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CHAPTER1
GENERAL INTRODUCTION



Chapter 1. General introduction

Inflammatory joint diseases (IJD) comprise a broad range of related disorders
of which rheumatoid arthritis (RA) and spondyloarthropathies (e.g. ankylosing
spondylitis (AS) and psoriatic arthritis (PsA)) are the most common. IJD are
characterized by chronic inflammation of the joints and related tissues. Alongside
joint involvement other organs including the bowels, eyes, skin, lungs, kidneys,
nervous system, and also the heart and blood vessels can be affected, leading to
an increased morbidity and mortality in comparison to the general population. (1-4)
Notably, a large excess of the reported deaths in these patients is attributable to
cardiovascular disease (CVD), predominantly of atherosclerotic origin. (4, 5) This
introduction provides a general overview of the context in which this thesis should
be placed and read. The in-dept discussion of the current state-of-the-art with
regards to CVD and IJD can be found in chapter 2.

Traditional and novel cardiovascular risk factors

Traditional risk factors for CVD, such as smoking, dyslipidemia and hypertension,
are more often present in patients with [JD and contribute to the CVD risk, but
cannot fully explain the excess morbidity and mortality found in |JD patients. (6) In
addition, for some risk factors the contribution to CVD incidence is different thanin
the general population, such as that of lipids (i.e. higher lipid levels are associated
with lower risk). Also, anti-inflammatory therapy may influence the effects of these
traditional risk factors on CVD risk. (7-9) Finally, some non-classical risk factors
have been associated to CVD development in recent years (e.g. thyroid function,
insulin resistance, body composition, single nucleotid polymorphisms (SNPs),
lipidomics). (10-15) However, their exact degree of contribution to CVD risk in these
patients is still under debate.

Inflammation as a risk factor for accelerated atherosclerosis

In the last few decades, inflammation has been linked to atherogenesis and the
development of atherosclerotic lesions. (16-18) Nowadays, atherosclerosis itself
is regarded as an inflammatory process with inflammatory cells involved in all its
stages. (16-18) The chronic inflammation inherent to IJD is presumed to play an
important role in the development and progression of atherosclerosis, and might
explain the excess CVD risk in these patients. Chronic inflammation enhances
endothelial dysfunction, induces maladaptive remodeling of the vascular wall,
and influences the composition of an atherosclerotic plaque, resulting in plaque
instability. (19, 20) In line with this, in patients with RA coronary plaques are more
frequent, more severe and more prone to rupture. (21, 22) Additionally, patients with
RA have worse outcomes after an acute coronary syndrome, with increased and



earlier recurrence of myocardial infarction (Ml) and an increased risk of death. (21,
22)Also, higher inflammatory burden and disease flares have been associated with
higher number of new CVD events in RA.(23)Other studies have demonstrated that
the increased CVD risk in RA is independent of traditional risk factors, suggesting
arole of inflammation in the development of atherosclerosis. (24)

CVD risk prediction and management

As |JD are prevalent conditions worldwide, appropriate risk assessment and
management strategies are mandatory to improve survival, healthcare costs and,
most importantly, quality of life for affected patients. (25) Apart from optimal anti-
inflammatory therapy and management of traditional CVD risk factors, novel RA-
specific biomarkers associated with CVD might improve risk prediction in these
patients. Presently, there are no IJD-specific CVD risk algorithms with superior
predictive value available, whereas we know that CVD risk algorithms designed
for the general population do not accurately predict CVD risk for IJD patients. (26)
In the era of personalized medicine, tapering or stopping treatment with anti-
inflammatory agents, mainly biologic agents, is becoming common practice.
Imaging studies could help elucidate whether successfully tapering or stopping
anti-inflammatory therapy has any adverse effects on vascular morphology or CVD
risk, as tapering could have adverse CVD effects, e.g. when this is done in patients
with ongoing vascular inflammation.

Aims of this thesis
1. Toassess the magnitude of CVD risk in IJD, with a focus on RA and PsA
2. Toinvestigate traditional and novel risk factors associated with CVD in IJD
3. To increase awareness of the excess morbidity and mortality due to CVD
inlJD
4. Torecommend strategies for CVD risk managementin IJD

Outline of this thesis

In chapter 2, we give an overview of the increased CVD risk in the most prevalent
IJD (i.e. RA, AS, PsA), associated traditional and novel risk factors, and the effects
of optimal anti-inflammatory therapy on CVD risk and risk factors. In chapter 3, we
investigated whether co-existent thyroid dysfunction in RA patients affects CVD
risk. In chapter 4, we questioned whether polymorphisms of the IL-32 promoter
SNP rs4786370 predisposes to modified lipoprotein profiles in patients with RA,
as a possible explanation of an elevated CVD risk. In chapter 5, the effects of
etanercept treatment on traditional CVD risk factors in PsA patients was explored.
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Chapter 1. General introduction

In chapter 6, we studied the risk for new CVD events in RA over time compared
with patients with type 2 diabetes and the general population. For chapter 7, we
formed a EULAR taskforce to update the EULAR recommendations for CVD risk
management in patients with |JD. In chapter 8, we investigated if non-canonical
NF-kB signalling is upregulated in IUD as a marker of neovascularization and an
unstable plaque profile. In chapter 9, we measured arterial wall inflammation with
an 18F-FDG-PET/CT in patients with early RA, established RA, osteoarthritis and
healthy persons. In chapter 10, we assessed changes in arterial wall inflammation
with an 18F-FDG-PET/CT after six months of anti-inflammatory therapy in patients
with early and established RA. In chapter 11, we investigated whether interferon
regulatory factor 5 (IRF5) SNPs rs2004640 and rs4728142 are associated with cIMT
and CVD.
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Chapter 2. Atherosclerotic Cardiovascular Disease

ABSTRACT

Inflammatory joint diseases (IJD), including rheumatoid arthritis (RA), ankylosing
spondylitis (ASp) and psoriatic arthritis (PsA) are prevalent conditions worldwide
with a considerable burden on health care systems. |[JD are associated with
increased cardiovascular (CV) disease-related morbidity and mortality. In this
review, we present an overview of the literature. Standardised mortality ratios are
increased in IJD compared to the general population, i.e. RA1.3-2.3, ASp 1.6 - 1.9
and PsA 0.8 - 1.6. This premature mortality is mainly caused by atherosclerotic
events. In RA, this CV risk is comparable to that in type 2 diabetes. Traditional CV
risk factors are more often present and partially a consequence of changes in
physical functionrelated to the underlying IJD. Also, chronic systemic inflammation
itself is an independent CV risk factor. Optimal control of disease activity with
conventional, targeted synthetic and biological disease-modifying antirheumatic
drugs (csDMARDs, tsDMARDS and bDMARDs) decreases this excess risk. High
grade inflammation as well as anti-inflammatory treatment alter traditional CV
risk factors, such as lipids. In view of the above-mentioned CV burden in patients
with IJD, CV risk management is necessary. Presently, this CV risk management is
still lacking in usual care. Patients, general practitioners, cardiologists, internists
and rheumatologists need to be aware of the substantially increased CV risk in
IJD and should make a combined effort to timely initiate CV risk management in
accordance with prevailing guidelines together with optimal control of rheumatic
disease activity. CV screening and treatment strategies need to be implemented
in usual care.
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INTRODUCTION

Inflammatory joint diseases (IJD) are characterized by chronic inflammation of the
joints and related tissues. IJD comprise a broad range of related disorders of which
rheumatoid arthritis (RA) and spondyloarthropathies are the most common.

RA is the archetype of a systemic immune-mediated disease and it is defined as
a chronic symmetric inflammation primarily involving the synovial joints (table 1)
[1]. RA affects approximately 1% of the general population worldwide and the
prevalence increases with age [2]. Alongside joint involvement, the systemic
inflammation distinctive for RA can affect other organs including the bowels,
skin, lungs, kidneys, nervous system and also the heart and blood vessels[2]. RA
leads to severe pain, major disability and premature death [12]. The majority of
these deaths are attributed to atherosclerotic cardiovascular disease in particular
[3]. Spondyloarthropathies are a group of various rheumatic diseases of which
ankylosing spondylitis (Asp) and psoriatic arthritis (PsA) are the most frequently
occurring disorders (table 1). Shared clinical features of spondyloarthropathies
are axial joint inflammation, enthesitis, dactylitis and oligoarthritis [4]. In addition,
there is a genetic association with HLA-B27 [4]. Extra-articular organ systems
such as the eyes (anterior uveitis), bowels (inflammatory bowel disease or Crohns
disease), skin(psoriasis)and the cardiovascular (CV) system are often affected[5].
Like RA, mortality is increased in ASp and PsA[5]and it is linked to cardiovascular
comorbidities. Approximately 0.4 - 1.9% of the general population suffers from
spondyloarthropathies, of which 0.1- 0.6 % accounts for ASp[4]and 0.04 - 1% for
PsA[6].

As IJD are prevalent conditions worldwide with a considerable burden to health
care systems, knowledge and awareness of the increased CV risk is required to
timely initiate cardiovascular risk management in these patients. In this review we
present an overview of the literature on this subject.

Cardiovascular Morbidity and Mortality in Inflammatory Joint Diseases
Mortality rates are significantly increased in patients with RA compared to the
general population, with reported standardized mortality ratios between 1.3 and
2.3[3]. Alarge excess of these deaths is attributable to CV disease, predominantly
ischemic heart disease and cerebrovascular disease. A recent meta-analysis of 14
observational cohort studies comprising over 40.000 RA patients shows an overall
increased relative risk of a first ever CV event in RA patients of 1.48(95% CI 1.36-
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Table 1. Characteristics of the major rheumatic diseases

Rheumatoid arthritis

Ankylosing spondylitis

Psoriatic arthritis

Major clinical
characteristics
and symptoms*

Rheumatic
treatment options

Cardiovascular
risk

Arthritis of three or
more joints

Elevated CRP and ESR

Positive RF and anti-
CCP antibodies

Predominant in females
in 2-3:1ratio

Onset in 4,5™ or 6™
decade

NSAIDs

Oral/intra-articular
glucocorticosteroids

DMARDs

Biologicals

Twofold increased
mortality rate
(comparable to DM2)

CV disease main cause
of death, mainly due to
atherosclerotic disease

Arthritis of SI- and axial-
joints

Ankyloses of spinal column

Associated with HLA-B27
genotype

Elevated CRP and ESRin
approximately 50%

Predominant in men 3:1

Onset generally before
the age of 30, but often
delayed diagnosis due to
lack of disease knowledge
and misdiagnosis,
especially in women

NSAIDs

Oral/intra-articular
glucocorticosteroids

Biologicals

Increased mortality rate
CV main cause of death
Both atherosclerotic

disease and specific
cardiac manifestations

Inflammation of distal
joints (DIPs>PIPs)

Psoriasis

Slight predominance in
males

Onset 45 - 54 years

NSAIDs

Oral/intra-articular
glucocorticosteroids

DMARDs

Biologicals

Increased mortality rate

Increased prevalence
of Ml

*Many rheumatic disease characteristics share symptoms; therefore this list includes the

typical major characteristics, but is in no means an exclusive or complete list of symptoms.

Anti-CCP: anti citrullinated protein antibody, CRP: C-reactive protein, CVD: cardiovascular,

DIP: distal interphalangeal joint, DMARDs: disease modifying anti rheumatic drugs, DM2:

diabetes mellitus type 2, ESR: Erythrocyte Sedimentation Rate, MI: myocardial infarction,

NSAIDs: non-steroidal anti-inflammatory drugs, PIP: proximal interphalangeal joint, RF:

Rheumatoid Factor, Sl: sacro-iliac

1.62), mainly caused by an increased risk of myocardial infarction, cerebrovascular
accidents and congestive heart failure [7]. These CV events were predominantly
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of atherosclerotic origin, but vasculitis, primary thrombogenesis and myocarditis
may have played a pathogenetic role in their development. Although some studies
suggest that the disease course of RA has become milderinrecent yearsasaresult
of advances in medicinal treatment, CV disease related mortality has remained
equally elevated over the past five decades. This might be due to underrecognition
and undertreatment of CV risk factors, a lack of optimal disease control by
medication or favorable effects of anti-inflammatory therapy on CV risk may only
be noticeable on a population average after decades of treatment. Similar to RA,
mortality is also increased in ASp, with standardized mortality ratios up to 1.9. An
increased incidence of atherosclerotic events is responsible for the majority of
deaths in this disease [8]. In PsA, standardized mortality ratios are reported up to
1.6. These patients are at an increased risk of myocardial infarction, but data on
cerebrovascular disease is conflicting. A recent study reports an increased risk of
major atherosclerotic events (hazard ratio (HR) 1.24 95%ClI 1.03-1.49) in untreated
PsA patients, even after adjustment for traditional CV risk factors[9].

Conventional Cardiovascular Risk Factors in Inflammatory Joint Diseases
Smoking

Smoking is an acknowledged cause of CV morbidity and mortality. The CV risk
associated with smoking is dose and duration dependent, but there is no lower
limit for detrimental effects. The exact mechanism by which smoking increases
CV risk is unknown, but it is suggested that smoking has effects on endothelial
function, platelet function, fibrinolysis, lipids and vasomotor function through
reactive oxygen species triggering inflammatory processes in arterial tissues. Any
type of smoking is an environmental risk factor for development of RAand itis also
associated with increased disease severity [10]. A higher prevalence of smoking is
reported in RA patients compared to controls [11]. Smoking does not appear to be
associated with the development of Asp but it does influence clinical, functional
and radiological disease outcomes. Data regarding the prevalence of smoking
in both Asp and PsA is not univocal with several studies reporting increased
prevalences whereas others do not.

Physical activity

In the general population exercise reduces CV risk, possibly through dampening of
inflammation measured by C-reactive protein levels. Therefore, exercise might also
have beneficial effects on CVriskin IUD. On average, RA patients are less physically
active, which has been associated with a higher risk of CV events. Recent studies
show a beneficial effect of exercise therapy on vascular function, cardiorespiratory
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fitness and CV risk in RA[12]. Active disease and disease-related deterioration of
functional status renders patients with ASp and PsA less physically active than
controls which has been associated with a worse prognosis and premature death
[5]. For ASp, physical training is the cornerstone of treatment, positively affecting
disease activity and probably simultaneously decreasing CV risk.

Dyslipidaemia

While high serum total cholesterol (TC), low density lipoprotein cholesterol
(LDLc) and triglycerides (TG) are associated with increased CV risk in the general
population, RA patients with active disease have instead low serum levels of TC
and LDLc, while the CV risk is elevated [ 13]. Possibly, the simultaneous decrease in
high density lipoprotein cholesterol (HDLc) during disease flares and the negative
effects of inflammation on the anti-atherogenic properties of HDLc and LDLc
cause this increased CV risk. The lipid profile in ASp and PsA is similarly affected
by disease activity [5]. In addition to inflammatory changes in lipids, certain lipid-
particles themselves are capable of influencing inflammatory pathways. HDLc is
able to intervene in the interaction between T-cell lymphocytes and macrophages,
making it an inflammation modifier. Decreasing inflammatory activity through
medical treatment generally improves, i.e. normalizes, the lipid profile in IJD as
HDLc levels also improve with treatment. Thus, the increase in TC and LDLc after
anti-inflammatory treatment does not translate into an increased CV risk, but is
a reflection of a good response to therapy. In addition, suppressing inflammation
may enhance HDLc efflux function even in the absence of quantitative changes in
lipids. However, the clinical relevance of short term changesin lipid particles on CV
outcomes remains to be determined.

Dyslipidaemia in the general population can be effectively treated with statins
reducing CV risk. Statins appear equally effective in patients with [JD [14].
Furthermore, statins have anti-inflammatory properties and may thus induce an
additional CV risk reduction when combined with anti-inflammatory therapy. In
addition, it should be noted that lipid levels during high disease activity are lower in
IJD and this leads to a possible underestimation of CV risk. Therefore, lipid levels
should be assessed during periods of low disease activity or disease remission. If
this is not possible, the TC/HDLc-ratio should be used as this is the most stable
lipid marker under inflammatory conditions [15]. This ratio correlates better with
C-reactive protein levels and subsequent CV event risk in comparison to TC or
HDLc alone and is therefore a more appropriate predictor of CV risk in IJD rather
than the individual lipid levels [15].
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Blood pressure

A recent meta-analysis found no clear difference in blood pressure between RA
patients and non-RA controls, whereas most other studies found an increased
prevalence of hypertension [11 16]. This disparity might be explained by under-
recognition of hypertension in RA. The prevalence of hypertension and its
contribution to CV risk in ASp is also unclear, as several studies report increased
prevalences of hypertension in ASp whereas others do not [5]. In PsA, several
studies report increased prevalences of hypertension. Overall, there seems to
be a tendency towards an increased prevalence of hypertension in RA, ASp and
PsA. Currently, there is no evidence for a preferred antihypertensive agent in IJD
disregarding an older report that ACE-inhibitors and ATII antagonists should be
preferred in view of their anti-inflammatory properties. A far more important issue
to address is that adequate treatment of hypertension in IJD is often lacking.

Body weight and body composition

Whether the body mass index differs between RA patients and the general
population is unclear, but a low body mass index is associated with increased CV
risk [16]. Patients with RA do seem to have more body fat for a given body mass
index than controls. Rheumatoid cachexia, a condition in which the lean body mass
or muscle massislost while fat massis preserved orincreased, isnot uncommonin
RA[17]. Interestingly, several small-scale studies in RA patients with active disease
or a disease flare reported lower body mass index and fat free mass as compared
to healthy controls, disappearing after treatment. Moreover, in most patients the
body mass index often remains stable over the course of RA while the fat free mass
is lost and fat mass is increased. Therefore, assessing only body mass index may
underestimate CV risk in RA patients. ASp is associated with an increased body
mass index that correlates with disease activity. PsA patients are reported to
be more often overweight which correlates with physical health. Reducing body
weight to a normal range through exercise improves body composition in IJD and
could therefore simultaneously improve both CV risk and disease outcomes in
these patients.

Insulin resistance and diabetes

Studiesreportconflictingresultsregardingthe prevalence of diabetes mellitus type
2in RA patients. Bothinsulinresistance and diabetes mellitus type 2 are associated
with CV disease in RA similar to the general population. Insulin resistance seems
increased in patients with RA compared to controls. Insulin resistance in RA is
associated with increased levels of C-reactive protein, erythrocyte sedimentation
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rate, interleukin-6 and tumor necrosis factor-a. Whether RA and diabetes mellitus
type 2 are associated in a pathophysiological way is less clear. Insulin resistance is
not increased in ASp, but it is increased in PsA, which might be due to a relatively
higher body mass index in these patients. Similarly, diabetes mellitus type 2
prevalence is higher in PsA versus controls, but this was not observed in ASp.

Systemic Inflammation Inherent to Inflammatory Joint Diseases

Although traditional risk factors for CV disease are generally more often presentin
IJD patients, the excess morbidity and mortality cannot be explained by these risk
factorsalone. A study from 2010 demonstrated that RAisindependently associated
with CV disease development after adjustment for known traditional CV risk factors
[18].TheCVriskinRAappearsequaltothatofdiabetesmellitustype2[1819].Aplausible
explanation is that the chronic inflammatory burden of RA enhances endothelial
dysfunction and consequently induces or accelerates atherosclerosis, as a higher
inflammatory burden and an increased number of disease flares was associated
with CV events in RA patients [20]. Moreover, atherosclerosis itself is regarded as
an inflammatory process with inflammatory cells involved in all its stages [2122].
The carotid intima media thickness is generally seen as a reliable surrogate
marker for (preclinical) CV disease and is increased in RA patients as compared to
matched non-RA controls. Inflammation causes maladaptive outward remodelling
of the carotid artery, which is associated with plaque instability and rupture [23].
This adverse remodelling might further increase CV risk in RA[23]. It is currently
unknown to what extent inflammation affects CV risk in ASp or PsA, but it is
conceivable that the CV effects of inflammation in these patients are similar to
that in RA. This is also implicated by numerous reports that carotid intima media
thicknessis also increased in ASp and PsA and the lipid profile is affected similarly
to RA.

Effects of Anti-inflammatory Therapy on CV Risk

The anti-rheumatic treatment of RA is initiated with disease-modifying
antirheumatic drugs (DMARDs), agents capable of interfering with the systemic
inflammatory disease process, reducing or reversing disease symptoms and
simultaneously improving quality of life. There are several classes of DMARDs
including conventional synthetic DMARDs (csDMARDs), targeted synthetic DMARDs
(tsDMARDs) and biological DMARDs, such as tumor necrosis factor-a inhibitors
(TNFi, table 2). RA therapy starts with csDMARDs, often with methotrexate
alone or combined with sulfasalazine or hydroxychloroquine, or (bridging)
glucocorticosteroids. When remission or low disease activity according to the
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definition is not reached within 6 months, a different csDMARD combination can
be tried or one of the TNFi is added. Both csDMARDs and TNFi significantly reduce
CV risk in RA patients (table 3). Several studies have shown beneficial effects of
csDMARDs and TNFi on carotid intima media thickness [24], lipid profile, IR and
metabolic syndromein RA. Generally, treatment with csDMARDs and TNFiincreases
all lipid components, but predominantly HDLc resulting in a beneficial TC/HDLc-
ratio [25]. However, tocilizumab and tofacitinib may increase lipids, presumably
due to interleukine-6 inhibition. Sustained elevations of lipids after treatment with
these agents can effectively be reduced with statin therapy. Glucocorticosteroids
rapidly and effectively lower inflammation in RA, but they have been associated
with a dose-dependent increased risk of CV disease. Although the cumulative
corticosteroid dose is significantly associated with CV disease, reducing high grade
inflammation in patients with active disease may counter this adverse effect.

In ASp, treatment starts with non-steroidal anti-inflammatory drugs (NSAIDs) in
combination with regular physical exercise[26]. NSAIDs effectively reduce disease
activity in the majority of ASp patients, but they might have a twofold effect on CV
risk in ASp. The lowering of inflammatory burden, subsequent increase in physical
activity and deceleration of bone remodelling might lead to a decreased CV risk. In
contrast, side effects of NSAIDs like hypertension and renal damage mightincrease
CV risk, especially in young ASp patients [27]. The average CV effects of NSAIDs
in ASp remains unclear, and it is therefore unknown whether NSAIDs should be
used intermittently or continuously. csBMARDs are generally not effective in ASp,
but may be used for ASp patients with concurrent peripheral arthritis. If NSAIDs
treatment fails, TNFi are initiated [26]. TNFi treatment in ASp is highly effective
and possibly improves overall CV risk as improvements in lipid profile, vascular
function and carotid intima media thickness are described after treatment. PsA
patients are treated similar to RA patients, initially with csDMARDs and with TNFi
in patients with persistent active disease. The effects of these treatments on CV
risk in PsA are currently unknown. However, similarly to RA, TNFi improve the lipid
profile and carotid intima media thickness in PsA.
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Table 2. Treatment options for rheumatic diseases and their cardiovascular effects

Group Examples Disease Cardiovascular effects Interactions with com-
monly used CV medica-
tions

NSAIDs Diclofenac RA, ASp, Increased blood pres-  Renal dysfunction,

Ibuprofen PsA sure, contraindicated  increased risk of (Gl)
Naproxen in after Ml, CVA and bleeding in combination
Meloxicam peripheral arterial dis- with anticoagulants,
Nabumeton ease, has an antiplate- possible decrease of
Celecoxib let clotting effect like  cardioprotective effect
Etoricoxib aspirin, ticagrelorand  of aspirin and increase
clopidogrel in thrombo-embolic
complications, due to
competitive COX inhibi-
tion, may decrease ef-
fect of antihypertensive
agents and diuretics

Conventional syn- Methotrexate RA, PsA Improvement of lipid Renal dysfunction

thetic DMARDs Hydroxychloro- profile, insulin resist-  with MTX, leflunomide

quine ance and physical canincrease serum

Sulfasalazine activity levels of furosemide,

Leflunomide hydroxycholoquine
and sulfasalazine can
alter plasma levels of
digoxine

Tumor necrosis Infliximab (i.v) RA, ASp,  Improvement of lipid Acute heart failure in pa-

factor-a inhibi- Etanercept PsA profile, insulin resist-  tients with pre-existing

tors* Adalimumab ance and physical CHF class 3and 4

Golimumab activity
Certolizumab
pegol

T cell costimula-  Abatacept RA ? ?

tion inhibitor*

Anti-B cell agent*  Rituximab (i.v.) RA ?, caution warranted Caution warranted with

in patients with known cardiotoxic chemother-
CV disease apy

Interleukine-6-re- Tocilizumabiv. RA Increases lipids due to May influence metabo-

ceptor blocking ors.c. IL-6 inhibition lisation of atorvastatin

monoclonal anti- and calciumantagonists
body*

Interleukin-Tin- Anakinra RA ? ?

hibitor*

Targeted synthet- Tofacitinib RA,PsA  Increaseslipidlevels  ?

ic DMARDs due to IL-6 inhibition

Oral/intra-articu-  Prednis(ol)on RA, ASp, Increase of insulin Risk of hypokalaemia

lar glucocorticos- Methylpredni- PsA resistance, increase in with diuretics, change in

teroids solon blood pressure, heart  response to anticoagu-
Triamcinolon failure, weight gain lants, faster elimination
Dexamethason of salicylates
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ASp: Ankylosing Sponydlitis, CHF: congestive heart failure, CVA: cerebrovascular accident,
CV: cardiovascular, DMARDs: disease modifying anti rheumatic drugs, |JD: inflammatory
joint disease, i.v: intravenously, s.c.:subcutaneous, NSAIDs: non-steroidal anti-
inflammatory drugs, PsA: psoriatic arthritis, Ml: myocardial infarction, MTX: methotrexate,
Gl: gastrointestinal, RA: rheumatoid arthritis, *oDMARDs

Table 3. Effect of anti-inflammatory therapy on CV events

Anti-inflammatory agent CV risk factors CV events
csDMARDs Decrease in CRP, improvement of insulin Decrease
resistance, lipid profile and physical activity
tsDMARDs Decreased CRP, increases lipids Decrease
bDMARDs Decreased CRP, improvement of insulin resistance Decrease
and lipid profile (except tocilizumab increases lipid
levels)
NSAIDs Increased blood pressure, possible increase Increase

in thrombo-embolic complications due to
competitive COX-1inhibition?

Glucocorticosteroids Decreased CRP, increased insulin resistance, Increase, dose
increased blood pressure, weight gain, changesin and duration
body composition dependent

csDMARDs: conventional synthetic disease-modifying antirheumatic drugs, tsDMARDs:
targeted synthetic disease-modifying antirheumatic drugs, bDMARDSs: biological disease-
modifying antirheumatic drugs, CRP: c-reactive protein, COX: cyclooxygenase.

CVrisk estimationin |JD

Currently, there are no |JD-specific CV risk prediction models with a validated
performance. Risk prediction models for the general population underestimate the
CVriskinlJD[2829]. The EULAR recommendations for CV risk management advise
the use of the SCORE algorithm with a multiplication factor of 1.5 for RA patients
[30]. Inapparently healthy persons, a10yearrisk of afirst everatherosclerotic event
can be estimated with this algorithm, which includes gender, age, smoking status,
blood pressure and total cholesterol or TC/HDLc ratio. In patients with established
CV disease cardiovascular risk management should be initiated on all risk factors
as there is already an inherent high risk of future events. As mentioned earlier, the
TC/HDLc-ratioisamore appropriate predictorinIJD thanindividual lipids. Whether
novel and |JD-specific factors such as carotid intima media thickness or specific
biomarkers will improve risk prediction in IJD remains to be elucidated.
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DISCUSSION

IJD patients have an increased CV risk. Contributing factors are the increased
presence of traditional CV risk factors and the CV effects of chronic inflammation
inherenttolJD(figure1). Itiswidely acknowledged that the process of inflammation
accelerates atherosclerosis in patients with |JD. Furthermore, inflammation
regardless of its aetiology weakens the plagues cap, making the plaque unstable
and more prone to rupture. It is currently unknown whether anti-inflammatory
treatment can halt or even reverse this accelerated atherosclerotic process, but
small studies do point towards this direction. As all antirheumatic treatments aim
forinflammationreduction, they favourably affect CV risk. However, their use might
also cause CV complications by causing an increased blood pressure, increases in
lipids, kidney failure and even congestive heart failure. Therefore, while effective
anti-inflammatory treatment might be beneficial in the average IJD patient, CV
and anti-rheumatic treatment should always be individually evaluated, especially
in case of CV disease history.

Figure 1. Interplay between CV risk, inflammation and traditional CV risk factors

As there is overwhelming evidence for an increased CV risk in RA, these patients
are considered to be a high risk category (see supplementary file for the full
literature list). Therefore, in 2009, a specific CV risk management guideline from
EULAR taskforce recommended to use a 1.5 multiplication factor when estimating
CV risk in RA patients. For ASp and PsA, the evidence was less pronounced and
thus the multiplication factor was not recommended.
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CONCLUSIONS

IJD patients are at increased risk of CV disease related morbidity and mortality,
particularly an increased incidence of atherosclerotic CV disease. For RA, this
risk equals that of diabetes mellitus type 2. CV risk factors in IJD are the systemic
inflammatory burden, the higher prevalence of traditional risk factors such as
hypertension and dyslipidaemia, limitations in physical activity and medication
use (figure 2). Patients, general practitioners, cardiologists, internists and
rheumatologists should therefore all be aware of this significantly increased
CV disease risk and need to initiate effective CV risk management according to
existing guidelines, such as the EULAR evidence-based recommendations for
cardiovascular risk management in patients with rheumatoid arthritis and other
forms of inflammatory arthritis and the European Society of Cardiology guideline
for CV disease prevention in clinical practice. Specific CV disease screening
and treatment strategies for IJD patients need to be implemented as part of
usual care. The rheumatologist should be responsible for ensuring that CV risk
management is done, while the involvement of other health care professionals and
the implementation of CV disease prevention programs may be defined locally. At
present, effective CV risk management is lacking in clinical practice.

Figure 2. 1JD and CV disease
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Chapter 3. An explorative study

ABSTRACT

Objective

Autoimmune thyroid disease often coexists with rheumatoid arthritis (RA) and is
associated with an elevated cardiovascular(CV) risk. However, studies in RA are
scarce. To investigate whether autoimmune thyroid disease increases the risk of
new CV disease (CVD)in RA.

Methods

Thyroid-stimulating hormone (TSH) and serum free thyroxine(FT4) were assessed
in 323 RA patients participating in an ongoing prospective cohort study designed
to assess CV risk factors, morbidity and mortality. Cox proportional hazard models
were used to calculate hazard rates (HR) for new CVD and adjusted for age, sex,
smoking, prevalent CVD, thyroxine replacement therapy and RA duration.

Results

Of the 323 participants, 65.3% were females aged 63 + 7 years. At baseline 8.1%
was hypothyroid (n=26, 16 clinical, 10 subclinical), 6.8% was hyperthyroid (n =22, 13
clinical, 9subclinical)and 85.1%(n=275)was euthyroid. 94 patients(29.1%)developed
a new CV event during follow up. Compared to the euthyroid patients, age, sex
and prevalent CVD adjusted HR was 2.83 (95% CI 1.13-7.09 P=0.026) for subclinical
hypothyroidism. Further adjustment for smoking, thyroxine replacement therapy
and RA duration resulted in a HR of 3.0 (35% CI 1.19-7.54; P=0.02) for CV events in
patients with subclinical hypothyroidism.

Conclusion

There was no difference in CVD between RA patients with hypothyroidism and
hyperthyroidism vs. euthyroid patients. Coexistence of subclinical hypothyroidism
with RA was associated with a higher occurrence of new CV events. Treatment
trials are needed to determine whether thyroxine supplementation can further
improve cardiovascular outcome in these patients.
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INTRODUCTION

In patients with rheumatoid arthritis(RA)the cardiovascular (CV)disease (CVD) risk
is doubled, leading to an excess mortality (1-3). Several factors contribute to this
amplified risk, such as traditional CV risk factors, inflammatory burden and the
use of certain anti-rheumatic medications (e.g. non-steroidal anti-inflammatory
drugs (NSAIDs) and glucocorticoids) (4). It is unclear which (combination of)
factors eventually lead to, and fully explain the increased CVD risk in RA. Hence,
investigating novel pathogenic mechanisms and pathways is relevant.

Coexistence of autoimmune thyroid disease with RA has been associated with an
elevated CVDrisk, especially in hypothyroid patients, with Raterman et al. reporting
anoddsratio(OR)of 4.1and McCoyetal.ahazardratio(HR)of 2.0 fornew CV events(5,
B). For subclinical hypothyroidism (defined as normal free thyroxine concentrations
with an elevated thyroid-stimulating hormone level), this association is much less
consistent (7, 8). In the general population, the same is observed in hypothyroid
patients, with relative risks (RR) of 1.15 for myocardial infarction (Ml) and 1.96 for
cardiac death when compared with euthyroid persons (7, 9-11). In addition, Ning et
al. described an increased CV risk in subclinical hypothyroidism, especially in those
with TSH levels of 10 mU/L or higher (9). Several other studies report an increased
CVD risk in persons with subclinical hypothyroidism in the general population (10-
12), but not all studies have found this association (13, 14).

Thyroid hormones exert a variety of positive effects on the cardiovascular system,
suchasapositiveinotropic effectonthe heartandadecreaseinvascularresistance
due to increased production of nitric oxide (15). In contrast, hypothyroidism
is associated with lipid abnormalities that might contribute to accelerated
atherosclerosis(8, 16). Inline with this, we previously reported a fourfold higher risk
of CVD in female RA patients with clinical hypothyroidism compared with euthyroid
RA patients (17). Since the existing literature is mostly of cross-sectional origin
(i.e. reporting prevalence of CVD in RA patients with thyroid dysfunction instead of
incidence), we have assessed the relationship between thyroid abnormalities and
new CV events in a previously described cohort of RA patients (5), now with long
term follow up.
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METHODS

Study population

The CARRE (CARdiovascular research and RhEumatoid arthritis) observational
cohort study (n=353) was initiated to investigate the incidence of CVD and its risk
factors in patients with longstanding RA. Study enroliment was between June
2000 and January 2002. As previously described (1), patients were eligible if they
fulfilled the 1987 American College of Rheumatology classification criteria, were
diagnosed with RA between 1989 and 2001, and were aged between 50 and 75 years.
The participants were followed for 15 years, with study visits at baseline, 3 years,
10 years and a CV disease questionnaire in 2015 at 15 years. Study participants who
were lost to follow up before the first study visit at 3 years were excluded from the
analyses. All CV events were confirmed in medical records.

RA-related and thyroid function data

Demographic data, medical history, medication use, family history, and Disease
Activity Score of 28 joints (DAS28) were assessed. C-reactive protein, erythrocyte
sedimentation rate and (radiographic) erosions in hands and feet were assessed at
all visits. Rheumatoid factor (RF), anti-citrullinated protein antibody (ACPA), TSH,
serum free thyroxine (FT4), and thyroid peroxidase antibodies (anti-TPO) were
only assessed at baseline and thyroid function was only available for 323 patients.
Patients were classified into groups by their thyroid function as euthyroid,
hyperthyroid (known diagnosis of hyperthyroidism or TSH <0.3 mU/L and FT4
>24 pmol/L), hypothyroid (known diagnosis of hypothyroidism or TSH >4.0 mU/L
and FT4 <10 pmol/L), subclinical hypothyroid (TSH>4.0 mU/L and normal FT4) and
subclinical hyperthyroid (TSH<0.3 mU/L and normal FT4).

CVrisk factor assessments

Smoking status, blood pressure, body mass index (weight/height? in kg/m?),
total cholesterol (TC), high density lipoprotein cholesterol (HDLc), low density
lipoprotein cholesterol (LDLc), triglycerides, TC/HDLc ratio, glucose, and HbAlc
were assessed.

CV disease assessment

Fatal and non-fatal CV events verified in medical records were registered
according to the International Statistical Classification of Diseases and Related
Health Problems 9th revision (ICD-9 codes, 410.0 - 410.9, 435.9, 436, 443.9 and 798)
as described previously (1). Sudden deaths were registered as CV mortality if this
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was confirmed by autopsy. CV events were classified into prevalent CV disease at
baseline and new CV events during follow up. Patients were censored after the
first fatal or non-fatal CV event or death due to other reasons. The last (event-free)
follow up visit was used as censor date for the participants who were lost to follow
up. At 15 years, the remaining participants were censored at study cessation time:
March 1, 2015. Medical records of the patients lost to follow up were searched in
order to extract data on the occurrence of CV events.

Statistical analysis

All data has been analysed with IBM SPSS statistics version 23. Data are presented
as mean + standard deviation, median with an interquartile range or numbers
and percentages. Cox proportional hazard models were used to calculate hazard
rates (HR) for new CV events in patients with RA subdivided into patients who
are euthyroid, hyperthyroid, hypothyroid, subclinical hyperthyroid or subclinical
hypothyroid. These models were corrected for the following confounders based on
literature: age, sex, prevalent CVD, smoking, thyroxine replacement therapy, and
RA duration. A p-value of below 0.05 was considered statistically significant.

RESULTS

The baseline characteristics of all patients are shown in table 1. Patients with
missing thyroid function data, patients who were lost to follow up before the first
study visit and non-caucasians (n= 30) were excluded. At baseline 8.1% of the
patients had hypothyroidism (n=26, 16 clinical and 10 subclinical hypothyroidism),
6.8% had hyperthyroidism (n = 22, 13 clinical and 9 subclinical hyperthyroidism)
and 85.1% (n=275) was euthyroid. 12 patients with clinical hypothyroidism, 1 patient
with hyperthyroidism and 1 patient with subclinical hyperthyroidism were receiving
thyroxine replacement therapy (RT) and they were all female. For 13 patients the
duration of hypothyroidism was available, which was 23 (15 - 36) years. Systolic and
diastolic blood pressure, sex, anti-TPO levels and thyroxine replacement therapy
differed between the different thyroid function groups at baseline (supplementary
table 1).

Development of new CV events

94 patients with RA (29%) developed a CV event during a median follow up of 11
years and 2916 patient years, resulting in an incidence rate of 3.22 CV events per
100 patient years. 36% (n=9) of the hypothyroid, 30.4% (n=7) of the hyperthyroid
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Table 1. Baseline characteristics of all participants

N=323
Demographics
Age, years 63+7
Females, no.(%) 211(65.3)
Cardiovascular risk factors
Previous CVD, no. (%) 47(14.8)
Hypertension, no. (%) 197(61)
Systolic BP, mmHg 142+ 20
Diastolic BP, mmHg 81+8
TC/HDLc ratio 4.4+15
TC, mmol/L 58+1.1
HDLc, mmol/L 1.5+£0.5
LDLc, mmol/L 3.7+1.0
Triglycerides, mmol/L 1.32(0.96-1.82)
Currently smoking, no (%) 94(29.1)
Pack years 19(2-38)
Body mass index, kg/m? 26.7+ 4.8
Diabetes, no.(%) 14(4.3)

Thyroid function absolute
TSH, mU/I
Anti-TPO positive, no. (%)
Anti-TPO, U/mL
Thyroid function groups
Euthyroid
Hyperthyroid
Hypothyroid
Medication
Antihypertensive drugs
Statins
Aspirin

Thyroxine replacement therapy, no. (%)

RA variables
IgM-RF 230 U/mL
ACPA =50 kU/L
DAS28
Disease duration

Erosion on radiographs

1.30(0.91-1.90)
36(11.1)
102 (65 - 295)

275(85.1)
22(6.8)
26(8.1)

82(25.4)
37(1.5)
54(16.7)
13(4)

235(72.8)
167(51.7)
3.9+13
7(4-10)
260(80.5)
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Continuous variables are presented as mean + SD or median(IQR). Categorical and dichotomous
variables are presented as numbers and percentages (%). CVD = cardiovascular disease; BP =
blood pressure; TC = total cholesterol; LDLc = low-density lipoprotein; HDLc = high-density
lipoprotein; pack years = (packs smoked per day)/years as a smoker); DM = type 2 diabetes
mellitus; RA = rheumatoid arthritis; IgM-RF = immunoglobulin M rheumatoid factor; ACPA =
Anti-citrullinated protein antibody; DAS28 = Disease Activity Score; TSH= thyroid-stimulating
hormone; FT4= free thyroxine; anti-TPO= anti-thyroid peroxidase antibodies.

and 28.2% (n=78) of the euthyroid RA patients developed a new CV event over time.
Compared to the euthyroid persons, age and sex adjusted HR were 1.08 (95% ClI
0.50-2.36; P=0.84) for hyperthyroid patients and 1,48 (95% CI 0.72-3.04; P=0.28) for
hypothyroid patients. A closer look at the subclinical hypothyroid patients revealed
a significantly higher incidence of new CV events, with an age, sex and prevalent
CVD adjusted HR of 2.83 (95% CI 1.13-7.09 P=0.03) (table 2, figure 1). Further
adjustment for smoking, thyroxine replacement therapy and RA duration resulted
in a HR of 3.0(95% CI 1.19-7.54; P=0.02) for CV events in patients with subclinical
hypothyroidism (figure 1).

Figure 1. Estimated survival probability stratified by thyroid function based on the
multivariate Cox analysis
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Table 2. CV risk in thyroid dysfunction groups compared to euthyroid patients

HR' 95%ClI P
Hyperthyroid 1.09 0.34-3.55 0.88
Hypothyroid 0.70 0.25-1.97 0.50
Subclinical hyperthyroidism 1.36 0.50-3.72 0.55
Subclinical hypothyroidism 2.83 1.13-7.09 0.03

“adjusted for age, sex and prevalent CVD

DISCUSSION

In this explorative study, the prevalence of thyroid disorders is twice as high in RA
patients when compared with numbers reported for the general population (18, 19).
More importantly, coexistence of subclinical hypothyroidism in RA is associated
with an increased risk of new CV events when compared with euthyroid RA
patients. Thisisanimportant finding, as coexistence of subclinical hypothyroidism
amplifies the already high CVD risk in RA patients. Interestingly, none of the
patients with subclinical hypothyroidism was receiving thyroxine replacement
therapy, in contrast to the majority of the patients with hypothyroidism. All
patients on thyroxine replacement therapy were female. As patients with clinically
overt hypothyroidism are generally treated with thyroxine supplements, this may
decrease CVD risk, although this warrants further confirmation in treatment
trials. Regarding CVD risk factors, a significantly higher systolic blood pressure
was present in RA patients with hypothyroidism, compared with the other groups.
There were no significant differences in the other traditional CVD risk factors.

Several limitations need mentioning. First, although the prevalence of thyroid
disorders was higher in our RA population, the total number of patients was still
small. However, the findings of this explorative study are in line with existing
literature and underscore the necessity of further research. Second, some
patients with subclinical hypothyroidism spontaneously convert to euthyroidism.
Unfortunately, there was insufficient data available to investigate this further.
Lastly, we did not have any information about therapy in the hyperthyroidism group
and the duration of the thyroid disorder in a large number of patients, which could
have influenced the results.

Despite these limitations, our results show that subclinical hypothyroidism may
further amplify CVD risk in RA patients. Whether there is a direct relationship
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between subclinical hypothyroidism (and high anti-TPO levels) and the increased
CVD risk we identified, needs to be elucidated in treatment trials. If external
validation can confirm this amplified CVD risk, cardiovascular risk management is
warranted in this subgroup of patients, and the next question is whether thyroxine
supplementation can further improve cardiovascular outcome in subclinical
hypothyroid RA patients.
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Supplementary table 1. Baseline characteristics of the different thyroid function groups

Euthyroid Hypothy- Subclinical  Hyperthy- Subclinical
(n=275) roidism hypothy- roidism hyperthy-
(n=16) roidism (n=13) roidism
(n=10) (n=9)
Demographics
Age, years 63+7 687+7 61+6 65+8 64+6
Females, no. (%) 17 16 6 13 5
Cardiovascular risk factors
Previous CVD, no. (%) 42 3 0 0 2
Hypertension, no. (%) 161(58.5) 14(87.5) 6(60) 9(69.2) 7(71.8)
Systolic BP, mmHg’ 14116 157+29 143 +£18 145+ 21 152 +20
Diastolic BP, mmHg’ 80+8 86+ 10 81+ 15 83+8 85+7
TC/HDLc ratio 4.38+157  4.47+1.7 4444146 4.16+1.13 4.23+1.29
TC, mmol/L 5.82+1.13 5.56 + 1.01 5.92+1.67 5.99+0.85 5.01+0.63
HDLc, mmol/L 1.46+0.49 1.42+0.55 1.45+0.63 1.51+0.30 1.27+0.35
LDLc, mmol/L 3.72 +1.05 3.49+£1.13 3.97+1.18 3.95+0.86 2.97+0.53
Triglycerides, mmol/L 1.32 1.46 1.21 1.25 1.59
(0.96-1.80) (1.00-2.01) (0.91-1.64) (1.01-1.58) (1.12-2.22)
Currently smoking, no (%) 83(30.2) 3(18.8) 3(30) 1(7.7) 4(44.4)
Pack years 19(2 - 40) 22 (0 - 40) 12(0-18) 8(0-26) 15(2 - 24)
Body mass index, kg/m? 27+5 28+ 4 27+6.36 28+6 29+5
Diabetes, no.(%) 13(14.7) 1(6.3) - - -
Thyroid function absolute
TSH, mU/I 1.32 1.07 4.85 0.82 0.27
(0.95-1.84) (0.33-3.75) (4.3-9.02) (0.52-1.32) (0.11-0.35)
Anti-TPO positive, no.(%) 25 3 5 1 1
Anti-TPO, U/mL’ 10(10-17) 10(10-62)  82(14-346) 10(10-15) 10(10-18)
Medication
Antihypertensive drugs 68(24.7) 6(37.5) 1(10) 4(30.8) 3(33.3)
Statins 32(11.8) 2(12.5) 1(7.7) 2(12.2)
Aspirin 45(16.4) 4(25) 1(10) 17.7) 3(3.33)
Thyroxine replacement - 12(75) - 17.7) 1(11.7)

therapy, no. (%)

Continuous variables are presented as mean + SD or median(IQR). Categorical and dichotomous
variables are presented as numbers and percentages (%). "Statistically significant difference.
CVD = cardiovascular disease; BP = blood pressure; TC = total cholesterol; LDLc = low-density
lipoprotein; HDLc = high-density lipoprotein; pack years = (packs smoked per day){years as a
smoker); DM = type 2 diabetes mellitus; RA = rheumatoid arthritis; IgM-RF = immunoglobulin M
rheumatoid factor; ACPA = Anti-citrullinated protein antibody; DAS28 = Disease Activity Score;
TSH= thyroid-stimulating hormone; FT4= free thyroxine; anti-TPO= anti-thyroid peroxidase

antibodies.
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ABSTRACT

Background
Patients with rheumatoid arthritis (RA) are at higher risk of developing
cardiovascular diseases (CVD). Interleukin (IL)-32 was previously shown to be
involved in the pathogenesis of RA and might be linked to the development of
atherosclerosis. However, the exact mechanism linking IL-32 to CVD still needs to
be elucidated.

Objectives

To study the influence of a functional genetic variant IL-32 on lipid profiles and CVD
risk in patients with RA and individuals from the Nijmegen Biomedical Study (NBS)
cohort.

Methods

Whole blood was obtained from individuals from the NBS cohort and RA patients
from 2 independent cohorts. DNA was isolated and genotyped for the single
nucleotide polymorphism (SNP) rs4786370 in IL-32. Lipid profiles were matched to
the specific IL-32 genotypes.

Results

Genotype distribution of the IL-32 promoter SNP was similar in all three groups.
Significantly higher levels of high-density lipoprotein cholesterol (HDLc) were
observedinthe NBS cohort and RA patients from the Nijmegen cohort homozygous
for the C allele (p=0.0141 and p=0.0314 respectively). Moreover, the CC-genotype
was associated with elevated low-density lipoprotein cholesterol (LDLc) and total
cholesterol (TC) in individuals at risk for CVD (plaque positive)(p=0.0396; p=0.0363
respectively).

Conclusions

The rs4786370 promoter polymorphismin IL-32 is equally distributed in all cohorts.
This geneticvariant hasafunctional effect on thelipid profile, resultinginincreased
HDLc levels. Future studies should focus on the mechanism behind the increase in
HDLc in individuals with the [L-32 promoter SNP and its possible protective role
against CVD.

52



INTRODUCTION

In patients with RA, CVD represents the leading cause of death. Various studies
have demonstrated that besides behavioral risk factors and dyslipidemia,
inflammation also plays a crucial role in the increased risk for CVD'. Additionally,
inflammatory pathways in RA but also other chronic inflammatory diseases,
including psoriasis and inflammatory arthritis, have been proposed to accelerate
atherogenesis contributing to the increased CVD risk 2. These patients are
continuously exposed to varying levels of inflammatory mediators (e.g. cytokines)
that may alter traditional CVD risk factors, including the lipid pattern, both at
the concentration and composition level ®8. Normally, a pro-atherogenic lipid
profile consists of an increased total cholesterol (TC), low-density lipoprotein
cholesterol (LDLc), triglycerides (TG), and a decreased high-density lipoprotein
cholesterol (HDLc). However, in RA patients the lipid profile varies throughout
different stages of the disease’®. Particularly during active disease, these patients
have low TC and LDLc levels, while their CVD risk is increased. Hence, due to the
changeability of inflammatory activity and anti-inflammatory medication, the
individual lipid profiles may frequently fluctuate during the course of disease
making it hard to draw conclusions about the impact of these changes on CVD risk
®. Of all lipids, HDLc is the most susceptible to inflammatory changes in terms of
both concentration as well as composition "2, In line with this, it was previously
shown that HDLc becomes less anti-atherogenic or even pro-atherogenic in
RA patients with an increased inflammatory status®. Recently, IL-32 has been
demonstrated to be an important key modulator of inflammation in RA®. In a
previous study from our group, IL-32 was found to be highly expressed in synovial
tissues from patients with moderate and severe rheumatoid arthritis and it was
strongly correlated with the severity of joint inflammation. IL-32 can be induced by
TNF and can on its own further potentiate TNF expression ™. Given this fact and
the well-known roles of TNF in both RA and atherosclerosis, |L-32 was recently
proposed to contribute to the development of atherosclerotic plaques. In 2009
Dinarello et al described [L-32 as a critical requlator of endothelial cell function,
possibly promoting atherosclerosis by potentiating IL-1B-induced ICAM-1 and by
producing pro-inflammatory cytokines in these cells®. This pro-atherogenic role
of IL-32 was further supported by a recent report, which showed enhanced IL-32
expression in atherosclerotic arterial vessel walls”. Additionally, IL-32 was found to
be expressed by macrophages, with highly increased expression after stimulation
of these cells with pro-inflammatory components that were previously appointed
to be involved in atherosclerosis (e.qg. toll-like receptor (TLR) 3 agonist Poly I:C
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and interferon-gamma (IFNy)) ®2°. Moreover, macrophages are known to play an
important role in controlling cholesterol levels in blood vessel walls as they engulf
cholesterol, become foam cells, and take part in reverse-cholesterol transport
(RCT)#?2. Knowing that IL-32 expression can be highly induced in these cells upon
inflammation, one can argue a role for IL-32 in cholesterol metabolism. Despite
the suggested role of IL-32 in inflammation, CVD and disease progression in RA,
studies investigating the IL-32 protein function and IL-32 gene polymorphisms
with respect to these outcomes in RA are scarce ". The present study aims to
investigate the functional implications of a single nucleotide polymorphism (SNP)
inthe IL-32 gene on the lipid profile and CVD risk in RA patients.

METHODS

Patient cohorts

From the total number of participants from the NBS NIMA study, only a subgroup
of 234 participants, from whom the IL32 promoter SNP was determined, were
included in this study. The NBS is a population-based survey as described before?.
Participants aged 50-70 yr were asked to visit the hospital to perform six non-
invasive measurements of atherosclerosis (NIMA) including pulse wave velocity
(PWV), augmentation index (Aix), intima-media thickness (IMT), plaque thickness,
ankle-brachial index (ABI) at rest and after exercise. Additionally, fasting venous
blood samples were collected. All participants filled out a questionnaire about their
previous history of vascular disease, medication use, smoking habits, and exercise
habits. Prevalent CVD was defined asareported myocardial infarction(Ml), transient
ischemic attack (TIA), stroke (CVA), peripheral arterial disease (PAD), coronary
artery bypass or angioplasty, or treated angina. The Medical Ethics Committee of
the Radboud university medical center, Nijmegen, The Netherlands approved the
study protocol, and all participants provided written informed consent?:.

Patients with RA who fulfilled the 1987 ACR criteria and/or the 2010 ACR/EULAR
classification criteria for RA were recruited from the Radboudumc in Nijmegen,
The Netherlands. These patients underwent a screening program of their CVD
risk factors between July 2011 and August 2012. Disease-related parameters, lipid
profile and history of cardiovascular events were registered (Table 1). In addition,
the Nijmegen inception cohort database was checked for patients who had already
been screened previously. The Nijmegen inception cohort is a prospective study
that startedin 1985 whichincludes regular visits for disease related parameters and
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blood samples in patients with RA. Eventually, 297 patients have been identified as
participants of both the inception cohort and the CVD screening program. These
patients were included in this study. The stored blood samples of the inception
cohort were used for the determination of the SNP in the IL-32 gene.

The CARdiovascular research and RhEumatoid arthritis (CARRE) study is an
ongoing prospective cohort investigating cardiovascular (CV) disease and CV risk
factors in 353 patients with RA. In 2000, a random sample was drawn of patients
registered at the Jan van Breemen Institute (now Reade) in Amsterdam, The
Netherlands. Patients were eligible if they fulfilled the 1987 American College of
Rheumatology (ACR) classification criteria, were diagnosed with RA between 1989
and 2001 and were aged 50 to 75 years. Patient enroliment was between 2001 and
2002 with follow up visits in 2004-2005 and 2010-2011. CV endpoints were defined
as a verified medical history of coronary, cerebral or peripheral arterial disease.
(Table 1)

Table 1. Baseline characteristics of the cohorts

Cohort NBS NIMA (NN) Radboudumc (RA1) Reade(RA2)
N 234 297 353

Age, years 61+6 60+12 63+8
Female, no (%) 120(51.34) 155(52.2) 232(85.7)
Disease duration, years n.a. 9(3-17) 7(4-10)
Rheumatoid factor positive, no (%) n.a. 202(68.2) 256(72.5)
Anti-citrullinated protein antibodies n.a. 160(53.9) 187(54.5)
positive, no. (%)

History of CVD, no (%) 57(24.4) 63(22.6) 51(14.4)
DAS28 n.a. 2.97(1.18) 3.90(1.35)
Diabetes, no(%) 14(6.0) 18(6.1) 17(4.8)
Systolic blood pressure, mmHg 13017 13217 142+20
Diastolic blood pressure, mmHg 78 £10 77+10 81+9

Total cholesterol, mmol/L 5.92+1.1 5.2+1.13 5.77+1.12
HDL cholesterol, mmol/L 1.39+0.40 1.3+0.34 1.46 +£0.48
LDL cholesterol, mmol/L 3.89+0.98 3.1+1.07 3.69+1.03
Triglycerides, mmol/L 1.29(0.91-1.81)  1.53(1.09-2.14) 1.32(3.04 - 4.42)

Values are presented as mean + SD, median (IQR) or numbers (percentages).
CVD: cardiovascular disease, DAS28: disease activity score 28, HDL: high density
lipoprotein; LDL: low-density lipoprotein.
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DNA isolation and Tagman genotyping

Blood was obtained from 297 RA patients from the Radboudumc (RAT1), 353 RA
patients of the Jan van Breemen Institute (ReadeXRA2) and 234 individuals
from the NBS NIMA study (NN). Genomic DNA was extracted from leukocytes
in peripheral venous blood as previously described?. The genetic variant in the
IL32 promoter (rs4786370) polymorphism was determined using the TagMan SNP
assay C_27972515_20, (Thermofisher, Foster City, CA, USA). The TagMan gPCR
assays were performed on the AB StepOnePlus polymerase chain reaction system
(Applied Biosystems). Negative controls were included in the assay. No duplicates
were used.

Statistical analysis

Normality was tested using the D’Agostino and Pearson omnibus normality test.
Continuousvariablesarepresentedasmeanandstandarddeviation(SD)orasmedian
followed by the interquartile range (IQR). Categorical variables are presented as
number followed by percentage. The differences between allele frequency and lipid
concentrations measured in RA patients and individuals from the NN cohort were
analyzedusingtheMann-Whitneytest.Chi-squaretestwasusedtotestfordifferences
between categorical variables. A p-value less than 0.05 was considered statistically
significant (*p<0.05 and **p<0.01). Data was analyzed using GraphPad Prism v5.0.

RESULTS

Genotype distribution of an IL32 promoter SNP is comparable between
individuals from the NN cohort and RA patients

The genotype distribution of the IL32 promoter SNP (rs4786370) (Fig. 1A) was
compared between three different cohorts. One cohort consisted of individuals
from the NBS NIMA cohort (NN). The other two cohorts consisted of RA patients,
one group of patients treated at the Radboudumc Nijmegen (RA1) and the other
at the Reade Clinic in Amsterdam (RA2). No significant differences in genotype
frequencies were observed between the three cohorts (Figure 1B).

The IL32 promoter SNP affects HDLc levels in both individuals from the NN
cohort and RA patients

We studied the concentration of HDLc in each cohort because of its importance in
development of cardiovascular disease. As shown in figure 2, in all three cohorts
individuals having the CC genotype show higher levels of HDLc compared to either
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individuals with the CT and TT genotype with a significant increase in HDLc within
the NN and RA1 cohort. Moreover, individuals carrying one C-allele show a small
increase in HDLc levels. Concluding, the C-allele for the IL-32 promoter SNP is
linked to an increase in HDLc levels independent of having RA.

1L-32
IL-32Promoter  5'UTR ATG TGA 3'UR
SNP -2000bp
B Genotype frequency %
=K
cT
- - - - o
50
0 T T T
NN RA1 RA2
rs4786370 genotype
HDL Cholesterol
2.0
N = «
cT
=5
1.59
s
S 1.0
g10
£
0.5

NN RA1 RA2
rs4786370 genotype

Fig. 1. A. Location of the IL32 promoter
SNP within the IL32 region on chromosome
16. B. Genotype frequencies of the IL32
rs4786370 promoter SNP in individuals
from the NN cohort (NN; CC:19.2%,
CT:45.7%, TT:35%), RA patients from the
Radboudumc Nijmegen (RA1; CC:16.1%,
CT:51%, TT:32.9%)
from the Reade clinic Amsterdam (RAZ2;
CC:23%, CT:47.1%, TT:29.9%). Chi-square
analysis (IBM SPSS Statistics v.22) showed
no significant differences

and RA patients

in genotype
distribution between the cohorts.

Fig. 2. A HDL cholesterol levels stratified
for the IL-32 promoter SNP (rs4786370)
genotype inindividuals from the NN cohort
(TT#82, CT:#107, CC:#45, NN cohort) and
RA patients from two different cohorts
(RAT; TT:#96, CT:#149, CC:#47 and RA2;
TT:#104, CT:#164, CC:#80). A significant
induction in HDL cholesterol was observed
in both individuals from the NN cohort and
RA patients of the RA1 cohort carrying the

C allele (NN; p=0.0141,RA1; p=0.0314 and RA2; p=0.8450). Values are expressed as means +
SEM. p-values are calculated using Mann-Whitney U-test, *p < 0.05 Graphpad prism v5.03.

HDLc levels are affected by the IL32 promoter SNP independent of the

presence of plaques

Within the NN-cohort we were able to stratify the genotype frequency
and cholesterol levels for the presence or absence of plaques detected by
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ultrasound (Fig. 3A-D). The percentage of individuals with the CC genotype
seemed to be higher in the plague negative group compared to the plaque
positive group; 20% vs. 18% respectively although this did not reach statistical
significance. Additionally, individuals carrying the CC or CT genotype showed
higher HDLc levels than individuals with the TT genotype independent of
having plaques. Nevertheless, individuals with the CT genotype and having
a plague showed a decrease in HDLc (CT- versus CT +: p<0.0004) (Fig.3B).
Both LDLc and TC were not affected by the SNP in IL32 itself. However, higher
levels of both LDLc and TC were observed in individuals who were found positive
for plaques (Fig. 3C,D).
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Fig. 3. A-D. Lipoproteins stratified for IL-32 promoter SNP rs4786370 and the presence or
absence of plaques inindividuals from the NN cohort. Genotype frequency, HDL cholesterol,
LDL cholesterol and total cholesterol concentrations were determined in these individuals.
Number of individuals CC-:25, CC+:20, CT-:61, CT+:46, TT-:37, TT+:45. Chi-square analysis
(IBM SPSS Statistics v.22) showed no significant differences in genotype distribution
between the groups. Values are expressed as means + SEM. p-values are calculated using
Mann-Whitney U-test, *p < 0.05 Graphpad prism v5.03.
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Fig. 4. A-D. Lipoproteins stratified for IL-32 promoter SNP rs4786370 and the presence or
absence of an previously described CVD. Allele frequency, HDL Cholesterol, LDL Cholesterol
and Total Cholesterol concentrations were determined in patients with RA from the RA2
cohort(Reade center Amsterdam). Number of individuals: CC-:63(37.5%), CC+:17(21.1%), CT-
:145(30.2%), CT+:18(, TT-:90, TT+: 14. Chi-square analysis (IBM SPSS Statistics v.22) showed
no significant differences in allelic distribution between the cohorts. Values are expressed
as means + SEM. p-values are calculated using Mann-Whitney U-test, *p < 0.05 Graphpad
prism v5.03.

HDLc is linked to the IL32 promoter SNP and the prevalence of CVD events
in RA patients

CVD is a common problem in RA and the composition of cholesterol levels plays
a crucial role herein. To determine if the IL-32 promoter SNP was involved in
both these parameters, genotypes and cholesterol levels were determined in RA
patients(RA1cohort)withversus without a historyin CVD (Fig.4A-D). No differences
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were observed in genotype distribution between the two groups (Fig.4A). Even
so, HDLc levels were lower in individuals with a history of CVD, reaching lowest
concentrations in individuals with the TT genotype (Fig.4B). In contrast, patients
carrying the CC genotype showed the highest levels of HDLc as was also observed
within the individuals from the NN cohort(Fig 3B). Besides, lower levels of LDLc
and TC were observed in individuals with a history of CVD (Fig. 4C,D). This was
completely opposite from what was found in individuals from the NN cohort as
shown in figure 3C,D. Overall, patients with a history of CVD and carrying the TT
genotype had lowest HDLc, LDLc and TC (Fig.4B-D).

DISCUSSION

ThemajornovelfindingsofthisstudyarethatapromoterSNPinthelL32geneisequally
distributed inindividuals from the NN cohort asin RA patients, but at the same time
that this SNP causes an increase in HDLc in both groups. This effect doesn’t seem
tobeinfluenced by disease activity, the use of medication, the presence of plaques
or a history of CVD. In contrast, other lipid concentrations like LDLc and TC are not
affected by the SNPbutarelinked with plaquesorahistory of CVD. Thismight further
expand the knowledge about the underlying mechanisms for CVD in RA patients?-2,
Although chronic inflammation is known to affect cholesterol concentration in the
body resulting in lower HDLc and LDLc levels, some studies have not been able
to show the benefit of increasing HDLc %-%2. Nevertheless, HDLc does play a role
in lowering the risk for CVD, especially in individuals with chronic inflammatory
diseases like RA *%. In RA there seems to be a tight relationship between the
levels of HDLc, LDLc and disease activity, with lower levels during periods of active
disease. ¥%. Even though this might speak against an increased risk for CVD, it
is more the ratio between the levels of these different lipids (and probably their
composition/function) that matters when assessing CVD risk. The fact that HDLc
is decreased to a greater extent than the TC in these patients, results in a higher
atherogenic index (the ratio between TC and HDLc) and therefore an increased
CVD risk® 3. In addition, HDLc is less capable of exercising its anti-atherogenic
functions if inflammation levels are still uncontrolled®. Conversely, when RA
patients receive standard treatment including DMARDs and biological agents like
anti-TNF therapy, cholesterol levels might increase, which correlates with the
level of suppression of their disease activity®® . In our study, no differences were
observed in disease activity between genotypes concluding that the variation
in HDLc was not caused by difference in disease activity. Nevertheless, CVD is
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still the number one cause of death in RA, showing the importance of exploring
how cholesterol metabolism and requlation is affected in these patients.
IL-32 has previously been described to play a role in the pathogenesis of RA
and additionally it has been suggested that IL-32 plays a role in atherosclerosis,
presumably contributing to the increased CVD risk in this population. We recently
showed that a SNP in the promoter region of the IL-32 gene seemed to be
associated with lower basal expression of IL-32[ in peripheral blood mononuclear
cells (PBMCs) of RA patients “°. The same data showed lower pro-inflammatory
cytokine productionin PBMCs after stimulation with various compounds in patients
bearing the CC genotype “. Therefore, we hypothesized that this promoter SNP
in IL-32 lowers CVD risk. To our knowledge, this is the first study demonstrating
that a functional SNP in I[L-32 is linked to an increase in HDLc in RA patients and
individuals from the NN cohort, suggesting IL-32 by itself can affect cholesterol
metabolism. Individuals carrying the CT genotype already showed higher HDLc
levels compared to individuals bearing the TT genotype, while having the CC
genotyperesultsin even higher HDLc. This suggests that having one C-allele might
already affect IL-32 expression in a way that results in higher HDL cholesterol.
The increased HDLc concentrations in individuals bearing the C-allele might be
due to lower levels of TNFa, which is known to suppress cholesterol synthesis “.
Another possible explanation could be that expression of a specific IL-32 isoform
affects intracellular pathways resulting in for example higher cholesterol efflux
or increased level of apoA-| (the main protein component of HDLc). The SNP
however only seems to affect HDLc since no observation was made in individuals
from the NN cohort or RA patients linking the SNP to lower or higher LDLc or TC.
In our study, RA patients with a history of CVD had lower LDLc and TC compared
to patients without a history of CVD and also lower levels than individuals from the
NN cohort. This might be explained by the fact that these RA patients probably
received statins after going through an event.

Our study has several limitations. Most of them are related to the difficulties of
comparing the three heterogeneous cohorts. Various measurements like blood
pressure or underlying disease (like diabetes) were not notified for all patients or
individuals within the cohorts making it impossible to correct for all these factors.

When taken together, we suggest a novel role for IL-32 in which a promoter SNP
causesanincreaseinHDLclevelsinindividuals fromthe NN cohortand RA patients.
This might have functional effects leading to a lower prevalence of carotid artery
plagues. This has not been investigated in the present study, but should be taken
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into account in future investigations. Our results lead to the assumption that IL-
32 is a previously unrecognized cytokine involved in the process of inflammation
and cholesterol metabolism. However, currently we are still investigating the exact
mechanism behind the role of IL-32 in cholesterol metabolism regulation.
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Chapter 5.The effects of 5-year etanercept therapy on cardiovascular risk factors

ABSTRACT

Objective
Toinvestigate the effects of etanercept (ETN)on lipid metabolism and other known
cardiovascular disease (CVD) risk factors in patients with psoriatic arthritis (PsA).

Methods

In an observational cohort of 118 consecutive patients with PsA, CVD risk factors
were assessed over 5 years. Mixed-model analyses were performed to investigate
the effects of ETN therapy on CVD risk factors over time.

Results

Disease Activity Score in 28 joints, C-reactive protein (CRP), and erythrocyte
sedimentation rate decreased during therapy with ETN. There was an increase in
total cholesterol (TC), high-density lipoprotein cholesterol (HDLc), and low-density
lipoprotein cholesterol. The TC/HDLc ratio remained unaltered. The apolipoprotein
B to apolipoprotein A-I (apoB/apoA-I) ratio decreased significantly. An increase in
CRP was associated with an increase in the apoB/apoATl ratio.

Conclusion

Serum lipid concentrations showed small changes over a 5-year period of ETN
therapyand were inversely associated with inflammatory markers. Other CVD risk
factorsremained stable.The apoB/apoAlratio decreased over time and anincrease
in disease activity was associated with an increase in this ratio. However, this
modest lipid modulation cannot explain the observed beneficial CV effects of ETN,
and ETN likely exerts those effects through inflammation-related mechanisms.
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INTRODUCTION

Psoriatic arthritis (PsA) is an inflammatory joint disorder (IJD) that occurs in
approximately 14 to 30 percent of patients who are affected by the skin condition
psoriasis. (1;2) In the last decade, severe psoriasis, but also rheumatic diseases
such as rheumatoid arthritis (RA), have been associated with an increased risk of
developing cardiovascular disease (CVD).(3) There is accumulating evidence that
PsA should also be considered a disease that is accompanied by a heightened CVD
risk (4;5). However, literature about the underlying mechanisms that generate
this increased risk is scarce. In all inflammatory arthropathies, including PsA,
accelerated atherosclerosis is observed as a consequence of inflammatory
mediators that also play an important role in the development and progression of
these disorders, such as tumor necrosis factor alpha (TNF-a). TNF-a is a powerful
pro-inflammatory cytokine that induces inflammation in skin and joints, but also
in vascular endothelium, by which it directly influences vascular morphology.
(6) Additionally, TNF-a is known to modify traditional risk factors for CVD, such
as the lipid metabolism, insulin resistance and body weight, presumably further
increasing CVD risk.(7) Indeed, an increased prevalence of lipid disorders,
hypertension and obesity have been reported in both psoriasis (8) and PsA. (3;9;10)
Yet, hyperlipidemia, an important and modifiable CVD risk factor, is rarely observed
inits‘classic’ forminlJD(11). Generally, inflammationinduces adecreaseinall serum
lipids and this is usually reversed by effective anti-inflammatory therapy, though
conflicting literature exists. It is suggested that other lipid measurements, such as
apolipoprotein B(apo B)and the ratio between apolipoprotein B and apolipoprotein
A-l (apo B/apo Al ratio) might be better predictors of CVD risk in these patients,
as conventional lipid profiles are difficult to interpret in the context of high-grade
inflammation. (12;13) Optimal anti-inflammatory therapy is thought to reduce CVD
risk in all IUD and this might be mediated by favorable changes in cardiovascular
risk factors (e.g. the lipid profile). (14) However, the long-term effects of anti-
inflammatory treatment, especially of biological agents, on CVD risk and CVD risk
factorsin patients with PsA have not yet been adequately investigated. Etanercept,
a potent inhibitor of TNF-q, has beneficial effects on CVD risk in patients with RA,
an effect thought to be partially mediated by favourable effects on the lipid profile.
(15) For PsA, literature on the association between disease activity and lipid levels
is limited, although it is assumed that lipids are also modified by inflammation in
PsA.(18) Thus far, long-term effects of etanercept on lipid levels and other CVD risk
factors in PsA are unknown. Therefore, we investigated the effects of etanercept
therapy on cardiovascular risk factors, with special focus on lipid profiles, in a
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cohort of patients with PsA with extended follow up.

METHODS

Study population

118 consecutive patients who were diagnosed with PsA and scheduled to receive
their first ever prescription of etanercept were recruited for an observational
cohort at the department of Rheumatology in the Jan van Breemen Institute in
Amsterdam between April 2004 and February 2014. The diagnosis of PsA was made
by a rheumatologist. All patients started etanercept according to the consensus
statement on initiation of treatment with biologicals . Treatment was with
subcutaneous administration of etanercept alone, either 50 mg once a week or 25
mg twice a week, or with concomitant methotrexate and/or prednisone. The study
was conducted in compliance with the declaration of Helsinki and approved by the
local Medical Ethics Committee of Slotervaart Hospital, approval number P0538
was provided. Written informed consent was obtained from all patients.

Study design

Patients visited the Rheumatology outpatient clinic at the Jan van Breemen
Institute for study assessments at baseline, 1, 3, 6 and 12 months and every
following year up to 5 years of etanercept therapy. Disease activity was measured
with the Disease Activity Score (DAS28), the Psoriasis Area and Severity Index
(PASI), C-reactive protein (CRP) and erythrocyte sedimentation rate (ESR). Prior
and current medication use, systolic and diastolic blood pressure and body mass
index (BMI = weight / height?, in kg/m?) were recorded at each visit. Triglycerides
(TG)and total cholesterol (TC) were assessed using an enzymatic colorimetric test.
High density lipoprotein cholesterol(HDLc)was measured using polyethylene glycol
(PEG)modified enzymes. Low density lipoprotein cholesterol (LDLc)was calculated
using the Friedewald formula when triglycerides were lower than 4.5 mmol/I. TC/
HDLc ratios were calculated. Apolipoprotein Al(apo A) and apolipoprotein B (apo
B) were measured in a subpopulation of 81 patients with an immunoturbidimetric
assay. All blood samples were determined batch wise.

Statistical analysis

Data are presented as mean + standard deviation (SD)in case of normal distribution
and otherwise as median and interquartile range (IOR) or numbers and percentages.
Log transformations were done if necessary. Mixed models analyses were
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performed to assess the changes in CV risk factors over time and their relation to
disease activity parameters such as DAS28, CRP and ESR, because this method is
designed for analyzing cohort data with missing values. The unstructured random
covariance type was used. Patients were only included in the analysis if study
assessments were performed at baseline and at leastat one other visit during follow
up. The univariate models were adjusted for potential confounders age, gender,
disease duration, concomitant MTX, prednisone, NSAIDs, antihypertensives and
statin use. A P-value less than 0.05 was considered statistically significant. All data
were analyzed with SPSS version 20.0.

RESULTS

The study population consisted of 118 patients with a mean age of 47 + 13 years
and a nearly equal proportion of men (n=58) and women (n=60). The baseline
characteristics are presented in table 1. Patients had a median psoriasis duration
of 13(5 - 22) years and a median arthritis duration of 6(2 - 13) years. 12 patients had
previously been treated with adalimumab and 1 with infliximab. 53 patients were
using methotrexate (MTX) and 9 patients were using prednisone concomitantly
with etanercept. The median duration of etanercept treatment was 4 (2 - 5) years.

Table 1. Baseline characteristics

n=118
Demographics
Age, years 47+13
Female, no. (%) 60(50.8)
PsA related factors
Psoriasis duration, years 13(5-22)
Arthritis duration, years 6(2-13)
Psoriasis Area Severity Index 0(0-2)
Disease Assessment Score 28 4.36 +1.39
Swollen joint count, no. 5(2-10)
Tender joint count, no. 7(3-15)
ESR, mm/h 16(6 - 28)
CRP, mg/L 6(2-14)
VAS disease activity 59 +24
Health assessment questionnaire 1.0(0.5-1.6)

Antirheumatic agents

table continues
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n=118
Previous biologics, no (%) 13(11.0)
Concomitant methotrexate use, no (%) 53(44.9)
Methotrexate dose, mg/wk 19.0+75
Concomitant Prednisone use, no. (%) 9(7.6)
Prednisone dose, mg/day 7.2+3.6
Other DMARDs', no (%) 11(9.3)
NSAIDs, no. 58(49.2)
CVD-related factors
Current smoking, no. (%) 15(12.7)
Body mass index, kg/m? 27+6
Obesity, no. (%) 67(56.8)
Systolic blood pressure, mmHg 130+ 22
Diastolic blood pressure, mmHg 81+10
Hypertension, no. (%) 47(39.8)
Diabetes mellitus, no (%) 8(6.8)
Antihypertensive use, no (%) 28(23.7)
Statin use, no. (%) 11(9.3)
Creatinine, umol/L 75+18
Lipid profile

Total cholesterol, mmol/L 5.31+1.24
HDL cholesterol, mmol/L 1.43+0.43
LDL cholesterol, mmol/L 3.21+1.05

LDL>2.5,no. (%) 88(74.8)
Triglycerides, mmol/L 1.29(0.85-1.87)
Total cholesterol/HDLc ratio 3.99+1.37
Apolipoprotein A1, g/L™ 1.65+0.42
Apolipoprotein B, g/L™ 0.89+0.27
ApoB/Apo Alratio” 0.6+0.2

Values are presented as mean * SD, median (IQR) or numbers (percentages). VAS= visual
analogue scale, NSAIDs= nonsteroidal anti-inflammatory drugs, HDL= high density lipoprotein,
LDL = low density lipoprotein.’sulfasalazine, hydroxychloroquine, leflunomide, “dyslipidemia,

“Apolipoproteins were only available for a subgroup of 81 patients.

Changes in inflammatory parameters

Study assessments were performed at baseline, 4, 16, 28, 52, 104, 156, 208 and 260
weeks. ESR, CRP and DAS28 decreased significantly over time, with the greatest
decrease in the first month after the start of etanercept treatment (figure 1).
DAS28 remained high in patients who discontinued therapy after 28 (3.13+1.65 vs.
1.98+1.08; p=0.003) and 52 weeks (2.86+1.45 vs. 1.62+0.94; p=0.001). CRP and ESR
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were significantly elevated in the patients who discontinued therapy after 28 (ESR
9(3-30) vs. 4(2-8);p=0.028 and CRP 2 (1-12) vs. 2 (1-3); p=0.049) and 52 weeks (ESR
19(5-39)vs. 4(2-7); p=0.009 and CRP 5(2-10) vs 1(1-2); p=0.003). In the mixed models
analysis patients who discontinued therapy had higher DAS28 in comparison to
patients who continued etanercept treatment over 5 years (RC 0.56 95%Cl 0.12-
0.99; p=0.013). The PASI did not differ between these patients (data not shown).
The reasons for discontinuing therapy were remission (n=8), failure (n=11), adverse
events (n=10), migration or non-response (n=9), pregnancy wish (n=1), and other
unknown reasons (n=3).

Etanercept Cohort

Off drug
Il oOn drug

Number of patients

Time (weeks)

Figure 1. Etanercept therapy status of the PsA cohort patients.

Changes in CVD risk factors over time during etanercept therapy

At baseline 39.8% of the patients had hypertension, 74.6% had dyslipidemia and
56.8% was overweight. TC/HDLc ratio was above 3.5 in 56.4% of the patients and
6.8% had diabetes.

The mixed models analysis showed a significant increase in TC, HDLc and LDLc
over 5 years after correction for age, gender, disease duration, concomitant MTX,
prednisone and statin use. Apo Al and Apo B measurements were available in a
subpopulation of 81 patients. The ApoB/ApoA1 ratio decreased significantly over
5 years, while the TC/HDLc-ratio remained stable (table 2). Blood pressure, BMI,

75



Chapter 5.The effects of b-year etanercept therapy on cardiovascular risk factors

creatinine, and triglycerides remained stable over the years (table 2). The mean
lipid levels per visit are shown in figure 2.
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Figure 2. Disease activity parameters.
CRP= C-reactive protein, ESR= erythrocyte sedimentation rate, DAS28= disease assessment
score 28. CRP and ESR are presented as median (IQR), DAS28 is presented as mean + SD.
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Table 2. Mixed models analysis of changes in CVD related factors over 5 years

Mean RC 95% Cl P-value
Systolic blood pressure 130 +20 -0.001 -0.02-0.02 0.92
Diastolic blood pressure  81+11 0.002 -0.01-0.01 0.66
BMI 27+5 0.002 -0.0001-0.004 0.07
Creatinine 7517 -0.003 -0.01-0.01 0.55
Total cholesterol 5.38 £1.12 0.0008 0.0001-0.001 0.03
Adjusted* 0.0008 -0.0001- 0.002 0.02
HDLc 1.34+0.45 0.0005 0.0001-0.001 <0.01
Adjusted* 0.0005 0.0002 - 0.001 <0.01
LDLc 3.19+0.98 0.0008 -0.0001-0.002 0.03
Adjusted* 0.0009 -0.0001-0.002 0.02
Triglycerides 1.37(0.96 - 2.00 -0.00003 -0.0005 - 0.0005 0.99
TC/HDLc-ratio 4.01£1.30 0.0006 -0.0006 - 0.002 0.31
Apo AT 1.59+0.34 0.00001 -0.0005 - 0.0005 0.98
Apo B" 0.89+0.24 -0.0001 -0.0004 - 0.0001 0.34
ApoB/apoATlratio” 0.58+0.20 -0.0002 -0.0005 - 0.00001 0.06
Adjusted* -0.0003 -0.0005 - -0.00005 0.02

BMI=body massindex, HDLc=high density lipoprotein cholesterol, LDLc=low density lipoprotein
cholesterol, TC/HDLc- ratio = total cholesterol to high density lipoprotein cholesterol ratio,
Apo Al= apolipoprotein Al, Apo B = apolipoprotein B, ApoB/ApoAT ratio = apolipoprotein B to
apolipoprotein Al ratio.

*adjusted for age, gender, disease duration, concomitant MTX, prednisone and statin use.
"subanalysis of 81 patients at baseline with apo aland apo b measurements available.

Relationship between CVD risk factors and disease activity

In the mixed models analyses changes in DAS28 were associated with changes in
diastolic blood pressure, TC, HDLc and triglycerides(table 3). One point increase in
DAS28 was associated with an increase in diastolic blood pressure, a decrease in
TC and triglycerides. This association was still significant after adjustment for age,
gender, disease duration and concomitant medication use (table 3). There was a
trendforanincreasedapo B/apo Alratio with one pointincrease in DAS28(p=0.057).
A point increase in DAS28 was associated with an increase in HDLc. However, this
was not significant after correction for above mentioned variables. The TC/HDLc
ratio did not change significantly with changes in DAS28. When patients were split
into responders vs. nonresponders, patients with a DAS28 above 2.6 as opposed to
patients with a DAS28 under 2.6 had lower TC and triglycerides, while the HDLc was
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increased (table 4). An increase in CRP was associated with a decrease in TC (RC
-0.09, 95%CI -0.16 - -0.02, P= 0.02) and an increase in the apo B/Apo Al ratio (RC
0.0395%CI 0.004 - 0.05, P=0.02). There was a trend for a decrease in triglycerides
(RC-0.04, 95%CI -0.08 - 0.003, P=0.07) and in apo A1(RC -0.05, 95%CI -0.09 - 0.01,
P=0.077) after adjustment for above mentioned confounders.
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Figure 3. Changes in lipid profile over a 5-year period. Values are presented as means + SD.
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+SD.

78



Table 3. Association between DAS28 and CVD related factors over 5 years

Mean RC 95% Cl P-value
Systolic blood pressure 13020 0.43 -0.41-1.28 0.31
Diastolic blood pressure 8111 0.64 0.12-1.17 0.02
Adjusted* 0.56 0.03-1.09 0.04
BMI 27+5 -0.001 -0.099 - 0.097 0.98
Creatinine 7517 -0.18 -0.76 - 0.39 0.53
Total cholesterol 5.38£1.12 -0.05 -0.09--0.007 0.02
Adjusted* -0.05 -0.09--0.01 0.02
HDLc 1.34 £ 0.45 0.04 0.01-0.06 0.007
Adjusted* 0.03 0.000001-0.05 0.05
LDLc 3.19+0.98 -0.02 -0.06-0.03 0.47
Triglycerides” 1.37(0.96 - 2.00) -0.03 -0.05--0.01 0.006
Adjusted* -0.03 -0.06 --0.01 0.008
TC/HDLc-ratio 4.01+£1.30 -0.04 -0.11-0.02 0.21
Apo AT 1.569 £ 0.34 -0.0008 -0.03-0.03 0.96
Apo B" 0.89+0.24 0.009 -0.008-0.03 0.29
ApoB/apoATlratio” 0.58+0.20 0.01 -0.003-0.03 0.1
Adjusted* 0.014 -0.0004 - 0.03 0.057

BMI=body massindex, HDLc=high density lipoprotein cholesterol, LDLc=Iow density lipoprotein

cholesterol, TC/HDLc- ratio = total cholesterol to high density lipoprotein cholesterol ratio,

Apo Al= apolipoprotein AT, Apo B = apolipoprotein B, ApoB/ApoAT ratio = apolipoprotein B to

apolipoprotein Al ratio.

"subanalysis of 81 patients at baseline with apo aland apo b measurements available.

*adjusted for age, gender, disease duration, concomitant MTX, prednisone, nsaids,

antihypertensives and statin use.

#log transformed
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Table 4. CV risk factors in DAS28>2.6 vs. DAS28<2.6 over 5 years

Responder Nonresponder RC 95% Cl P-value

Systolic blood pressure 128 £19 133+20 2.01 -0.65-4.67 0.14
Diastolic blood pressure 80 +10 82+12 1.27 -0.37-2.92 0.13
BMI 25.9+3.8 28.7+5.8 -0.27 -0.565-0.004 0.05
Creatinine 76 £14 T4+ 21 -0.80 -2.26-0.66 0.28
Total cholesterol 5.45+1.02 5.29+1.25 -0.16 -0.29--0.02 0.03

Adjusted* -0.017 -0.31--0.03 0.02
HDLc 1.31+0.45 1.38 £0.45 0.1 0.04-0.18 0.004

Adjusted* 0.08 0.009-0.16 0.03
LDLc 3.23+0.92 3.15+1.07 -0.06 -0.20-0.07 0.35
Triglycerides” 1.37(0.99-2.04) 1.38(0.95-1.90) -0.09 -0.16--0.01 0.02

Adjusted* -0.09 -0.16 --0.01 0.02
TC/HDLc-ratio 4.01+1.26 4.03 £1.34 -0.08 -0.27-0.11 0.41
Apo AT 1.57+0.25 1.60 £ 0.41 -0.01 -0.12-0.09 0.81
Apo B" 0.86+0.21 0.90+0.26 -0.0002 -0.05-0.05 0.99
ApoB/apoATlratio” 0.57+0.18 0.59+0.21 0.03 -0.02-0.07 0.21

BMI=body massindex, HDLc=high density lipoprotein cholesterol, LDLc=Iow density lipoprotein
cholesterol, TC/HDLc- ratio = total cholesterol to high density lipoprotein cholesterol ratio,
Apo Al=apolipoprotein Al, Apo B = apolipoprotein B, ApoB/ApoAT ratio = apolipoprotein B to
apolipoprotein Al ratio.

*adjusted for age, gender, disease duration, concomitant MTX, prednisone, antihypertensives
and statin use.

"subanalysis of 81 patients at baseline with apo aland apo b measurements available.

#log transformed

DISCUSSION

Etanercept therapy effectively reduced DAS28, CRP and ESR, as markers of disease
activity, in patients with PsA, with the greatest reduction of disease activity at six
months. This reduction persisted until five years of therapy in those who continued
treatment. At baseline a substantial proportion of the patients had hypertension
(39.8%), dyslipidemia(74.6%)and was overweight (56.8%). In addition, 56.4% of the
patients had an elevated TC/HDLc ratio and 6.8% had diabetes. This is consistent
with previous reports of an increased prevalence of traditional CVD risk factors
in PsA patients.(3;9) Interestingly, the majority of patients showed nearly normal
TC, HDLc and TG values at baseline. Over a five year period of etanercept therapy,
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patients with PsA showed a significant increase in TC, HDLc and LDLc. Similarly
as in RA, where it has been reported that during times of active inflammation,
LDLc and HDLc decrease, while anti-inflammatory treatment, for example with
TNF inhibitors, can reverse this. There is a non-linear relationship between lipid
levels and CVD risk in inflammatory joint disorders (most data is available for RA). A
decrease in lipid levels (i.e. total cholesterol, LDL cholesterol and triglycerides), is
often seen in patients with active inflammation, while their CVD risk is increased.
During treatment with anti-inflammatory agents lipid levels increase in these
patients, which is considered to be a normalization of lipid levels. In this study,
we demonstrated that this phenomenon also holds true for PsA, i.e. treatment
with etanercept increases lipid levels. This increase in lipids should probably be
considered as a normalization of serum lipid levels and a reflection of effective
anti-inflammatory therapy, rather than an adverse effect of etanercept. To avoid
misinterpretation of cardiovascular risk status in these patients, measurement
of lipid levels for the purpose of cardiovascular risk estimation should preferably
be performed when disease activity is stable or in remission. The other CVD risk
factors, i.e. blood pressure, BMI, creatinine, and TG remained stable over the
years, although there was a trend for an increase in BMl in these patients (p=0.07).
Increases in BMI with TNFi treatment has been described previously in patients
with psoriasis(16-18) and PsA.(18) Furthermore, the TC/HDLc-ratio remained stable
over 5 years, which is to be expected as these lipid values generally change in the
same direction during inflammation and suppression of inflammation with therapy.
(17) Normally, this would indicate that the CVD risk remains stable over 5 years.
However, there was a significant decrease in the apoB/apoAl ratio over time, which
could reflect adecrease in CVD risk. A previous study showed that the ApoB/ApoAl
ratio is associated with an increased risk of fatal myocardial infarction in men
and in women (RR 1.23, 95%Cl 1.18-1.27 and 1.38, 95%ClI 1.25-1.52 respectively).(18)
Intriguingly, elevated disease activity markers, i.e. DAS28 and CRP, were associated
with an unfavorable lipid profile, i.e. lower TC and triglycerides but anincrease in the
apo B/apo Alratio(RC 0.0395%CI 0.004 - 0.05), a possible reflection of anincrease
in CVD risk. Also, there was a trend for a decrease in apo Al, the cardio protective
component of HDLc, with one point increase in CRP. In line with this, over time an
increase in DAS28 was associated with a small increase in diastolic blood pressure
(0.56 mmHg per point increase in DAS28) and there was a trend for an increased
HDLc and apoB/apoAl ratio per point increase in DAS28 (p=0.057). This might
seem surprising, as HDLc is known as cardio protective and most studies report
a decrease in HDLc during inflammation, although these studies have focused on
RA and not on PsA. These ‘conflicting’ results may indicate that a raise in HDLc
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does not necessarily translate into a favorable lipid and CVD risk profile in patients
with high disease activity, as HDL composition rather than its levels determine its
function.(19)

HDLc which is normally considered anti-atherogenic, could change into a pro-
atherogenic molecule due to modification of HDLc subcomponents under
inflammatory conditions. In our study, the decrease in apo A-l (trend) and the
increase in apoB/apoAT ratio, with elevation of inflammatory markers, suggest a
change in the HDLc molecule to a more pro-atherogenic HDLc under high-grade
inflammation. Thus, we consider the higher TC and TG in patients with low DAS28
scoresin this study anormalization of serum lipid levels and areflection of effective
anti-inflammatory therapy. Conversely, the patients with high DAS28 who had lower
total cholesterol and triglycerides, and higher HDL cholesterol are considered
to have a worse CVD risk profile, also in accordance to existing literature on this
subject.

Several limitations should be considered. The changes in lipid levels were small
in this study and the clinical relevance of such small changes is probably limited.
Additionally, apolipoprotein values were only available in a subpopulation of
patients. Therefore, mixed models was used as it is designed to analyse this type
of data. However, we expect that these findings will be even more significant in
a larger group of patients, as we have already found significant differences in
apolipoproteins in this small group of patients with PsA.

Nevertheless, our study demonstrates stable CVD risk factors, especially a stable
lipid profile in a heterogeneous population of patients with PsA over a five year
period of etanercept therapy. To our knowledge, no other study has described
changes in CVD risk factors over an extended period of time in patients with PsA
receiving TNFi therapy, although a beneficial effect of TNFi on surrogate markers
of atherosclerosis (i.e. carotid intima media thickness) in PsA has been reported.
(20) Furthermore, significant changes in apoB/apoAl ratio, BMI and diastolic blood
pressure were found over time during etanercept therapy, reflecting a possible
beneficial effect on lipid subcomponents, blood pressure, body composition, and
consequently CVD risk in these patients. However, these changes were only small
and require further study. Modulation of lipids and other known CVD risk factors
probably only partially explains the favourable effects of anti-TNF therapy on CVD
risk. Hence, the presumed beneficial effects of TNFi on CVD risk in PsA appears to
be mediated by other mechanisms, likely related to inflammation.
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Chapter 6. A 15 year longitudinal study

ABSTRACT

Objective
Cardiovascular(CV) disease risk is increased in rheumatoid arthritis (RA). However,
long- term follow-up studies investigating this risk are scarce.

Methods

CARRE is a prospective cohort study investigating CV disease and its risk factors
in 353 patients with longstanding RA. CV endpoints were assessed at baseline,
3, 10 and 15 years after the start of the study and are compared to a reference
cohort(n=2540)including a large number of patients with type 2 diabetes(DM).

Results

95 RA patients developed a CV event during 2973 person-years, resulting in an
incidence rate of 3.20 per 100 person-years. 257 CV events were reported in the
reference cohort during 18874 person-years, resulting in an incidence rate of 1.36
per 100 person-years. Age and sex adjusted hazard rates(HR) for CV events were
increased for RA(HR 2.07, 95%CI 1.57-2.72, P<0.01) and DM (HR 1.51, 95%CI 1.02-
2.22, P=0.04) compared to the non-diabetic participants. HR was still increased
in RA (HR 1.82, 95%Cl 1.32-2.50, P<0.01) after additional adjustment for CV risk
factors. Patients with both RA and DM or insulin resistance had the highest HR for
developing CV disease (2.21, 95%Cl 1.01-4.80, P=0.046 and 2.67, 95%Cl 1.30-5.46,
P<0.01, respectively).

Conclusion

The incidence rate of CV events in established RA was more than double that of
the general population. RA patients have an even higher risk of CV disease than
patients with DM. This risk remained after adjustment for traditional CV risk factors
suggesting that systemic inflammation is an independent contributor to CV risk.
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INTRODUCTION

Rheumatoidarthritis(RA)isassociatedwithincreased cardiovascular(CV)morbidity
and premature death of CV origin, when compared to the general population.(1)
Severalunderlyingmechanismsare suggested. Traditional CVrisk factors, including
hypertension, dyslipidaemia, smoking, type 2 diabetes, a sedentary lifestyle and
obesity, are associated with the development of CV disease in RA, similar to the
general population.(1) RA is characterized by chronic systemic inflammation (i.e.,
not limited to the joints), which is thought to be another major contributor to CV
disease development in these patients.(2-4) Systemic inflammation appears to
increase CV risk independently and beyond traditional CV risk factors, while it
also potentially alters existing CV risk factors in these patients (3;5;6). A recent
meta-analysis of 14 observational cohort studies showed an overall increased CV
risk of about 50% in patients with RA, compared to non-RA participants.(7) Other
studies report standardized mortality ratios (SMRs) as high as 2.7 compared with
the general population, (8;9) SMRs that appear to be constant over 50 years,(10)
although this has been challenged by a study reporting decreasing mortality in the
last decade.(11) However, study results are heterogeneous, and most studies have
a follow up shorter than 10 years. In 2009, our group also reported an increased CV
riskinacohort of RA patients compared with a population-based reference cohort
over 3 years of follow up.(4) We now report on the incidence and risk of fatal and
non-fatal CV events in this cohort over a maximum follow up period of 15 years,
compared with a representative sample cohort of the general population focusing
on prevalence and incidence of type 2 diabetes mellitus (DM) and its complications.

Patients and Methods

To investigate the risk of incident CV disease in participants with RA vs. DM and
the general population, the CARRE study cohort and the Hoorn study cohort were
compared. Inboth populations dataregarding demographics, RA-related variables,
risk factors for CV disease, and new or incident CV events after the start of the
study, was collected. A brief description of both study cohorts is written below.

The CARRE study

The CARRE (CARdiovascular research and RhEumatoid arthritis) study was initiated
in 2000 with the purpose of investigating CV disease and its risk factors in patients
with longstanding RA. As previously described by van Halm et al.”?, patients were
eligible for participation if they were registered at the Jan van Breemen Institute
(Reade since 2009) in Amsterdam, the Netherlands, fulfilled the 1987 American
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College of Rheumatology classification criteria, were diagnosed with RA between
1989 and 2001, and were aged between 50 and 75 years. Patient enrolment was
done between January 2001 and January 2002. In total 353 patients with RA
were followed prospectively for 15 years. Study assessments were performed at
baseline, 3 years (2004 - 2005), and 10 years of follow up (2010 - 2011). Participants
were called for a CV disease questionnaire in 2015 (15 years of follow up) to assess
the occurrence of CV events during the study period. All reported events since the
start of the study were confirmed with medical records.

The Hoorn study

The Hoorn study is a Dutch cohort study of glucose metabolism and other
cardiovascular risk factors that began in 1989 (13). The cohort and its baseline
measurements have been described in detail previously (14). Briefly, a random
selection of 3,553 men and women 50-75 years old was taken from the population
register. A total of 2,540 (71.5%) agreed to participate, and after the exclusion of
56 non-caucasian participants, the Hoorn Study population comprised 2,484 men
and women. All Hoorn participants were subject to an extensive and repeated
cardiovascular screening program similar to that used in our CARRE study. The
local Medical Ethics Committee approved both studies (METc VUmc, Amsterdam,
The Netherlands, 2001.198) and all participants gave their written informed consent
at the baseline visit. An overview of the two cohorts is shown in figure 1.

Assessment of RA-related values

At baseline, demographic data, medical history, family history, and medication
use of all patients with RA were recorded. Additionally, the Health Assessment
Questionnaire (HAQ) was performed and a Disease Activity Score of 28 joints
(DAS28) was calculated. IgM-rheumatoid factor (IgM-RF), anti-citrullinated
protein antibody (ACPA) were only assessed at baseline. C-reactive protein (CRP),
erythrocyte sedimentation rate (ESR) and the presence of erosions in hands and
feet with radiographs were assessed at all visits.

Assessment of traditional CV risk factors

CVriskfactorswere assessedforallsubjectsaccordingtoidentical protocolsinboth
studies, as described previously (4). The assessments included smoking status,
systolic and diastolic blood pressure (BP), body mass index (BMI, weight/height2 in
kg/m2), waist to hip ratio and in fasting blood samples total cholesterol (TC), high
density lipoprotein cholesterol (HDLc), low density lipoprotein cholesterol (LDLc),
triglycerides(TG), TC/HDLc ratio, glucose, HbAlc, and creatinine. Hypertension was
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defined as a systolic BP above 140 mmHg and/or a diastolic BP above 30 mmHg and/
or current use of antihypertensive agents. DM was assessed in both study cohorts
according to the 1999 World Health Organization criteria.(15) Patients were grouped
according to fasting glucose levels into normal fasting glucose <6.1 mmol/L (<110
mg/dL), impaired fasting glucose (IFG) or insulin resistance >6.1- <7.0 mmol/L (110
- 125 mg/dL) and DM if glucose = 7.0 mmol/L (=126 mg/dL) or treated with glucose
lowering agents.

CARRE Study

RA patientsincluded at
baseline

n=353

Excluded
Non-Caucasian, n=18

Lost to follow up, n=7

RA patientsincludedin
primary analysis

Hoorn Study

Participantsincludedat
baseline

n=2540

Excluded
Non-Caucasian, n=56

No permission orlostto
follow up, n=615

Participantsincludedin
primary analysis

=326 n=1869
Excluded Excluded
RA patients with IFG, n=27 Participants with IFG,
RA patients with DM, n=16 n=206
Nondiabetic RA patients Patientsincludedin
included insecondary secondary analysis
analysis n=1663
n=278
|
] ¥
Participants without DM Patients with DM
n=1501 =162

Figure 1. Study design of the CARRE and Hoorn study cohorts
CARRE= Cardiovascular Research and Rheumatoid Arthritis, IFG= impaired fasting glucose,
DM=type 2 diabetes mellitus, RA= rheumatoid arthritis.

Assessment of CV disease

Prevalent CV disease at baseline and incident fatal and non-fatal CV events at
follow up were registered separately according to the International Statistical
Classification of Diseases and Related Health Problems 3th revision (ICD-9 codes,
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410.0 - 410.9, 435.9, 436, 443.9 and 798). CV disease was defined as a verified
medical history of coronary heart disease (i.e. myocardial infarction, percutaneous
coronary intervention, coronary angiography with significant stenosis, stent
placement or coronary artery bypass graft) cerebral arterial disease (e.g.
cerebrovascular accident, transient ischemic attack or carotid endarterectomy)
or peripheral arterial disease (e.g. ankle brachial pressure index <0.50, peripheral
arterial reconstructive surgery or limb amputation). Sudden deaths were only
considered to be CV mortality when this was confirmed by autopsy. After study
entry, participants were censored after the first new fatal or non-fatal CV event
or death due to other reasons. CV events before baseline (prevalent CV disease)
in medical records of study participants were registered separately for additional
correctionin statistical analyses, but were not used as new incident CV event cases
for the primary outcome. The remaining patients were censored at study cessation
time: March 1, 2015. Only the first CV event during follow up was recorded. Patients
that were lost to follow up were censored at date of their last (event-free) follow up
visit. In order to extract data on the occurrence of CV events of the patients lost
to follow up, medical records were searched for the most recent medical status.

Statistical analysis

The baseline characteristics of both study cohorts were compared with parametric
and nonparametric tests as appropriate. Incidence rates for fatal and non-fatal CV
events were calculated per 100 person years. The risk of developing CV events
was compared between patients with RA without DM, the non-diabetic general
population and patients with DM but without RA by calculating hazard ratios (HR)
with Cox proportional hazards models. These hazard models were adjusted for
potential confounders identified at baseline and in earlier studies (4). Prevalent
CV disease was not excluded from the analyses, except where stated otherwise.
Figure 2 was created using the corrected group prognosis method as described by
Ghali et al.(31)Several hazard models were made (table 3): the first model corrected
adjusted for age and gender; the second model additionally adjusted corrected for
systolic blood pressure, use of antihypertensive agents, total cholesterol, high-
density lipoprotein cholesterol, statin use, smoking in pack years, body mass index
and aspirin use. The HR were first calculated for all patients. In the secondary
analysis, patients with prevalent CV disease were excluded. Additionally, the risk of
developing CV events in patients with both RA and type 2 DM was compared to the
other groups of patients (table 4). All analyses were performed with the software
package IBM SPSS statistics (version 13, Armonk, New York). A p-value of less than
0.05 was considered as statistically significant.
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RESULTS

Baseline characteristics of both study populations

Of the 353 patients with RA at baseline, 326 patients were included in the primary
analyses (figure 1). Their baseline characteristics as well as those from the Hoorn
study reference cohort are shown in table 1. Of these, 27 were lost to follow up later
on in the study due to migration, not wishing to participate due to a high burden
or death. The median follow up duration was 11 years, with a minimum of 2 months
and a maximum of 15 years. The majority of the RA patients was female (65%) with
amean age of 63 + 7 years. The median disease duration was 7 (4 - 10) years with a
mean DAS28 score of 3.9 + 1.3. 236 (72%) patients were IgM-RF positive, 168 (52%)
were ACPA positive and 263 (81%) had erosions in the hands or feet. Patients with
RA were slightly older than the reference cohort and had more often prevalent CV
disease (15% vs. 11%), hypertension (61% vs. 32%), a longer cumulative exposure to
smoking, and more often used antihypertensive drugs, statins or aspirin.

Table 1. Patient characteristics of the RA population and the reference cohort at baseline

RA population (n=326) Reference cohort (n=1869)
Demographics
Age, years 63+7 62+7
Women, no. (%) 212 (65) 976 (52)
Cardiovascular risk factors
Previous CVD, no. (%) 48(15) 198 (11)
Hypertension, no. (%) 200(61) 601(32)
Smoking, no. (%)
Never 7(22) 630(34)
Former smoker 159 (49) 666(36)
Current smoker 96(29) 562(30)
Pack years 18(2-38) 12(0-28)
Glucose status, no. (%)
Normal fasting glucose levels 283(87) 1501(80)
IFG levels 26(8) 206(1)
DM 16(5) 162(9)
Known/newly diagnosed DM 14/8 73/89
Systolic BP, mmHg 142 +20° 135+20
Diastolic BP, mmHg 81+8 82+10
TC, mmol/L 5.79+1.13" 6.63+1.16
HDLc, mmol/L 1.45+0.49" 1.32+0.37
LDLc, mmol/L 3.71+£1.04 4.59+1.06

table continues
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RA population (n=326)

Reference cohort (n=1869)

Triglycerides, mmol/L

1.32(0.96 - 1.84)

1.40(1.00-1.90)

TC/HDLc ratio 4.38 +1.55 5.36 £1.72
Waist/hip ratio 0.9+0.1 0.9+0.1
Body mass index, kg/m? 26.7+4.8 26.5+3.4
Medication, no. (%)
Antihypertensive drugs 84(26) 373(20)
Statins 37(1y 29(2)
Aspirin 54(17) 62 (3)
RA-related factors
Age at RA diagnosis, years 55+8 -
Disease duration, years 7(4-10) -
IgM-RF =30 U/ml, no. (%) 181(56) -
ACPA 250 kU/I, no (%) 168(52) -
Erosion on radiographs, no. (%) 263(81) -
DAS28, range 0-10 3.9+1.3 -
NSAIDs, no (%) 218(67)
Biologic agents, no. (%) 33(10) -
Methotrexate, no.(%) 195(60) -
Prednisone, no.(%) 54(17) -
Sulfasalazine, no. (%) 53(16) -
Hydroxychloroquine, no. (%) 24(7) -
Leflunomide, no. (%) 27(8) -
Other DMARD, no. (%) 20(6) -

Continuous variables are presented as mean * SD or as median (IQR). Categorical and
dichotomous variables are

presented as numbers and/or percentages. *Significantly different from the general
population. CVD= cardiovascular disease, BP= blood pressure, TC= total cholesterol, LDLc=
low-density lipoprotein cholesterol, HDLc= high-density lipoprotein cholesterol, pack years=
(packs smoked per day){years as a smoker), IFG= impaired fasting glucose, DM= type 2
diabetes mellitus, RA= rheumatoid arthritis, IgM-RF= immunoglobulin M rheumatoid factor,
ACPA= anti- citrullinated protein antibody, DAS28= Disease Activity Score, DMARD= disease-
modifying antirheumatic drug

New CV eventsin RA vs. the general population

In the CARRE study, 95 patients developed a CV event during a median follow up
period of 11 years (range: 2 months to 15 years) and a total follow up time of 2973
patient years, resulting in a CV disease incidence rate of 3.20 per 100 person
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years (table 2). In the Hoorn study, 257 participants developed a CV event during 12
years of median follow up (range: 1 month to 12 years) and a total follow up time of
18874 patient years, resulting in a CV disease incidence rate of 1.36 per 100 person
years (table 2). The occurring CV event subtypes are described in supplementary
table 1. Age and sex adjusted Cox regression analyses showed a HR of 1.93 (95%ClI
1.61 - 2.45, P<0.01) for CV events in RA (table 2). Additional adjustment for CV risk
factors resulted in a HR of 1.89(95%CI 1.40 - 2.46, P<0.01)(table 2). Adjustment for
prednisone use did not affect the HR significantly (data not shown). Exclusion of
patients with prevalent CV disease at baseline resulted in comparable HRs(table 2).

Table 2. Hazard ratios for new CV events in patients with RA vs. the reference population.

RA population Reference population  P-value

All patients, no. 326 1869
Total follow up, years 2973 18874
Fatal and nonfatal CV events, no. 95 257
Incidence per 100 person-years 3.20 1.36
Hazard Ratio RA vs. reference cohort
Model I 1.93(1.51-2.45)  1.00 <0.01
Model 2% 1.89(1.40-2.46) 1.00 <0.01
Patients with prevalent CVD* excluded, no. 278 1746
Total follow up, years 2627 18008
Fatal and nonfatal CV event, no. 69 225
Incidence per 100 person-years 2.63 1.25
Hazard Ratio RA vs. reference cohort
Model T 1.75(1.31-2.32)  1.00 <0.01
Model 27 1.96(1.45-2.66) 1.00 <0.01

"Adjusted for age and sex. *Adjusted for age, sex, systolic blood pressure, antihypertensive
agents, total cholesterol, high-density lipoprotein cholesterol, statins, smoking in pack
years, body mass index, diabetes mellitus, and aspirin

4CVD according to the International Classification of Diseases criteria. CV= cardiovascular,
RA=rheumatoid arthritis, CVD= cardiovascular disease.

New CV event in RA and DM vs. the reference population and in RA vs. DM

Before conducting these analyses, RA patients with an impaired fasting glucose
(n=26) or already diagnosed with DM (n=22) were excluded from the CARRE study
and patientswithanimpaired fasting glucose(n=206)were excluded from the Hoorn
study. Cox regression analyses comparingincident CV events were performed with
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the remaining participants grouped into nondiabetic RA(n=278), DM(n=162)and the
nondiabetic reference population (n=1501, table 3). The HR was increased for RA
(HR2.07,95%CI1.57-2.72, P<0.01)and DM (HR 1.51, 95%CI 1.02 - 2.22, P=0.04) in the
age and sex adjusted model (table 3, figure 2). After adjustment for CV risk factors,
the HR(1.82, 95%CI 1.32 - 2.50,P<0.01) remained significantly increased in RA while
it was not significant in DM (HR 1.28, 95%CI 0.85 - 1.92, P=0.25) (table 3, figure 2),
with similar results after exclusion of patients with prevalent CV disease (table 3).
The adjusted survival curves of the non-diabetic reference population, participants
with DM, and nondiabetic participants with RA are shown in figure 2. In addition, a
direct comparison between participants with RA (n=278) and participants with DM
(n=162) showed a higher HR for CV disease in RA when compared to DM (age and
gender adjusted HR 1.64, 95%CI 1.07 - 2.53, P=0.02).

Table 3. New CV events in RA and DM vs. the general population

HR 95% CI P-value
All patients
Model 1
Nondiabetic population 1.00 Reference -
DM 1.51 1.02-2.22 0.04
Nondiabetic patients with RA 2.07 1.57-2.72 <0.01
Model 2
Nondiabetic population 1.00 Reference -
DM 1.28 0.85-1.92 0.24
Nondiabetic patients with RA 1.82 1.32-2.50 <0.01
Patients with prevalent CVD excluded
Model 1
Nondiabetic population 1.00 Reference -
DM 1.42 0.92-2.21 0.12
Nondiabetic patients with RA 1.82 1.32-2.50 <0.01
Model 2
Nondiabetic population 1.00 Reference -
DM 1.15 0.72-1.84 0.56
Nondiabetic patients with RA 1.96 1.39-2.78 <0.01

Model 1: Adjusted for age and sex. Model 2: Adjusted for age, sex, systolic blood pressure,
antihypertensive agents, total cholesterol, high-density lipoprotein cholesterol, statins,
pack years, body mass index and aspirin. RA= rheumatoid arthritis, DM= type 2 diabetes
mellitus, HR= hazard ratio, 85% Cl=95% confidence interval, CVD= cardiovascular disease
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Figure 2. Survival curves of participants with type 2 diabetes mellitus (black) vs. the
non-diabetic reference population (green), adjusted for age, sex (A) and traditional
cardiovascular risk factors (B); non-diabetic participants with rheumatoid arthritis (black)
vs. the non-diabetic reference population (green), adjusted for age, sex (C) and traditional
cardiovascular risk factors (D).

New CV events in subgroups of RA, insulin resistance and DM vs. the
general population

1501), individuals with insulin resistance (IR, n= 2086), individuals with DM (n=162),
participants with RA but without IR or DM (n=278), study participants with RA and
IR (n=26), and participants with RA and DM (n=22 ). Compared to the non-diabetic
general population, patients with RA and IR resp. DM had the highest risk of
developing a CV event when the hazard model was corrected for age and gender
followed by the other RA patients. Results were similar after additional correction
for systolic blood pressure, antihypertensive agents, total cholesterol, HDLc, statin
use, smoking, body mass index, aspirin use and prevalent CV disease (table 4). The
risk of developing CV events was compared between the non-diabetic general
population (n=
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Table 4. New CV events in RA with IR and DM vs. the general population.

HR 95% CI P-value
All patients
Model 1
Reference population, normal glucose tolerance 1.00 Reference -
Insulin resistance 1.46 1.04-2.07 0.03
DM 1.51 1.03-2.23 0.04
RA
+Normal glucose tolerance 2.08 1.68-2.74 <0.01
+Insulin resistance 2.70 1.33-5.49 <0.01
+DM 2.23 1.04-4.75 0.04
Model 2
General population, normal glucose tolerance 1.00 Reference -
Insulin resistance 1.18 0.82-1.70 0.37
DM 1.30 0.87-1.95 0.20
RA
+Normal glucose tolerance 1.89 1.37-2.56 <0.01
+Insulin resistance 2.67 1.30-5.46 0.01
+DM 2.21 1.01-4.80 0.046

Model 1: Adjusted for age and sex. Model 2: Adjusted for age, sex, systolic blood pressure,
antihypertensive agents, total cholesterol, high-density lipoprotein cholesterol, statins,
smoking in pack years, body mass index and aspirin. RA= rheumatoid arthritis, DM = type 2
diabetes mellitus, HR = hazard ratio; 85% Cl = 95% confidence interval, CV= cardiovascular.

DISCUSSION

In our second report on this cohort, now with a median follow up of 11 years, the
increased risk of CV disease in RA already seen after 3 years of follow up (4) was
confirmed, now at a level more than double that of the non-diabetic general
population. Traditional CV risk factors, such as hypertension, smoking, older age
and previous CV disease partially explained this increased risk. However, the Cox
proportional hazard models adjusted for these risk factors still showed an almost
twofold increased CV risk in participants with RA. In participants with DM, the
increased CV risk was almost fully explained by traditional CV risk factors. In RA,
high-grade systemic inflammation most likely amplifies CV risk, as suggested
previously.(3-5) Recently, Curtis et al. reported the highest incidence rate of acute
myocardial infarction in patients with RA and DM, followed by patients with DM
only, RA only and neither RA or DM. (29) We found similar results (highest HR) for
participants with RA and IR or DM, but in our study, participants with RA only had a
higher CV disease risk than participants with DM only. This might be explained by
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differences in study design and population and definitions of CV disease outcome.
More importantly, both studies underline and establish that RA is a risk factor for
the development of CV disease.

I

nterestingly, although we had a low number of observations, the risk of IR or DM
appeared additive to that of RA, suggesting that in such patients risk factors should
be approached aggressively. In participants with RA, TC, LDLc and triglycerides
were lower than in the non-diabetic general population, while HDLc was higher.
In the past, several publications have described this phenomenon as the ‘lipid
paradox’, in which above mentioned observation is not translated into a lower, but
paradoxically into a higher CV risk in RA patients.(17-19) However, we identified an
increased CV disease risk in RA, regardless of the effect of these lipid changes on
this CV risk, as we adjusted for TC, HDLc and statin use in our analyses. Optimal
treatment of RA results in a normalization of lipid levels in these patients.(20-23)
Unfortunately, this study also demonstrates that, although patients with RA have
an increased presence of certain known risk factors for CV disease, only a small
proportion of RA patientsis receiving appropriate treatment with antihypertensive
agents and statins. This finding is also in line with other studies,(24-27) suggesting
that appropriate management of lifestyle factors and CV risk factors is lacking
in these patients. Possible explanations could be that local CV risk management
programs are ineffective or that patients and physicians are unaware of the
magnitude of this risk. In addition, current CV risk assessment tools are inaccurate
and risk assessment is performed using general population algorithms(e.g. SCORE
and Framingham Risk Score). Some risk factors, such as lipids, are influenced by
inflammation and are not an appropriate indicator for CV risk during periods of
active disease.(19) Therefore, CV risk algorithms that accurately predict CV risk in
RA as well as multidisciplinary CV risk assessment and management are certainly
of additional value. Above all, creating awareness of this increased CV risk among
patients and clinicians is of great importance.

The major strength of our study is its long follow up duration in which the
occurrence of both fatal and non-fatal CV events were recorded in patients with
RA and in the general population. Our previous study had a follow up duration of
only 3 years, with few events, resulting in limited power, but in the current study
the long term observation and the number of events was sufficient to overcome
this. However, the present study also has some limitations. The Hoorn study was
conducted approximately 10 years before the CARRE study. The definition of
certain diseases, their assessment, and management may have changed during
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this period. This may have influenced our results. Additionally, CV disease incidence
has declined over the last decades in the Netherlands which could translate into
less incident CV disease in the patient with RA (28). However, comparing both
groups would in this case only lead to an underestimation of the CV risk in patients
with RA. Additionally, the Hoorn study may have included some patients with RA
which we could not identify due to insufficient data, but this would also only result
in an underestimation of the CV risk in RA. Another important matter is that the
prevalence of MTX and biologic treatment at baseline is not representative of the
current clinical practice. Treatment guidelines have changed over the last decade
and this could have influenced the CV disease incidence in the RA population.
However, the effect of antirheumatic treatment on CV disease risk in patients with
RA was not the research question of this study.

In conclusion, our study demonstrates a more than twofold higher CV risk in
participants with RA when compared with the non-diabetic general population.
In this study, this risk is even higher than the CV risk of patients with DM. In
accordance with our previous study from 2009 (4), adjustment for CV risk factors
still results in a significant residual CV disease risk for patients with RA, indicating
that systemic inflammation is likely an independent contributor to CV risk in RA.
This underscores that both optimal anti-inflammatory treatment of RA as well as
effective CV risk management are likely of major importance to reduce CV risk in
these patients.
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Chapter 7. EULAR recommendations for cardiovascular disease risk management

ABSTRACT

Background

Patients with rheumatoid arthritis (RA) and other inflammatory joint disorders
(IUD) have increased cardiovascular disease (CVD) risk compared to the general
population. In 2009 a 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.

Objectives
To update the 2009 EULAR recommendations concerning the assessment and
management of CVD risk in persons with IJD.

Methods

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 categorized
according to standard guidelines. The evidence was discussed and summarised by
the experts in the course of a consensus finding and voting process.

Results

Three overarching principles were defined. First, thereisahigherrisk for CVDin RA,
and this may also apply to AS and PsA. Second, the rheumatologist is responsible
for CVD risk management in patients with IJD. Third, the use of NSAIDs and
corticosteroids should be inaccordance with treatment specific recommendations
from EULAR and ASAS. Ten recommendations were defined, of which one is new,
and six were changed compared to the 2009 recommendations. Each designated
an appropriate evidence support level.

Conclusion

The present update extends on the evidence that CVD risk in the whole spectrum
of IUD 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 |[JD, 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 to the general
population. For RA, the magnitude of this excess risk appears comparable to
that reported for patients with diabetes mellitus ™, necessitating aggressive and
targeted CVD risk management. In 2009, a 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 ten recommendations
for the screening and identification of CVD risk factors and the implementation
of CVD risk management in IJD (see Supplementary file 1).* 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® and the Systematic
Coronary Risk Evaluation (SCORE) to calculate a 10-year risk of CVD events. When
this CVD risk exceeds a certain value, i.e. 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. In
accordance with current CVD prevention guidelines, a healthy lifestyle should of
course be recommended to all persons, including patients at low- and intermediate
cardiovascular risk. Additionally, the ESC quideline on cardiovascular disease
prevention in clinical practice also recommends CVD risk stratification for patients
with hypertension.®” 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 1hypertension with
a high CVD risk.® Validated RA-specific CVD risk prediction models with a proven
superiority over general population CVD risk prediction algorithms are currently
lacking.” 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.”® 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.*
In addition, certain commonly used variables in existing CVD risk prediction

109



Chapter 7. EULAR recommendations for cardiovascular disease risk management

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.

Forthisupdateanew EULAR task force reviewedall the previousrecommendations
from 2009 on CVD risk management in |UD. New areas were addressed, including
the value of imaging in the routine assessment of CVD risk.

METHODS

Task force

With the approval of the EULAR Executive Committee, the convenor (MN) and
methodologist (DS)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 (supplementary file 1). The task force comprised
26 members from 13 European countries, including two patient representatives, 14
rheumatologists, two cardiologists, three internists, one health care professional
and four fellows. The entire process was conducted in accordance with the 2014
EULAR standardised operating procedures.®

Literature search

The convenor (MN) 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, SH, SR, MH) under guidance of
the convenor (MN) and the methodologist (DS), 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 (PRISMA)-statement (www.prisma-
statement.org). The Wiley/Cochrane Library, PubMed and Embase.com were
searched from inception (by RA, SH, MH and librarians LJS and JCFK). Wiley/
Cochrane Library was searched up to 9 February 2015, PubMed up to 10 February
2015 and Embase.com 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
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‘tumor necrosis factor’ or ‘anti-inflammatory agents’ or ‘inflammation’ or ‘carotid
intima media’. The full search strategies for Wiley/Cochrane Library, PubMed and
Embase.com are shown in 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, SH,
SR, MH, DS and MN) 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, SH, SR, 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, ten concept recommendations were
derived.

Consensus finding

The EULAR task force held a one-day meeting with all members on March 31, 2015.
During this meeting the ten concept recommendations were presented by the
four fellows. All ten 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
reconsideredonthebasisofnewevidence2)anyofthe20093recommendationscould
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 GRADE system.? Thereafter, the ten concept
recommendations were sent out by e-mail for anonymous voting. All members
of the task force were asked to indicate their level of agreement 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 (standard
deviation).

RESULTS

Literature search

In total, 9,328 articles were identified. After removal of duplicates, 6,783 articles
were screened by title and abstract. In total, 961 full text articles were assessed
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for eligibility by the fellows (RA, SH, SR, 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).

A. Clinicians should be aware of the higher risk for CYD in RA compared to the
general population. This may also apply to AS and PsA.

Acknowledgingtheincreased CVDriskinlJDwasincludedasarecommendation
in our previous guideline of 2009. However, in view of its generic nature,
this ‘recommendation” was moved to the overarching principles section of
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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
showninalarge Danish cohort study that the risk of myocardial infarction(Ml)in
RA patients is comparable to that in diabetes mellitus patients.? Furthermore,
inthe same study the risk of Mlin RA was found to be approximately 70% higher
than in the general population, which corresponds with the risk in 10-year
older non-RA subjects.’ Regarding mortality in RA, a meta-analysis including
8 studies with follow-up ranging from the year 1955 to 1995 concluded that
the standardized mortality rates (SMRs) in RA were elevated compared with
the general population (i.e. pooled SMR 1.47, 95% CI 1.19 - 1.83) and that these
SMRs did not change over time.”® Data from the Norfolk Arthritis Register with
follow-up until 2012 revealed comparable results with increased all-cause
mortality in patients with RA compared to the general population along with
stable SMRs over the past 20 years.??? 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.™"?

Recent studies reveal increased SMRs in AS, ranging from 1.6-1.9.7® These
studies report either death of circulatory origin or infection as the main
cause of death in these patients.?®2® Compared to controls, AS patients have
an increased risk of vascular death and CVD events. ®%9 Dyslipidaemia,
7 increased prevalence of hypertension, ®% diabetes mellitus, ®" and
increased carotid intima media thickness (cIMT) or atherosclerotic plaques
225 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.%° In PsA, reported SMRs range from
0.8 to 1.6.1%?4 Qverall, patients with PsA are at an increased risk of CVD events,
however data on stroke are more conflicting.>? Likewise, in PsA CVD risk
seems to be influenced by anincreased prevalence of CVD risk factors such as
hypertension,?’2%3% and increased arterial stiffness.”!

B. Therheumatologist is responsible for CVD risk management in patients with
RA and other IJD.

CVD risk management should be defined locally due to different health
care systems and economic priorities in each country. Therefore, CVD risk
managementmayincludeotherhealthcareprofessionalsthanrheumatologists.
In clinical practice it is not always clear who bears responsibility for CVD risk
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management in patients with IJD and the task force therefore recommends
that the responsibility to ensure that a CVD risk assessment is performed
should be with the treating rheumatologist.

C. The use of NSAIDs and corticosteroids should be in accordance with
treatment specific recommendations from EULAR and the Assessment of
Spondyloarthritis international society (ASAS).3%%3

Nonsteroidal anti-inflammatory drugs (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.**® As these medications are
often indispensable in tackling disease activity in patients with IJD, the task
force feels that their use 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 guideline we opted to give again ten recommendations for
CVD risk management. In total, 3 recommendations remained unchanged, 6
recommendations were altered and there is 1 new recommendation. One of the
2009 recommendation (#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 level of agreement 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. Allrecommendations
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
activitytolower CVDriskwasemphasized. New evidencesstill portraysanassociation
between higher cumulative inflammatory burden and increased CVD risk in RA.*"
“2 Disease duration does not seem to affect CVD risk independently.’® However,
disease activity as well as the number and duration of flares over time do contribute
to the risk of CVD.370 There is now additional evidence showing a reduction of CVD
risk in patients treated with disease modifying antirheumatic drugs (DMARDs).
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Table 1. Overarching principles and recommendations

Levels of evidence Level of
and grades of Agreement
recommendations (SD)

Overarching principles

A. Clinicians should be aware of the higher risk for CVD in RA
compared to 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 |JD.

C. The use of NSAIDs and corticosteroids should be in
accordance with treatment specific recommendations from
EULAR and ASAS.

Recommendations

1. Disease activity should be controlled optimally in order to lower 2B-3B 9.1(1.3)
CVDrisk in all patients with RA, AS or Ps.

2.CVDrisk assessment is recommended for all patients with

RA, AS or PsA at least once every five years and should be 3C-4D 8.8(1.1)
reconsidered following major changes in anti-rheumatic therapy.

3. CVD risk estimation for patients with RA, AS or PsA should be

performed according to national guidelines and the SCORE CVD 3C-4D 8.7(2.1)
risk prediction model should be used if no national guideline is

available.

4. TC and HDLc should be used in CVD risk assessment in RA, 3C 8.8(1.2)

AS and PsA and lipids should ideally be measured when disease
activity is stable or in remission.

5. CVD risk prediction models should be adapted for patients with  3C-4D 7.5(2.2)
RA by a 1.5 multiplication factor, if this is not already included in
the model. 4D,3C.1B 5.7(3.9)

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. 3C 9.2(1.3)
7. Lifestyle recommendations should emphasise the benefits of a

healthy diet, regular exercise and smoking cessation. 3C-4D

8. CVD risk management should be carried out according to 9.8(0.3)
national guidelines in RA, AS or PsA, antihypertensives and 2A-3C

statins may be used as in the general population. 8.9(2.1)
9. Prescription of NSAIDs in RA and PsA should be with caution,

especially for patients with documented CVD disease or in the 4D

presence of CVD risk factors. 9.5(0.7)

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.

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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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 RA patients.3437:3941:4350 The CVD risk appears to decrease even
further after long term use.”** Reduction of disease activity after treatment
with tocilizumab or rituximab shows a beneficial effect on carotid intima media
thickness (cIMT), a surrogate marker for CVD, and CVD risk in a limited number of
studies.?%"%* Beneficial effects of TNFi and MTX on arterial stiffness have also
been described.’"5%45¢ One study described a reduction in aortic inflammation and
stiffness measured by 18 F FDG PET-CT after TNFi treatment in patients with RA.%®
For both AS and PsA, evidence for the association between inflammation and an
enhanced CVDrisk is less abundant compared to RA. In 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 five years and should be reconsidered following major changes
in anti-rheumatic therapy (Changed, LOA 8.8(1.1))

CVD risk assessment is recommended for all patients with RA, AS or PsA at least
once every five years, so that lifestyle advice and CVD preventive treatment can
be initiated when indicated. The advice to screen IJD patients for CVD risk on a
yearly basis has been changed to screening every five years, which is in line with
the latest European Society of Cardiology (ESC) guidelines.®' Currently, there is no
evidence that annual CVD risk assessment compared to five year risk assessment
leads to a more significant reduction in CVD mortality or morbidity in IJD patients.
Depending on the CVD risk algorithm that is used for screening, patients can be
categorised as having low- to moderate risk (e.g. SCORE < 5%), high risk (e.q.
SCORE >5% and < 10%) and very high risk (SCORE >10%). Once screened, patients
with alow risk can be routinely screened again after five 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 of course be recommended to all persons, including patients with low- and
intermediate cardiovascular risk. CVD risk evaluation should be reconsidered after
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major changes in anti-rheumatic therapy, i.e. 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.5%

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 regards to the validity of disease-specific 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 cost-effectively improve CVD risk prediction in RA
patients.

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 (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 to the general population, while
their CVD risk is elevated.52%4%7 As described in the 2009 recommendations, these
patients also have reduced serum levels of HDLc and higher levels of triglycerides
(TG) as compared to healthy controls.f”7° 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.®®882 A [imited number of studies have
reported beneficial effects of rituximab (RTX) and tocilizumab on individual lipid
components.®?%® However, the net effect of treatment with these agents is an
overall increase of individual lipid components without changes in TC/HDLc-
ratio.*?890 The same appears to be true for tofacitinib.® Still, statins are effective
at reducing lipid levels in tocilizumab or tofacitinib treated patients with sustained
elevations of TC and LDLc.%%% As described in the 2009 recommendations, the TC/
HDLc-ratio is a better CVD risk predictor in RA than individual lipid components.5
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
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anti-inflammatory therapy, assessment of the lipid profile should preferably be
done when a patient has stable disease oris in remission.

5. CVD risk prediction models should be adapted for patients with RA by a 1.5
multiplication factor, if thisis 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.®" 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 RA patients.”%%% 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 (i.e. disease duration of more than 10 years, rheumatoid factor (RF) or
anti-citrullinated protein antibody (ACPA) positivity and the presence of certain
extra-articular manifestations).””® 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.®% In addition, QRISK 2, a CVD risk prediction
model that includes RA as a risk factor with a multiplication factor of 1.4 for all
RA patients,® tended to overestimate the CVD risk in patients with RA. QRISK 2
estimates the risk of fatal and non-fatal CVD combined.” Currently, there are no
alternative CVD risk prediction models with a proven accuracy and superiority for
IJD patients. 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
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 early RA and RA
patients without extra-articular manifestations has emerged.%¥’
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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, LOA5.7(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 0.8, 1.7) per 100 person years (pyrs) for RA patients
with no carotid plaques and 4.3 (95% CI 2.9, 6.3) per 100 pyrs for those with
bilateral plaques.®% RA specific factors contribute to the presence of carotid
atherosclerosis in addition to traditional CVD risk factors.® Disease duration and
disease activity have been shown to be associated with plaque size and vulnerability
inpatientswithRA.™%" The mostrecent ESC Guidelineson CVDpreventioninclinical
practice recommend considering screening for carotid artery atherosclerosis in
patients with moderate CVD risk (Class: lla, Level of evidence: B, GRADE: strong).”
Autoimmune diseases like RA, systemic lupus erythematosus and psoriasis were
acknowledged as diseases with increased CVD risk. Occlusive arterial disease of
the lower limbs and carotid artery disease are considered to be coronary heart
disease equivalent conditions in the European Atherosclerosis Society (EAS)/ESC
guidelines, and lipid lowering therapy is recommended (Class: |, Level of evidence:
A, GRADE: strong).® Due to the high pre-test probability for detection of carotid
artery plaques by use of ultrasound in RA patients, and the clinical consequence of
indication for statin treatment if a carotid plague 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 RA patients into a more appropriate CVD risk group in accordance with current
guidelines.5"102

7. Life style 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 CVDriskin IJD and hence thisrecommendation remains unchanged.
Thus, patients should be advised to stop smoking and directed towards the
locally defined evidence-based smoking cessation programs, even if they failed
previously. The 2009 recommendations did not discuss diet or exercise, but it
was mentioned in the research agenda.” Research on the role of exercise in RA
management has advanced considerably since 2009. Physical inactivity iscommon
in RA patients, and has been associated with an adverse CVD risk profile.’'2¢ There
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isaccumulating data that structured exercise therapy has beneficial CVD effectsin
RA patients, at least in the short and medium term.™® 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 CRP."”7 This has also been demonstrated in a study with RA patients in which
a 6-month exercise program lowered CRP levels, probably related to a reduction
in body fat.”?® Moreover, improvements in both micro- and macrovascular function
were found after 3 months of exercise in RA."”® To date, no studies have shown any
adverse effects as a result of exercise.”™ 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 characterized by a high consumption of fruit, vegetables,
legumes and cereals, and contains less red meat and more fish compared to
common Western diets. Olive oil or vegetable oil is used as the primary source of
fat intake. This diet has been shown to reduce the incidence of major CVD events
in the general population.” In RA, the positive effect of a Mediterranean diet
may be mediated by the effect of this diet on disease activity.” However, there
is no specific evidence available on the effect of dietary modifications on CVD
risk in patients with |JD. Therefore, we recommend following national guidelines
regarding a healthy diet as part of a healthy lifestyle.

An important issue remaining is how lifestyle interventions should be advocated
to IJD patients. Studies in this field demonstrate that if information is provided,
this should be linked to behavioural education.” A randomized controlled trial in
RA patients evaluated the effect of cognitive behavioral patient education with
regard to modifiable CVD risk factors in people with RA: patients receiving this
intervention had more knowledge, and improved behavioral intentions, however,
actual behavior did not differ between groups.™* 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 8.2(1.3))

Hypertension is a major modifiable risk factor contributing to increased CVD risk in

|JD." Several mechanisms may lead to the development of hypertension, including
the use of certain anti-rheumatic drugs such as glucocorticosteroids, NSAIDs,
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ciclosporin and leflunomide.”®?” |t is important to realize that hypertension
seems to be both underdiagnosed and undertreated in patients with RA."% For
the management of hypertension and hyperlipidaemia, there is no evidence that
treatment thresholds should differ in patients with |[UD compared to the general
population. In the last years no new evidence has emerged that angiotensin
convertingenzyme(ACE)inhibitorsand angiotensinll(ATIl)receptorblockers should
be the preferred treatment choice for hypertension in RA patients. Therefore, the
previous treatment preferences for ACE-inhibitors and AT-Il 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 equally effective in
reducingcholesterollevels, atheroscleroticburdenand CVDmorbidityand mortality,
and they do not have more adverse reactions in RA patients when compared to
non-RA controls.%¢1%"0 |n 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.”™ A few pre-
clinical studies found unfavourable effects of statins on RTX efficacy in patients
with haematological malignancies."™™ However, several clinical studies showed no
significant differences in outcome between statin users and non-users receiving
RTX treatment for a haematological malignancy."™ " Clinical trials investigating
this issue in RA are scarce. Three clinical studies in RA found no adverse effect of
statins on RTX efficacy.””"2? Only one observational study reported a significant
difference in disease activity six months after first RTX treatment in statin users
as compared to 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).”” Obviously, further research is necessary to address this issue properly.

9. Prescription of NSAIDs in RA and PsA should be with caution, especially for
patients with documented CVD disease 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.”"™® Since the publication of
the former recommendations, new evidence has emerged on the role of cyclo-
oxygenase-2 inhibitors (COXIBs) and non-selective NSAIDs in CVD risk. A recent
meta-analysis concluded that, overall, both non-selective NSAIDs and COXIBs have
an adverse effects on CVD outcomes in patients with RA and PsA."® However, the
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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.’® Hence, there is no evidence to be stricter with NSAID treatment in
patients with RA than what is recommended in the national guidelines for non-
RA patients. Safety data regarding the use of NSAIDs in patients with IJD and
prevalent CVD comorbiditiesislacking. Naproxen seemsto have the safest CVDrisk
profile.*3® In general, diclofenac is contra-indicated in patients with established
congestive heart failure (NYHA class lI-1V), ischaemic heart disease, peripheral
arterial disease or cerebrovascular disease, and new evidence supports similar
restrictions for ibuprofen use.?

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 AS patients, and an individual clinical evaluation regarding NSAIDs use
in AS patients with established CVD is therefore needed.®

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 reqularly 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
dose and duration dependent increase in CVD risk associated with corticosteroid
usein RA.3%17158 A relatively high daily dose(i.e. already starting from 8-15 milligrams
per day), a high cumulative dose and a longer exposure to corticosteroids(in years)
appear to be associated with a higher CVD risk.*™810 Some authors argued that
thisincreased CVDrisk was confounded by indication, asit was nolonger significant
after correction for disease activity.“"¥*3 On the contrary, other studies that had
corrected for disease activity still found a(cumulative)dose and duration dependent
increase in CVD related morbidity and mortality in RA patients.*®"*However, this
does not mean that confounding by indication has been 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
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adverse CVD effects of corticosteroid use, not only by reduction of inflammation,
but also by improving mobility. In other words steroids may help to abrogate the
harmful effect of inflammation on the CVD 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.*®

DISCUSSION

The 2015 update of the 2009 EULAR recommendations for CVD risk management
in IJD comprises three overarching principles and ten 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.

CVDrisk 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 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.”® In 2009, this led to the
addition of a 1.5 multiplication factor for the calculated CVD risk in RA patients if
certain disease characteristics were present.” Meanwhile, alternative approaches
have also been advocated, e.g. to increase the age of an RA patient by 15 years™®
or adding a multiplication factor of 1.4.° 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 RA compared
to the general population. However, considering that the CVD risk is already
increased in early disease or at disease onset and in patients without extra-
articular manifestations, the three disease-specific criteria for the application
of this multiplication factor were removed. This makes the estimation of CVD risk
in RA patients easier and therefore more feasible for daily clinical practice. As no
conclusive evidence has emerged regarding the precise CVD risk in AS and PsA,
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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 five years for patients found to be at low cardiovascular
risk as there is no evidence that CVD risk assessment every year for IJD reduces
CVD risk more than screening every five years."® In patients with an intermediate
risk for CVD, screening should be performed more often. Patient 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 RA patients 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.

CVDrisk reductionin 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. However, awareness of some issues when performing risk estimation
and managementinpatientswithlJDisimportant. Active arthritisisassociated with
reduced lipid levels thatincrease(i.e. normalize)during effective anti-inflammatory
treatment. Biologics have the most pronounced lipid increasing effect, which
has led to mandatory lipid assessment during treatment with tocilizumab.®
However, it is also important to realize that the anti-atherogenic properties of
HDLc cholesterol improve during biologic treatment. 8% 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 emphasized. Except for smoking cessation, lifestyle recommendations were
not givenin our previous guideline. Since then accumulating data demonstrate that
reqgular physical activity has beneficial CVD effects in RA patients and hence, this
has been incorporated in the updated recommendations. In addition, favourable
CVD effects have also been observed for a Mediterranean diet, albeit that a formal
study in patient with IJD has not yet been conducted. As it is not likely that the
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effect of diet would be different in patients with [JD than in the general population,
we also added this in our lifestyle recommendation.

Conclusion

In general, the level of agreement (LOA) for the recommendations was (very)
high, except for recommendations #5 (LOA 7.5) and #6 (5.7). As in 2009, the level
of evidence was moderate for most of the recommendations. Therefore, several
important questions thatarose duringthe development of these recommendations
remain unanswered. These questions have been put on the research agenda (Box
1). The 2015 update of the EULAR recommendations for CVD risk management
in patients with RA and other forms of IJD confirms and further extends 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.

125



Chapter 7. EULAR recommendations for cardiovascular disease risk management

Box 1. Research agenda

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 highis the CVD risk in patients with spondyloarthropathies or non-radiographic axial SpA
compared to the general population?

3. What is the benefit/risk ratio of intensive anti-inflammatory therapy on CVD risk in patients
with 1JD?

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

5. Isthereanincreased 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 IUD patients, 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 I[JD from
the general population?

9.  Whatis 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 RA patients on
stable DMARD therapy?

1. Isthere additional value in measuring lipid sub-particles in patients with IJD for estimation of
CVD risk?

12.  What is the added value of ultrasound of the carotid arteries to measure c-IMT and reveal
presence of atherosclerotic plaques in IJD patients 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 IJD patients?

15. Health economics. Are interventions cost-effective in terms of reducing the number of fatal
and non-fatal CVD events?

16. Isthe prevalence of venous thrombotic events in |[JD patients increased? If so, what are the
underlying mechanisms?

AS: ankylosing spondylitis, CVD: cardiovascular disease, DMARD: disease modifying anti
rheumatoid drug IJD: inflammatory joint disorder, IMT: intima media thickness, NSAID: non-
steroidal anti-inflammatory drug, PsA: psoriatic arthritis, RA: rheumatoid arthritis, SpA:
spondyloarthropathy
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