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18When compared to the general population, patients with rheumatoid arthritis (RA) have an overall standard
19mortality ratio of approximately two, withmore than 50% of premature deaths attributable to cardiovascular dis-
20ease (CVD).Moreover, RA patientswere twice as likely to experience sudden cardiac death (SCD) comparedwith
21non-RA subjects, as a putative consequence of an increased incidence of malignant arrhythmias. Accordingly,
22mounting data indicate that in patients affected with RA the risk of developing rhythm disturbances, particularly
23tachyarrhythmias, is high.
24Although a number of papers reviewing the problem of cardiovascular involvement in RA are currently available,
25the main focus is on the mechanisms of accelerated atherosclerosis and related ischemic consequences in the
26clinical setting. On the contrary, only little consideration has been specifically given to the arrhythmic risk so
27far. In the light of this concern, in the present paper we reviewed the topic with the aim to put together the
28apparently fragmentary existing information, with particular attention to the putative role of chronic systemic
29inflammation characterizing the disease. In fact, although the underlying mechanisms accounting the arrhyth-
30mogenic substrate in RA are probably intricate, the leading role seems to be played by inflammatory activation,
31able to promote arrhythmias either indirectly, by accelerating the development of structural CVD, and directly by
32affecting cardiac electrophysiology.
33In this view, lowering inflammatory burden throughan increasingly tight control of disease activitymay represent
34the most effective intervention to reduce arrhythmic risk and prevent life-threatening complications in these
35patients.

36 © 2014 Elsevier B.V. All rights reserved.
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57 1. Introduction

58 In the last years, a growing body of evidence indicates that patients
59 with rheumatoid arthritis (RA) have an increased risk of death when
60 compared to age- and sex-matched subjects in the general population,
61 with an overall standard mortality ratio (SMR) of approximately two
62 [1,2]. Such an excess ofmortality ismainly due to cardiovascular disease
63 (CVD), responsible for about a half of premature deaths observed in
64 these patients [1,2]. The concomitant evidence that in RA the risk of
65 sudden cardiac death (SCD) is two-times higher than it is in non-RA
66 subjects [3], suggests that an increased incidence of malignant arrhyth-
67 mias may explain, at least in part, the higher mortality observed in RA.
68 Although the mechanisms accounting for this arrhythmogenic
69 substrate are not well known as yet, the fact that both ischemic heart
70 disease (IHD) and heart failure (HF) are significantly more prevalent
71 in RA patients than in the general population (about 1.5 to 2.0-fold)
72 [4] largely contributing to RA mortality [5,6], suggests that the struc-
73 tural modifications characterizing these heart diseases may promote
74 arrhythmic risk in RA. Indeed, it is well established that IHD and HF
75 are highly associated with the development of life threatening arrhyth-
76 mias and SCD in the general population [7,8]. Nevertheless, increasing
77 evidence indicates that arrhythmogenicity in RA may be also the result
78 of non-structural heart abnormalities of electrophysiological origin.
79 These factors, by possibly amplifying the arrhythmic risk driven by
80 IHD- and HF-associated structural damage, may help explain the find-
81 ing that in RA the excess of deaths results not only from an increased
82 CVD morbidity but also from a higher case fatality [2].

83 2. Systemic inflammation and heart involvement in RA

84 A large amount of data identify enduring systemic inflammation as
85 the pathophysiological basis linking RA to accelerated heart disease
86 development. In fact, although traditional cardiovascular (CV) risk
87 factors are more prevalent in RA than in the general population, they
88 do not adequately account for the increase in CVmorbidity and mortal-
89 ity observed in these patients [1,2,4]. Conversely, inflammationmarkers
90 associatedwith RA appear to contribute to the risk of CVdeath, probably
91 by increasing the risk of IHD and HF. In fact, in these patients, both
92 C-reactive protein (CRP) [9] and soluble tumor necrosis factor-α recep-
93 tor (sTNFR) levels are strong and independent predictors of CV mortal-
94 ity [10]. Moreover, in RA patients IHD histological examination of
95 coronary artery tissue shows a greater evidence of plaque inflammation
96 and instability than in non-RA patients [11], and responsiveness to
97 anti-TNFα biologic therapies markedly reduces the risk of myocardial
98 infarction (about 70%) when compared to non-responsiveness [12].
99 Furthermore, the excess of risk of HF among RA patients, absolutely
100 not attributable to a higher frequency or effect of traditional CV risk
101 factors and IHD [13], strongly associates with systemic inflammation
102 (elevated erythrocyte sedimentation rate) and disease activity markers
103 (RF positivity, extra-articular manifestations) [14].
104 Although the specific pathophysiological link between systemic
105 inflammation and CVD is not completely clear, the promotion of accel-
106 erated coronary atherosclerosis is considered themost importantmech-
107 anism of the higher prevalence of IHD in RA. In fact, systemic release of
108 pro-inflammatory cytokines (IL-1, IL-6, and TNFα) in RA synovial tissue
109 could boost the immuno-inflammatory process underlying athero-
110 genesis either directly affecting the cells of the plaque, or indirectly
111 by stimulating a number of proatherogenic functions of liver, adipose
112 tissue, skeletal muscle, and vascular endothelium (including insulin
113 resistance, dyslipidemia, endothelial activation, and prothrombotic
114 and antifibrinolytic effects) [15].
115 Less information is available on the pathogenesis of HF in RA
116 patients. However, the evidence that the proportion of the HF risk
117 attributable to IHD is lower than it is in non-RA patients [13] suggests
118 the involvement of factors other than accelerated atherosclerosis.
119 Indeed, a number of recent studies have demonstrated that inRApatients,

120also in the absence of HF, signs of subclinical myocardial damage
121(including increased left ventricular mass, diastolic dysfunction, myo-
122cardial inflammation/fibrosis at cardiac magnetic resonance, pro-BNP
123and troponin I level elevation) are highly frequent [16–20]. The fact
124that thesemarkers strictly correlatewith disease activity and inflamma-
125tory indicators [16–19], also tending to normalize under treatmentwith
126biologic drugs in parallel with disease control [21–23], suggests that
127systemic inflammation mediates a chronic myocardial injury possibly
128resulting in HF in the long-term.
129Recently, increasing data indicate that inflammatory burden may
130play a key role in increasing arrhythmic risk in RA. Keeping in mind
131the above considerations, the first hypothesis arising is that this harmful
132link ismainly indirect, being related to the ability of systemic inflamma-
133tion in favouring the development of structural heart disease. However,
134the evidence from several basic and clinical studies that inflammatory
135mediators (in particular pro-inflammatory cytokines) may directly
136and indirectly induce significant changes in cardiomyocyte electro-
137physiology as the result of specific effects exerted at the molecular
138level, suggests the existence of a more complex interplay connecting
139inflammation and arrhythmias in RA.

1403. Rheumatoid arthritis and arrhythmic risk

141Despite the huge amount of studies investigating CVDmorbidity and
142mortality in RA, the attention has been mainly focused on the mecha-
143nisms of accelerated atherosclerosis and related ischemic consequences
144in the clinical setting. On the contrary, although the evidence that the
145hazard of SCD in RA is high dates almost 10 years ago [2], relatively
146few and fragmentary information is currently available specifically
147regarding arrhythmic risk in these patients.
148The present paper is aimed at reviewing this latter topic, particularly
149focusing on the putative role of chronic systemic inflammation charac-
150terizing the disease. Literature datamostly deal with the risk of ventric-
151ular arrhythmias and SCD, and atrial fibrillation.

1523.1. Ventricular arrhythmias and sudden cardiac death

1533.1.1. Clinical data
154In the general population, SCD accounts for about half of the car-
155diovascular deaths and, in the large majority of cases, it is caused by
156acute ventricular tachyarrhythmias. In fact, ventricular tachycardia
157degenerating first to ventricular fibrillation and later to asystole
158appears to be the most common pathophysiological cascade involved
159[24]. Bradyarrhythmias and pulseless electrical activity occur less fre-
160quently, and generally in hearts with a more advanced structural heart
161disease [7].
162In RA patients, the risk of SCD is significantly increased with
163respect to the general population. This evidence came out from a large
164population-based cohort study using data resources of the Rochester
165Epidemiology Project, in which 603 RA patients and 603 non-RA sub-
166jects were followed for a mean period of about 15 years. RA patients
167were twice as likely to experience SCD (hazard ratio 1.94, 95% CI
1681.06–3.55, after multivariable-adjustment for age, sex, smoking status,
169body mass index, and the presence or absence of diabetes mellitus
170and hypertension) compared with non-RA subjects. Accordingly, the
171estimated cumulative incidence of SCD at 30 years of follow-up, ad-
172justed for competing risk death by other cause, was 6.7% in the RA
173cohort versus 3.8% in the non-RA cohort [2]. These findings are impres-
174sive, particularly if we consider that a comparable two-fold increase in
175SCD risk is observed in a well recognized cardiovascular risk factor
176such as diabetes mellitus [25].
177In face of such evidence, the exact prevalence and severity of ventric-
178ular arrhythmias in RA are not known, as only few and rather dated
179studies are currently available, also involving relatively small groups
180of patients. In fact, just three 24-hour ECG monitoring studies analyzed
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