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Prevalence of Heart Failure
in 13171 RA patients + 2568 Osteoarthritis patients 

Wolfe et al. Am J Med 2004;116:305-311.

National Data Bank for Rheumatic Diseases study of the outcomes of arthritis



Incidence of Heart Failure
in 13171 RA patients 

Wolfe et al. Am J Med 2004;116:305-311; Cowie et al. Eur Heart J 1999; 20:421-428. 



Mortality in patients when compared with age-
matched controls

Nicola et al. Arthritis Rheumatism 2006; 54:60-67.



Incidence of Heart Failure
in 13171 RA patients  

Wolfe et al. Am J Med 2004;116:305-311.



Magnitude and Chronicity of Systemic
Inflammation in Rheumatoid Arthritis

Sattar et al. Circulation 2003;108:2957-2963. 



Patients with rheumatic disease AND risk for 
cardiovascular disease
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Standard infusion reactions

Although the underlying mechanisms of SIRs are not 

completely understood, evidence exists that ADAs or a 

cytokine release syndrome might be involved. Biologic 

agents can activate or lyse target cells, causing cytokine 

Key points

 ■ Biologic agents used for the treatment of rheumatic and immunological disorders 

can cause allergic adverse events (AEs), including standard infusion reactions 

and hypersensitivity reactions

 ■ Biologic agents are associated with an increased risk of severe infection, including 

reactivation of tuberculosis (high risk: infliximab, adalimumab; intermediate risk: 

etanercept, abatacept, tocilizumab; low risk: rituximab, anakinra)

 ■ Combination therapy using biologic agents and immunosuppressive drugs 

has a higher risk of serious infections than monotherapy, especially in the first 

12 months of treatment

 ■ Organ-specific AEs are commonly hepatic, cutaneous or haematological AEs, 

whereas immunological syndromes and cardiovascular, noninfectious pulmonary, 

gastrointestinal and neurological AEs are rare

 ■ Whether patients receiving biologic therapy have an increased incidence of 

lymphomas and skin cancers, especially after combination therapy, is unknown

 ■ Biologic therapy decreases the immune response to primary (but not booster) 

vaccination; therefore, live vaccines (nasal flu; Bacillus Calmette–Guérin; 

measles, mumps and rubella; and yellow fever vaccines) during active biologic 

therapy are prohibited

release and associated clinical symptoms.5 B-cell lysis by 

the anti-CD20 antibody, rituximab, is well described.6 

In patients with B-cell lymphoma who develop SIRs 

following treatment with rituximab, the severity of the 

reaction is related to the number of circulating B cells.7 

B-cell depletion might explain the decrease of SIRs, both 

in incidence and severity with subsequent infusions of 

rituximab. The medical management and prevention  

of SIRs is described in Table 3.

Immediate hypersensitivity reactions

In contrast to SIRs, immediate hypersensitivity reac-

tions usually do not occur after the first infusion, and 

are tr iggered by subsequent infusions, similarly to 

IgE-mediated hypersensitivity reactions. How ever, 

in rare cases, IgE antibodies with specificity for a bio-

logic agent can be present before therapy, resulting in 

adverse reactions upon initial exposure to the drug, an 

effect that complicates differential diagnosis from SIRs. 

This phenomenon has been described in patients with 

cetuximab-induced anaphylaxis; IgE ADAs against the 

carbohydrate galactose-α-1,3-galactose were triggered 

by tick bites.8 Indeed, some patients have tested posi-

tive with intradermal skin tests for infliximab after an 

immediate hypersensitivity reaction, suggesting an IgE-

mediated mechanism.9 IgE antibodies specific for bio-

logic agents that are used to treat rheumatic diseases have 

also been detected in the sera of patients after immediate 

hypersensitivity reactions.10,11 Moreover, some findings 

suggest that immediate hypersensitivity reactions might 

not only be mediated by IgE. Indeed, IgG ADAs, immune 

complexes, or platelet-activating factor and activation of 

complement pathways could be involved in the develop-

ment of anaphylaxis.12–14 The medical management and 

prevention of anaphylaxis is described in Table 3.

Anti-drug antibodies

ADAs targeting biologic agents are mainly IgG anti-

bodies, and are infrequently of the IgE isotype. ADAs 

have been suggested to cause hypersensitivity reactions 

or SIRs,15 although an undesirable activity of ADAs 

more frequently recognized is neutralization of biologic 

agents, resulting in loss of drug efficacy.16 In particular, 

infliximab-specific ADAs have been detected in 10–50% 

of patients exposed to this biologic agent.17–19 Although 

mouse epitopes in the human—mouse chimeric struc-

ture of infliximab could promote ADA responses, ADAs 

have also been detected in approximately 25–30% of 

patients treated with adalimumab, a fully-human anti-

TNF monoclonal antibody (mAb).20,21 ADAs specific 

for infliximab or adalimumab are neutralizing, and have 

been linked to drug inactivation and AEs, including 

immediate adverse reactions.20,21 For most other biologic 

agents commonly used to treat rheumatic and immuno-

logical disorders, associations between ADAs and AEs 

have not yet been shown. For example, ADAs have been 

detected in patients treated with etanercept, a recombi-

nant protein of the TNF receptor linked to human IgG
1
–

Fc;22,23 however, no association with AEs or decreased 

efficacy of etanercept has been shown, possibly because 
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Figure 1 | Proinflammatory networks in autoimmune and chronic inflammatory 

diseases. Cytokines are instrumental in guiding the differentiation of naive 

(undifferentiated) T
H
 cells. IL-1β, either in conjunction with TGF-β or with IL-6 and IL-23, 

can drive the generation of T
H
17 cells that produce IL-17A, IL-17F and IL-22. These 

cytokines induce G-CSF and CXCL8 (IL-8) production, and the subsequent recruitment 

of neutrophils. IL-1β can also directly mediate the production of G-CSF, thus increasing 

neutrophil recruitment. Alternatively, IL-12 can promote differentiation of T
H
1 cells, 

which secrete TNF and IFN-γ. TNF and IFN-γ activate inflammatory cells, including 

monocytes and macrophages. T
H
 cells provide help to B cells for efficient antibody 

production and isotype switching. These inflammatory pathways have crucial roles in 

chronic inflammatory and autoimmune disorders, including rheumatoid arthritis 

(T
H
1 cells, T

H
17 cells and B cells), psoriasis (T

H
1 cells and T

H
17 cells), and systemic 

lupus erythematosus (B cells). Abbreviations: T
H
, T helper; T

H
1, type 1 T helper; T

H
17, 

type 17 T helper; TGF-β, transforming growth factor-β; G-CSF, granulocyte colony 

stimulating factor (also known as colony stimulating factor 3).
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Pathogenic effects of CD4+CD28null T cells
in coronary artery disease

Dumitriu et al. Cardiovasc Res 2009; 81:11-19



Rheumatoid Arthritis increases the Risk for
Cardiovascular Mortality

Sattar et al. Circulation 2003;108:2957-2963. 



Rheumatoid Arthritis increases the Risk for
Cardiovascular Mortality

Maradita- Cremers et al. Arthritis-Rheumatism 2005; 52:402-411

Sudden death

603 RA patients in FU at Mayo
compared with 603 age and sex
matched non-RA patients



Rheumatoid Arthritis increases the Risk for
Cardiovascular Mortality

Avina-Zubieta et al. Arthritis Rheuma 2008

3). For IHD (n 100,878 patients), 3 studies provided

estimates by sex. Overal l , there was an increased risk of

death from IHD (meta-SMR 1.59, 95% CI 1.46–1.73), with

no significant di fference between sexes. Again, the jack-

kni fe sensi tivi ty analysis demonstrated that the resul ts

were not influenced by any particular study, wi th the

meta-SMR estimates ranging from 1.54–1.66 and the cor-

responding 95% CIs remaining 1.

Twelve studies provided information on mortal i ty from

CVAs (n 100,285 patients) (Figure 3). Overal l , there was

an increased risk of death from CVAs (meta-SMR 1.52,

95% CI 1.40–1.67). There was no significant di fference

between sexes. The jackkni fe sensi tivi ty analysis of the

meta-SMR estimate showed that the pooled estimate was

robust, wi th the point estimates varying from 1.54–1.66

and the corresponding 95% CIs remaining 1.

DISCUSSION

Our meta-analysis of publ ished mortal i ty studies of pa-

tients with RA indicates that there was a 50% increased

risk of CVD mortal i ty compared with the general popula-

tion. We found no significant di fference between sexes,

and the increased mortal i ty was attributable to increased

deaths from IHD and CVAs.

The risk was higher in studies enrol l ing patients with

RA after 1987 (meta-SMR 1.67, 95% CI 1.55–1.81) when

compared with patients enrol led before 1987 (meta-SMR

1.42, 95% CI 1.22–1.66), suggesting that the use of current

ACR classification cri teria led to inclusion of cases with

better defined RA, or possibly more severe disease.

As expected, samples recrui ted from cl inics rather than

community had a higher risk of CVD mortal i ty. The only

subgroup of studies that did not yield a significantly in-

creased risk of mortal i ty from CVD was inception cohorts

(Table 2). This is l ikely due to the shorter duration of

fol lowup in these cohorts, and possibly to the smal ler

number of cases (n 2,175). Of interest, the only inception

cohort that showed a significantly increased risk of mor-

tal i ty from al l CVD had a median fol lowup of 11.4 years,

and was also a cl inic-based RA sample assembled after

1987 (15). This suggests that there might be a latent period

after RA diagnosis unti l the risk of death from CVD is

increased. On the contrary, we did not see a trend of

increasing SMR with increasing of fol lowup in the non–

inception cohort studies (prevalent cases). We bel ieve that

Figure 2. Funnel plot of 24 studies evaluating mortal i ty in pa-
tients wi th rheumatoid arthri tis compared wi th the general pop-
ulation. Each dot represents individual studies. The sol id l ine is
the random-effects pooled estimate of log (standardized mortal i ty
ratio [SMR]).

Figure 3. Meta-analysis of studies wi th cause-specific cardiovascular disease mortal i ty in
patients wi th rheumatoid arthri tis.

Cardiovascular Mortality in Patients With RA 1695



Psoriasis increases the Risk for
Cardiovascular Mortality

Gelfand et al. JAMA 2006

Prospective population-based cohort study in UK of 556995 patients with
127139 patients with mild and 3837 patients with severe psoriasis



1. The prevalence of heart failure is increased in 
patients with rheumatic disease when compared to 
the general population.

2. Mortality is increased both in patients without
heart failure and with heart failure.

3. Activated TH1 cells play a critical role in 
progression of rheumatic disease and in CAD

4. The incidence of cardiovascular events is
increased in patients with RA when compared with
an age- and sex-matched controls.

SUMMARY 
Rheumatologic disease, CAD and heart failure
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Inflammatory cardiomyopathy
biopsy resultsResults from 3549 left ventricular EMBs

Evaluation of acute or chronic (>3 months) unexplained LVEF <45% 

Chimenti et al. Circulation 2013



Inflammatory cardiomyopathy
biopsy resultspathophysiology



Cardiac Sarcoidosis

PET-CT for detection of focal disease activity



Cardiac Sarcoidosis

T2 mapping for detection of interstitial edema



Inflammatory cardiomyopathy
biopsy resultspathophysiology



Churg Strauss Syndrome

cardiac affection in 14% of patients
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Inflammatory cardiomyopathy
biopsy resultsdistribution of lesions in Connective Tissue Disease

Mavrogeni et al. Arthritis Care & Research 2013



1. Histologic diagnosis of inflammatory cardiomyopathy
in EMB obtained from patients with EF <45% is rare. 

2. PET CT and T2 mapping detect increased metabolic
activity and interstitial edema in the heart.

3. Cardiac MRI allows for follow-up of disease activity of 
inflammatory disease.

4. Distribution of cardiac lesions can help to diagnose 
the etiology of underlying rheumatic disease.

SUMMARY 
Diagnosis of Inflammatory Cardiomyopathy
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Biologic agents that inhibit immunity to pathogens

Boyman et al. Nat Reviews Rheumatology 2014; doi:10.1038/nrrheum.2014.123 

4 | ADVANCE ONLINE PUBLICATION www.nature.com/ nrrheum

with rheumatoid arthritis (RA) who were switched 

from inflixi mab to adalimumab. Adalimumab was well 

tolerated and effective, irrespective of the anti-infliximab 

antibody serum titre.

Infect ions
Tuberculosis

Biologic agents that target TNF or inhibit other pro-

inflammatory cytokines are associated with an increased, 

but variable, risk of infection with intra cellular and 

extracel lular pathogens (Figure 2). Immunity to 

Mycobacterium tuberculosis, a facultative intracellular 

pathogen, involves T cells, type 1 T helper (T
H
1) cell 

cytokines, and the formation of granulomas. Blocking 

TNF can markedly disrupt granuloma architecture and, 

ultimately, enable dissemination of mycobacteria.35,36 

Moreover, weakening of the immune response to myco-

bacteria by other biologic agents is also conceivable, 

enhancing the risk of reactivating latent tuberculosis 

(TB). TNF antagonists were the first biologic agents to 

be associated with a risk of TB reactivation, a risk that 

seems to be higher with infliximab and adalimumab 

than with etanercept.37–42 In most cases, reactivation of 

TB led to extrapulmonary or disseminated disease.38,43 

Interestingly, in US patients treated with TNF antago-

nists, infections with nontuberculous mycobacteria were 

twice as frequent as M. tuberculosis infections.41 Globally, 

the number of reported cases of TB following biologic 

therapy has mostly been dependent on the screening 

procedures,44 drug kinetics,45 the prevalence of TB in 

the recruited population and the stringency of drug trial 

inclusion criteria. Such variables could explain why TB 

was less frequently reported in trials of golimumab46,47 

and certolizumab pegol48 than with previously tested 

anti-TNF agents.

Despite careful screening of volunteers enrolled into 

controlled studies, abatacept and tocilizumab have both 

been associated with cases of active TB.49,50 This associ-

ation underlines the need for appropriate screening, and 

subsequent prophylaxis when indicated in these patients 

Table 3 | Management and prevention of SIRs and anaphylaxis

Adverse event People at risk Acute management Re-administration Long-term prevention

Mild SIRs and 

anaphylaxis

All (for in iximab and 

adalimumab use the 

presence of ADAs is 

a risk)15,20,21

Stop infusion immediately

Administration of paracetamol 

(also known as acetaminophen; 

1 g) and an antihistamine (such as 

clemastine; 2 mg) 

Resume infusion at a reduced rate 

after resolution of symptoms

Premedication  

with paracetamol,  

an intravenous 

antihistamine and  

a corticosteroid

Concomitant administration  

of immunosuppressive drugs 

(such as corticosteroids or 

methotrexate) along with 

biologic agents17–19

Severe SIRs 

and anaphylaxis

All (for in iximab and 

adalimumab use, 

the presence of 

ADAs is a risk)15,20,21

Stop infusion immediately

Intramuscular injection of 

epinephrine (adrenaline; 0.5  mg), 

intravenous antihistamine, 

intravenous methylprednisolone 

(125 mg), uid replacement, 

oxygen

Consider switching to 

another biologic agent 

(or DMARD)201

In the absence of an 

alternative, administer 

a desensitization 

protocol*

Concomitant administration 

of immunosuppressive drugs  

(such as corticosteroids or 

methotrexate) along with 

biologic agents17–19

* See also Box 2. Abbreviations: ADAs, anti-drug antibodies; AEs, adverse events; SIRs, standard infusion reactions.
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Figure 2 | Biologic agents can inhibit immunity to pathogens. Acquired immunity to extracellular and intracellular 

microorganisms depends on a network of T
H
17 cells, T

H
1 cells, cytotoxic CD8+ T cells and B cells. Long-term immunological 

memory relies on CD4+ memory T cells and CD8+ memory T cells that secrete a range of cytokines. Various biologic agents 

and their immunological targets are shown. Interference in these immune system pathways can lead to failure to control 

extracellular and intracellular pathogens resulting in local or systemic dissemination. Abbreviations: CTLA-4, cytotoxic 

T-lymphocyte protein 4; TCR, T-cell receptor; T
H
1, type 1 T helper; T

H
17, type 17 T helper.
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Heart Failure and Treatment with Infiximab
ATTACH

Anker et al. Int J Cardiol 2002; 86:123-130



Heart Failure and Treatment with Infliximab
ATTACH

Chung et al.Circulation 2003; 107:3133-3140.

n=150 CHF in NYHA class III + IV with LVEF < 35% 



Heart Failure after RA Treatment with Tumor Necrosis
Factor Antagonist

Wolfe et al. Am J Med 2004;116:305-311.



Adjudicated Cardiovascular Events in GI-REASON
Effects of Celecoxib and nsNSAIDs

Cryer et al. Am J Gastroenterol 2013; 108:392-400

The objective of GI-REASON was to assess if celecoxib is associated with
a lower incidence of clinically significant upper and/or lower GI events
than nonselective NSAIDs (nsNSAIDs) in standard clinical practice.



Adjudicated Cardiovascular Events in GI-REASON

Cryer et al. Am J Gastroenterol 2013; 108:392-400

The objective of GI-REASON was to assess if celecoxib is associated with
a lower incidence of clinically significant upper and/or lower GI events
than nonselective NSAIDs (nsNSAIDs) in standard clinical practice.



Cardiovascular outcomes with etoricoxib and 
diclofenac in patients with Osteoarthritis and 

Rheumatoid Arthritis (MEDAL)

Cannon et al. Lancet 2006; 368:1771-81.

Prespecified pooled analysis of data from three trials in which
patients with osteoarthritis or rheumatoid arthritis were randomly
assigned to etoricoxib (60 mg or 90 mg daily) or diclofenac (150 mg daily) 



Cardiovascular outcomes with etoricoxib and 
diclofenac in patients with Osteoarthritis and 

Rheumatoid Arthritis (MEDAL)

Cannon et al. Lancet 2006; 368:1771-81.



Infliximab, selective and non-selective NSAIDs
Summary

1. High-dose Infliximab treatment is associated
with increased risk of heart failure progression and 
mortality. 

2. Cardiovascular events are rare in patients 
receiving treatment with non-selective and 
selective NSAIDs for rheumatic disease
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