events in AS needs to be evaluated and correctly classified in 
accordance with Rheumatoid Arthritis and Diabetes Mellitus in order to adjust 
cardiovascular risk management for AS. Therefore, setting up or combining large 
international datasets is recommended. When the cardiovascular risk for AS patients 
has been properly identified,  then is it possible to create a cardiovascular risk 
screening tool specifically tailored for the AS patient. AS can be implemented properly 
in existing cardiovascular risk screening tool, possibly by use of a multiplication factor 
for the calculation of cardiovascular risk.

• Imaging studies of the heart in AS should be performed in order to evaluate 
the scope of cardiac manifestations in AS patients. If an increased prevalence of 
cardiac manifestations in AS is confirmed, regular echocardiography screening 
of all AS patients should be considered. Risk factors of developing AS related 
cardiac manifestations should be evaluated, in order to classify the AS patient with 
the highest risk of AS cardiac manifestations, by doing so reducing the burden of 
echocardiography screening. 

• Clinical trials should be initiated to compare the effects of various anti-inflammatory 
treatment on the cardiac function. This requires cooperation among specialists 
in the areas of cardiology and rheumatology. Proper medical treatment could 
lead to a decrease in congestive heart failure in patients with rheumatic diseases. 
Simultaneously, these trials may lead to new insights in the pathogenesis of 
congestive heart failure. Of special interest will be the effects of anti-inflammatory 
treatment on patients with heart failure with preserved ejection fraction, as trials with 
TNF-α blockers in patent heart failure with reduced ejection fraction have failed.

Conclusion

It is clear that the cardiovascular burden in AS patients is nowadays still high, despite 
the more effective anti-rheumatic treatment. Proper initiation and optimization of 
cardiovascular risk management according to guidelines is therefore very important. 
But whether or not this leads to reduction of cardiovascular morbidity and mortality in 
AS, remains to be established. Given the increased prevalence of diastolic left ventricular 
dysfunction, aortic valve insufficiency and conduction disorders it remains to be established 
whether or not incorporating routine electrocardiography and echocardiography leads to 
a further decrease of the cardiovascular risk in our patients.
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Hart- en vaatziekten bij reumatische ziekten – Focus op de hartfunctie bij de ziekte van 
Bechterew

Achtergrond

De ziekte van Bechterew is een reumatische ontstekingsziekte die voorkomt bij ongeveer 
0,9% van de bevolking en behoort tot de ziektegroep spondylarthropathiën. Met 
name de wervelkolom en de heiligbeengewrichten worden bij deze ziekte aangedaan, 
maar ook andere gewrichten kunnen worden aangetast. Progressie van de ziekte kan 
leiden tot verkromming en verstijving van de wervelkolom, de zogeheten “bamboe-
wervelkolom”. Naast het bewegingsapparaat kunnen ook ander problemen ontstaan, 
zoals  oogontstekingen (uveitis), darmontstekingen en hart- en vaatziekten. 

Bij reumatische aandoeningen, waaronder de ziekte van Bechterew, komen hart- en 
vaatziekten vaker voor dan in de gewone bevolking. Deze verhoogde prevalentie en 
incidentie leidt tot een verhoogde morbiditeit en een kortere levensverwachting. 
Pathofysiologisch is ontsteking de meest waarschijnlijke oorzaak voor deze hoge 
prevalentie hart- en vaatziekten door een versnelling van atherosclerose (“aderverkalking”). 
Verder is het sinds enkele decennia bekend dat er specifiek bij de ziekte van Bechterew 
een aantal hartaandoeningen vaker voorkomen, waaronder een lekkende aortaklep en 
geleidingsstoornissen. Helaas is ondanks de ontwikkeling van sterke ontstekingsremmende 
medicijnen de levensverwachting van Bechterewpatiënten nog altijd lager dan in de 
gewone bevolking. 

Behandeling van de ziekte van Bechterew bestaat enerzijds uit beweging en fysiotherapie, 
anderzijds uit ontstekingsremmende pijnstillers zoals bijvoorbeeld naproxen. Bij 
onvoldoende effect van deze therapie kan worden gestart met biologicals, zoals anti-TNF 
medicatie. Anti-TNF medicatie blokkeert het ontstekingseiwit tumor necrosis factor alfa. 
De gedachte is dat het remmen van ontsteking zou kunnen leiden tot een vermindering 
van de incidentie van hart- en vaatziekten. De onderzoeken in dit proefschrift zijn 
opgezet om meer inzicht te verkrijgen in de functie van het hart en het effect van anti-
TNF medicatie op het hart- en vaatstelsel bij patiënten met de ziekte van Bechterew. Er 
is tevens  een hoofdstuk over de nieuwste Europese EULAR richtlijn voor de behandeling 
van hart- en vaatziekten bij reumatische aandoeningen. 

Hartaandoeningen bij de ziekte van Bechterew

In hoofdstuk 2, 3 en 5 worden verschillende aspecten van de diastolische hartfunctie belicht. 
De diastolische hartfunctie is de fase van de hartcyclus waarin het hart zich ontspant en 
met bloed vult. Deze fase volgt op de systolische fase, waarin de hartspier samenknijpt 
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en bloed het lichaam in pompt. Voor een goede diastolische hartfunctie is een soepele 
hartspier essentieel. Bij ontstekingsziekten, zoals de ziekte van Bechterew, wordt de 
hartspier steeds stijver en neemt de diastolische functie af. Hierdoor kan het hart minder 
goed bloed rondpompen en kan bij progressie van de diastolische dysfunctie hartfalen 
ontstaan. In een overzicht van alle echografische studies tot nu toe naar diastolische 
dysfunctie bij de ziekte van Bechterew zien we dat deze aandoening  inderdaad vaker 
voorkomt bij de ziekte van Bechterew dan in de gewone bevolking. Met een  MRI  van 
het hart hebben we in Bechterewpatiënten met diastolische dysfunctie het hartweefsel 
verder onderzocht en zagen we dat er een relatie was tussen ontsteking en de mate 
van littekenvorming van het hart. Een toegenomen littekenvorming zou een verklaring 
kunnen zijn voor de toegenomen diastolische dysfunctie bij Bechterewpatiënten. 
Om te zien of het remmen van de ontsteking een effect had op de diastolische functie 
behandelden we 40 Bechterewpatiënten met anti TNF medicatie. Bij deze studie zagen 
we dat in twee-derde van de patiënten met een abnormale diastolische functie deze 
verbeterde of normaliseerde. 

Ontsteking heeft, naast een effect op de hartspier, ook een direct effect op de bloedvaten, 
met een verstijving van de bloedvaten en een versnelling van aderverkalking tot gevolg. 
Patiënten met stijve bloedvaten hebben een hogere kans op bijvoorbeeld een hartinfarct. 
In de MRI studie werd gezien dat bij Bechterewpatiënten de bloedvaten stijver waren 
dan bij gezonde mensen. Deze stijvere bloedvaten kunnen ook leiden tot een hogere 
bloeddruk en tot een verminderde diastolische functie van het hart. 

Om hart- en vaatziekten bij Bechterewpatiënten te voorkomen moet allereerst de 
oorzaak van de hogere kans op hart- en vaatziekten (ontsteking) weggenomen 
worden. De behandeling van de ziekte zelf moet dus geoptimaliseerd worden, waarbij 
ontsteking zo veel mogelijk moet worden geremd. Daarnaast moet er extra aandacht zijn 
voor de behandeling van risicofactoren op hart- en vaatziekten zoals roken, een hoge 
bloeddruk en een verhoogd cholesterolgehalte in het bloed. In hoofdstuk 7 zien we 
dat in twee-derde van de Bechterewpatiënten met een hoge ziekteactiviteit, patiënten 
die een behandeling zouden moeten krijgen voor een te hoge bloeddruk of te hoge 
cholesterolwaarden niet de streefwaarden van bloeddruk of cholesterol halen. Er valt dus 
winst te behalen in het optimaal behandelen van deze risicofactoren. In hoofdstuk 8 is 
onderzocht wat voor effect het onderdrukken van ontsteking met anti-TNF medicijnen 
hebben op het cholesterolniveau. Wanneer ontsteking wordt onderdrukt verbeteren de 
cholesterolwaarden. De verbetering van cholesterolwaarden zien we niet bij patiënten 
die wel behandeld worden maar waarbij de ontstekingswaarden al laag waren of deze 
niet veranderden onder behandeling.

Naast het vaker voorkomen van een abnormale diastolische pompfunctie van het hart, 
zijn jaren geleden het vaker voorkomen van geleidingsstoornissen bij de ziekte van 
Bechterew beschreven. Een gestoorde geleiding van de elektrische signalen in het hart 
kan leiden tot ritmestoornissen. Als oorzaak hiervan wordt gedacht dat ontsteking 
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zou kunnen leiden tot littekenvorming in het geleidingssysteem. Om te zien welke 
invloed ontsteking heeft op dit geleidingsysteem is bij reumapatiënten met hoge 
ontstekingswaarden gekeken welke invloed ontstekingsremmende medicijnen hadden 
(hoofdstuk 6). In tegenstelling tot bij Bechterewpatiënten werd bij reumapatiënten geen 
verhoogd risico op geleidingsstoornissen gevonden. Mogelijk zijn er bij de ziekte van 
Bechterew andere mechanismen verantwoordelijk voor het ontstaan van problemen 
in het geleidingssysteem, zoals bijvoorbeeld meer lokale schade als gevolg van de 
genetische kwetsbaarheid. 

Om te zorgen voor een adequate behandeling van risicofactoren op hart- en vaatziekten 
zijn er in 2010 Europese EULAR richtlijnen verschenen waarin adviezen worden 
gegeven voor het behandelen van de risicofactoren op hart- en vaatziekten specifiek bij 
reumatische aandoeningen. In hoofdstuk 9 staat de nieuwste versie van deze richtlijn uit 
2016. De belangrijkste pijlers voor het behandelen van het risico op hart- en vaatziekten 
bij de ziekte van Bechterew zijn het adequaat behandelen van de ziekte zelf en daarmee 
het onderdrukken van ontsteking, en het elke vijf jaar screenen op risicofactoren.  

Toekomstig onderzoek

Om het risico van hart- en vaatziekten bij de ziekte van Bechterew goed te kunnen inschatten 
zijn we in 2012 gestart met een onderzoek naar de prevalentie van Bechterew gerelateerde 
hartafwijkingen (CARDAS-studie). In deze studie wordt er bij Bechterew patiënten tussen 
50 en 75 jaar een hartecho verricht. Uit de eerste resultaten bleek dat bijna de helft van 
alle onderzochte patiënten (45%) een vorm van diastolische dysfunctie heeft en in totaal 
meer dan 70% één of meer hartafwijkingen op de echo had. Omdat de meerderheid 
van de onderzochte patiënten geen klachten heeft, wordt er ter vergelijking binnenkort 
gekeken in een groep mensen van vergelijkbare leeftijd en geslacht zonder Bechterew 
om te zien hoe vaak deze afwijkingen daar voorkomen. Als het aantal  hartafwijkingen bij 
Bechterewpatiënten inderdaad verhoogd blijkt te zijn zou kunnen worden overwogen om  
iedere Bechterewpatiënt te onderzoeken door middel van een hartecho.

Voor de toekomst is het de uitdaging om het risico op hart- en vaatziekten bij de ziekte 
van Bechterew goed te kunnen inschatten. Daarvoor moet ten eerste de prevalentie en 
incidentie van hartinfarcten en herseninfarcten of -bloedingen bij Bechterewpatiënten 
worden geïnventariseerd. Als deze getallen beschikbaar zijn kunnen deze uitgezet 
worden tegen de prevalentie en incidentie in de normale bevolking, en kan de mate van 
verhoogd risico worden ingeschat. Als de hoogte van het risico bekend is kan er advies 
gegeven worden voor de behandeling hiervan. Zo kan gedacht worden aan het sneller of 
intensiever behandelen van risicofactoren. 

Daarnaast moet het CARDAS onderzoek naar de specifieke Bechterew gerelateerde 
hartafwijkingen bij de ziekte van Bechterew voortgezet worden. Als duidelijk is hoe vaak 
hartafwijkingen vóórkomen bij Bechterewpatiënten weten we of het zinvol is om bij 
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iedere Bechterewpatiënt hartecho’s te maken om hartafwijkingen in een vroege fase te 
ontdekken zodat deze gevolgd of behandeld kunnen worden. 

Tot slot moet er onderzoek gedaan worden naar het effect van ontstekingsremmende 
medicijnen waaronder anti-TNF medicatie op de hartfunctie. Tijdig behandelen van 
ontsteking zou theoretisch kunnen leiden tot minder littekenvorming in het hart en 
daardoor een lagere  kans op hartfalen. Verder zou buiten de reumatische aandoeningen 
gekeken kunnen worden naar het effect van anti-TNF medicatie op de diastolische 
hartfunctie. 

Conclusie

Patiënten met de ziekte van Bechterew hebben een verhoogde kans op hart- en vaatziekten 
ondanks sterke verbeteringen in de behandeling van de ziekte. Er moet bij behandelaars 
meer  aandacht zijn voor het behandelen van het risico op hart- en vaatziekten,  waarbij de 
nieuwste richtlijn als leidraad gebruikt kan worden. Toekomstig onderzoek moet uitwijzen 
hoe hoog het risico op hart- en vaatziekten bij de ziekte van Bechterew precies is. Als dit 
bekend is kan worden onderzocht of het actief screenen met bijvoorbeeld een echo van 
het hart bij Bechterewpatiënten leidt tot het preventief opsporen van hartaandoeningen 
en het vroeg kunnen ingrijpen bij complicaties. 
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