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RA is a chronic systemic autoimmune inflammatory arthritis 
associated with extra-articular manifestations

Joint inflammation

Fatigue4
Myocardial infarction 

Joint inflammation

RA
Anaemia 

(Up to 60% of patients)8

Stroke 

• Joint pain and swelling1

• Tenosynovitis/bursitis2

• Localised bone resorption3

• Cartilage destruction 
(joint space narrowing)1

• Subchondral bone erosions1,3

• Misalignment/dislocation, 
ankylosis

Cardiovascular disease 
(up to four-fold

increased risk)5−7

1Smolen JS, et al. Nat Rev Drug Disc 2003;2:473–488. 2Grassi W, et al. Eur J Radiol 1998;27 (Suppl 1):S18–24. 
3Firestein G. Nature 2003;423:356–361. 4Smolen JS, et al. Lancet 2007;370:1861−1874. 
5Turesson C, et al. Ann Rheum Dis 2004;63:952–955. 6del Rincón I, et al. Arthritis Rheum 2001;44:2737–2745. 
7Hochberg MC, et al. Curr Med Res Opin 2008;24:469–480. 8Peeters HR, et al. Ann Rheum Dis. 1996;55:162−168.
9Smitten AL, et al. Arthritis Res Ther 2008;10:R45.

Malignancy
(up to 2-fold increased 

risk of lymphoma)9

• Limited range of motion4



Mechanisms linking RA and increased vascular risk

IL-6, IL-1, TNF-α

Synovitis

↑ Insulin 
ResistanceFree Fatty AcidsFibrinogen
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Platelets 
Adipose 

tissue

CRP ↓ HDL  ↑ TG
↑  Small LDL
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Endothelial 
activation ICAM 1 VCAM 1

↑ Oxidative stress

Accelerated 
AtherogenesisMacrophageFoam cell

Sattar N, et al. Circulation 2003



In RA patients, systemic inflammation and disease activity
markers are associated with an increased CV risk

-Elevated CRP levels (≥5 mg/l) independently predict
death for CVD (HR:3.3, 95% CI 1.4-7.6) 

Goodson NJ, Symmons DPM, Scott DGI et al. 
2005; 52: 402-411

-Rheumatoid nodules, vasculitis and RA lung disease were 
all independently associated with an 
increased risk of CV death

Maradit -Kramers H, Crowson CS, Nicola PJ, et al. 

CC--reactive protein (CRP)reactive protein (CRP) ExtraExtra--articular manifestationsarticular manifestations

2005; 52: 402-411

-CVD death risk is higher in patients with at least three ESR values 
of ≥60 mm/h (HR:2.4, 95% CI 1.0-5.8) 

Maradit-Kramers H, Crowson CS, Nicola PJ, et al. 
2005; 52: 722-732

Maradit -Kramers H, Crowson CS, Nicola PJ, et al. 
2005; 52: 722-732

-Higher levels of DAS28 over time were associated with 
lower survival rates in RA patients

Radovits BJ, Fransen J, Al Shamma S, et al. 
2010; 62: 362-370

Eritrocyte sedimentation rate (ESR)Eritrocyte sedimentation rate (ESR)

CVD

DAS 28DAS 28

-RF positive patients have an increased risk of CVD 
death (HR: 2.1, 95% CI 1.7-2.5 in women; HR:1.6, 95% 
CI 1.2-2.1 in men)

Goodson NJ, Wiles NJ, Lunt M et al. 
2002; 46: 2010-2019

-Among RF positive subjects, mortality was higher 
than expected for CVD (RR: 1.50, 95% CI 1.2- 1.8) 

Gonzalez A, Icem M, Maradit-Kramers H et al. 
2008; 35: 1009-1014

-Ischemic heart disease is independently associated with 
positive anti-CCPantibodies (OR 2.8, 95% CI 1.2-6.6)

Lopez-Longo FJ, Oliver-Minarro D, De la Torre I et al. 
2009; 61: 419-424

Rheumatoid factorRheumatoid factor AntiAnti--CCP antibodiesCCP antibodies



CV risk score models should be adapted for patients with 
RA by introducing a 1.5 multiplication factor

Peters MJL, Symmons DPM, McCarey D et al. 2010; 69: 325Peters MJL, Symmons DPM, McCarey D et al. 2010; 69: 325--331331

1. Disease duration > 10 yearsDisease duration > 10 years
2. RF or antiRF or anti--CCP positivityCCP positivity
3. Presence of severe Presence of severe 

extraextra--articular articular manifestationsmanifestations

x 1.5derived CV risk 
estimate

When RA patient meets
2 of the following 3 criteria:



Mechanisms accounting for increased CV 
risk in RA

Coronary Heart DiseaseInflammation

Dyslipidemia 
Insulin resistance 
Hypercoagulation 
Endothelial dysfunction

Shared risk factors: 
Smoking, obesity, 

low physical activity

Endothelial dysfunction

Vascular disease or risk 
is undertreated in RA

Drug therapy
NSAIDs, coxibs, steroids



Diagram of the pathophysiology of atherosclerosis in Diagram of the pathophysiology of atherosclerosis in 
rheumatoid arthritis ( RA )rheumatoid arthritis ( RA )

Synovial inflammation

TNF-α

IL-1β

IL-6

TNF-acts on hepatocytes to induce de novo fatty acid 
synthesis and on the adipose tissue to stimulate 
lipolysis. 
Decreased triglyceride breakdown due to decreased 
lipoprotein lipase activity leads to hypertriglyceridemia, 
low total cholesterol levels, low high-density 
lipoprotein (HDL) levels, and small, dense low-density 
lipoprotein (LDL) particles, which are easily oxidized 

Autoimmunity
•T-Cell activation
•Activation of 
monocytes and 
macrophages

Liver
•CRP and
fibrinogen release 

Adipose tissue
•FFA release
•Pro-oxidative 
dyslipidemia

Skeletal muscle
•Impaired glucose
uptake
• Insulin resistance

IL-6
and hence proatherogenic 

Accelerated
atherosclerosis

Arterial
stiffening

Endothelial
dysfuntion

Decreased
endothelial

progenitor cells

Preclinic atherosclerosis

Saurabb S Dhawan et al, Current Atheroscleris Reports 2008, 10:128-133



Changes in lipid and inflammatory parameters associated with RA 
and its treatment with biologics

Changes in lipid and inflammatory parameters associated with RA 
and its treatment with biologics

↑ Cholesterol
↑ Triglycerides
↓ HDL-C
CRP normal

Pre-RA

Active untreated RA

↑ Cholesterol
↑ Triglycerides
↑ HDL-C
↓↓ CRP

Treated RA with biologics

↓ Cholesterol
↓ Triglycerides
↓↓ HDL-C
↑↑↑ CRP

Active untreated RA

CRP (or inflammation)
Lipid levels may be higher before 
the onset of RA

However, levels of all lipid 
particles generally decrease in 
severe, untreated RA when 

88

Baseline

Lipid levels

severe, untreated RA when 
inflammatory levels are high

Suppression of inflammation with 
biologics can, therefore, be 
anticipated to raise levels of all 
lipids and current evidence 
support this paradigm.

Choy E, et al. Ann Rheum Dis 2009



Charles-Shoemann C et al. Ann Rheum Dis 2012; 71:1157-1571



Conventional disease modifying antirheumatic drugs
and cardiovascular risk in rheumatoid arthritis

• If inflammationis a key driver of CVD risk in• If inflammationis a key driver of CVD risk in
RA, then therapy to reduce disease activity
and preferably to achieve remissionshould
helpattenuate CVDrisk.

• In addition, certaindrugs mayhave additional
benefits (and some harm) with regard to
cardiovascular safetyin RA.

10



Biologic EraNonBiologic Era

Leflunomide (1998)

Spectrum of RA Treatment
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4,363 patients4,363 patients

from 18 sites in 15 countries

78 % female, more than 90% Caucasian
mean age 57 years



�� TheThe prevalenceprevalence forfor lifetimelifetime CVCV eventsevents

inin thethe entireentire samplesample waswas ::

QUEST – RA project

inin thethe entireentire samplesample waswas ::

�� 33..22 %% forfor myocardialmyocardial infarctioninfarction

�� 11..99 %% forfor strokestroke

�� 99..33 %% forfor anyany CVCV eventevent

Naranjo et al, Arthritis Research & Therapy 2008, 10 : 2-10



TheThe prevalenceprevalence forfor CVCV riskrisk factorsfactors waswas ::

�� 3232 %% forfor hypertensionhypertension

QUEST – RA project

�� 1414 %% forfor hyperlipidemiahyperlipidemia

�� 88 %% forfor diabetesdiabetes

�� 4343 %% forfor everever--smokingsmoking

�� 7373 %% forfor physicalphysical inactivityinactivity

�� 1818 %% forfor obesityobesity

TraditionalTraditional riskrisk factorsfactors exceptexcept obesityobesity andand physicalphysical
inactivityinactivity werewere significantlysignificantly associatedassociated withwith CVCV
morbiditymorbidity

Naranjo et al, Arthritis Research & Therapy 2008, 10 : 2-10



QUEST – RA project

ThereThere waswas an an associationassociation betweenbetween anyany CV CV eventevent and and ageage
and male gender and  and male gender and  betweenbetween extraextra--articulararticular diseasedisease

and and myocardialmyocardial infarctioninfarction

Naranjo et al, Arthritis Research & Therapy 2008, 10 : 2-10



Prolonged exposure to :

methotrexate ( HR 0.85; 95 % CI 0.81 to 0.89 )

QUEST – RA project

� methotrexate ( HR 0.85; 95 % CI 0.81 to 0.89 )

� leflunomide ( HR 0.59; 95 % CI 0.43 to 0.79 )

� sulfasalazine ( HR 0.92; 95 % CI 0.87 to 0.98 )

� glucocorticoids ( HR 0.95; 95 % CI 0.92 to 0.98 )

� biologic agents ( HR 0.42; 95 % CI 0.21 to 0.81)

was associated with significant reduction of the risk of
CV morbitity; analyses were adjusted for traditional risk
factors and countries

Naranjo et al, Arthritis Research & Therapy 2008, 10 : 2-10



Cardiovascular Risk in Rheumatoid Arthritis: Comparing
TNF-a Blockade with Nonbiologic DMARDs

Daniel H. Solomon, MD, MPH,a Jeffrey R. Curtis, et al

Incidence Rates (per 100 Person-years) of Composite Cardiovascular Outcomes 
and Each Component through 6 Months of Follow-up

The American Journal of Medicine (2013) 126, 730.e9-730.e17

The hazard ratio for cardiovascular events for rheumatoid arthritis 
patients using TNF-α blocking agent compared with nonbiologic disease-
modifying antirheumatic drug was reduced by 20%-29%, depending on 
the analysis.





MTX and cardiovascular risk

• Mechanisms of action, CV risk  and MTX



Methotrexateand CV risk

Effect of MTX Strenght of the effect

CVDCVD

ALL CAUSE CV Reduced by MTX Strong

HEART FAILURE Reduced by MTX Strong

ACUTE MI No conclusive evidence Moderate

STROKE Trend toward < incidence Moderate

CV RISK FACTORSCV RISK FACTORS

METABOLIC SYNDROME Trend toward < incidence Moderate

ATHEROSCLEROSIS 
(cIMT)

No conclusive evidence Moderate



Mechanism of action of 
methotrexate

(1) Reduction of cell proliferation,

(2) Increase of apoptosis of T cells,

(3) Increaseof endogenousadenosine(3) Increaseof endogenousadenosine

release,

(4) Alteration of expression of cellular

adhesion molecules,

(5) Influence on production of

cytokines, humoral responses, and

boneformation.

Basic metabolic processes associated with MTX cellular uptake and PG. Progressive glutamic acid moieties are
added slowly by the enzyme FPGS and are removed by FPGH. Polyglutamated forms of MTX inhibit several
key enzymes in folate metabolism (dihydrofolate reductaseand thymidylate synthase) and prevent de-novo
purine biosynthesis.
The methylation of dUMP is needed for DNA synthesis to generate dTMP. Enzyme inhibition, folate depletion,
and direct or indirect effects on cytokine release signaling pathways all create routes via which MTX could
suppress RA.

boneformation.







Other potential mechanisms

• include normalization of lowinterleukin-2 (IL-2) through an

effect on polyamine synthesis,

• reduced IgM-rheumatoid factor (RF) production,

• decreasedIL-1 production,secretionor binding,
•
• decreasedIL-1 production,secretionor binding,

• decreased IL-6 activity



Methotrexate in 
Atherogenesis and 
Cholesterol 
Metabolism

Coomes E et al. Cholesterol. 
2011; 2011: 503028

effects on the expression of proteins 
involved in cholesterol homeostasis. These 
proteins, ATP-binding cassette transporter 
(ABC) A1 and cholesterol 27-hydroxylase, 
facilitate cellular cholesterol efflux and 
defend against cholesterol overload. 
Methotrexate upregulates expression of 
cholesterol 27-hydroxylase and ABCA1 via 
adenosine release,

Regulation of adenosine triphosphate binding cassette transporter A1 (ABCA1) expression by adenosine. Methotrexate 
via numerous steps (jagged arrow) results in increased levels of adenosine. Adenosine activates the G-protein coupled 
receptor, A2A, inducing an increase in adenylyl cyclase activity. The subsequent rise in cyclic adenosine monophosphate 
(cAMP) activates protein kinase A (PKA) which phosphorylates the cAMP response element-binding protein (CREB). 
CREB then translocates into the nucleus where it upregulates ABCA1 gene expression

adenosine release,



MTX provides protection from atherosclerotic cardiovascular
disease (ASCVD) by increasing expression of anti-atherogenic
molecules (cholesterol 27-hydroxylase and ATP binding
cassette transporter A1 (ABCA1) involved in cholesterol
efflux, likely via a pathway involving adenosine release.

MTX protects against cardiovascular mortality in RA 
patients is through facilitation of cholesterol outflow 
from cells of the artery wall.

Arthritis Rheum. 2008 December; 58(12): 3675–3683.



Adenosine and MTX

• Ability to alter the expression of adhesion molecules, such as l-
selectin and the β2 integrins.

• Neutrophil adhesion to endothelial cells can be enhanced by• Neutrophil adhesion to endothelial cells can be enhanced by
activation of certain adenosine receptor subtypes and inhibited by
other types, providing just one example of the opposing functions
of adenosine receptors.

• Neutrophils activated by tumor necrosis factor (tnF) release
vascular endothelial growth factor and are induced to transmigrate
across the endothelium. this propensity to increase vascularacross the endothelium. this propensity to increase vascular
permeability in the presence of an inflammatory milieu is also
inhibited by adenosine.

• Activated neutrophils also release 5'-adenosine mono
phosphate which, when dephosphorylated to adenosine, directly
enhances endothelial barrier function.



Hyperhomocysteinemia

• L’omocisteina è elevata nei pazienti affetti da AR.
Roubenoff R et al. Arthritis Rheum 1997; 40: 718-22

• L’omocisteina è significativamente aumentata nei pazienti con
AR e comorbidità cardiovascolare

Cisternas M et al J Rheumatol 2002; 29: 1619-22

• L’utilizzo a lungo termine del methotrexate e della sulfasalazina
determina un incremento dell’omocisteina

Haagsma CJ et al Ann Rheum Dis 1999; 58: 79-84Haagsma CJ et al Ann Rheum Dis 1999; 58: 79-84

• La supplementazione di folati previene l’innalzamento dei
livelli di omocisteina con l’uso di MTX

Van Ede Rheumatology 2002; 41: 658-65



Abnormal homocysteine metabolismin rheumatoid
arthritis

Fasting levels of tHcy were 33% higher in the RA patients than in the
control subjects (mean +/- SD 11.7 +/- 1.5 nmoles/ml versus 8.8 +/- 1.1control subjects (mean +/- SD 11.7 +/- 1.5 nmoles/ml versus 8.8 +/- 1.1
nmoles/ml; P < 0.01).

Four hours after Met challenge, the increase in plasma tHcy levels (delta
tHcy) was higher in the RA patients (20.9 +/- 10.4 nmoles/ml) than in the
control subjects (15.5 +/- 1.6 nmoles/ml) (P < 0.02).

In a subgroup analysis, the delta tHcy in patients taking methotrexateIn a subgroup analysis, the delta tHcy in patients taking methotrexate
(12.9 +/- 2.2 nmoles/ml) did not differ from that in the control group, while
the delta tHcy in patients not taking methotrexate (25.3 +/- 1.7 nmoles/ml)
was significantly higher (P < 0.0001).

Roubenoff R, et al. Abnormal homocysteine metabolism in rheumatoid 
arthritis. Arthritis Rheum. 1997 Apr;40(4):718-22.



Homocysteine and antiphospholipid
antibodies in rheumatoid arthritis patients:

Relationships with thrombotic events

Twenty-five RA patients and 5 controls reported a history of thromboticTwenty-five RA patients and 5 controls reported a history of thrombotic
events. Eleven and 5 of RA patients were found to have been previous ly
affected by venous or arterial thrombosis, respectively.

Plasma levels of homocysteine in aPL antibody positive patients with
thrombosis were found to be significantly higher than in aPL antibody
positive RA patients without thrombosis (p <0.001).

Clinical and Experimental Rheumatology 2001; 19: 561-564.

When RA patients with thromboses were analyzed, a significant increase of
plasma homocysteine levels was found in aPL antibody-positive RA
patients versus aPL antibody negative RA patients (p < 0.04) and versus
related controls (p< 0.003).



Multivariate logistic analysis revealed

that WML was independently

predicted by the tHcy (odds ratio,

1.35; 95% confidence interval, 1.12-

1.63; P b .0001).

Our findings indicate that theOur findings indicate that the

presence of WML was associated

with the tHcy in Japanese patients

with rheumatoid arthritis.





Treatment with MTX increases lipidlevels

• In patients with early RA, lipid levels were significantlyincreased after MTX
treatment for 24 weeks (P < 0.001 vs baseline)

• However, ratio of TC:HDL-C (atherogenic index) decreasedin all treatment
armsarms

• Decrease in atherogenic index could imply CV-protective effect of MTX

Navarro-Millan I et al. Arthritis Rheum 2013; 6:1430-1438



Effects of synthetic and biologic DMARDs on Endothelial 
Function in Patients with Early RA (n=10 MTX, 10 ADA)

CFR (2D-echo derived coronary flow reserve) 

pre- and post-treatment with MTX or ADA

Baseline
Post-treatment 

(18 months)
P-valueBaseline

(18 months)
P-value

Diastolic blood 
pressure (mmHg)

80.8 ± 9.4 74.3 ± 6.75 0,025

DAS 28 5.86 ± 0.64 2.01 ± 0.74 0,0001

CRF 2.4 ± 0.2 2.7 ± 0.5 0,01

ADMA (µmoles/L) 0.65 ± 0.07 0.7 ± 0.17 NS

IMT (mm) 0.68 ± 0.10 0.66 ± 0.15 NS

Turiel M, et al. Am J Med 2002

DMARDs are able to improve coronary microcirculation without a direct effect 
on IMT* and ADMA**, clinical markers of atherosclerosis

*IMT=common carotid intima-media thickness
**ADMA=plasma asymmetric dimethylarginine



MTX and cardiovascular risk

• Chronic heart failure and  MTX



The prevalence of CHF ranges from

2.4% to 5.5% in the general

population older than 65 years of age,

and the presence of CHF confers a 4–

18-fold increased risk of dying of

CV-related causes .



Figure 1. Comparison of the incidence of congestive heart failure, according to age and sex, among 575 patients
with rheumatoid arthritis (RA) and 583 non-RA subjects. RR rate ratio; 95% CI 95% confidence interval.



• After 30 years of followup,the cumulative incidence of CHF was 34.0% in

patients with RA and 25.2% in non-RA subjects(P< 0.001).

• RA conferred a significant excess risk of CHF (hazard ratio [HR] 1.87, 95%

CI 1.47–2.39)after adjusting for demographics, ischemic heart disease, and CV

risk factors.risk factors.

• The risk was higher among patients with RA who wererheumatoid factor (RF)

positive (HR 2.59, 95% CI 1.95–3.43) than among those who were RF negative

(HR 1.28, 95% CI 0.93–1.78).



Effects of Methotrexate on Plasma Cytokines and Cardiac Remodeling and 
Function in Postmyocarditis Rats

Zhengang Zhang, Pei Zhao et al

Macroscopic and microscopic assessment of the hearts.
(a)Representative gross appearance of the heart from each group of rats.
(b)Representative photomicrographs of the ventricular sections (HE staining; ×200).
In hearts from the control group, myocytes is well organized. In EAM60 group, the cardiac myocytes exhibited
extensive necrosis, degeneration, and disorder. MTX treatment led to a significant decrease in the size of
these lesions.

Mediators of Inflammation Volume 2009, Article ID 389720



Effects of Methotrexate on Plasma Cytokines and Cardiac Remodeling and 
Function in Postmyocarditis Rats

Zhengang Zhang, Pei Zhao et al

Masson ’ s trichrome staining.
Representative
photomicrographs of the
ventricular sections from theventricular sections from the
three groups of rats are shown
(×200). Green staining
represents the collagen fibers
(a)–(c).Myocardial collagen
volume fraction (CVF; (d)) and
perivascular collagen area
(PVCA; (e)) were calculated in
the control, EAM60 and EAM-
MTX groups, respectively. All
results are represented as

Mediators of Inflammation Volume 2009, Article 
ID 389720

results are represented as
mean ± SD (n = 10).
*P < .05, #P < .01 versus
control group; P < .01 versus
EAM60 group.



Methotrexate e rilevanza clinica del 
rischio cardiovascolare



MTX, myocardial infarction and 
heart failure in RA

• Four studies, one cross-sectional and three case–control,related MTX • Four studies, one cross-sectional and three case–control,related MTX 
use to the risk of myocardial infarction (MI)

• One study (quantitative clinical assessment of patients with rheumatoid 
arthritis), a large multi-national study (n = 4363), demonstrated an 18% 
reduction in the risk of MI in patients treated for 1 year with MTX.

Naranjo A, Sokka T, Descalzo MA et al. Cardiovascular disease in patients with rheumatoid arthritis: results from the 
QUEST-RA study. Arthritis Res Ther 2008;10:R30.

• The other studies showed a non-statistically significant trend towards a • The other studies showed a non-statistically significant trend towards a 
reduction in the risk of MI with current or ever use of MTX

Radovits BJ, Popa-Diaconu DA, Popa C et al. Disease activity as a risk factor for myocardial infarction in

rheumatoid arthritis. Ann Rheum Dis 2009;68:1271–6.

Suissa S, Bernatsky S, Hudson M. Antirheumatic drug use and the risk of acute myocardial infarction. Arthritis

Rheum 2006;55:531–6.

Edwards CJ. Myocardial infarction in rheumatoid arthritis.The effects of DMARDs and prednisolone [Abstract].

Arthritis Rheum 2008;56(Suppl. 9):688.



MTX and stroke in RA
• Two studies, one cross-sectional and one case–control,

considered MTXand the risk of stroke.

• Onelargemulti-nationalstudydemonstratedan11% reduction• Onelargemulti-nationalstudydemonstratedan11% reduction
in the risk of stroke with ever use of MTX. In this study, the
analysis was adjusted for features of RA[disease activity score
(DAS)-28 and HAQ].

Naranjo A, Sokka T, Descalzo MA et al. Cardiovascular disease in patients with rheumatoid arthritis: results
from the QUEST-RA study. Arthritis Res Ther 2008;10:R30.

• The second study, a large (n = 33 191) unpublished study
including patients with RAfrom a primary care database in the
UK, demonstrated a trend towards an increased risk of stroke in
ever users of MTX

Endean A. The risk of stroke in patients with rheumatoid arthritis compared to the general population [Abstract]. 
Arthritis Rheum 2007;56(Suppl. 9):S293.



• MTX and lipids in RA• MTX and lipids in RA

No change inlipid profile

• MTX andhypertensionin RA

no difference in the current use of MTX
betweenRA hypertensiveandnormotensivebetweenRA hypertensiveandnormotensive

patients

• MTX andinsulin resistance inRA

No change ininsulin resistance was seenafter 3
months treatment withMTX



Am J Cardiol . 2011 November 1; 108(9): 1362–1370.



Am J Cardiol . 2011 November 1; 108(9): 1362–1370.



RA and cardiovascular risk

• CV risk and biotechnological agents

4747
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TNF-α and heart failure

Torre-Amione G, 
Kapadia S,
Benedict C, et al. 
1996;27:1201-1206 

In patients with advanced HF, increasing circulating 
levels of TNF� and TNF� receptors are independently

In patients with HF, circulating levels of TNFa
increase as their functional class deteriorates 

levels of TNF� and TNF� receptors are independently
associated with increased mortality.
Vesnarinone trial (VEST); n=1200

Deswal A, Petersen NJ, Feldman AM et al. 
2001;103:2055 

Based on: Gullestad L, Ueland T, Vinge LE, et al. 
2012;122:23-35 



Anti-TNF-α drugs and heart failure

ATTACH trial
In patients with mild-to-severe HF 
(NYHA class II to IV and LVEF 
≤30%), 24 week treatment with 
etanercept had not effect on 

RENEWAL trial

pp<0.05<0.05

etanercept had not effect on 
the death or HF hospitalization

Randomized, double blind, placebo 
controlled, multicenter clinical  trial; 
n=1500

In patients with moderate-to-severe HF 
(NYHA class III or IV and LVEF ≤35%), 
28 week treatment with infliximab did not improve 
and high doses (10 mg/kg) increased the risk of 
death or hospitalization for HF (about 3 times)

Randomized, double blind, placebo controlled,
pilot trial; n=150

Chung ES, Packer M, Hung Lo K, et al. 
2003;107:3133 

Mann DL, McMurray JJV, Packer M, et al. 
2004;109:1594 



FDAFDA

Anti-TNF-α drugs and heart failure

47 cases47 cases
of new or worsening CHF in patients receiving
anti-TNFa drugs for RA/Crohn’s disease

*

New onset CHF
n=38

CHF exacerbation
n=9 

Anti-TNF�-inhibitorsand CHF:

anti-TNFa drugs for RA/Crohn’s disease

Etanercept Etanercept InfliximabInfliximab

in 19 cases (50%)in 19 cases (50%)
no identificable risk factorsno identificable risk factors

Anti-TNF�-inhibitorsand CHF:

RECOMMENDATIONSRECOMMENDATIONS

1.1.To avoid in patients with NYHA class III-IV

2.2.To monitor closely for symptoms
in patients with NYHA class I-II

n=26
InfliximabInfliximab
n=12

** FDA MedWatchFDA MedWatch
passive survellaince programpassive survellaince program



RA patients are at increased risk of heart failure (HF)

Rochester Epidemiology Project

HR: 1.87HR: 1.87
(95% CI 1.47(95% CI 1.47--2.39)2.39)

Nicola PJ, MaraditNicola PJ, Maradit--Kramers H, Roger VL, et al. 2005; 52: 412Kramers H, Roger VL, et al. 2005; 52: 412--420420



RA and heart failure risk

The excess of risk of HF among RA patients is not explainedThe excess of risk of HF among RA patients is not explained
by an increased frequency or effect of traditional CV risk factors by an increased frequency or effect of traditional CV risk factors 
(family history, hypertension, dyslipidemia, obesity, diabetes mellitus,

77%77%

54%54%
(family history, hypertension, dyslipidemia, obesity, diabetes mellitus,
smoking) and IHDand IHD: at age 80 years 77% of the HF among non-RA subjects 
was attributable to these factors vs only 54% among 
RA patients (p<0.01)

Maradit-Kramers H, Crowson CS, Nicola PJ, Maradit-
Kramers H, et al. 
2005; 52: 3039-3044

In RA patients, the risk to develop HF was associated with In RA patients, the risk to develop HF was associated with In RA patients, the risk to develop HF was associated with In RA patients, the risk to develop HF was associated with 
systemic inflammationsystemic inflammation(ESR) and disease activity markersand disease activity markers

(RF positivity, extra-articular manifestations). 
On the contrary, DMARDs use (particularly MTX) 

was associated with a 50% risk reduction of HF

Myasoedova E, Crowson CS, Nicola PJ, et al. 
2011; 38: 1601-1606



Subclinical cardiac damage in RA

RA is associated with increased LV massRA is associated with increased LV mass
and the prevalence of LV hypertrophy is higher

RA patients hve an higher prevalence of diastolic
dysfunction (31 vs 26%) than non-RA subjects.

Increased LV massIncreased LV mass Diastolic dysfunctionDiastolic dysfunction

and the prevalence of LV hypertrophy is higher
in RA patients than controls (1818vs 6.7%6.7%). 
LV mass in indipendently associated with 
disease duration

dysfunction (31 vs 26%) than non-RA subjects.
Diastolic dysfunction in RA is independently 
associated with IL-6 levels and disease duration

Rudominer RL, Roman MJ, Deveraux RB, et al. 
2009; 60: 22-29

Liang KP, Myasoedova E, Crowson CS, et al. 
2010; 69: 1665-1670

NTNT--proBNP elevationproBNP elevation
Increased Increased 

RA patients without HF have high RA patients without HF have high 
NTNT--proBNP levels than controls.proBNP levels than controls.
In multivariate analysis, BNP levels 
are associated with disease activity 
(DAS 28), TNF�, IL-6 and CRP 
concentrations

Increased Increased 
Troponin I levelsTroponin I levels

Solus J, Chung CP, Oeser A, et al. 
2008; 58: 2662-2669

HighHigh--sensitivity cardiac troponinsensitivity cardiac troponin--II
is elevated in patients with RAis elevated in patients with RA

Bradham WS, Bian A, Oeser A, et al. 
2012; 7: e38930



Subclinical cardiac damage in RA  and anti-TNF-α drugs

Normalization ofNormalization of
LV massLV mass

Twelve month treatment with
infliximab significantly incresed infliximab significantly incresed 
LV ejection fraction LV ejection fraction 
in RA patientsin RA patients. Concomitantly,

Increase of LVEFIncrease of LVEF

Medium term (3-6 months) treatment with

LV massLV mass

Kotyla PJ, Owczarek A, Rakoczy J et al. 
2012; 39: 701-706

in RA patientsin RA patients. Concomitantly,
DAS 28, as well as IL-6, NT-
proBNP and ET-1 levels 
significantly decreased.

Reduction ofReduction of
NTNT--proBNP levelsproBNP levels etaanercept significantly decreased LV mass etaanercept significantly decreased LV mass 

in RA patientsin RA patients. Such an effect was stricly
correlated with the reduction of the disease
activity (DAS 28) induced by the drug.

Immediato Daien C, Fesler P, du Cailar G, et al. 
2012 (article in press)

NTNT--proBNP levelsproBNP levels

Circulating levels of NTCirculating levels of NT--proBNP decreasedproBNP decreased
after 16 weeks of adalimumab administrationafter 16 weeks of adalimumab administration
in patients with active RAin patients with active RA.
Changes in NT-proBNP levels were 
associated with changes in ESR

Peters MJL, Welsh P, McInnes I, et al. 
2010; 69: 1281-1285



Anti-TNF-α drugs and heart failure risk in RA

Westlake SL, Colebatch AN, Baird J, et al. 2011; 50: 518Westlake SL, Colebatch AN, Baird J, et al. 2011; 50: 518--531531



Anti-TNF-α drugs and heart failure risk in RA

1.1.Reassuringly, TNF� antagonist treatment does not appear associated with 
an increased risk of heart failure.
However, the results of the avilable studies are conflicting and therefore
no definite conclusioncan be drawn(promotion or preventionof HF?), no definite conclusioncan be drawn(promotion or preventionof HF?), 

particularly when comparing TNF� antagonist users with DMARD users

2.2.Comparedwith non-DMARD users theremaybe a decreasedrisk

Westlake SL, Colebatch AN, Baird J, et al. 2011; 50: 518Westlake SL, Colebatch AN, Baird J, et al. 2011; 50: 518--531531

2.2.Comparedwith non-DMARD users theremaybe a decreasedrisk
of heart failure in TNF� antagonist users

3.3.In elderly patients, the use of TNF� antagonists may be associated
with an increased risk of heart failure



Biologic drugs and heart failure

ANSWERS

1.1.Should be all the candidate patients instrumentally
screenedfor heartfailure?screenedfor heartfailure?

No, they should not. 
Basal echocardiography should be only

performed in:
a. patients with NYHA class I or II CHF
b. patients with a pre-existing cardiac disase
c. elderly patientsc. elderly patients

2. What about patients with heart failure in II/III NYHA class ?

In these patients is absolutely necessary to optimizeoptimize CHF treatment CHF treatment 
to to improveimprove the the functionalfunctional classclass. When the patient will reach
class II or lesser, therapy with biologic drugs can be started although
under strict clinical monitoring



QUESTIONS

Biologic drugs and ischemic heart disease

1.1.Should be all the candidate patients 1.1.Should be all the candidate patients 
instrumentally screened for ischemic heart disease?

2.2.How should we menage patients with myocardial 
infarction, pre-existing or occurring during 
treatment with biologic drugs? 

Woodrick RS and Ruderman EM. 
2011; 7: 639-652



Circulating levels of TNF receptors are
highly predictive of CV mortality in RA patients

TNFR1TNFR1 TNFR2TNFR2

Mattey DL, Glossop JR, Nixon NB, et al. 2007; 56: 3940Mattey DL, Glossop JR, Nixon NB, et al. 2007; 56: 3940--39483948



IL-6 (174G/C) polimorphism increases both IL-6 circulating
levels and prevalence of CVD in RA patients

** pp=0.028=0.028

RA patients, n=383RA patients, n=383 RA patients, n=135RA patients, n=135 GGGG GC/CCGC/CC

Serum IL-6 levels 
(pg/ml)

14.0*
(3.2-38.8)

4.5 
(2.2-16.5)

Panoulas VF, StavropoulosPanoulas VF, Stavropoulos--Kalinoglou A, Metsios GS, et al. 2009; 204: 178Kalinoglou A, Metsios GS, et al. 2009; 204: 178--183183



AntiAnti--TNFTNF�� drugs reduce the risk of drugs reduce the risk of 
CV events in RA patientsCV events in RA patients

Adjusted relative risk of CV events in RA patients treated with antirisk of CV events in RA patients treated with anti--TNFTNF�� agentsagents
vs. non-biologic DMARDs in published observational cohort studies: a metaobservational cohort studies: a meta--anlysisanlysisAll CV eventsAll CV events

myocardial infarction myocardial infarction 
RR 0.81, 95%CI 0.68-0.96

cerebrovascular accidentcerebrovascular accident
RR 0.69, 95% CI 0.53-0.89

Barnabe C, Martin BJ, Ghali WA. 2011; 63: 522Barnabe C, Martin BJ, Ghali WA. 2011; 63: 522--529529

Greenberg JD, Kremer JM, Curtis JR, et al. 
2011; 70: 576-582

Data from a multimulti--center US observational RA registry ofcenter US observational RA registry of
10,156 patients (CORRONA study) 10,156 patients (CORRONA study) comparing the rates of CV 
events among patients with RA prescribed anti-TNF� agents 
(incidence rate 2.93 per 1000 patients-years) versus nonbiologic 
drugs excluding MTX (7.51 per 1000 patients years)



In RA patients who respond to anti-TNF-α therapy the 
incidence of MI is markedly lower than nonresponders

Dixon WG, Watson KD, Lunt M, et al. 2007; 56: 2905Dixon WG, Watson KD, Lunt M, et al. 2007; 56: 2905--29122912



Anti-TNF-α treatment ameliorates 
surrogate markers of CV disease in RA patients 

FlowFlow--mediated dilation (FMD)mediated dilation (FMD) Endothelial dysfunctionEndothelial dysfunction

Arterial stiffnessArterial stiffness

Pulse wave velocity (PWV)Pulse wave velocity (PWV)

Arterial stiffnessArterial stiffness

Peters MJL, van Sijl AM, Voskuyl AE, et al. 2012; 18: 1502Peters MJL, van Sijl AM, Voskuyl AE, et al. 2012; 18: 1502--15111511



Carotid intimaCarotid intima--media thickness (cIMT)media thickness (cIMT)

Anti-TNF-α treatment ameliorates 
surrogate markers of CV disease in RA patients 

Van Sijl AM, Peters MJ, Knol DK, et al. Van Sijl AM, Peters MJ, Knol DK, et al. 
2011; 40: 3892011; 40: 389--397397

Author, yearAuthor, year TNFaTNFa--inhibitorinhibitor PatientsPatients FollowFollow--upup ResultsResults

Del Porto, 2007 IFX/ETN 30 3 m Significant reduction

Wong, 2009 IFX 26 56 w No difference

Sidiropulos, 2009 IFX/ADA 12 18 m No difference

Di Micco, 2009 IFX 7 12 m Significant increment

Turiel, 2009 ADA 10 18 m No significant reduction

Mazzoccoli, 2010 IFX/ADA 25 12 w No difference

Kerekes, 2011 ADA 8 24 w Significant reduction

Modificato da: Peters MJL, van Sijl AM, Voskuyl AE, et al. 2012; 18: 1502Modificato da: Peters MJL, van Sijl AM, Voskuyl AE, et al. 2012; 18: 1502--15111511



Effects of synthetic and biologic DMARDs on Endothelial 
Function in Patients with Early RA (n=10 MTX, 10 ADA)

CFR (2D-echo derived coronary flow reserve) 

pre- and post-treatment with MTX or ADA

Baseline
Post-treatment 

(18 months)
P-valueBaseline

(18 months)
P-value

Diastolic blood 
pressure (mmHg)

80.8 ± 9.4 74.3 ± 6.75 0,025

DAS 28 5.86 ± 0.64 2.01 ± 0.74 0,0001

CRF 2.4 ± 0.2 2.7 ± 0.5 0,01

ADMA (µmoles/L) 0.65 ± 0.07 0.7 ± 0.17 NS

IMT (mm) 0.68 ± 0.10 0.66 ± 0.15 NS

6666

Turiel M, et al. Am J Med 2002

DMARDs are able to improve coronary microcirculation without a direct effect 
on IMT* and ADMA**, clinical markers of atherosclerosis

*IMT=common carotid intima-media thickness
**ADMA=plasma asymmetric dimethylarginine



Increased lipid levels but unchanged atherogenic index in RA 
patients treated with biologic agents

6767

Schimmel EK, et al. Clin Exp Rheumatol 2009



Changes in lipid levels after TNF blockers initiation 
in patients with RA

6868

Curtis JR, et al. Arthtiris Res Care 2012

TNF inhibitor therapy modestly increased all lipid parameters



Systematic Review and Meta-Analysis: 
Anti–TNF and Cardiovascular Events in RA

All cardiovascular events vs MTX

6969

0.46 (0.28, 0.77)Overall                                                     

Barnabe C, et al. Arthritis Res Care 2011



Systematic Review and Meta-Analysis: 
Anti–TNF and Cardiovascular Events in RA

Myocardial infarction vs MTX

7070

0.81 (0.68, 0.96)Overall                                                     

Barnabe C, et al. Arthritis Res Care 2011



Systematic Review and Meta-Analysis: 
Anti–TNF and Cardiovascular Events in RA

Cerebrovascular accident vs MTX

7171

Barnabe C, et al. Arthritis Res Care 2011

0.69 (0.53, 0.89)Overall                                                     



Rituximab and CV risk in RA patients

RTXRTX

disease activity reduction predominant pro-atherogenic
B2 cell depletion

Peters MJL, van Sijl AM, Peters MJL, van Sijl AM, 
Voskuyl AE, et al. Voskuyl AE, et al. 
2012; 18: 15022012; 18: 1502--15111511

Endothelial dysfunctionEndothelial dysfunction

CV risk ?

Arterial stiffnessArterial stiffness

Mathieau S, Pereira B, Dubost JJ et al. 2012; 51: 1107Mathieau S, Pereira B, Dubost JJ et al. 2012; 51: 1107--11111111



Rituximab and CV risk in RA patients 

Benucci M, Saviola G, Manfredi M, Sarzi Puttini PC, Atzeni F 2013; 7: 69Benucci M, Saviola G, Manfredi M, Sarzi Puttini PC, Atzeni F 2013; 7: 69--7575



Integrated safety in tocilizumab clinical trials (12293 PY): 
cardiovascular events

TCZ (n=2644) Control (n=1555)TCZ (n=2644) Control (n=1555)

Myocardial 
infarction

0.29/100 PY 0.49/100 PY

Stroke 0.16/100 PY 0.24/100 PY

7474

Genovese M, et al. J Rheumatol 2013



Lipid and Inflammatory Biomarker Profiles in Patients Receiving 
Tocilizumab for RA: Analysis of Five Phase 3 Clinical Trials

7575

Genovese M, et al. Arthtiris Rheum 2008 (Abstract)

The serum cholesterol and triglyceride levels increased noticeably within the first 6 
treatment weeks and remained stable thereafter



DOES TREATMENT OF RHEUMATOID ARTHRITIS MODULATE 

CARDIOVASCULAR RISK?

• Clinicians should maintain a high level of
suspicionfor CVD andits risk factorsin RA.suspicionfor CVD andits risk factorsin RA.

• Until treatment trials have been completed, regular
screening for traditional CVD risk factors,
education of patients and primary care providers
and aggressive management of each risk factor is
prudent.

• Treating to target with an aggressive DMARD
strategy may also lead to reduced CVDrisk.
However, this is still an unproven hypothesis.
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