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ABSTRACT OF THESIS submitted by Dr Tracey E Toms for the PhD erditle
Dyslipidaemia in Rheumatoid Arthritis. Month and Year of submission: March
2012.

Introduction:Rheumatoid arthritis (RA) is known to be assodatéh an increased

risk of cardiovascular disease (CVD), resultingxtess mortality. Dyslipidaemia has
been identified as a major CVD risk factor in tlemgral population. Current evidence
would suggest that lipid metabolism is altered A dRie to inflammation, and that use
of anti-inflammatory therapy may reverse some eséhchanges. However, the impact
of such lipid changes on CVD in RA remains unknof@ata regarding the effects of
RA/drug therapy on lipid structure and function sparse. Genetic factors are
important in the pathogenesis of RA and play are¢éntle in the regulation of lipid
metabolism. To date, no studies have assessethpfai of genetic polymorphisms on
lipids in RA.

The aim of this thesis is to: 1) assess the pracalef dyslipidaemia in RA and the
CVD risk this confers 2) establish the effectsrdfammation on lipid levels and lipid
ratios 3) assess the impact of anti-inflammatongdherapy (anti-TNF, rituximab and
intravenous glucocorticoids) on lipid levels, sttue and function 4) assess the
prevalence and associations of particular genelynporphisms (RA susceptibility and
lipid metabolism regulating genes) with lipids iAR

Methods:Data from 400 RA patients were used to address ajrAsand 4 in cross-
sectional studies. All patients had a clinical asaeent and fasting blood taken. Blood
was processed to provide data on the lipid profieR, CRP and DNA was extracted
for genotyping. Aim 2 and 4 also utilised a ret@sp/e longitudinal cohort of 550 RA
patients and the DNA from 400 healthy controlspeesively. Aim 3 was addressed
using a longitudinal cohort including: patients daeommence anti-TNF (n=35),
rituximab (n=10), intravenous glucocorticoids (n¥1E5 RA controls on stable therapy;
and 40 healthy controls. Assessments and bloodleamgere taken at baseline, 2
weeks and 3 months.

Results:Dyslipidaemia was highly prevalent (56.8%), butiertreated in many RA
patients at risk of developing CVD. Systemic inflaation associated with many of the
changes in lipid levels and structure. Lipid raticeye found to be less susceptible to
fluctuations due to inflammation. The use of anflammatory drug therapy produced
changes in lipid structure and function throughhbgeneric suppression of
inflammation and drug specific mechanisms (paréidylin the case of
glucocorticoids). The prevalence of cholesterotesansfer protein (CETP) and
Apolipoprotein C3 genetic polymorphisms differedvibeen RA patients and local
population controls. RA susceptibility genes (HLARB1-SE and TRAF1C5) and
several ’lipid metabolism genes’ (ApolipoproteinAl P-binding cassette transporter 1
(ABCAL1) and CETP) were found to associate withdif@vels within the RA
population.

ConclusionDyslipidaemia is highly prevalent in RA and cuttgrundertreated.
Dyslipidaemia in RA is regulated by numerous fagiocluding inflammation, drug
therapy and genetic factors. Further longitudinadi®s are required to assess whether
these findings have an impact on hard CVD endpoints
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CHAPTER ONE: Introduction

1.1 Introduction to Rheumatoid Arthritis

Rheumatoid arthritis (RA) is a chronic systemidanfmatory disease, which primarily
affects the synovial joints. RA was first recoguise 1859 by Dr A.Garrod (1), when
he described widespread joint pain and stiffnessvéver, almost another century
passed before it was hypothesized that RA may Aaaitoimmune origin (2). Our
understanding of the condition has advanced exp@tigrover the last 100 years,
including our knowledge of the pathogenesis ofdisease, clinical presentation, co-
morbidities, and drug therapy. Current data suggésit RA affects approximately 0.8
% of the adult population in the United Kingdom,(@¢curring with a female:male ratio
of 3:1 and has a peak age of onset between fodygaventy years of age (4). The
effects of uncontrolled inflammation in RA are faaching and include, physical
limitations secondary to joint pain and deformygychosocial dysfunction, and an
excess mortality (5). For the purposes of thisithBé\ was classified according to the
1987 American College of Rheumatology criteria (AG8&utlined in Table 1)(6),
requiring 4 out of the 7 criteria to be met for gagient to be classified as having RA.
However, since starting work on this thesis thguaastic criteria have been revised
(2010 RA classification criteria) in an attempirgprove the sensitivity in early disease

(7).

Table 1.1: The 1987 American College of Rheumatolggriteria

Qualifying criteria

Morning stiffness lasting > 1 hour before improveine

Arthritis involving 3 or more joints

Arthritis of the hand (particularly MCP, PIP andistijoints)

Positive Rheumatoid factor

Rheumatoid nodules

Radiographic evidence of RA

1
2
3
4 Symmetrical distribution of joint involvement
5
6
7
M

CP: metacarpalphalangeal joints, PIP: proximadrphalangeal, RA: rheumatoid arthritis

1.2 Pathogenesis of RA

The pathogenesis of RA is likely to be multi-facabwith intense interaction between
causative factors. Evolving data suggest a rol&éomonal factors (8;9), infectious
agents (10), genetic factors (11) and environmdatabrs (12). Although it is
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hypothesized that these factors interact to imitihe onset of disease, it is less clear
whether they have a role in disease perpetuatiovhether this is a self-perpetuating

process.

1.2.1 Geneticfactors
The first suspicion of a potential genetic influeran the development of RA arose in
the 1970’'s, when it was noted that many RA patibatsa variation in the human
leukocyte antigen (HLA) region of chromosome 6 (B2 compared to the general
population (13;14). With advances in genetic metihagly, it is now known that
specific HLA-DRB1 alleles that encode for the shlagpitope (DRB1*0401,
DRB1*0404, DRB1*0405 and DRB1*0408) associate vathincreased susceptibility
to RA in Caucasians (11;15). As it is widely acegpthat the HLA genes are likely to
only account for around 50% of the genetic risK) (IfBvestigators began searching for
other potential genes. The last decade has leseltral exciting discoveries in the
field of genetic susceptibility to RA, includingdhole of mutations in the protein
tyrosine phosphatase non receptor type 22 (PTP{Z2)8), signal transducer and
activator of transcription 4 (STAT4) (19;20) andnmur necrosis factor-receptor
associated factor 1/complement component 5 (TRABLgEnes (21). The impact of
the PTPN22 mutation on the genetic risk of develgRA is second only to HLA-
DRBL1 (11). A single nucleotide polymorphism (SNi*the PTPN22 gene results in the
translation of a dysfunctional protein, and ultigigta reduced ability to down regulate
activated T cells (22). A SNP mutation in STAT4,ynadter the production of a
transcription factor involved in cytokine signatlirction (23). The link between a SNP
in the TRAF1-C5 gene locus and the developmentfofMas recently established
following a genome wide association study (21). itesthe identification of these and
a range of other RA susceptibility genes, we remaigble to fully account for the

genetic risk in RA, thus implying that further génenutations are still to be identified.

1.2.2 Infectious agents
There has long been speculation regarding a pessitactious trigger to the onset of
RA. However, despite extensive investigation, aseageffect relationship remains
difficult to confirm or refute, as a result of thricate interplay that exists between
infection and inflammation, and also the potertirak lag between exposure to the

organism and the onset of symptoms. Irrespectitkisf many infectious agents
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including bacteria (e.g. Borrelia burgdorferi, Ghladia) and viruses (e.g. Epstein Barr
virus) mimic the symptoms of RA (24). The majorityinfections tend to produce
transient symptoms, but infections such as Bortali@doferi can result in a form of
arthritis virtually indistinguishable from RA, claaterised by a chronic disease course
and evidence of erosions (10). It is therefore fpbsshat mechanisms including
antigen/molecular mimicry may explain how an infeetagent could initiate a chronic

inflammatory process, and the clinical syndromeaegmgnise as RA (25;26).

1.2.3 Hormonal factors
RA predominantly affects females, with a ratio df,3hus a natural assumption is that
sex hormones may play a role in the pathogenesisai$e suspicion further, remissions
of RA during pregnancy and severe rebound flarefisgfase postpartum are well
described (8;27). In addition, studies have denmatext that the female sex hormones
oestrogen and progesterone, may alter immune fumbiy inhibiting Th1 responses
(28). This offers a plausible explanation as to A a Thl driven disease, may
improve during exposure to high levels of thesartmres. However, there is an
opposing immunological theory that RA remissioninigipregnancy is due to maternal
immune responses to foetal paternally inheritedsclaHLA antigens (27;29). The
exact contribution of hormones to both the onsdtdisease course of RA still needs to
be further elucidated.

1.2.4 Environmental factors
Establishing a causal relationship between enviental factors and RA is challenging
due to the presence of multiple confounding factOtsservational studies have
identified a number of factors may either increaseeduce the risk of developing RA.
The risk of developing RA may be increased fronthbéts an association between high
birth weight and RA has been described (30). Camhgy other early environmental
exposures, such as breast-feeding may reducesthé0). During a lifetime, exposure
to multiple factors may add to this risk, includipgor socio-economic status (31), low
level of education (32), smoking (33), and geogiegdocation (34).These factors
may be particularly important in the context of geanvironment interactions, thus

escalating an individuals predetermined genetic(38).
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1.3 Pathophysiology of RA

1.3.1 Theroleof T cells
For many years RA has been considered as predotiyiaahn cell driven disease (36).
The normal balance of CD8+ cytotoxic T cells andd@elper cells has been shown
to be disrupted in RA, with an increased ratio 8f4@:CD8+ cells (37). T cells have
also been found in abundance in the synovial tigadéating a potential role in
producing some of the clinical manifestations of @&). T cells become activated
following interaction with an antigen-presentingl,cesulting in the production of

cytokines including interleukin-2 (IL-2), interleik17 (IL-17) and interferon gamma
(IFNy).

1.3.2 Theroleof B cells
The potential contribution of B cells to the patBogsis of RA has been revisited in
recent years. Much of this interest has been sgdiiehe discovery that disease
activity improves and remission can be achieve® logll depletion, induced by anti-
CD20 monoclonal antibody treatment (39;40). B caibs ultimately responsible for
auto-antibody production, including rheumatoid éa¢RhF) and anti-cyclic
citrullinated peptide antibodies (anti-CCP). Thegars when activated T cells stimulate
the transformation of B cells in to plasma cellseauto-antibodies secreted by plasma
cells form immune complexes which can contributeeatrophil activation and

inflammation (26).

1.3.3 Theroleof cytokines
Cytokines are molecular mediators for many norniabigical processes. Cytokines act
in a self-regulatory manner to maintain homeostasta/een the actions of pro-
inflammatory (e.g. tumour necrosis factor alpha F@iN interleukin-1 (IL-1)) and anti-
inflammatory (e.g. tumour growth factor beta (T@HFnterleukin-10 (IL-10))
cytokines. The balance between the two opposingetsiof cytokines is disturbed in
RA due to the up regulation of pro-inflammatoryakines (41;42). Cytokines are
produced by a variety of cells including macroplsggeonocytes, T cells and
fibroblasts, and have the ability to activate thelwss or their neighbouring cells (43).
(seefigure 1.1). Thus it is unsurprising that they are foundoi@dance in not only the
serum of RA patients but also the synovial fluid éissue. The release of each cytokine
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triggers a specific cascade of events, ranging framrophage activation resulting in
the release of further pro-inflammatory cytokinegy( interleukin-1 (IL-1), Interleukin-
6 (IL-6) and tumour necrosis factor alpha (TdN)-to the clonal expansion of T cells
and osteoclast activation (44). Osteoclast actwas regulated by RANK Ligand, a
receptor activator of nuclear factor (NK}-which is abundant on T cells and
synoviocytes. The combination of the presence edelcells and certain cytokines
triggers osteoclast maturation and activation, @tichately leads to bone resorption
and the development of erosions (43). Understanti@gundamental role of cytokines
in RA has lead to the production of several verycsssful targeted therapies including
anti-TNF therapy and Anakinra (IL-1 receptor antagt).

Figure 1.1: Cytokine production and self regulation(Adapted from (43))

T Cell
IL-4 IL-17
IL-10 IFN-y
FGF
TG
IL-8
GM-SMF
IL-6
IL-10 IL-1

IL-1Ra IL-18
STNF-R TNFa

Fibroblast

Macrophage

Green text Positive effectsRed text= negative effects
IL: Interleukin, IFN y: interferon gamma, TGE: tumour growth factor beta, TNdE tumour
necrosis factor alpha, sTNF-R: soluble-tumour ngsréactor-receptor, M-CSF: macrophage- colony

stimulating factor, GM-CSF: granulocyte macrophagsdony stimulating factor, FGF: fibroblast
arowth facto
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1.4 Clinical presentation of RA

RA is traditionally considered to primarily be aelase characterised by symmetrical
synovial joint pain and swelling, and morning stéés lasting greater than 1 hour.
However, the onset of RA can vary greatly, with sguatients presenting with a
gradual onset of a mono-arthritis and others witlexplosive polyarticular onset. In
addition to articular symptoms, patients may alssent with constitutional symptoms

of general malaise, weakness, fever, weight lodswayalgia.

As part of the systemic nature of RA, patientsrofteanifest features of extra-articular
disease. These can be very diverse, ranging frerdeélkelopment of rheumatoid
nodules, scleritis and cachexia to lung fibrosesjgarditis and vasculitis. The presence

of extra-articular disease has harsh implicatioctiding increased mortality (45).

Several predictors of disease severity have bemtifebd. Factors found to associate
with a worse prognosis include seropositivity (pigsi RhF or anti-CCP) (46), early
radiographic damage (erosions) (47), multiple joinblvement at first presentation
(46;48), and high levels of inflammatory marker8)(4r'he identification of prognostic

markers has helped to guide the intensity of dseasnagement.

1.5 Drug therapy in RA

The 20" century led to the gradual introduction of sevelisease modifying anti-
rheumatic drugs (DMARDSs) for the management of Rlany of these medications
were not developed with the primary objective ohaging RA, but were later
coincidentally found to be effective e.g. hydroxigechquine, intramuscular gold.
Despite intense investigation the mechanism obaatf many of the traditional
DMARDs (including sulphasalazine, and gold) remahsive. The discovery of
glucocorticoids (GCs) in 1949 lead to such dramiatigrovements in the clinical signs
and symptoms of RA, that they were for severalyeansidered as a ‘cure’(50).
However, the undesirable side effect profile args lof efficacy over time made them
far from ideal for the long-term management of BA;62). Rapid advances in our
understanding of drug pharmacology and the pathesief RA have revolutionised
the management, with the evolution of therapiesifipally targeting components of
the immune cascade e.g. anti-tumour necrosis fwtoapy (anti-TNF), and anti-CD20
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therapy (rituximab). Current management of RA \&aslkghtly between clinicians,
however the treatment algorithm is generally itgtiawith conventional DMARDs
either as mono-or combination therapy. Failureegpond to two or more DMARDs

will prompt the prescription of an anti-TNF agegither in combination with a

DMARD or alone. Lack of efficacy or side effectdliwesult in either switching to an
alternative anti-TNF agent or the prescriptionitfiximab. The management of RA has
been transformed from a ‘watch and wait’ appro@cimore aggressive management
strategies, including the use of drugs in combamaéind a rapid escalation of therapy if
there is no clinical improvement (53). GCs ard gg8kd widely in the management of
RA, but tend to be reserved as a rescue theraef@re flares of disease and are now

only used as a mainstay of treatment in a minafifyatients.

1.6 Comorbidity in RA

Patients with RA have an excess morbidity and rityrteompared to the general
population (54;55), resulting in a significantlyostened lifespan of 5-10years (56).
Several conditions including cardiovascular dis€@3¢D), lymphoproliferative
disorders and osteoporosis have been found to atassociation with RA, and may
account at least in part for the increased moytalit

1.7 Cardiovascular disease in RA

CVD is the leading cause of death in RA, being oesfble for around a half of all RA
deaths (57). CVD in RA presents in many guisesuiolg myocardial infarction,
congestive cardiac failure, and pericarditis. st it is the ischaemic pathologies
attributable to atherosclerotic disease that arertbst common and confer the greatest
increase in morbidity and mortality (58;5®%therosclerotic disease in RA is often silent
or presents atypically, therefore creating diffimd in the diagnosis and management of
the condition (60). RA patients also have a popregnosis following a myocardial
infarction (MI), with significantly higher deathtes reported with the initial event (61).
The potential harm posed by CVD in RA has sparkedxplosion of research in an
attempt to identify contributing factors (traditedrand novel disease specific) and
methods of addressing these. To date the rolevefaktraditional risk factors for CVD
has been studied in RA, including hypertension@8g;insulin resistance (64), and
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obesity (65;66). However, in-depth data on the ichp# lipid levels, structure and

function on the development of atherosclerosisAnifRksparse.

1.8 Atherosclerotic plaque development: the role ahflammation

and lipids

Coronary artery disease develops due to the foomatnd rupture of atherosclerotic
plagues. The term atherosclerosis covers a specifuisease ranging from endothelial
dysfunction and fatty streak development, througthe formation and rupture of a
mature plaque. The development of atherosclerddigyes is complex, and it is
dependant on the involvement of multiple interagfictors. Inflammation has been
shown to be fundamental to all stages of atherostateplaque development (67), with
an intense bi-directional interaction occurringvistn lipids and inflammation. In RA,
a disease associated with a heightened inflammatatg, these processes may be

accelerated.

1.8.1 Plaqueinitiation
Endothelial dysfunction is the initiating step ilague development (68). The vascular
endothelium is a dynamic structure that forms afional barrier between vessel wall
and blood stream, regulates vascular tone, andatsmioagulation and fibrinolysis.
Healthy endothelium exerts a number of vasoprotedffects such as vasodilation,
suppression of smooth muscle cell growth and itibibiof inflammatory responses,
thereby helping to protect against atheroscleradigric oxide (NO) mediates many of
these effects by inhibiting the oxidisation of lalensity lipoproteins (LDL) and platelet
aggregation, as well as opposing the effects ob#redium-derived vasoconstrictors.
Prostacylin and bradykinin also act as vasodilatotis beneficial vasoprotective
effects. Healthy endothelium also releases potasbsonstrictors, angiotensin Il and
endothelin, which produce proatherogenic effectpioynoting smooth muscle cell
proliferation and pro-oxidant effects on LDL. Enldelial damage occurs when the fine
balance between these vasoconstrictive and vasagilgathways is disrupted.
Although endothelial dysfunction is likely to beraulti-factorial process, the major
cardiovascular risk factors such as hypercholelstenaa, hypertension, diabetes and
smoking have been implicated via their abilitynorease the production of reactive
oxygen species (ROS) (69). It is postulated thairnlcrease in reactive oxygen species
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may in turn reduce endothelial nitric oxide (NOp#ability (70;71). Multiple lipid
abnormalities have been associated with endothatstlinction.
Hypercholesterolaemia has been shown to causedotaation of the endothelium in
medium and large arteries and has been associ#tedmincreased number of
monocytes entering the intima (72). High level®xiflised LDL (oxLDL) may down
regulate endothelial NO synthase (eNOS), thus iaduwvailable NO and restricting
coronary vasodilation (73). High levels of circutattriglycerides (TGs) may also
damage the endothelium via their oxidative chargerasult in disruption of the normal
NO pathway (74,75). Studies in to the effects pdjirotein (a) (Lp(a)) have shown
elevated levels to be inversely correlated withlsaréery compliance and NO
production (76;77). High levels of systemic inflatmon may also disrupt endothelial
homeostasis via the NO pathway, by reducing theesgpon of eNOS and increasing
the expression of inducible NO synthase producingtaexcess of NO (78).

1.8.2 Fatty streak development
Due to the increased permeability of the dysfumaiendothelium, excess LDL
infiltrates the artery wall and is retained in thema by matrix components, primarily
at sites of heamodynamic strain. LDL then undergoedification and oxidisation
leading to the release of phospholipids, inducirggendothelial cells to express
leukocyte adhesion molecules (79) and initiatingrlammatory response in the artery
wall(80). (The contribution of oxidised LDL parted to the development of
atherosclerosis is summarisedigure 1.2).

Figure 1.2: The role of oxidised LDL in atheroscleosis




The first cells attracted to the activated endatinelare platelets (81). They adhere via
glycoproteins on their surface, triggering furtkedothelial activation resulting in
leukocyte infiltration (82). Further inflammatorglts adhere via the expressed
leukocyte adhesion molecules. Of interest, vasadhradhesion molecule (VCAM-1)

is up regulated in response to hypercholesteroeaiiowing monocytes and
lymphocytes to preferentially attach (83). Thidiates a cascade of chemokine
production in the intima, resulting in migrationtbe cells across the inter-endothelial
junction. Once in the sub endothelial space, motescgre transformed to macrophages
by macrophage colony stimulating factor, resulimgp-regulation of scavenger
receptors and toll-like receptors (84). Subseqirerrporation of LDL via endocytosis
by scavenger receptors (e.g. CD36) differentidtemtfurther in to foam cells.
Lipoproteins are also taken up by intimal smoottsahel either through the native
lipoprotein receptors or a scavenger receptor -likal receptors bind microbes, human
heat shock protein (HSP) (85) and oxLDL (86) cagisiativation of macrophages, and
the subsequent production of inflammatory cytokirg&aooth muscle cells also migrate
into the abnormal area of artery stimulated bygidtderived growth factor (PDGF),
fibroblast growth factor 2 (FGF2), and T@FThe accumulation of foam cells, smooth
muscle cells and T cells results in the formatiba tatty streakKig. 1.3a) the earliest

recognisable lesion of atherosclerosis (87).

1.8.3 Plaque maturation
Fatty streaks can progress to form intermediateaaivdnced lesion$-(g. 1.3b)by
amplification of the processes involved in formataf fatty streaks, e.g. smooth muscle
migration and LDL infiltration/modification. The &enced lesions tend to form a
protective fibrous cap that walls off the lesioonfr the lumen as a consequence of
increased activity of TGB; PDGF, IL-1, and TN, and decreased connective tissue
degradation. The fibrous cap covers leukocytegldipnd debris, which can form a
necrotic core containing apoptotic cells such asammuscle cells and macrophages.
The lipid core of the plaque is rich in tissue fmctvhich plays a vital role in thrombus

formation upon plaque rupture (88).
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Figure 1.3: The formation of a fatty streak (Fig 13a) and an advanced plaque (Fig
1.3b)
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1.8.4 Plaque Rupture
Plaque instability and rupture occurs due to ungkieming or erosion of the fibrous
cap. Destabilisation and degradation of the fibroays results from the production of
inflammatory cytokines, proteases, radicals, coatgan factors and vasoactive
molecules from activated macrophages, T cells aast gells (89). Matrix
metalloproteinase (MMP) expression is increasdtiencellsresident in atherosclerotic
plaques, due to the effects of cytokines, oxLDld aaemodynamic stress. MMPs such
as collagenases, elastases, and stromelysins, fg@tague instability by excessive
degradation of the extracellular matrix of the dibbs cap (90), and further implicating
an immune response (91). The above events ledddqagrupture, exposing the
contents of the core of the plaque (tissue fatfmds etc) to the circulating blood. The
clotting cascade is activated via the interactibtissue factor with factor VII (92).
Exposure of the highly thrombotic lipid core gertesathrombi up to six times larger
than exposure of other components of the arter@ddll (@3). As the thrombus forms and

enlarges, the arterial lumen narrows and ischasymptoms may present.

1.9 Atherosclerosis in RA
Atherosclerosis in RA may be enhanced through s¢pathways. Firstly, traditional
cardiovascular risk factors such as hypertensiulin resistance and obesity may
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occur more frequently in RA. However, disease dpef@Ectors such as systemic
inflammation, activation of the coagulation pathveayd hyperhomocysteinaemia may
also confer additional cardiovascular risk. Highells of systemic inflammation have
been identified as an independent risk factor fagqpe development (94) and may exert
this effect by increasing levels of oxidative s$resctivating coagulation and secondary
dyslipidaemia (78). In addition, to these factoss patients may be genetically

predisposed to the development of atherosclerosisrgyocardial infarction (95).

1.10 Traditional cardiovascular risk factors in RA

Although the precise contribution of traditionalifactors to the development of
atherosclerosis in RA is still a subject of sombkale, current data suggests that
traditional risk factors alone do not account futly the extent of cardiovascular risk
witnessed (96). However, traditional CVD risk fastonay be modified in patients with

RA, and remain important to identify as they camrdzalily treated.

1.10.1 Hypertension

Hypertension is highly prevalent in RA, with repatprevalence rates ranging from 3%
(97) to 73% (98). However, due to a lack of appiatpty designed studies it is still
unclear whether these rates are comparable orhilgaie those seen in the general
population (63). There are several plausible remgdry the blood pressure of RA
patients may be higher than observed in the gepemllation, including drug use (e.qg.
GCs and non-steroidal anti-inflammatories) (513temic inflammation triggering NO
mediated vasoconstriction (99;100) and increasadiwity (101;102) secondary to
physical disability. Although, hypertension in RAshbeen identified as one of the most
significant independent predictors of CVD (103)imains sub-optimally diagnosed

and managed in RA (62).

1.10.2 Insulin resistance
Insulin resistance is a complex condition thatemiwhen a given concentration of
insulin cannot sustain a normal blood glucose ldwethe general population insulin
resistance is predominantly found in associatiah wisceral obesity. Visceral adipose
tissue is metabolically active and readily produysesinflammatory cytokines

including TNF4, IL-1 and IL-6.The release of pro-inflammatory cytokines is bedev
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to profoundly disrupt the normal actions of insudim fat and muscle cells, thus
inhibiting glucose release. RA patients appearetpdrticularly predisposed to this
condition, ultimately contributing to atherosclasgl04). Reasons underlying this
phenomenon include the use of biologic and norogiolDMARDS, alterations in
fat:lean mass ratio leading to obesity, and thé kegels of circulating inflammatory
mediators (105). Therefore, modifying this riskttadn RA is likely to require a multi-
disciplinary approach, with increased exercisetateadvise, and optimisation of
disease activity with judicious use of GCs.

1.10.3 Obesity
It is well established that obesity is associatétl an increased cardiovascular risk
(106), and that certain distributions of body fisd associated with a higher risk e.g.
central and visceral adiposity (107-109). Accunialabf centrally deposited adipose
tissue may incite metabolic and immune responssdsstimulate the development of
cardiovascular risk factors such as dyslipidaemalaypertension (110). The onset of
obesity can be triggered by reduced levels of playsixercise, changes in satiety
control, hormonal changes or as a result of gepetidisposition.
Many RA patients struggle to exercise regularly anen find physical daily tasks, such
as dressing and washing a challenge. These restsare found in varying degrees
throughout the RA population and can affect pasievith all spectrums and stages of
the disease. In addition, GCs are used widely inaBRA short-term measure to control
disease flares, and in a smaller percentage aséongsalvage therapy (111). A
frequently occurring side effect of GC use is weigdin, which is induced by
hyperphagia and the retention of sodium and watk2)( Collectively, the effects of
medications, reduced exercise and systemic inflammamnay contribute to the
development of the condition termed rheumatoid eaieh This is a condition that
affects approximately two thirds of RA patientsgas characterised by depletion of
lean body mass and progressively increased fat, witb®ut associated changes in
body weight (65). These observations have leaddgtoduction of RA specific body
mass index (BMI) cut offs, allowing at risk patiernb be identified in a clinical setting

and subsequent management to be modified (113)
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1.10.4 Dydlipidaemia
Definition of dyslipidaemia
The term dyslipidaemia encompasses a broad rangjenofmalities of lipoprotein
metabolism resulting in the over and underproduactiblipoproteins.

Prevalence and associations of dyslipidaemiain RA

Dyslipidaemia in RA is likely to be governed by mdactors, including disease
activity (114), reduced physical activity secondtryain and disability (115), and drug
therapy (116). Although, collectively these factars likely to exert a significant
influence on the lipid profile of RA patients, thetential contribution of genetic factors
controlling lipid metabolism has also not been added. This may partially explain
why the prevalence of dyslipidaemia in RA variesagen populations. Two studies
have commented on prevalence. The first study Iss€la et al, assessed the
prevalence of dyslipidaemia in 87 patients withanfmatory arthritis (117). According
to the United States (US) National Cholesterol Edioa Program (NCEP) guidelines
(118), 55% of inflammatory arthritis patients welyeslipidaemic compared to 8% of
controls. Unfortunately, these figures are not gmeto RA, but encompass a broad
spectrum of inflammatory joint disease, (RA, spdodsthropathies and
undifferentiated inflammatory arthritis), exhibigivarying degrees of inflammation and
different disease specific characteristics. Th@sdstudy was carried out on 60 RA
patients but was restricted to males (119), thuseftecting the typical disease
population . The investigators reported 68% ofgrati had serum levels of TC, high
density lipoproteins (HDL) or LDL that would be dered as risk factors for the
development of atherosclerosis according to NCHEr.

Dyslipidaemia appears to manifest in RA patienth woth early (120) and advanced
disease (121). While the inflammatory burden capdiéially blamed for dyslipidaemia
in early RA, there is also evidence to suggestltpat profile may already be altered
prior to the onset of disease. One retrospectivdysperformed in the Netherlands on
1078 blood donors identified 79 patients who laevreloped RA, and compared the
lipid profiles of the RA patients to controls frdsfood samples taken at least 10 years
before the onset of RA (122). Patients who lateetiped RA were found to have
lower levels of HDL, and higher levels of TC, TGdafypolipoprotein B (ApoB). A
further population-based incident cohort study 67 RA patients, found that TC and
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LDL levels were suprssesed during the 5 years pokog the onset of RA (123). Such
observations indicate that either that alteratiartbe lipid profile may render people
more susceptible to the future development of R24j1lor that RA patients are
genetically predisposed to the development of Rated dyslipidaemia, or that the

transcription of these genes is altered by pergistammation.

Alterationsin thelipid profilein RA

In 1963, London et al (125) described a negatige@ation between TC levels and RA
disease activity, but no data were produced reggrthe effects of inflammation on
other lipid parameters. Nevertheless, this studgdaas a springboard for future studies
to evaluate the contribution of dyslipidaemia te tardiovascular risk seen in RA.
Currently, the most widely reported abnormalitytleé lipid profile associated with
active RA is suppression of HDL levels (120;1261Aithough, a fall in TC levels has
been observed (125), the drop is not as substastiiat seen in HDL levels, thus
producing an increased atherogenic index (TC:HRioY#120). The atherogenic index
may be even higher if TC levels increase as claibyeseveral investigators (128).
There is some controversy over the effects of mffeation on TGs and LDL. The
effects of heightened disease activity on TGs idlming, with some studies showing
a significant elevation (128) and others a reducfi®7). Similar to TGs, the precise
relationship between LDL and inflammation also remeainclear (128;129). Much of
this controversy can be explained by small studg and differences in the populations
studied.

To date, the National Health and Nutrition ExammaiSurvey (NHANES Ill) is the
largest study to compare lipid profiles of untrela®A patients to a control group (116).
This study recruited 128 patients with RA, but ob04 patients were untreated with
DMARDs or GCs and thus included in the analysish&ligh all major components of
the lipid profile were analysed, only HDL and Apmmprotein A-1 (ApoA-I) levels were

found to be lower in the RA patients.

There is growing evidence that ratios of lipid caments and apolipoproteins have a
higher predictive value of first myocardial infagst than individual components of the
lipid profile (130). Ratios of particular interaatlude: TC:HDL (discussed above),
LDL:HDL and Apo B:ApoA-I. In RA, not only are alhtee of these ratios increased
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(120), but they may offer a more reliable way afessing the lipid profile by

overcoming individual fluctuations in lipids occung as part of disease flares.

HDL and LDL particles are categorised accordinth&r size and density. This is
clinically relevant as small dense LDL particle®(3) more readily infiltrate the
endothelium and are more prone to oxidative change their larger counterparts
(131).Whereas larger HDL particles (HDL2) are more susftgst performing reverse
cholesterol transport and thus confer greater ogsthtection (132). In RA, only one
small study has assessed the characteristicsogirbpein sub fractions (133). This
study, on 31 RA patients, demonstrated signifigaigher levels of small dense LDL
and lower levels of HDL2 compared with controlgehestingly, there were no changes
in the levels of basic components of the lipid peofexcept LDL levels, which were

lower in the RA group.

Lp(a) is a low density lipoprotein particle in whiapolipoprotein B-100 is bound to
apolipoprotein-A. Current evidence suggests Lp(ay tve a key factor in the
development of atherosclerosis (13B)e recognition of Lp(a) as an independent
cardiovascular risk factor in the general popula(ib35) has sparked interest into the
role of this lipoprotein in RA. Levels of Lp(a) habeen found to be increased in RA
patients (120;128). The significant increases ifa)gould be purely as a direct result
of inflammation or may be due to increased gerestjression (136). Irrespective of
these findings, it is still unclear whether incregh¢evels of Lp(a) accelerate
atherosclerosis in RATable 1.2summarises the findings from all the availablel s

reporting lipid changes in untreated RA.

RA has been associated with high levels of oxi@asivess (137) he increased
oxidative load may contribute to articular tiss@emhge and perpetuates the
inflammatory process (138), but may also be strpigplicated in the pathophysiology
of CVD in RA (139).In RA, established data demonstrate that LDL withia synovial
fluid of an inflamed rheumatoid joint is prone tidative modification (140). More
recently it has also been reported that increamsesld of oxLDL are seen in the plasma
of RA patients with ischaemic heart disease (1% trigger for LDL oxidation in RA
is not fully understood, particularly as a studykign et al suggests that inflammation

does not play a significant role (142).
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In summary, RA patients with active disease devalppo-atherogenic lipid profile
with low HDL levels and raised atherogenic indicEise additional influence of the
other lipid components (LDL and TG), and lipid dtdictions on cardiovascular risk in

RA requires further investigation.
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Table 1.2: Studies of lipid profiles in patients wth untreated Rheumatoid

Study Study design TC HDL LDL TG Lp(a) Apo Al TC:HDL LDL:HDL apoB:apo
ratio ratio Al ratio
Georgiadis 40 RA<lyr
(143) 45 controls " ! " " N/S L " " N/D
Georgiadis 58 RA <1 yr
(144) 63 controls
1 v 1 1 N/S N/S 1 " N/S
Dursunoglu 87 female RA
(128) 50 controls N/D v 1 " " N/S " " N/S
Choi 104 RA age >60
(116) 4758 controls N/D 1 N/S N/D N/S 1 1 N/S N/S
Yoo (114) 184 RA 1" females females 1" females + females 1" females females + females + females + females
161 controls
| males 1" males t males t males t " males ! males ! males t males t " males
Lee (145) 21 RA
19 controls 1 I N/D N/D 1 N/S N/D N/S N/S
Park (120) 42 RA
42 controls
?disease severit L 1" L 1" 1" 1"
Seriolo 137 RA
(146) 78 controls L N/D L N/D " N/D N/S N/S N/D
Lakator 129 RA (77 GC,
(147) 52 NSAID)
No diff between 1 I " I N/S N/S N/S N/S N/S
drugs
1374 controls
Svenson 48 RA
(148) 21 sero-ve SA 1 1 1 1 N/S N/S N/S N/S N/S

= significant change, N/D = no difference betweendl controls, N/S = not studied, SA = spondyloayththies
RA: Rheumatoid Arthritis, GC: glucocorticoids, NI&Inon steroidal anti inflammatory drugs, TC: tathblesterol, HDL: high density lipoproteins, T@gylcerides,

LDL: low density lipoproteins, ApoA: apolipoprotefy ApoB: apolipoprotein B

34




1.11 Lipids and inflammation

1.11.1 Types of lipoproteins and apolipoproteins

There are 5 main lipoproteins and 11 apolipopratelime function of each is described

in Table 1.3.

Table 1.3: The function of lipoproteins and their associated polipoproteins

Lipoproteins

Main function

Associated apolipoprotens

Chylomicrons

Transfer of dietary lipids

A-l, A-Iz-1V, B-48, C-l,
C-ll, C-lll, E

VLDL Predominately carries B-100, C-I, C-ll, C-lIl, E
triglycerides & some amounts of
cholesterol

IDL Carries cholesterol esters and | B-100, C-llI, E
triglycerides

LDL Carries cholesterol esters B-100

HDL Carries cholesterol esters from| A-1, A-ll, C-1, C-II, C-lll, D,

peripheral cells to liver

E

Apolipoproteins

Apo (a)

Inhibitor of plasminogen
activation on lipoprotein (a)

A-l Activator of LCAT

A-ll Activator of HL

A-IV Activator for LPL and LCAT

B-100 Ligand for LDL receptor, assists
in assembly and secretion of
VLDL

B-48 Assists assembly and secretion
of chylomicrons

C-l Activator of LCAT

C-lI Cofactor for LPL

C-li Inhibits triglyceride hydrolysis
by LPL and HL

D Likely cofactor for CETP

E Ligand for LDL, hepatic

chylomicron and VLDL remnan

t

receptors

LCAT: lecithin-cholesterol acyltransferase, LPlpdprotein lipase, HL: hepatic lipase, VLDL: very
low denisity lipoproteins, IDL: intermediate densiipoproteins, LDL: low density lipoproteins, HDL
high density lipoproteins, CETP: cholesteryl etsansfer protein

35




1.11.2 Normal lipid metabolism (Fig 1.4)
Exogenous pathway
The exogenous pathway is the process by whichrgliepads are transported and
metabolised. Dietary lipids and lipids excretedbile are hydrolysed by an array of
enzymes secreted into the intestinal lumen. Chedgstster hydrolase triggers the
cleavage of cholesteryl esters, leaving free chelekable to form micelles with other
lipids and fat-soluble vitamins prior to being afised by the cells of the intestinal wall.
Inside the intestinal cells, free fatty acids conebivith glycerol to form TGs and free
cholesterol is re-esterified by ACAT (149). Thedip are then package in to
chylomicrons and secreted via the mesenteric lymph the blood. Chylomicrons
acquire several apolipoproteins both during theimiation (apoB-48) and once released
in to the blood stream (apo-Cll and apo E), whatiled perform significant regulatory
roles in the metabolism of chylomicrons. For examphylomicrons are hydrolysed to
chylomicron remnants by LPL. However, this reaci®mdependant on the presence of
apo-Cll as a cofactor for LPL. Chylomicron remnaants then removed from the
circulation via hepatic uptake, assisted by a laifjimity apoE ligand. Many of the
surface components of the chylomicron remnantshee used for the formation of

HDL particles.

Endogenous pathway

The endogenous pathway refers to the hepatic toainapd metabolism of lipids. This
pathway revolves around the hepatic synthesis @MLVLDL is formed in the
endoplasmic reticulum of liver cells following thranslation of Apo B100. VLDL
particles then undergo a process of maturatiorcljyiang triglycerides (facilitated by
microsomal triglyceride transfer protein) and clstéeyl esters. The cholesterol
concentration in the liver cells appears to govkenrate at which VLDL is produced.
When VLDL is secreted into the plasma is contag&esal surface lipoproteins
including apo-ClIl, apo-Clll, Apo-B100 and ApoE. €nin the circulation VLDL is
gradually transformed in to IDL following the hydysis of the triglyceride rich core by
LPL. IDL is then either removed from the circulatigia the LDL receptor/B 100 ligand

complex or undergoes remodelling by HL to produBe.lparticles.

Circulating LDL can be incorporated into a variefytissues, both for cellular storage

and to contribute to production of cell membranes laormones. The uptake of LDL in
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to cells is important in the formation of ather@solic plaques, as LDL is readily taken
up into macrophages via an unregulated scavengepta@, ultimately leading to the
production of foam cells. Some LDL will be removieaim the circulation following
internalisation in to hepatic cells via the LDL eptor.

Lp(a), a variant of LDL is formed when ApoA combéwith LDL through an
interaction with surface apo-B100 lipoproteins (L3®art of the Lp(a) structure is
similar to plasminogen, thus allowing this lipoiotto compete with plasminogen and

disrupt fibrinolysis.

The formation of HDL is highly dependant on the afbetism of VLDL, IDL and LDL
for the acquisition of surface components suchpasioproteins. Nascent HDL
particles are synthesized by the liver from smiadbants of cholesterol and
phospholipids, which are bound to Apo-Al. The aplat#at is used for the formation of
HDL can be newly synthesized by the liver or dedit®m the catabolism of other
lipoproteins. Once released in to the circulatimescent HDL crosses the vascular
endothelium to collect cholesterol and phospho$igiom peripheral cells and vascular
intima cells. The accumulation of cholesterol ahdgpholipids is facilitated by ATP-
binding cassette transporter (ABCA1) and the imigoa of several surface
apolipoproteins including (A-1, A-ll, A-1V, C and)EThis process transforms nascent
HDL particles into discoidal shaped HDL2 particlasd alters the tertiary structure of
the main surface apolipoprotein, ApoAl. The altenast in ApoAl structure enhance its
ability to act as a co-factor for Lecithin-cholesteacyltransferase (LCAT). Activation
of LCAT triggers further esterification of free dbeterol, which is ultimately
incorporated in to the HDL2 particles, transformthgm further to form spherical
HDL3 particles. The HDL particles ladened with asikerol then return to the liver to
deliver cholesteryl esters and remove them fronctitoeillation. The process by which
HDL collects cholesterol from peripheral cells arthoves it from the circulation is

called reverse cholesterol transport.
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Figure 1.4: Normal lipid metabolism: endogenousrad exogenous pathways
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1.11.3 Inflammation mediated mechanisms controllindjpid metabolism

1.11.3.1 The effects of inflammation on HDL metabolism
HDL confers multiple cardiovascular benefits thrbutg anti-oxidant properties and its
ability to perform reverse cholesterol transpoB1(1152). It is now well recognised that
high levels of HDL are cardio-protective, whereas levels act as an independent
cardiovascular risk factor (153-156). Studies & general population have provided
convincing evidence that increasing HDL levels tigio drug intervention and lifestyle
modification can slow the progression of atherasdis and improve cardiovascular
outcomes (157;158).

HDL is of particular interest in the context ofigetinflammation, as its levels can
dramatically fall to a far greater extent than ¢hanges seen in other components of the
lipid profile. In acute inflammation, such as infea (bacterial and viral), HDL levels
closely correspond to the degree of inflammatonglen, as levels are rapidly
suppressed following the onset of infection andrtieturn to normal appears to shadow
the patient’s recovery (159). Although the majodfystudies report normalisation of
HDL levels within 4 weeks of the onset of infectid®9-161), one study has shown

that the reduced levels persist up to 6 monthsiptesttion (162). In chronic
inflammatory conditions, such as RA, HDL levels pegsistently low. However, levels
may still fluctuate as a consequence of alteratiorise disease activity (163), drug

usage (164;165), and physical activity levels (115)

The effect of Acute phase proteins of HDL metabolism

There is accumulating evidence to suggest that roathe usual anti-oxidant and anti-
atherogenic properties of HDL are lost due to dieex indirect effects of
inflammation. The inflammatory process triggers slgathesis of many plasma proteins
by the liver (166;167). Serum amyloid A (SAA) anddactive protein (CRP) are two
of the key plasma proteins whose production isttyemhanced during inflammation.
The net increase in SAA occurs as a result of asmd gene transcription (168), and
leads to alterations in HDL composition and funatibarge amounts of SAA become
bound to HDL (mainly HDL3) following the displacemteof apoA-I and apolipoprotein
All (apoA-Il) (169). The composition of this remodelled acute phase KIBR-HDL) is
also altered, becoming deplete in cholesterol ested laden with TG, free cholesterol
and fatty acids (170;171). The size of AP-HDL iggkx than conventional HDL,
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although the density remains comparable (172).mbdification of the HDL structure
to incorporate SAA directly impacts upon its alilib carry out reverse cholesterol
transport, as LCAT, an enzyme responsible for dterdication of HDL, requires the
presence of ApoA-I to be activated. Alongside tthg, HDL/SAA structure has an
increased affinity for macrophages and a reduckaitgffor hepatocytes in comparison
to the unmodified HDL structure (173). These changgn be partly attributed to
alterations in the number of binding sites for H8L/SAA complex, as inflammation
has been shown to increase the number on macraphadelecrease the number on
hepatocytes (173). However, it has been shown3A&t must constitute more than half

of the HDL protein in order for cholesterol effltoxbecome compromised (174).

Interest has also developed around the role ofdttiver acute phase reactants, namely
secretory phospholipase A2 (sPLA2), known to pastes capacity to remodel HDL
(175), and ceruloplasmin, a copper transportinggomovith pro-oxidant properties
(176). Inflammation induces elevations in the plasmancentrations of SPLA2 and this
has been linked to smaller HDL particle size, aiotiédn in HDL cholesterol and apoA-
I levels, and an increase in HDL and TGs in tranggmice (177). Acute phase HDL is
also susceptible to enrichment with ceruloplasmasulting in a reduced ability to
protect LDL against oxidative modification (176;)7Bowever, this theory is under
scrutiny, as other studies conclude that ceruloplagxhibits anti-oxidant properties
(179). The discrepancies regarding the properfiesmiloplasmin may be explained by
differences in its structure, as the removal of cogper atom appears to alter its

function from anti-oxidant to pro-oxidant (180).

Transferrin, a plasma protein involved in iron spart, can be found in association
with HDL (181).1t is thought that the usual role of this metaldang protein is to
protect LDL against oxidation (181). However, dgrinflammation, levels of
transferrin fall (182) and thus further predisptigehost to a proatherogenic

environment.

The effect of inflammatory mediated enzymatic change on HDL metabolism
Several enzymes fundamental to the metabolism df B¢ affected by inflammation.
HL converts larger HDL particles (HDL2) in to sn&al(HDL3) particles, facilitating

cholesterol uptake from cells (183). This processucs largely due to the hydrolysis of
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TGs and phospholipids within HDL2. HL also playkey role in many other aspects of
lipoprotein metabolism, including assisting hepaiitake of HDL and LDL particles

by acting as a ligand (184) and aiding reverseedtetol transport by promoting uptake
of HDL cholesterol esters by the scavenger recdpiofl85). Animal (186) and human
studies (187-189) have shown the levels of HL todokeiced by the inflammatory
process, thus inhibiting its normal functions ane production of a more pro-

atherogenic environment.

Reverse cholesterol transport is a complex casabeeents, which requires the
presence of many factors in order for the wholegss to be completed efficiently.
Cholesterol ester transfer protein (CETP) playsratgl role, providing a pathway for
cholesterol esters to be transferred from HDL pgopiroteins rich in apo-B, such as
VLDL and LDL, allowing cholesterol to ultimately ldeared by the liver (190).
Inflammation has been shown to indirectly impacmu@ETP activity by reducing
MRNA expression in transgenic mice (191). Howeftether studies in this field are
required to confirm these findings in the contex¢loronic inflammation in humans.
Phospholipid transfer protein (PLTP) is another getein required for successful
reverse cholesterol transport, whose activity gseissed by the inflammatory process
(192). The resultant limited activity of PLTP medhat essential actions, such as
mediating the exchange of cholesterol between €lsparticles and HDL, cannot be
carried out. Thus, alterations in PLTP activity denheld partly responsible for lower

HDL levels observed during inflammation (193).

Inflammation mediated variations in the enzymatintent of HDL have also been
observed, including reductions of paraoxonase (APahd elevated levels of platelet-
activating factor acetylhydrolase (PAF-AH) (178gfl@iency of PON-1 within HDL
renders them susceptible to oxidation and can ateig convert HDL into a pro-
oxidant, pro-inflammatory complex (178;194). PAF-Adfound in relation to both
LDL and HDL particles. Elevated PAF-AH levels hax&en observed in a broad
spectrum of inflammatory conditions, including théman immunodeficiency virus
(HIV) (195) and RA (196). However, it remains uraslén humans whether PAF-AH
activity is increased during inflammation in botBbHand LDL particles (195;197). It
is postulated that if PAF-AH activity is increasedhin HDL particles. This may then

confer mainly anti-atherogenic properties, as iy petect against the oxidation of
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LDL, but also proatherogenic effects by escalatirggproduction of
lysophosphatidylcholine (LPC) (198). Occasionallmiied reports have demonstrated
a negative association between inflammatory buedehPAF-AH levels (199;200).
However, such studies may lack significant powes stlusmall study size.

It is clear from this evidence that it is not jtis¢ reduction in HDL that is an important
risk factor for coronary heart disease in heightendammatory states such as RA, but
that there are multiple other modifications infitaction that may also have an additive

effect See figure 1.5.

Figure 1.5: The effects of inflammation of the strature, composition and function
of lipids

1 Small dense particles 1 Ceruloplasmin & SAA | Enzvme activity

1 PAF-AH activity 1 sPLA2 (HL. LPL)

1 sPLA2 1 PAF-AH activity 1 Sphingolipid content
1 Sphingolipid content 1 Enzyme activity

(HL, LCAT, PLTP, CETP)

LDL: low density lipoproteins, HDL: high densityplbproteins, VLDL: very low density
lipoproteins, PAF-AH: platelet activating factoretiglhydrolase, sSPLA2: secretory
phospholipase A2, SAA: serum amyloid A, HL: hepéipase, LCAT: lecithin-
cholesterol acyltransferase, PLTP: phospholipiddfer protein, CETP: cholesterol ester
transfer protein. LPL: lipoprotein lipase

1.11.3.2 The effects of inflammation on TG metabolism
The relative contribution of elevated TG leveldhe development of cardiovascular
disease remains controversial. Although thereasvgrg evidence that

hypertriglyceridaemia associates with an incre@®¢D risk (153;201;202), it remains
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difficult to classify it as an independent risktiag as alterations in the levels occur in

conjunction with changes in HDL levels (203).

For many decades, studies have demonstrated dcastatations in TG levels in
response to infection, acute and chronic inflamome¢ll60;204). Some studies have
reported these changes to be specific to the imeotganism (e.g. Gram negative
bacteria) (204), whilst others report a significentrease irrespective of the factor
triggering the immune activation (160;188). TGs puienarily transported in VLDL,
therefore hypertriglyceridaemia occurs as a resfudither overproduction or impaired
clearance of VLDL. The inflammatory process intezfewith the normal metabolism of

TGs through the release of multiple cytokines dtetations in enzymatic activity.

The effects of cytokines on TG metabolism

Numerous cytokines released during inflammation tmager TG metabolism. TNE-
is released in vast quantities during active inflzation. Elevations in TNIe-levels
may disturb lipoprotein metabolism by decreasingd; Btivity, reducing liver
metabolism (205) and modifying the compositionipbprotein particles (206). Studies
in rats have clearly demonstrated that the adnatish of exogenous TNF results in
doubling of baseline plasma TG levels (207). Subsetstudies in humans have
produced data confirming a positive correlationnsstn TNFe and TG levels.
However, much of this data has been generated $tadies carried out on healthy
subjects (208) and patients without active inflartioma(209). Although studies
assessing this correlation on the background afrebiinflammation are few, the
available data confirm a striking positive assaorain patients with systemic lupus
erythematosus (SLE) (210).

In RA, the advent of new biologic therapies speeify designed to target TNé-has
enabled this issue to be addressed from anothés.dntgrestingly, there is no
convincing evidence to support the reverse assogidi.e. that as levels of TNé&fall

or TNF-a is inactivated, levels of TG also reduce). Thecige effects of anti-TNF
agents on TG levels are an issue of much debateetty, the vast majority of current
published data indicates that treatment either doegmpact upon TG levels (211-213)

or may actually result in a paradoxical rise (214)ese unexpected findings may be
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explained by small study size, inadequate adjustfeemther potential confounders or
by an unknown mechanism. Further large-scale duatie required to elucidate the
exact effects of anti-TNF agents on cardiovasaus&rfactors, such as dyslipidaemia.
Over recent years, interest in the inflammatorpkyte IL-6 has escalated, due to the
recognition of its atherogenic properties (215)] ds potential as a therapeutic target
both in cardiovascular diseases and in RA (216;2A growing bank of evidence
indicates that IL-6 levels influence lipoproteintadgolism (218), generating particular
effects on the concentrations of TGs and HDL. llexgels correlate positively with TG,
and negatively with HDL levels (219;220). Desphie strong evidence to support a
positive relationship between cytokine exposure BBdevels, there are also a few

studies demonstrating a negative association (221).

Drug therapy again offers a further insight intie telationship between IL-6 and TG
levels, as lipid lowering therapies such as statisglay a dual mode of action by
lowering TG levels and suppressing IL-6 throughrthati-inflammatory properties
(222).

The effects of inflammatory mediated enzymatic change on TG metabolism

LPL is an intravascular enzyme specifically founandothelial cells. It is a
multifunctional enzyme, displaying the ability teethate lipoprotein uptake and to
catalyse the hydrolysis of TGs within circulating®L and chylomicrons (223). The
explosive release of cytokines such as TiN&Ad IL-6 occurring during inflammation,
leads to a reduction in the levels of LPL and Ha down regulation of gene expression
at the transcriptional level (224;225), which ultit@ly leads to a reduced clearance of
TG-rich particles. The net result of these modifmas takes some time to accrue. Thus,
such changes only contribute to hypertriglycerid@amthe setting of persistent

chronic inflammation (226).

Peroxisome proliferator-activated receptors (PPaR)ligand-activated transcription
factors, important in several aspects of lipid rhetsm. Of particular interest is PPAR-
a, regulating lipid metabolism both at the intragkdl and extracellular level (227).
LPL has been shown to activate PPARs through @mefial action on VLDL (228).

Therefore, inflammation mediated suppression of lé&4els inhibits PPAR activation
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and ultimately contributes to hypertriglyceridaerg#@5). The pathway of PPAR
activation has long been used as a lipid lowerggapeutic target. Fibrates are PPAR-
a agonists, used to treat dyslipidaemia by redu€i@devels and increasing HDL
levels (229). HDL levels increase with fibrate #y@y due to PPAR activated up-
regulation of ApoA-I and ApoA-Il gene transcripti¢230;231).

1.11.3.3 The effects of inflammation on LDL metaldem
Epidemiological studies have shown elevated LDlelgvo be one of the strongest
predictors of coronary artery disease (232). Tolwatrthis risk, guidelines have been
developed, with LDL as the primary focus for lipovering therapy (118;233). Several
large scale studies in the general population kiawneonstrated that intensive lipid
lowering therapy confers greater cardiovasculaebenthan moderate therapy (234-
236). Furthermore, such studies demonstrate cadiclinical benefit even when LDL
levels are lowered below the current recommendstrtrent goals (235). Over the last
50 years a steady decline in LDL levels has besemed amongst Americans (237).
These changes may have occurred secondary tor@ased prescription of lipid
lowering medication and an overall more aggresaproach to the management of

dyslipidaemia.

Inflammation lowers LDL levels (126;238). On thefage this appears to produce a
less atherogenic environment. However, by delviegper it becomes apparent that
inflammation mediated structural/oxidative changes/ promote atherogenesis via the
development of pro-inflammatory, atherogenic LDltjmdes (239;240). In fact,
persistent inflammation such as that seen in RA;, fmal a vicious circle of oxidation

and inflammationkig 1.6)
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Figure 1.6: The vicious cycle of inflammation and xidised LDL

Inflammatory mediated structural changes of LDL

LDL is sub-classified according to size and dengkyredominance of small dense

LDL particles is associated with a 3-5 times insesghrisk of coronary heart disease (the
Quebec cardiovascular study)(241). Studies in pettiaffected by inflammatory
disorders, including psoriatic arthritis (242), tiguired immunodeficiency syndrome
(AIDS) (243) and RA (133) have demonstrated a pndpoance of small dense LDL
particles compared to the control groups. At presaeformation regarding the precise

mechanisms behind these changes is limited andefurésearch in this area is required.

Inflammatory mediated oxidative changes of LDL

During inflammation there is release of reactivggen species (ROS) from activated
leucocytes. Elevated ROS levels overwhelm the Basttal antioxidant mechanisms,
resulting in damage to cells and lipid peroxidat{@#4). The alterations in LDL
composition have been blamed almost entirely feratcelerated oxidative
modification during inflammation. In animal modaeiisflammation simulated by the
introduction of lipopolysaccharide (a major compoinef the cell wall of gram negative
bacteria), has been shown to increase markerpidfgeroxidation (245). Other studies
carried out in human subjects with inflammatoryoditers have confirmed similar
elevations in markers of lipid peroxidation andereased oxidative susceptibility of
LDL (246). Conflicting results are reported by Riee et al, who found no differences
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in lipid peroxidation between patients with actRA and the control group (247). This
discrepancy may be explained by the small study;, sie degree of inflammatory

burden or by the methods used to identify oxidativange.

The effects of acute phase proteins on LDL metabolism

The pro-atherogenic properties of LDL are enharge@RP and sPLA2 during
inflammation (248). The inflammation mediated irase in SPLA2 activity produces
small dense LDL particles that have a surface leglatively deficient in phospholipids
(249). Such changes in the outer-most layer of ifizrease its ability to interact with
arterial proteoglycans, perhaps further enhandsgptake into the arterial wall and the
formation of atherosclerotic plaques. sSPLA2 may aislirectly promote LDL

oxidation through the production of fatty acidsttifacids are prone to oxidative
change and may subsequently induce oxidation of (ZH0). Once oxidised, LDL is
readily taken up by macrophages, and an abunddr@@m® is recognised to facilitate

this process and promote subsequent foam cell toomg51).

The effects of inflammatory mediated enzymatic change on LDL metabolism

Endothelial lipase (EL) is a newly identified membéthe triglyceride lipase family
(252). Apart from its role in HDL homeostasis, Elayrenhance lipid uptake into the
vascular endothelium via its bridging function (258lthough it is widely accepted that
EL is up-regulated during inflammation (254;25%) exact effect that this has on LDL
is still a matter of debate. One of the earliestligs to address this issue was carried out
in LDL receptor deficient mice, and demonstrateat tiepatic expression of EL leads to
a reduction in serum LDL levels (252). On the canty a later study in EL knockout
mice has reported a massive increase (90%) in Lidlesterol levels (256). Two
further studies have also tried to identify theerof EL in LDL metabolism. The first
failed to demonstrate any effect of EL on LDL les/al the mouse model (257), whilst
the second demonstrated that EL promotes LDL upgigkmacrophages (258).

LDL uptake by macrophage scavenger receptors

The uptake of LDL by macrophages signifies a phatep in the formation of foam
cells, and subsequently atherosclerotic plaquedtion. Modification of the
apolipoprotein B component of LDL by oxidation, glegion and nitration, renders it

susceptible to uncontrolled uptake by scavengeptecs expressed on the surface of
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macrophages, leading to foam cell formation (25®hough a number of scavenger
receptors are known to mediate oxLDL uptake intenmghages (e.g scavenger
receptor-Al/ll, CD36, lectin-like oxidised LDL rep#or-1 (LOX-1)) (260) (summarised
in figure 1.7), the CD36 receptor appears to be one of the mmsirtant and well
studied (261;262). It has been reported that pEtieith a genetically determined
deficiency of the CD36 receptor experience a 408acton in the binding of oxLDL
and accumulation of cholesterol ester than patweittsnormal CD36 expression (263).
The CD36 receptor differs from the other main clafsscavenger recptor (SR-AIl/Il) as
it preferentially binds minimally oxidised LDL (254CD36 expression on macrophages
is upregulated by cellular cholesterol, LDL (botitime and modified), and cytokines
(e.g. IL-4) (265), and downregulated by TBE{266), HDL (267;268) and ceremides
(269). The regulation of CD36 expression occuid taanscriptional level, with PPAR-
playing a central role in this process (270). Theake of oxLDL in to macrophages
may further perpetuate atheroscleorsis by enhandit@F expression on macrophages
and endothelial cells, which appears to be at lgasially mediated by PPAR-
activation (271).

Figure 1.7: Receptor mediated uptake of LDL in to nacrophages

@ @@ Oxidised LDL
% 70

CD36: CD36 receptor, SR-B1: scavenger receptoiSRRLA: scavenger receptor A,
CD68: CD68 receptor, LOX1.: lectin-like oxidised LDé&ceptor.
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Inflammatory stress may accelerate foam cell foromatihrough a number of
mechanisms: 1) enhanced LDL modification e.g. axiha(245), 2) disruption of
cholesterol mediated LDL receptor feedback, thassiasing the uptake of unmodified
LDL (272), 3) CRP binding to native LDL particlesagnenhance uptake in to
macrophages by the CRP receptor CD32 (273). Iriteghg two recent studies have
challenged the hypothesis that CRP/LDL complexesraportant for foam cell
formation (274,;275). The first study explored tlteets of unbound and CRP-bound
enzymatically modified LDL on foam cell formatio@74). This study demonstrated
that the binding of CRP to enzymatically modifieDLLdid not lead to foam cell
formation, unlike its unbound counterpart. The sekcstudy investigated the interaction
of the CRP monomer, which has been implicatedheratsclerotic plaque formation,
with monocytes using the U937 cell line (275). Thegort that the CRP monomer
inhibits oxLDL-induced foam cell formation. Thusethatter two studies imply that CRP

may confer anti-atherogenic effects through ite&fbn the behaviour of monocytes.

RA, a chronic systemic inflammatory disease withremeased CVD risk is a perfect
platform for studying the effects of inflammation ftmam cell formation. To date only
one small scale study has investigated the uptbkBb from RA patients into
macrophages derived from the U937 monocytic aedl (276). This compared LDL
modification (oxidation and nitration) and LDL ug&into macrophages in RA patients
with (n=13) and without CVD (n=12) compared to ostehritis (OA) patients with
(n=13) and without CVD (n=12). The investigatorsndastrate a statistically higher
level of LDL nitration but not oxidation in the paits with CVD compared to disease
matched controls, and that this was associatedantitend for increased LDL uptake by
U937 monocytes. The authors also suggest a pdtemizhanism for these findings.
Homocysteine, a known CVD risk factor, was founghtomote LDL nitration, thus
higher serum levels of homocysteine (often foundssociation with systemic
inflammation) may trigger LDL nitration and subseqtly LDL uptake in to
monocytes/macrophages. Interestingly, RA patientts @D were found to have
greater LDL uptake in to macrophages than OA ptiefith CVD, however this did

not reach statistical signifance, perhaps as aetuece of limited power. Such a
difference in LDL uptake by macrophages could balared by differences in the

underlying pathopysiology of the conditions e.g tiegree of systemic inflammation or
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drug therapy etc, however, to date no studies baee conducted to examine the

effects of inflammation/drug therapy.

1.12 Effects of lifestyle on the lipid profile

1.12.1 Seasonal variation
Studies have demonstrated both biological varigiien normal day to day variation)
(277) and cyclical seasonal variation in plasmallgnd lipoprotein levels (278;279).
Within patient biological variation is in the ordeir6-7% for TC and HDL, 8-10% for
LDL and 20-30% for TG (277;280). The most widelpoeged seasonal changes are
elevations in TC and LDL levels in the winter man{R281), with peak levels being
reached during January (279;282). Apolipoproteuelle also demonstrate seasonal
fluctuations, with ApoA-I and A-Il levels markedglevated in the summer months
(283). Interestingly, LDL demonstrates an increamggteptibility to oxidation during
winter months (January) and a reduced suscepyibiliting summer months (June/July)
(284). Some studies also report winter elevationidDL and TG levels (282;285). The
precise mechanisms controlling these changes reghasive. However, several
hypotheses have been put forward. These includehiemodilution effect due to
secondary mobilisation of fluid from the interstltto the intravascular compartment,
due to heat acclimatization (286) occurring dutimg summer months as a result of a
combination of increased environmental temperaancephysical activity 2) seasonal

variations in physical activity levels (282).

Currently, there are no studies to address thetsftd biological/seasonal variance in
RA patients. The lack of studies is not surprisasgnultiple other factors associated
with disease activity display similar fluctuatiomsg morning joint stiffness, and disease
activity worse in colder weather. Thus it woulddicult to distinguish between the
effects of the disease itself on lipid parametaxd those occurring as a result of

‘normal’ variation.

1.12.2 Menopause
Female sex hormones have long been shown to epentective effect against the
development of CVD. A hormonal deficiency, suchhed observed with the
menopause, leads to an increased risk of CVD (28ii$. may be patrtially explained by
accelerated proatherogenic changes in the lipifil@rccurring independent of
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increasing age (288). Postmenopausal women expereedramatic deterioration in
their lipid profile, with significant increases iDL, TC, TG and HDL3 (288-290), with
some studies reporting a worse lipid profile thga mmatched male counterparts (291).
It has been suggested that genetic mechanismeah@ol individual variation of lipids,
in particular HDL, may differ between premenopawsal postmenopausal women
(292). Relative correction of the hormonal profieough the use of hormone
replacement therapy can produce beneficial chaingde lipid profile by elevating
HDL2 and reducing LDL levels (293).

In RA, postmenopausal status has been associatiedigmificantly higher TC, TG,
TC:HDL ratio, ApoB, Lp(a) and LDL:HDL ratio thandise observed in premenopausal
RA patients (114). Postmenopausal RA women hawelsen shown to have higher
TG and Lp(a) and a lower TC than healthy postmensglavomen (114).

1.12.3 Physical activity
Regular long-term exercise promotes many healtefiisnranging from improved
bone density to a reduction in cardiovascular fidkch of the reduction in
cardiovascular risk can be attributed to modifimatdf conventional risk factors,
including a reduction in blood pressure (294), iayement of the lipid profile
(115;143) and weight reduction.

In the general population, exercise is recommerdedl lifestyle change for all patients
with dyslipidaemia or established cardiovasculaedse (118). Supporting this
recommendation are multiple studies and meta-aeslgemonstrating significant
improvements in the lipid profile in patients adhgrto a regular exercise programme
(294-296). The most significant changes observel mbderate exercise are elevations
in HDL levels, lower TC:HDL ratio and lower TG |ldgg294;296-298). Age has been
shown to influence the degree of alteration inlighie levels seen following exercise
(299). Older patients appear to lower their TC Ieve a greater extent and more readily
enhance their HDL levels (299). Unfortunately, thajority of exercise studies have
been conducted in normolipidaemic subjects, ancetisea lack of data available in
dyslipidaemic patients.
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Many of the improvements in the lipid profile resquiseveral months for the benefits to
accrue. Although the minimum amount of exercispired to improve blood lipids is
not known, the United Kingdom government recomménda suggest at least 30mins
of continuous exercise 5 days a week are requaed healthy lifestyle.

As HDL is one of the key components of the lipidfe to be modified by exercise,
some interest has been generated around the effestercise on HDL sub fractions. A
large proportion of studies assessing the influeichort term exercise on HDL
subfractions has shown significant increases ih bti2L.2 and HDL3 (300;301). The
relative increases in the HDL subfractions diffetvizeen studies with some
demonstrating similar increases in both HDL2 and_BIB01), and others
demonstrating a disproportionate increase in HD&&ulting in an increase in the
HDL2/HDL3 ratio (302). These discrepancies canXyganed by differences in the
subjects studied (athletes vs. healthy men), tinebeu of subjects involved, the mode
and length of exercise, and advice regarding ditestyle modifications. Evidence to
support similar changes in HDL sub fractions amoésgbjects adhering to longer-term

exercise programmes, or in dyslipidaemic subjectadking.

The mechanism by which exercise mediates posiffeets on HDL can be partly
attributed to the alterations in the enzymes resibds for HDL metabolism (303). One
study demonstrated large increases in the actfityPL and a significant reduction in
HL activity in endurance trained individuals vsdestary controls (304). The enhanced
enzyme activity of LPL may escalate lipid trangfeHDL, and simultaneous decreases
in HL activity may result in reduced clearance @IH

In RA, traditionally, patients and rheumatology ltflezare professionals have been
cautious regarding exercise, due to a widely hatdubfounded fear that it would
trigger aggravation of disease or damage the j¢8t1S). However, over recent years
well designed physical exercise programmes have sleawn not only to be safe in RA
but also to promote prolonged improvements in mystiffness, Stanford arthritis
self-efficacy scale (SES) and other disease outsdB@5;307). Although regular
exercise as part of an individually designed progree is now recommended as an
integral part of RA treatment, and has been induddehe ACR treatment guidelines,

there are no specific trials addressing the effetcexercise on CVD risk factors (e.g.
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dyslipidaemia) in RA. Specific well-designed stugdére required to address this issue
in RA, as the inflammatory burden in these patiemay have already modified
conventional cardiovascular risk factors (abnorhpad profile, changes in body fat:
muscle ratio etc), and thus the beneficial effettsxercise on CVD may be even

greater than those seen in the general population.

1.12.4 Obesity
The classical pattern of dyslipidaemia in overwemid obese subjects is characterised
by elevated levels of TG, TC, apoB-100 and smallLldarticles, and decreases in HDL
levels (308;309). Insulin resistance (IR) is ofteand in conjunction with both obesity,
and plays a key role in the development of dyséipria. One of the primary obesity
associated defects in lipid metabolism is the owehpction of VLDL (310).This
phenomenon may be a consequence of a cascadents eceurring in the insulin
resistant state, resulting in hepatic steatosi$)(3urthermore, there is a delayed
clearance of VLDL particles due to a reductiontd LDL receptor activity that occurs
in conjunction with IR (232). The low HDL levelsesein obese states are likely to be
triggered by several mechanisms. Firstly, HDL @eae is enhanced in insulin resistant
states, due to stimulation of hepatic lipase aeddsultant production of smaller HDL
particles (312). Secondly, transfer of apolipopraend phospholipids from TG-rich
lipoproteins to HDL is reduced. Thirdly, the deldydearance of TG-rich lipoproteins
facilitates the CETP mediated exchange betweerestesbl esters in HDL and
triacylglycerols in VLDL (313).

Although rheumatoid cachexia, a condition charaserincreased total fat mass nd a
reduction in muscle mass, is widely recognised @snaplication of the RA disease
process, there are currently no studies addresgiether the presence of this condition

further alters the lipid profile in RA.

1.12.5 Smoking
Smoking reduces life expectancy through multipleichental effects on health (314).
Much of the associated morbidity and mortality banattributed to the carcinogens
contained within the cigarette smoke, resultingnnncreased risk of developing cancer
(especially lung cancer) (315), or the increaseéesraf CVD (316). The mechanism by

which smoking promotes CVD still needs to be elated. However, it has been
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suggested that smoking induced alterations inighe profile may contribute to this
susceptibility (317). Multiple large studies confithat smoking exposure associates
with a pro-atherogenic lipid profile, with elevaté@, LDL, TG levels, and TC:HDL
ratio, and an associated reduction in HDL levels3¢(321).Data produced from such
studies has to be interpreted with caution, asdifficult to control for other lifestyle
factors, such as weight changes, diet, alcoholwwapsion and physical activity. The
relationship between smoking and lipid levels appéabe dose dependant (321) and
readily reversible on cessation (322). Cigarettelamns known to create a pro-
oxidative state in the circulation (323), and distandothelial function (324). The
smoking induced oxidative burden induces lipid pé&tation (325), thus further

accelerating atherosclerosis.

Smoking has been linked to a 2-4 fold increasddaigleveloping RA (326), and may
also influence the severity of the disease (32@d)fanctional status (328). However, a
recent study has produced conflicting findings ®sjgg that cigarette smoke does not
accelerate RA disease progression. In fact, thlystamonstrated that heavy smoking
may be associated with reduced radiographic pregnesnd improvement in
functional scores (329). The effect of smokindRi varies due to the length of
exposure, with acute exposure resulting in immuimatdatory effects and chronic
exposure resulting in immunosuppressive effect®)3although it is clear that
smoking may influence the development and pathaisé RA, no specific studies

have addressed the effects of smoking on lipid baodiem in RA.

1.12.6 Alcohal
Moderate alcohol intake confers a lower risk of C{831-333). The reduction in CVD
risk of moderate drinkers compared to those whta@tbbas been shown to lie between
10 and 40% (333). The cardio-protective effectloblaol has been linked to beneficial
changes in both the lipid profile (333;334) andrhastatic parameters (335;336). By
far the most common and well-reported change idipie profile is an increase in HDL
concentrations (321;333;337;338). The precise am@sims contributing to the
quantitative change in HDL are still being scriged. However, current proposals
include: 1) increased hepatic production or inaedasansport rate of apoA-1 and
apoA-11 (339;340) 2) increased cholesterol efflooni macrophages to HDL mediated
by ABCAL1 (341) 3) alcohol-induced reduced activwfyCETP (342). However, a recent
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study failed to demonstrate any relationship betw@ETP activity and HDL levels
amongst moderate alcohol consumers compared tmaitistontrols (343).
Furthermore, the study demonstrated alcohol-indattedations in lipoprotein lipase

activity.

A degree of controversy exists regarding the negationtributions of HDL subfractions,
to the elevation of HDL levels seen with moderdtelaol intake. Virtually all studies
demonstrate an increase in both HDL2 and HDL3 sahifins (338;344). However, the
effects on the HDL2:HDL3 ratio varies between s#3dj344;345). One study assessing
the effects of habitual alcohol consumption hasalestrated that the changes in HDL
subfractions may differ between genders, with melgeeriencing a rise in both HDL2
and HDL3, but females only experiencing an isolaigadificant rise in HDL2 (338). A
recent study by Schafer et al, evaluated the quiakt changes of HDL observed during
exposure to varying degrees of alcohol in 279 hgatien (344). The investigators
confirmed that alcohol consumption results in & $fom HDL3 to predominantly
HDL2a, and a significant phospholipid enrichmenalbfHDL subfractions.

Hypertriglyceridaemia has long been associated seiglalar alcohol use (346). A meta-
analysis of 42 studies has confirmed a positivatiaiship between moderate alcohol
consumption and TG levels, reporting a 0.19mg/diease per gram of alcohol
consumed per day (333). The impact of alcohol exygosn the other components of
the lipid profile including LDL and TC levels habeen addressed in comparatively
fewer studies. However, the majority of these destrate a modest inverse correlation
of both TC and LDL with alcohol (334;347). LDL pa&ie size may be reduced in
patients with alcohol induced hypertriglyceridaemesulting in a subsequent increased

susceptibility to oxidation (348).

Epidemiological studies indicate that alcohol canption correlates with a reduced

risk of developing RA (349;350). Unfortunately, pdgagnosis data to assess the
effects of alcohol on disease parameters andpiteprofile are lacking. Studies to
address this issue are likely to be hampered hygattissues and safety issues regarding
interactions with DMARD therapy.
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1.12.7 Diet
It is well established that dietary intake hasréaching health implications. An
unhealthy diet rich in saturated fats and sugasdean linked to an increased risk of
CVD (351), whereas diets high in unsaturated fatsanti-oxidants such as the
Mediterranean diet are linked to a reduced CVD (&32). There are multiple
individual dietary components that impact uponlipiel profile. Fish oils are rich in
omega-3 polyunsaturated fatty acids which loweasmla TG levels (353)ed yeast
rice has been shown to reduce TC and LDL leveld)(d@5d olive oil raises HDL-
cholesterol and reduces levels of oxLDL (355). i, Bata regarding the impact of diet
on the lipid profile is sparse. One randomisedstu 66 active RA patients,
demonstrated that patients treated with a glutea-fegan diet resulted in lower LDL
and oxLDL levels (356).

1.13 The effects of drugs on the lipid profile inlmeumatoid arthritis

The impact of recent therapeutic advances in theagement in RA on cardiovascular
risk is not clear. However, several recent studiggyest that therapeutic intervention
and control of disease activity may reduce cardioular risk (143;144;357). A large
cross sectional study (QUEST) of over four thous@Adpatients, suggested a reduced
cardiovascular risk with prolonged use of DMARDL < or anti-TNF (357). The
findings from this study should be interpreted wittution as the study is limited by its
cross sectional design and therefore causalitynoabe assumed. Despite this, a further
prospective study has confirmed significant impraeets in cardiovascular risk factors
following treatment with methotrexate and GCs (143)

1.13.1 Glucocorticoids
GCs have long been recognised to have benefidedtsfin RA (50;358). However, in
current rheumatological practice GC use has bedredulue to adverse effects. They
are used increasingly as a short term measureltwéna rapid reduction in disease
activity whilst awaiting the effects of slower aiDMARD therapy (111). The long
term use of GCs is controversial due to loss atatfy over time, and the undesirable
side effect profile (358).
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For many years it has been widely assumed that $&@ssociates with a more
atherogenic lipid profile (raised TC, TG and HDWé¢s) regardless of the indication for
use (359)However, many of these early studies were perforamedenal transplant
patients. Thus they may have been confoundedh®r dpid influencing variables,
such as the underlying disease process, co-moobidittons and concomitant
medications (360;361Pver more recent years, conflicting data has beeduyzed

from several prospective studies, indicating th&ti@ay actually improve the lipid
profile by increasing HDL and lowering the TC:HD&4tio (362;363). In 2005, a large
study involving 15,004 participants demonstratdtedences in the lipid profile in
patients receiving GCs according to their age (3&4). In patients over the age of 60,
GC use was associated with higher HDL and Apo-Aglk and lower TC:HDL and
ApoB:ApoA-I ratios. No association was noted betw&€ use and HDL levels, TC
levels or TC:HDL ratio amongst subjects below tge af 60. A potential limitation of
this study was the difference in the indication®Z use between the age groups, and
thus the underlying effects of the individual dse@rocesses on the lipid profile.
Unsurprisingly, studies assessing the effects o GiClipid metabolism in healthy
individuals are sparse. A small study on 8 normadépmic healthy men treated with
prednisolone for 14 days demonstrated a significemnease of VLDL-TG, VLDL-
cholesterol, HDL-cholesterol, Apo A-l and ApoE, witormalisation of the lipid profile
to baseline levels two weeks after discontinuatibprednisolone (365). A further study
on eight normolipidaemic healthy men examined #tationship between GC exposure
and HDL sub fractions (366). This demonstratedpédrahange in the lipid profile
following initiation of 30mg oral prednisolone, Witlevations seen in HDL within two
days of commencement. Within the HDL subclassese@idsure induced
redistribution of HDL particles, resulting in inased levels of HDL2 and a reduction
of HDL3.

Currently, only 8 papers have mentioned the effetGCs on the lipid profile in RA.
However, the majority did not set out to assessrtlationship as their primary
objective. Thus, the number of patients included tere actually receiving GCs in the
majority of studies was very small. The resultsaie of the studies may also have
been affected by potential confounders, such asuroent changes in DMARD therapy
(367). The largest and most robust study to commerthe effect of GCs on the lipid

profile was reported by Boers et al (368). This waandomised controlled trial in
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which 76 RA patients were randomised to take coatlon therapy of methotrexate
(stopped at 40 weeks), sulphasalazine and a regldoise of prednisolone (initially
60mg/day prednisolone, tapered in 6 weekly steffsdmg/day and stopped after 28
weeks) and 79 RA patients who were allocated te saliphasalazine alone. Both arms
of the study were well matched according to ageeaie duration and disease activity.
The study reported a significant increase in TCldbd. levels, and a reduction in the
TC:HDL ratio in both study arms. However, the ¢geshimprovements were observed
in the combination therapy arm, with the correct¥iect on the lipid profile occurring
far more rapidly. The lipid changes were far magaigéicant in the combination therapy
arm up until 28 weeks and then all lipid parametetsrned to levels similar to those
seen in the sulphasalazine only arm. Thus indigahat the changes in the lipid profile
may be more specific to GC use (stopped at 28 Weaktser than the additive effects of

the 3 combination therapy drugs.

In RA, the limited available data addressing tHatienship between GC exposure and
the lipid profile, demonstrate a corrective effeatthe altered lipid profile seen in
active RA. The most widely reported changes incladéncrease in both TC and HDL
levels (363;369;370). However, HDL appears to iaseeat a proportionately higher
rate compared to TC, thus generating a more fabdeietherogenic index (121). Much
of the witnessed ‘normalisation’ of TC and HDL l&vevith GC use in RA has been
attributed to the suppression of disease actitityugh their anti-inflammatory actions
(121,;368). Data produced regarding changes ineMél$ is not so clear and has only
been specifically looked at in 3 out of the 8 stisddentified. Although two studies
have shown an increase in TG levels with GC us#;{#8;371), another study failed to
demonstrate any change (367). This discrepancyteaaytributed to differences in the
populations studied including disease charactesistirug use, and the power of the
individual studies. Further large studies are negLiin order to fully elucidate the
effects of GCs on TG levels.

All studies demonstrating the effects of GCs onlighid profile in patients with RA are

summarised ifable 1.4
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Table 1.4: Studies assessing the impact of GC usethe lipid profile

A

Study Number of patients Other drugs used F/U Pati& details Lipid changes
Garcia-Gomezet al 65 RA on pred/methylpred | DMARDs N/A Age 60 yrs Predt HDL
Eur J. Clin Invest 2008 13 RA controls not on pred| Anti-TNF therapy DD 13 years
(369) Female 100%
Hafstrom et al 67 RA DMARDs 5yrs Age 52 Predtr TC
J. Rheum 2007 (370) Randomised to 7.5mg pred

(n=34) or no pred (n=33)
Peters et al 80 RA Infliximab 48 wks | Age 56 Predt TC and HDL levels and
Ann rheum dis 2007 (372)| (35 on pred) DD: 10 yrs TC:HDL ratio

Female 77 %

Desseil et al 92 RA At enrolment 17 patients | 6 m Female 80% No changes in LDL, HDL or TGs
J.Rheumatol (37 previously on pred, 18 | taking DMARDSs,by Age 56 yrs
2004 (367) currently on pred 4mg) completion 84 patients on DD: 11 yrs

No controls DMARDs
Boers et al 155 early active RA Patients randomised to | 56 wks | Age 50 yrs + TC, HDL and!
Ann rheum dis 2003 (368) either MTX& SLZ & pred DD: 4 months TC:HDL ratio in both group but

(76) or SLZ alone (79) Female 59% greater in combination therapy group.

Desseil et al 79 RA (10 on pred) Median dose of pred 5 mg  N/A Age 52 yrs No significant differences between R
Arthritis res 2002 (373) 39 age/sex matched OA Female 83% patients taking and not taking steroid

controls (6 on pred) DD: 8.5 yrs
Wallace et al 108 SLE, 47 RA HCQ N/A Age 46.6 yrs Pred alone have TC, HDL and TG
Am J med (14 HCQ, 8 pred, 4 HCQ & but! LDL compared to those not on
1990 (371) pred, 21 neither drug) treatment.
Svensol et al 33 (only 4 treated with just | Pred & AZA or Pred & 9 mths | Age 49 yrs 1t TC, TG, HDL and LDL in all groups

Arch intern med 1987 (148

) pred)

cyclo or Pred alone

including pred only arm.

D

TC: total cholesterol, TG: triglycerides, HDL:higlensity lipoproteins, LDL: low-density lipoproteir8red: prednisolone, MTX: methotrexate, SLZ: sakdiazine, methylpred:

methylprednisolone, AZA: azathioprine, anti-TNFtigmmour nerosis factor, HCQ: hydroxychloroquingclo: cyclophosphamide, OA: osteoarthritis, SL¥Stemic lupus erythematosus, DDy

disease duration, RA: rheumatoid arthritis, DMARDisease modifying anti-rheumatic drugs
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1.13.2 Hydroxychloroquine
Hydroxychloroquine (HCQ) is an anti-malarial medioca that also exhibits disease
modifying and anti-inflammatory actions when présed for RA or SLE. In the
1980’s, Beynen noted a reduction in cholesterotis®gis with low dose chloroquine
(374). A subsequent study by Svenson et al, aoefirthese initial observations and
demonstrated reductions in cholesterol and TG $ewelhose prescribed chloroquine
(148). In the 1990’s Wallace et al carried outugtto assess whether HCQ exhibited
similar lipid lowering properties as its parent glirehloroquine (371). The study
involved 150 patients with RA or SLE who were ramiged to take HCQ alone, GCs
alone, HCQ and GCs, or no drug. HCQ use resultadr@duction in cholesterol, LDL
and serum TG levels, which appeared to be indepgrdehanges in weight and diet.
Later studies demonstrate that HCQ produces atbssogenic lipid profile, by

increasing HDL levels by approximately 15% (375).

The mechanism underlying the lipid lowering effeat$1CQ and chloroquine are still
disputed. However, some plausible modes of actaue lbeen described in studies
analysing the interaction of chloroquine. Potentasons include: 1) via the inhibitory
actions on VLDL secretion by the liver (376) 2)iimition of cholesterol synthesis by
blockage of a site distal to hydroxymethlyglutacgenzyme A (HMGCoA) reductase
(377)3) inhibition of proteolysis of internalise cholestl esters leading to increased
LDL receptor values (374;378).

1.13.3 Ciclosporin
Since the first reported use of ciclosporin A (Cy&) the management of RA in 1979
(379), the drug has been used widely both as meraply or in combination with other
DMARD therapy, such as methotrexate (380;3&hronicCyA administration has
been shown to adversely affect the lipid profilewdver, much of this data has been
generated from small studies on transplant pati@&2;383). A study of 65 post renal
transplant patients demonstrated elevations in AidGL¢(a) levels, and suppressed
HDL levels in those treated with CyA monotherapynpared to azathioprine and
prednisolone (384)he reduction in HDL levels may be explained byititebitory
actions of CyA on ABCA1-mediated lipid efflux (38®)espite these findings in
transplant patients, further studies are requineabidress the potential effects of CyA

on the already altered lipid profile seen in RA.
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1.13.4 Gold
Gold is one of the oldest treatments for RA, and fat used in the late 1920s (386).
Its use has diminished over recent years with tivert of newer more effective
DMARDs and biologic therapies. Gold therapy has yrealverse effects including,
dermatitis, stomatitis, post injection reactionseimaturia, and proteinuria. However,
not much has been reported about its effects ohptiaeprofile. Munro et al reported
that gold use may have the net effect of produaingpre atherogenic profile by
increasing TG levels and reducing HDL levels (3T™).further studies have directly

looked at the influence of gold on lipid levels.

1.13.5 Non Steroidal anti-inflammatory drugs
NSAIDs are widely used in RA for symptom controbwkver, their use has been
associated with an increased risk of CVD in theegalnpopulation (387). Several
mechanisms are thought to contribute to the inea&VD risk found in association
with NSAID use, including enhanced thrombosis degaed blood pressure (388). To
date, no associations have been found between NSS&dD the lipid profile.

1.13.6 Anti-Tumour necrosis factor
The identification of TNFa as a key cytokine in the pathogenesis of RA haslted in
the development of specific biologic therapies giesd to target TN with the net
effect of inhibiting its inflammatory propertiesd2). The introduction of anti-TNF
agents in the year 2000, has revolutionised tlarntrent of RA with better disease
control and dramatic improvements in quality o I{B90).Despite the overwhelming
benefits of anti-TNF therapy, a number of complaag and adverse effects have been
noted (391). By far the most common complicatioauti-TNF therapy is infection
(392). However, there is expanding evidence t@ssgthat these agents may also
interact with other metabolic parameters, sucthagipid profile (165). At the time of
commencing this PhD only three anti-TNF agents Wieemsed for use in RA
(Infliximab, Adalimumab, and Etanercept), thus rhgdis will focus on these. ltis
important to note that during the course of my RWD newer ant-TNF agents have also

been licensed for use (golimumab and certolizumab).

61



The structure and mode of action of the origineé¢hanti-TNF agents varies.
Infliximab is a chimeric monoclonal antibody, adalimab is a fully humanised
monoclonal antibody and etanercept is a soluble FiNfeceptor fusion protein. The
underlying characteristics of these molecules nelgdy to their mode of action and
effects on the lipid profile.

Currently, 17 studies have attempted to addressrtpact of anti-TNF agents on the
lipid profile. Overall, the studies recruited relatively smalldstpopulations and had a
short duration of follow up, with several studiegyolooking at a handful of patients
over a 6 week period (393-395). The largest stuydiishida et al, enrolled 97 RA
patients who were prospectively followed up forehry(396). The study was limited by
the lack of a control group, and the data it prediavas very focused, reporting only
changes in HDL and TC. Twelve of the seventeeniesudid not include a control

group for comparison.

Multiple studies have produced information on thersterm effects of anti-TNF
agents on the lipid profile (397-399), but there walatively few addressing the longer
term effects (372;400)n the short term studies, duration of treatmengeal from 6
weeks to 6 months, and the majority only assessedftects of infliximab
(397;398;401)Irrespective of their duration, these studies destrate similar findings
with a universal increase in TC, and a large prijporconfirming an increase in HDL,
but no overall change in the atherogenic index AL ratio). Although TG levels
were not looked at in all studies, the availabledands to show an increase in TG
levels up until 6 months in patients treated withiximab (397). Saiki et al, have
shown the most convincing evidence of a relatignsletween anti-TNF and an
increase in TG levels (402). The study compareca@€ TG levels amongst 32 patients
with refractory RA treated with infliximab, to 3@ and sex matched control patients
with active RA treated with methotrexate over a Gthgeriod. A significant and
persistent elevation in TG levels was observed foeeks in the infliximab arm, but
no change was seen amongst those treated with trestate, thus indicating that
changes in TG levels are likely to be due a driggic mechanism rather than a

‘blanket’ anti-inflammatory effect.
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Published data regarding the effects of the otleranti-TNF drugs is limited. The
short term effects of etanercept and adalimumale baly been studied in two studies
(213;399). However, due to study design and smatilrer of patients enrolled, they
only reported on the generic effect of anti-TNFtbe lipid profile rather than the effect
of the individual drugs. Seriolo et al, reportechiéar findings to the studies performed
solely on patients receiving infliximab (increased and HDL) (213), whereas the
other study reported no effect of anti-TNF on tpéallprofile . A further study has been
published addressing the effects of adalimumathernipid profile, during a 1 year
follow up period (403). At the 1 year follow up itjghere was a significant sustained
increase in HDL levels and a reduction in Lp(akglevThe effect of etanercept and
adalimumab on the lipid profile needs to be addr@ss further large scale studies,
particularly as differences in their molecular sture, mode of action and half life may

alter how they affect the lipid profile.

The effects of anti-TNF therapy on Lp (a) levelsevaddressed in only

four studies (213;393;399;403). Only one study destrated a significant change in
Lp(a) levels (403), with Lp(a) levels found to de&se during the 1 year follow up
peroid. Interestingly, this was the largest offihr studies (n=50 patients), therefore it
Is possible the negative findings reported by tieothree may have been due to a lack
of power. Unfortunately, two of these studies afttad to look at the effects of all three
anti-TNF agents, thus making the results difficalinterpret, as Lp(a) levels may be
affected differently by each TNF agent e.g. camogléach other out in the reported
results.

A summary of all studies addressing the effec@miF TNF agents on the lipid profile

in patients with RA is shown ihable 1.5.

1.13.7 Rituximab
Rituximab, an anti-CD20 monoclonal antibody, isdis®treat patients with active RA
unresponsive to DMARDs and/or one anti-TNF ageittidinab was originally
developed for the treatment of B cell lymphoma, lieg since been found to be
tremendously useful in other conditions including, Rvith significant reductions in
disease activity and functional improvement (39)4@4though rituximab is now
widely used, relatively little is known about thigeets of the drug on the lipid profile,

structure or function. To date, two small scalespextive studies reported the effects of
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rituximab on the lipid profile (405;406). The finsicluded six RA patients treated with
rituximab, for six months (405). The investigatogport minor lipid changes at 2
weeks. However, these are most likely to have logdurced by the concomitant
infusions of methylprednisolone (given to reduckesffects) rather than the rituximab
per se. The lipid profile returned to baseline andignificant differences were
reported after 6 months of treatment. However, stugly had a primary objective of
assessing endothelial function and not lipid patameand therefore it was unclear
whether potential confounders such as statin use ta&en into consideration. In the
second study, Kerekes et al demonstrated a mosesfet change in lipid levels (a
decrease in TC levels and an increase in HDL |@adler 16 weeks of treatment in 4
out of the 5 patients studied (406). Again thesdifigs may be as a consequence of the
IV methylprednisolone rather than the rituximab gerbut this is perhaps less likely as
the effects of methylprednisolone infusions aremfeen to wain after around 3

months.
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Table 1.5: Studies assessing the effect of anti-twur necrosis factor therapy agents on the lipid prole

Study Type of anti- | Number of patients | F/U Changes in lipid profile
TNF TC HDL TC/HDL TG Lp(a)
Wijbrandts et al Adal 50 RA lyr N/C 1 N/C N/C !
Ann Rheum Dis 2009 (403
Garces et al, Inflix 30 RA, 29 AS, 6 PsA 1yr
Ann.Rheum.Dis 2008 (407) Etan Inflix= 44 1 inflix N/C inflix N/S N/S N/S
Etan= 21 N/C Etan 1 Etan N/S N/S N/S
Nishida et al Inflix 97 1yr
Endocrine J 1 1 N/S N/S N/S
2008 (396)
Soubrier et al All Etan =6 14 wks
Joint bone spine 2008 (399) Inflix =11 N/C N/C N/C N/C N/C
Adal =12
Oguzet al Inflix 7 9 mths N/C N/C N/S N/S N/S
Acta Clin Belg
2007 (395)
Pope et al Inflix 55 55=6 mths
Ann Rheum Dis 2007 (165 31=1yr 1 1 1 N/S N/S
Peters et al Inflix 80 48 wks t at 6/t at 6]|tat 6
Ann Rheum Dis 2007 (121 weeks, by weeks, by weeks, by
48 weeks 48 weeks | 48 weeks N/S N/S
baseline | baseline |back to
baseline
Saiki et al Inflix 43 refractory RA 6 mths
J. Rheumatol 2007 (402) 32 age/sex matched t from 2 t from 2
RA controls on MTX weeks N/S N/S weeks N/S

32 healthy controls
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Tam et al Inflix 19 14 wks
Clin Rheumatol 1 1 N/C 1 N/S
2007 (397)
Allanore et al Inflix 59 refractory RA 30 wks
Clin Chim Acta 2006 (211) 56 RA controls not 1 1 N/C 1 N/S
on anti-TNF
Dahlqvist et al Inflix 52 RA on infliximab | 2 yrs 1 initial, tinitial,
Scand J Rheumatol (41 also MTX, then! by | then!
2006 (400) 13 other 70 early RA controls 6 month by 6 1 N/S N/S
DMARD month
28 Pred)
Kiort sis et al Inflix 82 6 mths
J Rheumatol 2006 (214) (50 = RA, 32 =AS) 1 N/C N/C 1 N/S
Seriolo et al All (plus| Etan = 16 48 wks
Ann NY Acad Sci 2006 MTX & pred) | Inflix = 14 1 1 N/C N/C N/C
(213) Adal =4
Spanakis et al Inflix 60 6 mths 1 (1 INE
J Rheumatol 2006 (401) (24=RA,26=AS, month 1 months) N/S N/S
10=PsA) only
Vis et al Inflix 69 6 wks
J Rheumatol 1 1 N/C N/S N/S
2005 (398)
Irace et al Inflix 10 6 wks
Atherosclerosis 2004 (394 ! ! N/S N/C N/S
Cauze et al Inflix 7 6 wks
Wien Klin Wochenschr N/C ! N/S 1 N/C

2002 (393)

Anti-TNF: anti- tumour necrosis factor, Inflix: lifimab, Etan: Etanercept, Adal: adalimumab, MT Xethotrexate, Pred: prednisolone, DMARD: diseaseifyiod anti-
rheumatic drugs, RA: rheumatoid arthritis, AS:Ardgihg spondylitis, PSA: psoriatic arthritis, wkseeks, mths: months, N/C: no change, N/S: not stiidie
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1.14 Lipid Metabolism and Genetic polymorphisms
In RA, lipid parameters may be altered as a corsmrpiof an increased prevalence of
SNPs known to regulate lipid metabolism in the gahgopulation. However, it is also
possible that the genes known to predispose toF®Agusceptibility genes) could also
either directly or indirectly (through their effeabn inflammatory parameters) alter
lipid parameters. This potential association igipalarly interesting in the light of 2
studies that have demonstrated changes in thedipide up to 10 years before the
onset of RA (122;123).

1.14.1 ATP binding cassette transporter gene (ABCAL) polymorphisms
The ATP binding cassette transporter protein iarily involved in the transport of
phospholipids and cholesterol from cells to inthatar acceptors, including lipid free
ApoAl. Polymorphisms of the ABCAL gene lead toraltiens in protein function. In
the most severe form, patients develop Tangieeades characterised by reduced HDL
in heterozygotes or clinically absent HDL in homgates (408). To date, a number of
SNPs have been identified and their association plasma lipid levels and
cardiovascular risk addressed in general populatodies (409-411). Patients carrying
the K allele of the rs2230806 (R219K) SNP appedretsignificantly protected from
developing CVD, and have been reported in a vagéstudies to confer lower TG
levels and higher HDL levels (412-414). Other pabdyphisms including the I1883M
(rs4149313) and V771M (rs2066)l8ave been associated with an increased CVD risk
(410;415;416), but demonstrate inconsistent effentspid parameters (417;418).
R1587K (rs2230808and E117200rs33918808) have also both been associated with an
increased CVD risk (410;419).

1.14.2 Cholesterol Ester Transfer Protein (CETP) Taqgl B polymorphism
CETP is key to the transfer of cholesterol estacstaglycerides between lipoproteins.
It aids reverse cholesterol transport and HDL madtaim by transferring cholesterol
esters from HDL to VLDL and LDL. Variations in CETevels can occur as a result of
a SNP in intron 1 of the CETP gene (TaqlB), locateachromosome 16. The presence
of a B2 allele confers lower CETP levels than trespnce of the more common B1

allele. Thus, patients homozygous for the B2 albdlen have significant elevations in
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their HDL-C levels compared to B1 homozygous pasi€d20). Based on these
findings, it is rather unsurprising that the BZ2klhas also been associated with a lower
CVD risk in the general population (421;422). A mxanalysis of 113,833 patients has
demonstrated further changes associated with tigethe B2 alleleincluding lower
CETP mass and activity, lower levels of LDL-C, apaBd TGs and increased levels of
ApoAl (423). Interestingly, the presence of thed@l2le may also enhance clinical
benefit from statin therapy amongst patients wigimiicant coronary artery disease,
with a net effect of reducing cardiovascular evé¢agsl). The worldwide frequency of
the minor allelgB2 allele)is 42%. This was reported to be identical amongst E

Asian and white populatior(g¢23). The genotypic and allelic frequencies of @€l P
TaqlB and the influence this may have on the Ignafile or CVD risk has not been
studied in RA.

1.14.3 Apolipoprotein E (ApoE) polymorphisms
Apolipoprotein E is a major component of VLDL arftytomicrons. It is essential for
the catabolism of TG rich lipoprotein constituerasd facilitates the uptake of VLDL
and chylomicrons into the liver (425). ApoE maytiar regulate lipid metabolism via
enhancing effects of LPL and HL (426). Three isoferof ApoE exist as a result of 2
SNPs, ApoE2, ApoE3 and ApoE4. ApoE3 is considegettha parent form, occurring in
more than 60% of the population (427) and the atlveras mutations. ApoE2 is
produced due to a base change (arginine to cy¥t@imesidue 158, whereas ApoE4 is
the consequence of a base change (cysteine torexgat residue 112. Such changes
alter the structure and function of the proteisuteng in a significantly reduced
binding affinity of ApoE2 to the liver receptors2@)), a subsequent delay in the removal
of dietary fat from the blood (429) and the devebent of type Il hyperlipidaemia
(430). ApoE4 predisposes to atherosclerosis throogthanisms that are still being
elucidated (427)However, some studies indicate that the lipoprodsiribution of
ApoE4 differs from the parent form, and that padesacontaining ApoE4 are prone to
catabolism, which ultimately leads to further atewns in lipoprotein metabolism with
the end result of increasing LDL, TC and TG le\dl31;432). ApoE polymorphisms
may also be partially accountable for variationsestsed in atherosclerotic plagques,
with differences being observed in carotid intimaeha thickness (433). The
prevalence and contribution of the ApoE genotypasé¢ development of CVD in RA

have not yet been studied.
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1.14.4 Lipoprotein Lipase (LPL) polymorphisms
The LPL gene is located on chromosome 8p22 aresjgonsible for the production of
the enzyme lipoprotein lipase. The enzyme playsyar&le in the mobilisation of non-
esterified fatty acids and monoglycerol molecutaseinergy utilisation and storage by
cells, via the hydrolysis of the triacylglycerolnosponent of VLDL and chylomicrons.
Thus, a deficiency of this enzyme can result imecumulation of both plasma
chylomicrons and TGs, as seen in the autosomassaeecondition —familial
lipoprotein lipase deficiency (434). To date sel/&MdPs of the LPL gene have been
associated with lipid abnormalities and CVD (43%ur SNPs including rs1801177,
rs268, rs328 and rs320 have been shown to signifycalter plasma levels of TG and
HDL (435). Several independent studies have demeatestan increased CVD risk with
LPL mutations (rs328, rs285) (436-438), and thsoamtion has recently been
confirmed in a large meta analysis (435). The H#S&ociation review and meta-
analysis demonstrated an increased odds ratio {@R)yocardial infarction and
coronary stenosis with G188E (OR=2.8), rs18011/R<0D33) and T-93G (OR=1.22).
However, the remaining four SNPs (rs268, rs285320s8328) analysed were not
found to associate (435). The frequency and impastich SNPs have not been
studied in RA.

1.14.5 Apolipoprotein (AL/C3/A4/A5) gene cluster
The long arm of chromosome 11 is home to the régyl@ene cluster that encodes for
proteins ApoAl, ApoC3, ApoA4 and ApoAb. Interestingiot only have the genes
responsible for these proteins been found to bsedlo their chromosomal proximity,
but the proteins produced by each gene have beew to have inter related functions
involved in the metabolism of TG-rich lipoproteiasd HDL (439;440), a phenomenon
that may be attributed to linkage disequilibriudpoALl is the main protein component
of HDL and plays an important regulatory role ineese cholesterol transport. ApoC3
Is found in association with VLDL and HDL, and panly acts as an inhibitor of LPL
(441), thus slowing the rate of catabolism of yraglride rich particles. Due to the
inhibitory effects of this protein, an inverse teaship between ApoC3 levels and TG
levels exists. ApoA4 is a major constituent of dmglcrons, and is thought to be
involved in TG metabolism (442), along with ApoA®3-445). An extensive array of
SNPs has been identified within the genes resplenfibthe production of each of

these proteins, which have been linked not onbltierations in lipid metabolism, but
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also to CVD. For example, around 20 SNPs of theA&pgene have been identified,
with around half of these found to be associateti disorders of TG metabolism (446),
and others associated with excess CVD risk (443;44t the purposes of this thesis |
have decided to assespoC3 (rs2854116), ApoA4 (rs675), ApoA5 (rs3135606
ApoC3 (rs2854116) is associated with HDL levelghwie presence of the C allele
shown to significantly reduce levels (448). The Agpb(rs675) is associated with an
increased risk of CVD(449), and apo A5 (rs31355%0i) significantly elevated TG
levels (450;451).

1.14.6 RA susceptibility genes
The aetiology of RA is multifactorial, however géndactors are known to play a
central role (see section 1.2.1). Numerous gepelymorphisms have now been
identified that are known to predispose to RA (Ri&ceptibility genes), however, for
the purposes of this thesis | will focus on onlyrfgusceptibility genes that have been
shown to confer the greatest risk (HLADRB1, STATRAF1C5, and PTPN22)
(13;17-19;21). To date, no studies have assessdthffact of RA susceptibility genes
on the lipid profile in RA. However, several of tR&\ susceptibility genes may
contribute to the excess CVD morbidity and moryalit RA (452;453).

1.15 Summary

RA is associated with an increased risk of cardsoudar morbidity and mortality.
Dyslipidaemia is a major CVD risk factor in the geal population, however, despite
the increased CVD risk in RA only limited data ¢giassessing the impact of chronic
inflammation and drug therapies on lipid levelsias structure or function.
Furthermore, RA is a condition with strong genettiological links, thus it is possible
that RA susceptibility genes also contribute torégulation of lipid metabolism in RA,
or that genetic polymorphisms known to regulat&llipetabolism in the general

population are more common in RA or have an altéradtion.
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1.16 Hypotheses

1)

2)
3)

4)

NCEP-defined dyslipidaemia is highly prevalent iA &d this translates
into increased CVD risk

Lipid levels, structure and function are affectgoslpstemic inflammation
The initiation of drug therapies, including GCs dmalogic agents, will
affect lipid levels, structure and function, thrbutgeneric” anti-
inflammatory actions or drug-specific effects quids

Lipid abnormalities in RA are, in part, geneticallgtermined

1.17Aims and objectives

1)

2)

3)

4)
5)

To assess cross-sectionally, in a large, well-chtarsed population of RA
patients the prevalence and associations of NCHRededyslipidaemia and
lipid levels with demographic, anthropometric, geneand RA disease-
related factors (including disease activity, séyeduration and therapy).
To assess cross-sectionally, how dyslipidaemiaArtrRnslates into CVD
risk and to establish whether this risk is managgoropriately with lipid
lowering therapy.

To assess, in a longitudinal cohort, the magnittideng and persistence of
changes of lipid levels, structure and functioiRidh patients in response to
treatment with potent anti-inflammatory agents (&gs and biologic
agents) and whether these are due to control lainmhation or drug-
specific effects.

To determine whether RA susceptibility genes infeeslipid levels in RA
To assess the prevalence and associations of ispgaifetic polymorphisms
known to influence lipid/lipoprotein metabolismRA patients and in local

general population controls.
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CHAPTER TWO: Methods

2.1  Study populations

In order to address all aims and objectives sewtualy populations were used. Aims
one and two were addressed using data from anliskd cross-sectional cohort of
400 RA patients. Aim one also used a previousliectéd biobank of samples from 437
local population healthy controls, to allow compan of the frequency of genetic
polymorphisms in healthy controls versus RA pateAims three and four were
addressed using a newly recruited longitudinal RAcct and healthy control
population. As patients in both the cross sectianal longitudinal arms of the study
were recruited from the same pool of RA patientsaged at the Dudley Group NHS
Foundation Trust (DGoH) there was a small degremveflap, with some patients
participating in both studie§ig 2.1). In addition, in order to address all aspectaiof
three in full, a further retrospective RA cohort5&0 patients was used in order to
assess the directionality of lipid changes in thietext of changes in systemic

inflammation.

Figure 2.1: The study populations

Cross sectional Longitudinal || Cross sectional
cohort study biobank

Retrospective
longitudinal
cohor

Whole RA
cohort

Prospective

Longitudinal : :
study RA populations Healthy control Populations

Similar data were collected for both the crossisaat cohort of 400 RA patients and
RA patients recruited into the prospective longiatistudy (n=72), thus allowing

extensive characterisation of RA and CVD statusn@graphic and anthropometric
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characteristics, details regarding RA disease, ipal&inction, co-morbid conditions,
drug use, CVD status, metabolic status, as wealbasne haematological, biochemical
and immunological blood tests). The only differencéhe data collected was that extra
blood was taken in the longitudinal cohort to allfmwmore in depth lipid studies

(lipoprotein structure and function- outlined bejow

2.1.1 Cross-sectional population
RA Patients: The Department of Rheumatology at DGoH has a kiageing interest in
the association of CVD with RA. A prospective cahar400 RA patients fulfilling the
1987 ACR criteria (6) was recruited from outpatielmics between 2004 and 2006. No
exclusion criteria were applied when recruitingti€tas were introduced to the study by
the lead investigator, outpatient nursing or mddstaff working in the department of
rheumatology at DGoH, and were provided with andst@ommittee approved patient
information leaflet. Informed written consent wakeén from willing participants prior
to data collection via one-to-one interviews, rgprective case note analysis, self-
administered questionnaires, physical examinatrwhfasted blood sampling. DNA
was collected on all patients for further analy8isummary of baseline characteristics

can be seen immble 2.1

All RA patients recruited in to the cross sectiostaldy were flagged by the Office for
National Statistics (ONS), thus allowing the caokdeath to be identified. At the time
of writing this thesis a total of 62 (15.5 %) RAtieats had died.

Healthy controls. A DNA biobank of 437 local general population cotd was also
available and was used for comparative studies @kisting healthy control population
was recruited from subjects attending for routiceening blood tests who had
previously consented to anonymously donate bloo®fA extraction for a similar
polymorphism study within the hospital. The onlhetinformation available on the

healthy controls was age and gender.

All data produced from this study were enterecian SPSS database to allow

subsequent data analysis.
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Table 2.1: Baseline characteristics of 400 crosses®nal RA patients

Variable RA (n=400)
Demographics

Age (years) median (IQR) 63.1 (55.5-69.6)
Gender (female) n(%) 292 (73.0)

Disease Characteristics
Disease duration median (IQR) 10 (4-18)
ESR (mm/Hg) median (IQR) 21 (9.3-37)
CRP (mmol/L) median (IQR) | 8 (5-20)
HAQ median (IQR) 1.5 (0.6-2.1)
DAS28 mean + SD 42+14
CVD risk factors

Smoking status n(%)
- Never | 176 (44)
- Ex 151 (37.8)
-Current | 65 (16.3)

Diabetes n(%) 28 (7)
Hypertension n(%) 223 (56.9)
BMI (kg/m?) mean + SD 27.8+5.0
Medications

Methotrexate n(%) 225 (56.3)
Sulphasalazine n(%) 118 (29.5)
Hydroxychloroquine n(%) 80 (20)
Leflunomide n(%) 16 (4)
Anti-TNF n(%) 46 (11.5)
Prednisolone n(%) 131 (32.8)
Statins n(%) 83 (20.7)
Antihypertensives n(%) 171 (42.8)

IQR: interquartile range, SD: standard deviatiocBRE erythrocyte
sedimentation rate, CRP: C-reactive protein, DASeake activity
score, HAQ: health assessment questionnaire, Bbdly Inass
index, Anti-TNF: anti-tumour necrosis factor




2.1.2 Prospective longitudinal study population
A new cohort of RA patients was established that felowed longitudinally, at
baseline (before drug commencement), 2 weeks, andr3hs (post-treatment). RA
patients (fulfilling the 1987 ACR criteria) (6) wiveere due to commence treatment
with IV GCs, anti-TNF therapy or rituximab as paftheir routine management (RA
intervention group), were identified from routirffeeumatology outpatient clinics and
specific biologic clinicdeld at DGoH. In total, 12 patients receiving G&Sreceiving
anti-TNF and 10 receiving rituximab were recruited.
Two control populations were recruited in paral{&é) 15 RA patients on stable
DMARD therapy were recruited from routine outpatielnics (RA controls); (2) 40
healthy control (HC) subjects were recruited fronsital staff and their family
members. Of the 15 RA controls only 10 attendedb#ibw up visits, due to changes in
their medication which would have confounded trsiits. RA patients were excluded
from the study if they were participating in otlwetervention studies or had received
GCs in the previous 3months. Patients were intredue the study by the lead
investigator, outpatient-nursing or medical stafirking in rheumatology at DGoH. All
potential participants were provided with a patiefdrmation leaflet, which had
received prior ethical approval from the Black Coymesearch ethics committee.
Patients were given a minimum of 24 hours to caerdide information prior to being
contacted either directly or via telephone to d&hlwillingness to participate. Willing
participants were provided with a suitable morrapgointment (8am-10am) to attend a
research clinic, where informed written consent te&en prior to commencing
assessments. All patients were advised to attendghointment in a fasted state (12
hour overnight fast). Data were collected in amta&l manner at each visit. Data were
obtained via face-to-face interviews, retrospectiase note analysis, self completed
questionnaires, physical examination, fasted bkaudpling. The baseline

demographics of the longitudinal population arevaian table 2.2
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Table 2.2: Baseline demographics of longitudinal RARA intervention and RA

controls) and HC population

RA (n=72) HC (n=40) P value
Age (Years) mean + SD 55.11+14.15 48.6t 11.35 0.011
Female sex n(%) 50 (69.4) 31 (77.5) 0.217
BMI (kg/m?) mean + SD 28.83+5.64 | 27.5%574 | 0.239
Smoking status n(%)
Current 13 (18.6) 1(2.5)
Ex-smoker 24 (34.3) 4 (10.0) 0.001
Never 33 (47.1) 30 (75.0)
ESR (mm/hr) median (IQR) 23.5 (10-40.5) 6 (2-9) | <0.001
CRP (mg/L) median (IQR) 9 (2.9-22) 1(1-3) <0.001
Diabetes n(%) 3(4.2 0 (0) 0.227
SBP (mmHg) mean + SD 130.49+ 14.8 | 123.0% 12.81| 0.014
DBP (mmHg) mean + SD 79.53+9.59 | 78.16:10.34 | 0.497
IR n(%) 35 (43.2) 10 (25) 0.010
IQR: interquatrtile range, SD: standard deviatiolllBoody mass index, ESR:
erythrocyte sedimentation rate, CRP: C-reactivegmpSBP: systolic blood pressure,
DBP: diastolic blood pressure, IR: insulin resistan

2.1.3 Retrospective longitudinal RA cohort

550 RA patients were identified from a departmed&tbbase of 1138 RA patients

fulfilling the 1987 ACR criteria (6), following aetrospective review of all blood lipids

and inflammatory markers (CRP and ESR) recordedunrelectronic hospital database

from February 2004 to December 2007. Patients dezlun this retrospective cohort

had lipid profiles and simultaneous CRP and ESRsassents on at least two

occasions. The number of simultaneous recordiripios and inflammatory markers

per patient ranged from 2 to 9. These data were tosanalyse the impact of systemic

inflammation on the individual components of thgdiprofile and lipid ratios over

time. The only other data available on these pti@ther than lipid parameters and

inflammatory markers) were age and gender.
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2.2  Ethical approval
The Dudley Local Research Ethics committee graateital approval for both the
cross-sectional and longitudinal components oftthesis in June 2004 and Feb 2008,

respectively.

2.3  Clinical history

2.3.1 Demographic characteristics
Demographic details were recorded including: thigepgs’ unique hospital number,
date of birth, gender, ethnicity, and geographacah inhabited (as defined by

postcode).

2.3.2 RA characteristics
Year of diagnosis. This information was taken from the medical notesd was
represented by the date diagnosed to have RA blyaigian rather than onset of
symptoms

Extra-articular manifestations. The presence of extra-articular manifestations was
establishedboth from the clinical history and case note arialyBhe features of extra-
articular disease recorded included:

* Sicca symptoms

» Serositis

* Inflammatory eye disease

* Rheumatoid nodules

e Systemic vasculitis

* Nail-fold vasculitis

e Pulmonary fibrosis
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2.3.3 Drug history
A full drug history was taken from all patientsit@lude past and present medication

use.

Previous DMARD use

A full history of DMARD, biologic and oral GC useas obtained from the medical
notes. Due to the complexity of non-RA drug prdsiog, particularly as this is
predominantly co-ordinated by general practitioness did not attempt to record this.

Current drug use

For each patient a list of currently prescribed iwa&ttbns was compiled, including
dosage. This included RA medications (such as tenviglal anti-inflammatory drugs
(NSAIDs), cyclo-oxygenase (COXII) inhibitors, DMARDbiologics and oral GC use),
anti-hypertensive medications (grouped into classesugs e.g. calcium channel
blockers), lipid-lowering agents (statins and fibs, diabetic medications, thyroid

medications and “other” medications.

8.24 Previous cardiovascular history
Family history
All patients were asked about a family history &Cand CVD risk factors in first-
degree relatives. Although we strove to record eateudata (e.g. age of relative at first
cardiac event), this information was dependantromdividual’s recall of events. No

attempts were made to verify this data.

Personal History

All patients were questioned and notes scrutinisezstablish details of a personal
history of cardiac events, including cardiac inigegions (24 hour cardiac monitoring,
echocardiography, nuclear cardiology, angiograpigitglasty, exercise tolerance

tests), and the presence of all cardiac risk factor
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2.4  Clinical assessments
At each visit, patients underwent a number of chhassessments. All patients had
basic anthropometric measurements including:

* Height

*  Weight

* Body mass index (BMI)

* Body composition (measured by a TANITA BC-418 asaly
A range of other validated assessments were thehtogecord details of general well
being, disease activity, degree of pain, disabditg physical activity. These methods

are described in more detail below.

2.4.1 Disease activity score
The complexity of RA has led to difficulties in d@hg ‘active disease’, due to the
large number of clinical and laboratory variablesttneed to be taken into
consideration. The demand for a reliable validatedito assess disease activity
increased with advances in drug therapy, bothawige an end point in the commercial
trial setting, and also at a clinical level to asseesponse to treatment in a standardised
manner. Attempts to produce a validated tool baguhe early 1990’s, with a search
for potential activity measures that fulfilled miple validity checks. A method of
scoring disease activity was developed, and wastbas observed differences in
clinical and laboratory variables amongst patievit® were classified as high or low
disease activity (based on blinded clinical treattkecisions e.g. low disease activity -
if treatment with DMARDs remained the same or isvtopped) (454). Factors found
to reliably associate with the physician’s treattragcisions included number of tender
joints, number of swollen joints, assessment okgarealth and erythrocyte
sedimentation rate (ESR). A formula was then dérieegive a score, with higher

scores reflecting more active disease and loweaesdess active disease.

The original disease activity score underwent frtinodification to provide a
simplified version that could be incorporated indatine clinical practice (the DAS28)
(455). The current DAS 28 includes a 28 joint assest for tender and swollen joints,
an ESR level and a patient completed visual analsgale of well-being.

These factors are then added to a validated fortoydaoduce a score:
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DAS28 = 0.56 * sqrt(tender28) + 0.28 * sqrt(swoll&z8) + 0.70 * In(ESR) + 0.014 *
GH

Although other methods of assessing disease activiv exist e.g. ACR (456) and
European league against rheumatism (EULAR) (45@pted to use the DAS28 to
assess disease activity amongst the RA patienl3A&28 is now widely used

throughout the world in RA clinical trials, andtime UK it has formed the basis of

eligibility criteria for biologic therapies (458).

2.4.2 Health assessment questionnaire
The Stanford health assessment questionnaire (H&9Q)(s a standardised validated
self reported questionnaire, that is widely useth@rheumatological community to
assess functional status. The questionnaire wgmally designed to assess five
specific outcomes related to RA: (1) disability) (Bscomfort and pain; (3) drug side
effects; (4) costsf care; (5) mortality. However, completion of theginal
questionnaire was time consuming and impractibal prompting the development of
a simplified shortened version of the HAQ. In 19d6van et al produced a modified
version solely concentrating on disability and paind validated it for use in British
patients with RA (459). Kirwans’ version of the HAGas used in this study to provide
a score relating to the patients functional stalihe. score is derived from 20 questions,
relating to eight aspects of daily living includidgessing and grooming, arising, eating,
walking, hygiene, reach, grip and errands and tds&sh question has four possible
answers based on a Likert scale ranging faeithout any difficulty’ to ‘unable to do’.

2.5 Classification of dyslipidaemia

Several methods of classifying dyslipidaemia haaenbdeveloped. One of the earliest
classification systems described by Fredericksai @60) in 197 vas primarily

based the pattern of lipoproteins on electrophsresultracentrifugationTiable 2.3.
However, this classification system has severatditions, particularly in the context of
RA as it does not account for changes in HDL, and eesult its use is diminishing.
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Table 2.3Frederickson’s classification of dyslipidaemia

Hyperlipoproteinaemia | Associated clinical disorder | Appearance Elevated Serum Serum
of serum particles TC TG
Type | LPL deficiency Creamy top | chylomicrons
ApoC-II deficiency layer - [
Type lia Familial hypercholesterolaemia, Clear LDL
Polygenic
hypercholesterolaemia, 1 -
Nephrosis,
Hypothyroidism,
Familial combined
hyperlipidaemia
Type lIb Familial combined Clear LDL, VLDL
hyperlipidaemia 1 1
Type lli Dysbetalipoproteinaemia Turbid IDL 1 1
Type IV Familial hypertriglyceridaemia Turbid VLDL
Familial combined /1t 11
hyperlipidaemia,
Sporadic hypertriglceridaemia
Diabetes
Type V Diabetes Creamy top, chylomicrons
turbid bottom 1 11

TC: total cholesterol, TG: triglycerides, LPL: lipmtein lipase, ApoC-Il: apolipoprotein C-II, LDlow density lipoproteins,

VLDL: very low-density lipoproteins, IDL: intermedlie density lipoproteins. = increased- = normal 1 t = greatly increased

—/t=normal or increased
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Although a number of other classification systeragenbeen developed (118;461), for
the purposes of this study dyslipidaemia was diasisaccording to the more recently
developed and widely used NCEP ATP lll criteria8LIThe NCEP criteria define
dyslipidaemia as one or more of the following ding lipid lowering therapy:

* TC=6.2 mmol/L

* LDL-C 24.13 mmol/L

* HDL-C <1.03 mmol/L

e TG=21.7 mmol/L

2.6 Blood sampling and storage

All blood samples were obtained following an ovghtifast, between 8.30 and 10.30
am. Prior to venopuncture, patients were restedraclining chair. The skin was
cleaned with a sterile wipe and a tourniquet apiphemediately before commencement
of the procedure. The blood samples were obtdiyadserting a butterfly needle into

a vein located in the anterior cubital fossa offghgent’s arm. The needle was
stabilised to minimise patient discomfort and &ié ¢tollection of multiple samples.
Blood samples were then collected into vacutainlees and immediately taken to a
single laboratory in DGoH for further processing@uine haematological and
biochemical tests were performed on the fresh sasrthpe same day. Further blood
collected in EDTA vacuette® tubes underwent cemgation to separate the plasma and
serum, prior to storage at 8D These samples were later used for the lipidyaeal
(separation of lipoproteins, protein and choledtguantification, oxidation and
nitration). Each sample was only exposed to deifigeze/thaw cycle to minimise the

risk of corrupting the samples.

2.7 Laboratory quality control measures

With the exception of the functional lipid assagit biochemical analyses were
performed in a single laboratory at DGoH. The labany is subject to rigorous internal
and external quality control performed on all asahg to ensure the highest degree of
accuracy with all tests performed. Internal quatintrol is performed daily by
laboratory staff and external quality control fogtntly by the Welsh External Quality

Assurance Screen (WEQAS). The functional lipid gsseere performed in a single
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laboratory at Aston University, Birmingham, withrsiar quality control measures.

Samples were transferred between laboratoriesyiteito minimise risk of thawing.

2.8 Routine blood tests performed on all patients

The routine blood tests outlined below were perfedron all patients from both the
cross sectional and longitudinal study arms. Irdilii methods for all haematological,
biochemical and immunological blood tests are deedrinAppendix 1: Laboratory

methods.

2.8.1 Haematology tests
These included both routine haematological varsaffidl blood count (FBC),
erythrocyte sedimentation rate (ESR), serum fegrititamin B12 and folate levels) and

coagulation factors (INRibrinogen and von Willebrand factor (VWF)).

2.8.2 Biochemistry tests
These included: glucose, insulin, calcium, phosphatea, creatinine, sodium,
potassium, alkaline phosphatase, alanine trangfea#isumin, thyroid stimulating
hormone (TSH), complement levels (C3 and C4), aeid levels, CRP, serum amyloid
A (SAA), serum angiotensin converting enzyme (AQE, total iron binding capacity

and homocysteine levels.

2.8.3 Immunology tests
Autoantibodies tested for included: RhF, anti-C&®RJ anti-nuclear antibodies (ANA).
For each of these autoantibodies the titre wasdedoand the patient was classified as

being ‘positive’ for the antibodies according te tlocal specific cut-off values.
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2.9 Lipid assessments

2.9.1 Thestandard lipid profile
The standard lipid profile was analysed using aogi® chemistry system. TC, TG, and
HDL were analysed using multi-layered slides, wherapoA and ApoB were measured
using a dual chamber package (both techniquesesided in more detail in
appendix 1). LDL levels were calculated using the Freidewaltnula:

LDL = TC — HDL — (TG +5)

Lipoprotein a levels were measured usanigirbidmetric immunoassay kit. Samples
were mixed with a buffer and anti-human Lp(a) amdiles. As Lp(a) joins with the
antibodies, it yields an insoluble aggregate thates increased turbidity. The degree of
turbidity was then measured optically using Kon&/4® analyser and is proportional

to the amount of Lp(a) in the sample.

2.9.2 Isolation of LDL
The methods used to isolate LDL were based on rdsthreviously described by
Chung et al (462). Whole blood collected in an EDTBe was centrifuged (2000rpm)
at &C for 10 mins to separate out the plasma. Potasisiomide was then added to the
plasma in order to raise the density of the satuéind allow the lipid fractions to later
separate into distinct bands. The potassium brof@id&24g) was added to each bijoux
before 1.5ml of plasma was pipetted in to dissdleempletely. This solution (1.5ml)
was then placed on a mixer for 10min. Followingthihe potassium bromide solution
(1.5ml) was pipetted into a 4.7ml centrifuge tubptiseal) and the tube was filled to the
brim with 0.15M sodium chloride (density 1.006g/n@nce full, the tubes were sealed
and placed in a TLA-110 fixed angle rotor beforelengoing ultracentrifugation at
100,000rpm for 180 mins at 4B using a Beckman optima XP benchtop ultracentifuge
On completion of ultracentrifugation, two distirsttspended light yellow bands and a
yellow solution at the bottom of the tube wereblisi The top suspended light yellow
band should be LDL and the bottom suspended band (d€e figure 2.2 The
lipoprotein bands have been stained with sudarklitadhe purpose of clarity of the
figure). The LDL was collected using a sterile rleeathd syringe. The distribution of

lipid fractions was validated using gradient gelotfophoresis.
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Figure 2.2: Separation of lipids by density gradietultracentrifugation

All lipoprotein fractions then underwent a procegslesalting using Econo-Pac 10DG
columns (BIO-RAD). The columns were washed with 26hphosphate buffered
saline (PBS) prior to introducing the sample. Tamgle (3ml) was then introduced to
the column. PBS buffer (4ml) was then pipetted th®column while the lipoprotein
fractions from the column were collected into indial bijoux. These samples then
immediately underwent further processing to anallgegorotein content of the

lipoprotein fractions (described below).

2.9.3 Protein quantification of isolated LDL
The protein content of LDL was quantified usingi@rxhoninic acid protein kit assay.
The bicinchoninic acid (BCA) working reagent wasguced by mixing BSA with 4%
copper sulphate solution in a 50:1 ratio until #&arm pale green solution was
producedStandards were prepared using 1mg/ml bovine seliouman made up to
serial dilutions of 0, 200, 400, 600, 800 and 1Q90mI. 1Qul of each diluted standard
were transferred to a 96 well plate in triplicatel 20Qul of BCA working reagent
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added. Samples were prepared in a similar mannigr 1@ul of each sample (diluted
LDL) plated in triplicate and 2Q0 of the BCA working reagent added. Samples and
standards were then incubated for 30mins at roompéeature (2%C). The absorbance
of each well was measured using a spectophotorogtiete reader at 562nm. The
protein concentration of each sample was deternbgezbmparing the absorbance of
the unknown samples to the standard curve prepssiad the bovine serum albumin
standards.

2.9.4 Quantification of LDL and HDL subclasses
The separation of HDL subclasses (HDL2 and HDL33 marformed using a single
precipitation method (463). This method allows slraultaneous precipitation of apoB
containing lipoproteins and HDL2. A combinationha&parin (1.4mg/ml), magnesium
chloride (16.4mg/ml) and dextran sulphate (2mgin@je added to 0.3 ml of serum.
These reagents were then mixed and left at roompéeature (2%C) for 30mins, prior
to being ultracentrifuged at 10,000 rpm for 10mahg’C. Following
ultracentrifugation an aliquot of supernatant vaeh for HDL3 measurement
(performed on vitros chemistry machine). The meagswalue of HDL3 was then
multiplied by 1.2 to correct for reagent dilutidrhe value of HDL3 was then subtracted
from the total HDL level (as measured on the vithemistry system) to give the value
of HDL2.

Although LDL can be divided in to a number of s#sdes, it is the small dense type
that appear to be the most clinically relevant laade been linked to atherosclerotic
disease (464). Thus levels of small dense LDL (ddLere quantified using the s
LDL-EX “SEIKEN” test, on our konelab machine. Thesay consisted of two steps.
First the non-sdLDL lipoproteins were decomposeda Isyrfactant and
sphingomyelinase. The cholesterol released fronméimesd LDL lipoproteins is then
degraded to water and oxygen by the action of eesyim the second stage, a further
surfactant releases cholesterol from sdLDL paricléis cholesterol is then subjected
to enzymatic reactions, resulting in the developnoéa purple-red colour with the
coupler in the presence of peroxidase.

86



2.9.5 Oxidation and nitration of LDL

The proportion of oxidised LDL was measured usinggazyme-linked immunosorbent
assay (ELISA). Blood collected in EDTA tubes wastcifuged to separate the plasma
fraction.Samples were diluted via a two-step dilution predesa final dilution of 6561
times, by adding 2§l of patient sample and 20Q0 of buffer, vortex-mixing, and then
repeating this dilution/mixing process. gbof each standard (containing varying
concentrations of human oxidised LDL), controlsntaaning a known amount human
oxidised LDL) and diluted samples were added tonbls of ELISA plates coated

with mouse monoclonal anti-oxidised LDL (mAb-4EBjto each well 100l of buffer
was added and the plates incubated on a platerstoakzhours at room temperature
(25°C). Each well then underwent a thorough 6 stagéiwggrocess involving
aspiration of the reaction volume, refilling of \ealith 350ul of wash buffer and
discarding the wash buffer solution, this proceas vepeated a further 5 times. After
the final wash, the plate was inverted over absdrpaper and tapped gently to remove
remaining fluid. A 10Qul of peroxidase conjugated mouse monoclonal ardBa(®
pug/ml) solution was added to each well, and theeglatcubated for 1 hour at room
temperature (Z&€) on a plate shaker. The 6 step washing processepaated to
remove all excess enzyme solution, prior to ad@@@ul of substrate 3,3',5,5'-
tetramethylbenzidine (TMB), and incubating (notls#rg for 15min at room
temperature (Z&). A stop solution (5@U) was then added to the wells to prevent
further reactions and the ELISA plate then shalkerlbmins to ensure mixing. The
optical density of the wells was read at 450 nnadrecan sunrise microplate reader
The results were calculated by plotting the abswrbaralues obtained for the
calibrators (excluding calibrator 0) against th&ded LDL concentration to construct
a calibration curve. The concentrations of the mstand unknown samples were read
from the calibration curve and the concentratioritiplied by 6561 to correct for

previous dilution.

The degree of LDL nitration was measured using gi$€lect nitrotyrosine ELISA kit
(cell biolabs, inc). This method allows the quaadifion of 3-nitrotyrosine in a protein
sample by comparing its absorbance with that af@n nitrated bovine serum
albumin (BSA) standard curve. pl0of the patient’s desalted LDL sample and nitrated

BSA standards were added to a nitrated BSA prebbda@nzyme immunoassay plate
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in triplicate, and were incubated at room tempeeatar 10 mins. Subsequently, 3®f

an anti-nitrotyrosine antibody was added and théeplas incubated for a further hour
at room temperature on a plate shaker. Each wallthen washed three times with
wash buffer to remove any excess antibody, pridhécaddition of 100l of a

secondary antibody-enzyme conjugate to all welte plate was incubated for a further
hour on a plate shaker at room temperature. Allstben underwent a further washing
stage, before adding 1j00of the substrate solution to each well. The plads then
incubated further prior to the addition of J0@f stop solution provided in the kit to
each well, and the absorbance of each microwatigoesad on a spectrophotometer at
450nm.

2.9.6 Functional lipid assays
LDL oxidation lag time analysis
Oxidation of LDLin vitro can be measured by the formation of conjugatededien
produced as a consequence of oxidation of polyuresed fatty acids (PUFAS). In
order to measure LDL susceptibility to oxidatiomIlLsamples were separated from
serum and desalted (as described in section 2 h2)protein concentration of each
sample was measured using the BCA method (previalesicribed in section 2.9.3)
and was standardised to a concentration of 50m&utdsequently, 9%0 of the protein
standardised patient LDL sample anqub6f copper chloride working solution (A1)
were added to a cuvette and pipetted up and dowee thmes. The samples were then
placed on a UVIKON spectrophotometer, and absodanalysed at 230nm for 200
minutes, with recordings taken every 5 minutes. fHaglings obtained from the
spectrophotometer were then converted in to a graptormat, the intercept of the

slope of the initial phase and the slope of thgpagation phase determined the lag time.

Dilox LDL uptake by U937 cells

The human monocytic cell line U937 were maintaimeRPMI 1640 media,
supplemented with 10% heat inactivated fetal bogeraim (inactivated via incubation
in 65°C water bath for 15mins) and 1% penicillin/strepyain. The cells were grown at
37°C in a humidified 5% C@95% air incubator and passaged every 3 or 4 days.
Nuebauer haemocytometer was used to identify thaeu of viable cells. A batch of
oxLDL was made by incubating LDL with copper sulgghtor 1hr. The batch of oxLDL
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was then labelled with 1,1’-dioctadecyl-3,3,3’,8amethylindocarbocyanine (Dil) at a
concentration of 300mgDil/mg oxLDL (DiloxLDL). Thigrocess involved incubating
oxLDL with Dil at 37°C overnight in the dark. Excess dye was then rechtiv®ugh a
PD10 column by adding 3mls of DiloxLDL into a PB&pwashed PD10 column and
adding 4ml of PBS to the column. Drops of the eludesalted sample were collected

and pooled for protein determination.

The uptake of LDL (isolated from the plasma of sakg recruited to the longitudinal
arm of the study) into monocytes and macrophagesstualied using a competition
assay gee figure 2.3. U937 cells were suspended in fresh 1640 RPMlianat
0.5x10/ml and seeded 1ml per well in a 24 well plate.lBaell was treated withyd
phorbol 12-myristate 13-acetate (PMA) (100nM) fdraurs. All LDL samples were
then desalted using G25 micro-columns, and condeing 1ml to 0.5ml in a
speedvac. The protein concentration of the condedssalted LDL samples
(patient/subjects, control LDL and DiloxLDL) wasetihquantified using a BCA assay
(previously described in section 2.9.3). The celse then treated with u@/ml of
DiloxLDL and 1Qug/ml of the patient/subjects desalted LDL, and weated in
triplicate. In addition, there were several conwells per assay, including cells treated
with PMA alone, cells treated with PMA and DiloxLDhut no competitor LDL (to
assess maximal uptake) and cells treated with PMIdxLDL and control LDL to
allow consistency between assays to be assesseddidce the effects of intra assay
variability on the results, LDL extracted from opatient at all follow up time points
from each arm of the longitudinal study was usadagsay (e.g. per assay LDL from
one patient treated with GCs, one treated withraRTANF agent, one treated with
rituximab, one healthy control and one RA contablall follow up time points were
included). The plated cells were then left for dffar 20 hours in the dark at%&7in a
humidified 5% CQ/95% air incubator to allow the competitive uptake
LDL/DiloxLDL.

The following day the cells were harvested fromledls, and each well was washed
out with 1ml of PBS prior to the cells being cefutged at 1500 rpm for 5 mins at 0.
The supernatant was then removed and the cellspesded in 6ml of fresh RPMI

media. This washing process was then repeatedrtove=free DiloxLDL not taken up
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by the cells: further centrifugation (1500rpm fomins at 20C), supernatant removed
and cells resuspended in 3ml of fresh RPMI medi@ Jupernatant was removed and
the cells were lysed by adding 38@f 5% triton before returning them to their origl
well in the 24-well plate (to ensure all cells inding those adherent to the base of the
well were lysed). The fluorescence of each well thas read in triplicate using a
colourimetric plate reader (Molecular Devices Gai8 microplate reader) at
excitation 540nm, emission 590nm using softmaxsmftware. The protein
concentration of each cell lysate sample was alsasored in triplicate using the BCA
method (previously described in section 2.9.3).

In order to exclude potential outlying values angsfrom either the end of assay BCA
or fluorescence readings, values greater than 8f$le mean were excluded prior to
performing the calculation outlined below to quinthe uptake of DiloxLDL in to
U937 cells:

Av. fluorescence of sample Auv. fluorescence of cells/PMA

X 10 minus X 10
Av. protein conc of sample Av. protein conc of cells/lPMA

|

Amount of dil labelled oxLDLug)

x100=% DiloxLDL uptake
Protein concetitra (mg)
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Figure 2.3: Flow chart summarising the protocol use to measure LDL uptake

Day 1

Day 2

U937 cells incubated with PMA for 4 hours
(0.5 x1Bcells per well mixed with i PMA)

|

Isolated LDL samples desalted & concentrated
(Iml to 0.5ml)

\ 4

Protein concentration of desalted LDL samples &
DiloxLDL measured (BCA assay)

\ 4

10ug/ml desalted test LDL & 1Qug/ml DiloxLDL
added to each well in triplicate

\ 4

Cells/PMA/LDL/DiloxLDL mix left overnight at 37 °C
in dark (20hrs)

\ 4

Cells washed 3 times to remove excess DiloxLDL frorr|1
media

\ 4

Cells lysed with Triton
(30mins)

\ 4

Fluorescence of LDL taken up & total cell protein
concentration measured

\ 4

Percentage uptake of DiloxLDL calculated using no
competitor as 100% & no DiloxLDL as 0%
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2.9.7 Optimisation of LDL uptake assay
Although methods for assessing LDL uptake intol887 human monocytic cell line
have previously been described (276), initial asialysing this method identified the
need to optimise several aspects.

Optimisation of LDL separation

LDL separation was originally based on the metteskcribed in section 8.9.2 with
samples being spun for 90 mins. However, subsedeststto examine the purity of the
isolated LDL band revealed significant albumin @mination. The albumin
concentration of the isolated LDL band was measared Vitros chemistry system (see
appendix 1). Aloumin contamination was important to obserselbumin is known to
interfere with the process of LDL oxidation (46&hd may have interfered with results
of some of the assays using the isolated LDL el lag times. However, doubling

the ultracentrifuge spin time from 90 mins to 18@smat 100,000 rpm resulted in a

much purer LDL band, containing either none or ti@ges of albuminsge table 2.3

Table 2.4: Optimal ultracentrifugation to reduce the albumin contamination of

LDL samples

Albumin concentration Albumin concentration
after 90 min spin after 180 min spin
Sample 1 30.2 mg/l 0.0 mg/l
Sample 2 28.6 mg/l 0.3 mg/l

2.9.7.2 Optimal length of incubation time with PMA
PMA is usedn vitro to differentiate U937 monocytic cells. During eiféntiation,
monocytes undergo a number of changes, includihgresed expression of CD36
(466). However, despite widespread use of PMA m®aocyte differentiating agent,
PMA has been shown to be toxic to cells after prgéml exposure. Thus | aimed to
establish the optimal length of time required faximal CD36 expression without
significant effects on cell longevity. In this ags@.5 x16 U937 cells per well were
incubated with PMA for different lengths of time @} 24, 48, 72 hours). Following this
the cells/PMA were incubated for a further 30mindae with Jul of anti-CD36 FITC
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antibody. The degree of CD36 receptor expressidrcaht viability were then assessed

using flow cytometry. The results are summarisefigures 2.3 and 2.4

Figure 2.4: Expression of CD36 receptor followingrncubation of U937 cells with
PMA
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Figure 2.5 The percentage of viable cells followinthe incubation of U937 cells
with PMA
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The results demonstrate a 24 hr incubation of étls with PMA is optimal, allowing

good CD36 receptor expression without compromiseigviability.
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Percentage of uptake of DiloxLDL mediated through CD36 receptor: CD36 receptor
blocking using anti-CD36 FITC antibody

Although many scavenger receptors are involvetienuptake of LDL into
macrophages, the CD36 receptor is thought to ddmitaorder to prove the
importance of the CD36 receptor, for the purpogdhis functional assay, an attempt
was made to block the uptake of DiloxLDL by bloaki@D36 receptor sites with anti-
CD36 FITC antibody. The two day functional assayg Wwased on the methods
described in figure 2.3. The U937 cells (0.5 %a0) were treated with|8 (per ml) of
the anti-CD36 antibody prior to the addition of @LDL at different concentrations
(10, 15, 2@ug per ml) to the wells. Control wells were includadhe assay: cells not
treated with any DiloxLDL or anti-CD36 antibodyllsetreated with the anti-CD36
antibody but no DiloxLDL and cells treated with titveee concentrations of DiloxLDL
but no CD36 antibody. At the end of the assay tfferdnce in the percentage uptake of
DiloxLDL was calculated for each concentration ofdRLDL (10, 15, 2Qug per ml)
used table 2.5 e.g. ( % uptake of DiloxLDL by cellsot treated with CD36 antibody —
% uptake of DiloxLDL by cells treated with CD36 enady).

Table 2.5: Percentage uptake of DiloxLDL when CD3@eceptors are blocked by
anti-CD36 antibodies

Percentage of uptale blocked by ant-
CD36 antibody

Cells & 10ug per mil DiloxLDL 9.3%
Cells & 15ug per mil DiloxLDL 31.4%
Cells & 20ug per mi DiloxLDL 24%

This assay demonstrates that DiloxLDL uptake in@8Ucells is at least partially
mediated through the CD36 receptor. Despite this,possible that a lower level of
DiloxLDL uptake was not seen either because of Ciz8éptor sites not being
adequately blocked by the antibody e.g. a highecentration of antibody was required
or that the remaining DiloxLDL was being taken hpough an alternative route e.g.
other scavenger receptors. | attempted to ensuB6C&reptor saturation by repeating
the assay but using different concentrations ofiite CD36 antibody (5, 10, 15, g0

per ml), however, no significant differences inqagtage of uptake of DiloxLDL were
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seen from those already described (results notghadvhis would suggest the
remaining DiloxLDL uptake is mediated through aitive pathways including other
scavenger receptors e.g. SR-Al/ll, etc.

Optimising concentrations of competitors (DiOxLDL and patient LDL)

This functional assay is based on the competitptake of DiloxLDL and the patients
LDL via the scavenger CD36 receptor. The optimalcemtration of each of the
competitors was established by varying the conagatrs of both DiloxLDL and a
control LDL sample. The analysis was performed etiog to the basic principles
outlined in section 2.9.6, but in addition adoptihg optimal 24hour incubation of the
cells with PMA. In this assay, three different centrations of DiloxLDL were added
(5, 10 and 1fg per ml) in combination with varying concentrasaof the control LDL
(5, 10, 15, 20, 25, 30, 40, 5 per ml) to 0.5 x1DU937 cells per well. The percentage
uptake of DiloxLDL by the cells was then measurBake results are summarised in
Figure 2.6

Figure 2.6: The percentage uptake of DiloxLDL by U837 cells following incubation
with varying concentrations of both DiloxLDL and control LDL

Percentage uptake of DiloxLDL by U937 at different
concentrations of DiloxLDL and control LDL
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The results from this assay demonstrated thatghimal competition between the
control LDL and DiloxLDL appeared to occur whenngsilQug per ml of DiloxLDL in
combination with one of the lower concentrationshaf control LDL (5, 10, 15 or 2@

per ml). However, as the previous published daRArnused 1Qug/ml DiloxLDL and
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10ug/ml of the patients LDL (276), for data consisteacconcentration of 1@
DiloxLDL and 1Qug patient LDL was chosen as the optimal concewoinat use in

future assays.

Reproducibility of the assay

Once all the assay parameters had been optimisaephoducibility of the assay was
checked. The assay was performed on two separeasions (2 days apart), thus
allowing the results to be fully independent ofleather. In order to maximise the
reproducibility of this assay, the LDL from threeatthy control patients was compared.

The results from this assay are showtaivie 2.6

Table 2.6: The percentage uptake of DiloxLDL: compeson in two reproducibility

assays
Percentage uptake of DiloxLDL by U937 cells
Assay 1 Assay 2
LDL 1 83.3% 82.8%
LDL 2 76.4% 79.1%
LDL3 87.4% 79.1%

The assay was deemed to be reproducible, withsmail changes in the percentage
uptake detected between the two assays. The analgsithen applied to the LDL
obtained from subjects recruited in to the longitatistudy (RA Intervention, RA

controls and HC).

2.10 Genetic tests

2.10.1 DNA extraction
DNA was extracted from whole blood using the Quiek&-810 system. Blood
collected in EDTA containing tubes were placednrismlation vessel and the red cells
lysed. A filter matrix was used to capture the whitood cells and these were lysed to
release DNA, which was in turn entrapped aroundibires. Isolated DNA was
released from the matrix and eluted in a collectiessel in the enclosed environment of

the QuickGene 810 system, and then stored@t o ensure quality control, a blank
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tube was processed in an identical manner (wittieuaddition of any blood) alongside
each batch of extractions. If any DNA was foundhia blank the whole DNA batch was

rejected.

2.10.2 Polymerase chain reaction
In order to amplify specific regions of DNA so thsaifficient DNA is available for
further analysis, we will use a technique callegl pblymerase chain reaction (PCR).
This method allows a single gene to be replicatgmbeentially. The process is reliant
on the presence of an enzyme (DNA polymerase)jsabdsed on technique called
thermal cycling. Double stranded DNA is separatduigh temperatures (DNA
melting) in to single strands, which later actemplates for DNA synthesis. As the
single strands of DNA are cooled, two primers, gpgefor the mutation of interest,
anneal to the DNA strand in order to flank the rtiataof interest. DNA polymerase
then synthesizes a new strand of DNA complemerntatiye single strand DNA
template that extends beyond the position of thegarbinding site on the other
template. This process is then repeated by reliettenreaction mixture to induce
further separation of the original and newly systhed DNA strands, ultimately
producing four binding sites to which the primeraynanneal and DNA polymerase can
act. The extension of the strands of newly syn#eesDNA is restricted precisely to the

target sequence. This cyclical process can theapgeated.

2.10.3 Roche LightCycler Real-time PCR: detection of genetic polymorphisms
All genetic polymorphisms of interest were analyasohg real-time PCR performed on
a Roche lightcycler. This system allows the formanf PCR products to be monitored,
and offers a relatively rapid method for the datecbf genetic polymorphisms. For
each genetic polymorphism real-time PCR requiregptiesence of two individually
designed primers and probes. The specific primemgal to the heat separated single
strands of DNA, identifying the DNA sequence ofnmast (as described above).
Hybridisation probes are designed as a pair, ah@amurobe and a sensor probe, and are
complementary to specific regions of the DNA seqeenf interest. The anchor probe is
designed to hybridise to the DNA strand 1-5 bases pavay from the SNP of interest,
whereas the sensor probe bridges the base paiteaffby the single nucleotide
polymorphism. Each probe is labelled with a dye,dhchor probe with LC red 640,
and the sensor probe with flourescein. When tleegmbes have hybridised to the
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amplified DNA fragment, the two fluorescent dyes ar close proximity to each other.
This positioning is crucial for the emission offtgwhich is detected by the
LightCycler. The flourescein dye is excited by thghtCycler’s light emitting diode
filtered light source, and emits green fluoresdghtt at a slightly longer wavelength.
This emitted energy excites the closely position€ded 640 dye on the other probe,
leading to the emission of red fluorescent lightjah is then filtered and measured by
the lightcycler’s fluorimeter. The energy trandietween dyes is called fluorescence
resonance energy transfer (FRET).

The detection of SNPs is based on the melting teatyee of the hybridisation probes.
A sensor probe that fully hybridises to the ametifDNA (including the nucleotide
affected by the mutation) will have a higher mgttemperature than a sensor probe
that fails to fully hybridise to the anchor probgedo a mismatch in the region of the
SNP. As probes melt away from the DNA strand, theréscent signal is lost. The
difference in melting temperatures can be plottea graphical format based on the
fluorescence. Patients who are heterozygous fautatian will have two peaks visible
on the melting curve graph, whereas patients wadamozygous will have just one
peak. Patients who are homozygous for the mutatithinave a different melting
temperature from patients who are homomozygouth®wild type, which will alter
the position of the peak. The detailed methodsHerdetection of SNPs related to

alterations in lipid metabolism and CVD are disadss chapter 6, section 6.3..

2.11 Statistical methods

All data was analysed using SPSS 18.0 for wind@&®#SS Inc. Chicago, lllionis). The
general approach that was taken for all statisdoalyses was to identify whether each
parameter was normally distributed using the Kolorog-Smirnov test. Data that does
not follow a normal distribution was log transfornfer tests that assume normal
distribution e.g. linear regression. The averagearmally distributed data is presented
as a mean value standard deviation, whereas not-normally distedudata is
presented as a median {28 75" percentile). Categorical data is presented as
percentages.

All analyses consider a p value of <0.05 as siediy significant.
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2.11.1 Cross-sectional data
Univariate tests:
1) Associations between two categorical variablesevassessed using a chi-squared
test.
2) Associations between a categorical and a comtiswariable were analysed using a
student’s t test or Mann Whitney U test for normalistributed and not-normally
distributed data, respectively. For analysis oégatical variables with 3 or more
categories, one-way Analysis of Variance (ANOVA)swesed if the continuous
variable was normally distributed and Kruskal-Wa&ilkias used if the continuous
variable was not normally distributed.
3) Correlations between two continuous variablegevassessed using Pearson’s
correlation test when comparing two normally disited variables, whereas
Spearman’s correlation test was used to compareétgoof not-normally distributed
data.

4) Allelic and genotypic frequencies were analyssithg a chi-squared test.

Multivariate analysis:

Multivariate analyses were carried out on the ceextional data to identify

independant predictors and control for potentiafoanders. The techniques that were

used included:

1) Binary logistic regression when the variable o&nest was categorical (2
categories)

2) General linear model when the variable of intevest categorical (>3 categories

e.g. genotypic associations).

3) Linear regression when the variable of interest ecaginuous

A potential confounder is defined as a factor knawnorrelate with both the dependant
and independent variable, which does not act astarmediate step in the causal
pathway between the dependent and independenblearfdl potential confounders

were identified and adjusted for in multivariategses to minimise the risk of a type 1
error (false positive). For the purposes of thesth, potential confounders included in
the analyses were factors identified in the unataranalyses and factors known to exert
a biological effect on the dependant and indepeinmable (even if not significant

univariately).
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2.11.2 Longitudinal data
Generalised Estimating equations were used to s@dhe longitudinal data presented
in this thesis. Firstly, they were used to looklforgitudinal associations between
individual lipid parameters and markers of systemilammation in a large
retrospective longitudinal cohort. Secondly, thearevused to examine the effects of
inflammation on lipid structure and function inraaler prosepctive longitudinal
cohort. GEEs offered two distinct advantages oteeromethods of longitudinal data
analysis. These included 1) an ability to handlénaonsistent amount of data on each
patient 2) an ability to longitudinally adjust fpotential confounders (e.g. CRP where
the levels may significantly alter during the cauos follow up).
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Chapter Three: The magnitude of dyslipidaemia
In RA and the CVD risk this confers

3.1 Introduction
This first results chapter will attempt to set soene, by providing an understanding of
the scale and potential clinical cardiovascularliogpions of dyslipidaemia in a large

well characterised cross sectional RA cohort.
‘Dyslipidaemia’ is a broad term that encompasseargety of changes in lipids from
alterations in their levels, to changes of struetur function. However, for practical

purposes dyslipidaemia has been defined by the NTERteria (118) (sed¢able 3.J).

Table 3.1: NCEP Il definition of dyslipidaemia

One or more of the following must be
present to fulfil the NCEP Il definition of
dyslipidaemia:

TC >6.2 mmol/L

LDL >4.13 mmol/L
HDL <1.03 mmol/L
TG =1.7 mmol/L

taking lipid lowering therapy

Although this definition is vital for establishirige prevalence of dyslipidaemia and is
useful in an academic setting, it is not very uka$ua clinical tool to guide
management, as the presence of other CVD riskrabtve to be taken into
consideration. Current guidelines recommend theotistatins to produce a less
atherogenic lipid profile in patients deemed tabesk of CVD and in those with
established CVD or cerebrovascular disease (46Y., @8 risk is assessed using risk
algorithms which estimate an individual’s risk @veloping CVD over a given time
period (in those without existing CVD) by takingaraccount many other CVD risk

factors (e.g. age, gender, smoking status, hypgdemnd lipid levels).
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To date, a number of risk algorithms have beenldped and are used across the world
to predict CVD risk. The earliest risk predictiaot was developed over 30 years ago
by the Framingham Heart study investigators, tlarfingham risk score (FRS) (469),
allowed an individual person’s 10 year CVD evertlability to be expressed as a
percentageThis risk stratification system has formed the asiquantifying risk and
guiding treatment for many years, and is still uagdely throughout the world.
However, progression of our understanding of CVB jm@mpted the development of
newer risk scoring systems (118;469-471). The NGEjuidelines (118) developed in
2002, perhaps offer a more comprehensive methadlodssessment, as they have
been designed to incorporate the Framingham 10rigdascore as well as additional
factors such as high risk conditions (e.g. typeabetes) and the use of drugs (e.g. anti-
hypertensives and lipid lowering agents). The N@tRelines have been formulated
specifically to guide the management of dyslipideewna lifestyle modification and
drug intervention. A more recently developed cardszular risk tool which was
produced and is used in most of Europe, the Syste@aronary Risk Evaluation
(SCORE) (472), involves the use of risk tabledite main focus being total
cholesterol (TC) levels or the TC:HDL ratio, anchagallows a person’s 10 year risk of
CVD to be expressed as a percentage. However #tisoah, unlike the FRS estimates
the 10 year risk of any first fatal atheroscler@vwent and not just death from coronary
heart disease, and it also only estimates CVD nityreand not morbidity. Further
advances in our understanding of the pathogené§&l¥D, including the recognition of
C-reactive protein (CRP) as an independent CVDfestor in the general population
(473;474) have led to the development of CVD rigjoathms (475;476). The
Reynolds risk score (RRS) (475) is based on the IlIR81corporates additional risk
factors including levels of high sensitivity CRPdaa parental history of myocardial
infarction before the age of 60; thus offering plméential to account for the excess
CVD risk seen in RA as a result of systemic inflaation. The Reynolds risk score
calculates a person’s 10 year risk of cerebrovas@yents in addition to CVD
morbidity and mortality. A summary of the similéeg and differences of the CVD risk

calculators are shown tmble 3.2.
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Table 3.2: Comparison of the CVD risk calculatorscomponents and outcome

measures of risk

FRS NCEP SCORE SCORE RRS
(TC) (TC:HDL)
Validated age <75 Men>45 35-65 35-65 45-80
(yrs) Women>55
Smoking \ \ \ \ N
Blood pressure
Systolic \ \ \ \ \
Diastolic - \ - - -
Anti- - N - - -
hypertensive
Lipids
TC v - V v v
HDL v v - v v
LDL - - - - -
TG - - - - -
FHx CVD - v - - V
CRP - - - - V
Outcome 10 year 10 year risk | 10 year risk of fatal CvVD 10 year
measure of risk of of fatal and| and non CHD CVD risk of
CVD risk fatal and | non-fatal events fatal and
non-fatal | CHD events non-fatal
CHD CVvD
events events
FRS: Framingham risk score, NCEP: national chaleseglucation programme, SCORE:
systematic coronary risk evaluation, RRS: Reyndklsscore, TC: total cholesterol, HDL
high density lipoproteins, LDL: low density lipopieins, TG: trigylcerides, FHx CVD:
family history of cardiovascular disease, CRP: Gctive protein, CVD: cardiovascular
disease

A recent meta-analysis has demonstrated that Ridmathave an increased
cardiovascular standardised mortality ratio of eetw 1.6-1.7 (477). As a result of this
observation, it has been suggested that risk,leslated by conventional risk
stratification methods, should incorporate a mliéimp(478;479). In particular, the
EULAR taskforce have suggested that the use dd aisk multiplier should be reserved
for RA patients fulfilling two of the following ttee criteria: i) a disease duration greater
than 10 years ii) seropositive for rheumatoid factoanti-cyclic citrullinated peptide
(anti-CCP) antibody and iii) presence of extraeaar manifestations.

In this first results chapter | will describe: hetprevalence and predictors of NCEP

defined dyslipidaemia amongst the cohort of 40@si®ectional RA patients 2) how
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changes in the lipid profile translate in to CVBkriin RA using the four original CVD
risk algorithms (FRS, NCEP, SCORE, RRS) and alsmbgrporating a 1.5 multiplier
in applicable patients, according to EULAR taskéorecommendations to account for
excess RA risk 3) establish whether statin thevagy initiated appropriately in those
deemed to be at risk of CVD.

3.2 Methods

Recruitment and baseline assessment of RA pairetisthe cross sectional arm of this
study has been described in the methods sectiaptgh2, section 2.1). Fasting blood
samples were obtained from all RA patients. Roubliwed tests performed and the
measurement of lipid parameters are outlined ipthe, section 2.7 and section 2.9.1,

respectively.

Patients were classified as dyslipidaemic if thdfilfed the NCEP III criteria for
dyslipidaemia (118¥ee table 3.1

CVD risk assessment was performed on all patieptgpplication of the FRS (469),
NCEP (118), SCORE (472) and RRS (475). Calculaticthe FRSnvolved scoring
patients according to their age, TC level, HDL-&stérol level, systolic blood pressure,
and smoking status. The scores from each of thme@anents were then added
together to give a total score and a correspontiiagear CVD risk prediction. A 20%
10 year risk of global CVD events as calculateshgishe FRS is generally accepted as
a cut-off for the implementation of statin therdpyprimary prevention in the UK

(233). This tool is only validated for use in patebelow the age of 75 and therefore
was only applied to patients less than 75 withgoi@r history of CVD or diabetes.

The five step NCEP risk assessmienblved classifying fasting lipid levels, identifg

major risk factors for CHD (e.g. age, cigarette kimg@, hypertension and family history
of CVD in first degree relatives), and calculatit@year CHD risk. This evaluation
enables the determination of the risk categoryéltablishes need for lipid lowering
therapy and the LDL goal. In general, lipid loweritherapy should be commenced in
all patients found to have a 10 year risk >10%global CHD events

and an LDL-cholesterol >130 mg/dl (further detadgarding risk categories and LDL
treatment thresholds are summarisetabie 3.3.
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Table 3.3: NCEP risk categories/LDL levels requirirg treatment with lipid

lowering therapy.

Risk category LDL level to consider lipid lowering
therapy
High risk: CHD or CHD risk 2.58 mmol/L

equivalent (10 year risk >20%)
Moderately high risk: 2 or more risk | 3.36 mmol.L
factors (10 year risk 10-20%)
Moderate risk: 2 or more risk factors | 4.13 mmol/L
(10 year risk<10 %)
Lower risk: 0-1 risk factor 4.91 mmol/L

CHD: coronary heart disease, LDL: low density ppmteins

Risk stratification using the SCORffiteria involves the use of specially designed an
validated risk tables. The risk tables include aatage, gender, smoking, blood
pressure, TC and HDL level. Individual tables haeen developed for both low and
high risk patients (based on TC levels) and fd¢ bigsed on the TC:HDL ratio. For the
purposes of this study high risk tables were uasdhis study was carried out on a
population based in the United Kingdom, a countagsified as ‘high risk’ (472). In
addition, analysis was restricted to tables basetthe TC:HDL ratio as this is in line
with the EULAR task force recommendations (478;48&atients were classified as at
risk of CVD if their 10 year risk was 5% for CVD deaths. Patients are deemed eligible
for statin therapy as part of CVD risk reductiothiéy have a 10 year rigk5% and an
LDL =3 mmol/L or TC=5 mmol/L. Patients were excluded from SCORE risk
stratification if they were already deemed at highk of CVD e.g. a prior history of
CVD, diabetes mellitus, familial hypercholestrolaarfif C=8 mmol/L or LDL>6
mmol/L), or a blood pressueel80/110 mmHg. The RR®as calculated using an
online electronic tool (481). Patients over the ah80 and diabetic patients were
deemed to be at high risk and thus excluded frgkngiratification. Details regarding
the patients age, gender, systolic blood pressumeking status, TC level, HDL level,
high sensitivity CRP level and parental historyCMD were used in the calculation of
the 10 year risk. Patients with a 10 year &sk% were classified at risk of CVD and
were eligible for statin therapy.

In total, 266 patients were assessed accordin@®® (fmited to patients over the age of
75, without DM or prior history of CVD), 294 patiesnwere eligible for NCEP risk

stratification following the exclusion of patiemsth a prior history of CVD and
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diabetes, 166 patients were assessed by SCOREelitoi those who are <65 years of
age, without prior history of CVD, DM, familial hgocholestrolaemia and severe
hypertension), and 291 patients were availableetadsessed by the RRS once patients
with DM, CVD and those over the age of 80 were edaet!.

In accordance with the EULAR taskforce specificoracendations (478) patients with
two out of three of the following: i) a disease alisn>10 years ii) seropositive (RF
positive or anti-CCP positive) iii) evidence of exarticular disease, had their CVD
risk according to each definition multiplied by 1For the FRS this required a
straightforward multiplication of the 10 year rigkdaptation of the NCEP risk
stratification criteria was done in a similar manhg incorporating the multiplied FRS
into the 5 stage process. For SCORE and RRS,rthe1fD-year risk was multiplied by
1.5. The cut off levels for implementing lipid-lovieg therapy remained unchanged,
therefore allowing excess patients to be identiéiedt risk. The appropriateness of

lipid-lowering prescriptions was then examined.

Statistical analysis was carried out using SPS8 (&?SS Inc, Chicago, IL, USA). The
Kolmogorov-Smirnov test was used to determine wéregtach parameter was normally
distributed. Values were expressed as mestandard deviation (SD), median
(interquartile range - IQR) or percentages, as@pmate For the univariate analysis,
Chi-squared, t-test and Mann-Whitney U tests weezluo test categorical, normally
and not normally distributed data, respectively.

A binary logistic regression model including agex,shypertension, uric acid levels,
total HAQ, IR, BMI, thyroid stimulating hormone (H3$, Prednisolone, HCQ and CRP
was utilised in order to evaluate which factorsevedependently associated with the

presence of dyslipidaemia according to the NCEferai

3.3 Results
3.3.1 Basic demographics of study population

Basic demographics and clinical characteristiaghefcross sectional RA population

are described previously in chapter 2, sectiorl2thable 2.1.
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3.3.2 The prevalence of NCEP defined dyslipidaemiain RA
Two hundred and twenty seven (56.8%) RA patientewgslipidaemic according to
the NCEP criteria, of whom 79% were female. Thevglence of NCEP defined
dyslipidaemia steadily increased up until the agfg0p where it peaked and then
stabilised (seéigure 3.1). 144 (63.4%) patients identified as being dydhemic
according to NCEP criteria were not on lipid lowegritherapy.

Figure 3.1: The prevalence of NCEP defined dyslipidaemia by aga RA
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3.3.3 Baseline comparison of dyslipidaemic and naiyslipidaemic RA

patients
Dyslipidaemic patients were significantly olderriithose who were not dyslipidaemic

[median 63.9 (IQR: 57.0-69.8) years vs median QR (1.9-68.6) years, p=0.0B4
and had features of more severe RA including high#® scorgmedian 1.63 (IQR:
0.75-2.25) vs median 1.38 (IQR 0.38-2), p=0]J0&ad higher frequency of joint
replacement surgefn=76 (33.5%) vs n=40 (23.1%), p=0.02Fhe dyslipidaemic
group also had significantly higher rates of hypesion[n=174 (76.7%) vs n=108
(62.4%), p=0.00Rand IR [n=94 (43.5%) vs n=53 (31.5%)]. Signifidgmhore
dyslipidaemic patients were prednisolone uers89/227 (39.2%) vs n=42/173
(24.3%), p=0.00R whereas the opposite was the case for HCQns=22/227 (14.1%)
vs n=48/173 (27.7%), p=0.0pDyslipidaemia did not associate with inflammation
(CRP, p=0.910 or ESR, p=0.180) in univariate anglys
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3.3.4 Predictors of NCEP defined dyslipidaemiain RA
In the multivariate binary regression analysistdexfound to be independent
predictors of NCEP-defined dyslipidaemia includedhéle sex and prednisolone use.
Hydroxychloroquine use and higher CRP levels weund to associate with reduced
likelihood of having NCERIyslipidaemia (setable 3.4).

Table 3.4: Independent predictors of NCEP defined yslipidaemia in RA

Odds ratio (95% confidence interval) | P value
Age 1.0 (0.99-1.03) 0.478
Gender (female) 1.89 (1.09-3.30) 0.024
Hypertension 1.41 (0.84-2.37) 0.196
BMI 0.99 (0.95-1.04) 0.872
Uric acid 1.15 (0.94-1.39) 0.172
TSH 1.01 (0.94-1.09) 0.783
Insulin resistance 1.61 (0.98-2.65) 0.059
HAQ 1.16 (0.89-1.50) 0.279
Prednisolone 1.93(1.16-3.21) 0.011
Hydroxychloroquine 0.49 (0.28-0.84) 0.010
CRP 0.99 (0.97-0.99) 0.047
BMI: body mass index, TSH: thyroid stimulating homao HAQ: health assessment
guestionnaire, CRP: C-reactive protein.

3.3.5CVD risk and statin use (seetable 3.9
FRS: 5/266 (1.6%) had a 10 year risk of >20% and reguyr@mary prevention as per
current UK guidelines. Of them, only 1 (20%) patiess receiving lipid-lowering
therapy (statins/fibrates), leaving a total of 4reated at risk patients (80% of the at
risk patients or 1.5% of the total population).
NCEP: 64/294 (21.8%) were at high risk of CVD. Of thoS8,were eligible for statin
therapy on the basis of their LDL level, but onlg532%) were receiving lipid-lowering
therapy, leaving 55 untreated at risk patients8®of the at risk patients and 18.7% of
the total population).
SCORE: Based on the TC:HDL ratio, 43/166 (25.9%) patievith a 10 year risk 5%
and an LDL=3 mmol/L or TC=5 mmol/L were identified. Of these, 25 (58.1% o #t
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risk population or 15.1% of the total populatiorgre untreated and thus remained at
risk.

RRS: 45/291 (15.5%) patients had a 10 year Bs20%. Of these, only 5 (11.1%) were
receiving statin therapy, thus leaving 40 (88.9%hefat risk population or 13.7% of

the total population) patients untreated and &t ris

Table 3.5: Statin use amongst patients without prioCVD identified as being at

risk
Total at risk Number of at risk | Number of
n (%) patients on statin | untreated at risk
n (%) patients n (% total
population)
FRS 5/266 (1.6) 1/5 (20) 4/266 (1.5)
NCEP 58/294 (21.7) 3/64 (5.2) 55/294 (18.7)
SCORE(TC:HDL) 43/166 (25.9) 18/43 (41.8) 25/166 (15.1)
RRS 45/291 (15.5) 5/45 (11.1) 40/291 (13.7)

FRS: Framingham Risk Score, NCEP: National Chalestducation Programme,
SCORE: Systematic Coronary Risk Evaluation, TC:HDa&tal Cholesterol: High Density
Lipoproteins, RRS: Reynolds Risk Score

3.3.6 CVD risk according to age and gender
Patients aged 60-70 years were most likely to batifled as high risk irrespective of
which one of the four CVD risk stratification mettsowere applied. The FRS algorithm
was the only method to identify only males as higk. The distribution of patients
deemed to be at high risk of CVD with each defamtaccording to age and gender is

shown infigure 3.2
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Figure 3.2: The distribution of patients at high risk of CVD with each definition

according to age and gender.
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o =Male, B = Female, FRS: Framingham Risk Score, NCEP: NatiG@holesterol

Education Programme, SCORE(TC): Systematic Cardmyar Risk Evaluation based
on total cholesterol levels, SCORE(TC:HDL): Systam@ardiovascular Risk Evaluation
based on total cholesterol:high density lipoprotatio.

3.3.7 Differences between high risk patients treated with statins and those

untreated
Patients identified as being at ‘high risk’ of C\Adcording to one or more methods of
risk stratification (FRS/NCEP/SCORE(TC:HDL)/RRS)regrouped together to form
a ‘high risk population’. This identified a totall ®3/299 (31.1%) at risk patients
without a prior history of CVD or DM. Of these ol were receiving statins, leaving
74 (79.6% of the at risk population or 24.5% of tibi@al population) untreated and at
risk. The only factor that was found to signifidgirassociate with statin prescription
was older age (statin users vs non-statin userdiamé&6.2 (IQR:62.5-69.5) years vs
median 64.2 (IQR:59.6-67.7) years, p=0.043).
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3.3.8 Madification of risk stratification algorithmsto account for additional
RA- associated risk
The EULAR taskforce recommendations were applicabtb40/299 patients who had
two of the following: a disease duratiafhO years, were sero-positive (rheumatoid
factor and/or anti- CCP) or had extra-articulaedse. The numbers of additional

patients identified following the application ofieb multiplier are summarised iable

3.6.

Table 3.6: Comparison of high risk patients identifed by the original risk

stratification methods and by incorporating a 1.5 nultiplier according to EULAR

taskforce recommendations

Original
definition of
risk algorithms
applied to total

Original definition
of risk algorithms
applied to patients
eligible according

Risk algorithms
multiplied by 1.5,
applied to patients
eligible according

eligible to EULAR to EULAR
population taskforce taskforce
recommendations | recommendations
FRS 5/ 266 (1.9%) 2/131 (1.5%) 9/131 (6.9%)
NCEP 64/294 (21.7%)| 28/144 (19.4%) 34/144 (23.6%)
SCORE 43/166 (25.9%)| 13/73 (17.8%) 16/73 (21.9%)
(TC:HDL)
RRS 45/291 (15.5%)| 20/140 (14.3%) 40/140 (28.6%)

FRS: Framingham Risk Score, NCEP: National Cholestducation Programme guidelines,

SCORE (TC:HDL ratio): Systematic COronary Risk Exdilon according to total cholesterol:high
density lipoprotein ratio tables, RRS: ReynoldskR8sore. Risk multiplication (x1.5 selection): the
EULAR taskforce recommendations — a 1.5 multipdipplied to all patients two out of three criter
a disease duratia#il0 years, seropositive or evidence of extra-adicdisease

In patients to whom the EULAR taskforce recommeiotigtwere applicable in the

a.

under 65 population (thus allowing comparison bfiak algorithms), just under a half

(32/84) were identified as high risk according tee@r more definitions. Eighteen
patients (56.3%) were identified by a single ristatgfication method, 7 (21.8%) by two
methods, 4 (12.5%) by three methods and 3 (9.3%l)Ildgur methods.
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3.4 Discussion

In this chapter | have demonstrated that NCEP ddfayslipidaemia is highly
prevalent in RA, and | have identified several éastthat independently associate with
the presence of NCEP defined dyslipidaemia (fers@kg inflammation, prednisolone
and HCQ use). Many of the predictors of dyslipideeare modifiable, thus the data
produced in this chapter not only highlight thasldyidaemia is highly prevalent, but
provide potential strategies for addressing thiepitally devastating CVD risk factor,
such as good suppression of inflammation with hygechloroquine either alone or in
combination with other disease modifying drugsrhBps more importantly, | have
demonstrated that a significant percentage (2-28%)A patients in secondary care
without a prior history of CVD are at high risk @éveloping CVD, as calculated by the
FRS, NCEP, SCORE or RSS algorithms. This risk risé&30% if a multiplier of 1.5

is applied to applicable patients, to reflect tddiaonal risk conferred by having RA.
Despite these worrying findings, statin use wasitbto be grossly sub-optimal and the

reasons for this need to be addressed by the nhedicenunity

In this RA population, the highest prevalence afsk patients (25.9%) was found
when applying the SCORE (TC:HDL) criteria. The atbenventional methods of risk
stratification (NCEP, RRS and FRS) identified adéoyprevalence of 21.8%, 15.5% and
1.6%, respectively; the latter however, have adrighreshold for requiring treatment.
A recent study (482) adopted a similar comparaamgroach in a Spanish primary care
non-RA population. This reported conflicting resulvith the FRS detecting the highest
prevalence rates (13.5%), followed by the SCOREA&%) and NCEP (7.1%). Such
large differences may be explained by disease fsppbienomena occurring as part of
RA (e.g. activity, severity, duration or therapg3, well as differences in other baseline
demographic or anthropometric characteristics efpbpulations studied, particularly
age and sex. In the present RA population, we hgeseen a considerable lack of
overlap between the different methods of risk gication, with the majority of at risk
patients only being identified by one or two outlué four methods. Reasons
underlying this may include: (1) differences in temponents of each risk stratification
system. For example the SCORE risk stratificatiathad is only applicable to patients
under the age of 65, whereas FRS is applicable tipetage of 75 (2) differences in the

sensitivity and specificity of each of the riskagtiication methods; (3) differences in
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the objective of each risk stratification methogl. &CORE focuses on the 10 year risk
of any first fatal atherosclerotic event, wherdasERS focuses on the 10 year risk of
any cardiovascular event, fatal or non-fatal; (#edences in the application of lipid
parameters for statin eligibility. This may be partarly important in an inflammatory
condition such as RA, where lipid levels are ofteppressed as a consequence of
inflammation. Irrespective of this, these findingay have significant implications for
clinical practice: most rheumatologists will chodsedopt just one method of risk
stratification and thus large numbers of potentiatlrisk patients may remain

unidentified and untreated.

There are many potential explanations for undatitnent of CVD in RA. These
include: lack of ‘ownership’ for the managemenQD risk in RA (is it the role of the
primary care physician, rheumatologist or cardi@t®); the wrong perception that

CVD risk is low amongst most women (who constitiliee majority of RA patients);
ambiguity, lack of clarity, or indeed knowledge,@mst RA specialists about risk
stratification and its implications; or a perceiv@dactual reluctance of patients to
adhere to further polypharmacy alongside theirddesh RA drug therapy (483).
Interestingly, lipid-lowering therapy prescriptiongre significantly higher in patients
with shorter disease duration. This may reflectenglving perceptions and
management strategies, with patients with a redbtimew onset of disease experiencing

a more aggressive treatment approach for botlr, it#ei and associated co-morbidities.

Overall, conventional risk calculators such asRR&, NCEP, SCORE(TC:HDL) and
RRS are reliable and have a good degree of accurdbg general population.
However, such tools have never been properly vidda chronic inflammatory
conditions such as RA, where CVD risk is elevailidte validity of some of the
conventional CVD risk assessment tools may alsguestionable in the elderly
(e.qg.>75 for the FRS), while both the FRS and N@Eferithms have been shown to
underestimate risk amongst women, and may misogjppately a third of at risk
females (484). These problems may be particulaigvant in a condition like RA
where there is a strong (3:1) female preponderandemany patients are elderly. New
gender-specific prediction tools have recently beéeveloped by the Framingham heart
study researchers but they require further valtagparticularly within specific

populations such as RA (485).
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In RA, there is likely to be a further underestirnatof CVD risk by conventional
calculators (with the exception of RRS), as theydbtake into account the impact of
inflammation. It has been hypothesized that systenfiammation may play a more
significant role in the development of CVD thanditeonal risk factors in RA (486).
Multiple studies and recent meta-analyses sugbastite added risk RA confers is in
the region of x1.5-1.7 (477), thus expert bodieshsas the EULAR task force (478)
have suggested the application of a 1.5 multiptiezach risk stratification method, at
least to specific patient sub-groups, to accountHis. In the present population, this
approach led to the identification of considerailyre at risk patients, with increases
ranging from 4-49%; despite this however, over bathe total population was still not
at high risk, and this may argue against the “bédlhusage of statins in all RA patients.
These findings clearly indicate the need for widedgeptable guidelines while RA-
specific risk calculators are developed. One previstudy has proposed an algorithm
for risk prediction amongst patients with chromiammatory diseases (487) but,
although it recommends minimising disease actiitgg GC use amongst those found to
be at risk of developing CVD, it does not includ8ammation as a parameter when
calculating risk. While the field evolves, a praain approach may be to
systematically screen all RA patients using theonatly recommended risk

stratification system with a x1.5 multiplier in djgable patients, as suggested by expert
bodies. In addition, audit must be implementedisuee that pre-determined treatment

targets are reached and adjust therapy as necessary

In this chapter | have described the prevalencaraebendent predictors of NCEP
defined dyslipidaemia, and have for the first ticaediovascular risk stratified a large,
well-characterised, RA population with establiskexkase. It has highlighted the need
for a more dynamic approach to managing the buoi€@VD in RA, especially

through appropriate prescription of lipid-loweriagents. However, it has not been
without limitation. The cross-sectional nature ahbdence of a non-RA control group
makes it impossible to show how “stable” risk sfiedtion is, using these calculators,
in the context of the changing inflammatory actiwf the disease over time in a given
individual. In addition, data regarding previouatst use was not available, and as a
consequence | could not account for this in myys®a. Thus, some high risk patients

who appear to be untreated with statin therapy, In@a previously been treated with
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statins but have not been able to tolerate themalaa adverse reaction. The study was
performed in a single UK centre, so the findinggareing statin under-utilisation may
be location-or system-specific. Most importanthys study does not provide any
evidence that systematic risk stratification anchary prevention strategies
encompassing statin use would actually reducedu@ywD events in RA. This needs to

be addressed prospectively in studies developetifigadly for the purpose.
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Chapter 4: The effects of inflammation on the

lipid profile and lipid ratios

4.1 Introduction

In the previous chapter | demonstrated that CRPamasdependent predictor of NCEP
defined dyslipidaemia. In this chapter | examine e¢ffects of inflammation on
individual lipid levels and lipid ratios furtheq establish their association systemic
inflammation, a factor that may be of up most imtgaoce when assessing CVD risk in
RA.

As described in the previous chapter, CVD risk atgms use individual lipid
parameters as integral components when calcul@Wig risk. This approach may
underestimate CVD risk in RA due to suppressiomdividual lipid parameters by
inflammation e.g. LDL. For example, current crige(NCEP) (118) focus on LDL as
the primary therapeutic target (118;233) and maydtore underestimate the presence
of lipid-associated CVD risk during an inflammatdiagre, due to inflammatory
mediated suppression of LDL. However, amongst #reegal population in Europe,
focus is moving away from analysis based on theviddal components of the lipid
profile (e.g. LDL or HDL) and has turned towardsenpreting ratios of lipids (e.g.
TC:HDL-cholesterol), using risk algorithms suchS¥SORE TC:HDL (472;478).
Although, it has been suggested that lipid ratiay ilme less susceptible to change from

current inflammatory load, robust evidence for thisparse (488).

In this chapter | aim to assess the associati@ysiemic inflammation and lipid
levels/lipid ratios, and to find out whether lipitios are less susceptible than
individual lipid levels to the degree of systermfiammation. In the process of
addressing these aims | will also investigate wéretither factors independently predict
lipid levels and lipid ratios e.g. medications,edise characteristics, in order to adjust

for these in multivariate analyses.
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4.2 Methods

For this chapter, I initially used the data coléztbn the 400 cross sectional RA patients
(recruitement and data collection have been prelWodescribed in chapter 2, section
2.1) to look for associations between lipids/lipadios and inflammatory parameters
(ESR/CRP). However, due to the limitations of thess-sectional data (e.g. unable to
comment on the directionality of any associatiangl), | also utilised a second
retrospective longitudinal cohort of 550 RA patge(gee chapter 2 section 2.1.3) to
investigate the impact of systemic inflammationtlo@ individual components of the
lipid profile and lipid ratios over time.

Statistical analysis was carried out using SPS8 (&PSS Inc, Chicago, IL, USA). The
Kolmogorov-Smirnov test was used to test the natynaf each parameter and values

were expressed as measD, median (IQR), or percentages, as appropriate.

For the analysis of the cross-sectional data, ptstieeceiving lipid lowering therapy
were excluded due to the potential confoundingogsteA linear regression model was
applied to each component of the lipid profile, @agh of the lipid ratios in turn, and

was adjusted for potential confounders.

With respect to the retrospective longitudinal d&aneralised Estimating Equations
(GEE) with adjustment for age and gender were tsednfirm the association of
inflammatory parameters with individual lipid commsmts or lipid ratios. GEEs were
deemed to be the most appropriate statistical ndsthe they allowed forthe differences
in the number of simultaneous recordings of thigl Ippofile and inflammatory markers
available for each patient. Although the data veagitudinal, time was not included as
a factor in the analysis. The reported Beta (Bligslreflect the predicted change in the
dependent variable (e.g. TC) if the value of thadptor (CRP or ESR) is increased by
one. All analyses were adjusted for multiple comparsasing a Bonferoni correction.

4.3 Results

4.3.1 Demographics of the study populations
The demographics of the cross-sectional RA popuidiave been described in detail in

chapter 2, section 2.1.1 and table 2.1.
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The retrospective longitudinal population of 550 B#&tients, comprised 76.0% females
and had a median age of 64.4 (IQR: 58.2-70.4) years

4.3.2 I ndependent predictors of individual components of the lipid profile
and lipid ratios
Linear regression was performed to identify factbed independently predict lipid

levels and lipid ratios. The results are summarisg#dw and irtable 4.1 and table 4.2

TC: Factors found to be independently associated feenale sex (B= 0.579, 95% CI:
0.257 t0 0.902, p<0.001), uric acid levels (B= @,086% CI: <0.001 to 0.004, p=0.019)
and HCQ use (B=-0.471, 95% CI: -0.785 to —0.158.003).

logHDL: Factors found to be negatively associated with H&Mels were IR (B= -
0.039, 95% CI: -0.069 to —0.009, p=0.012) and rhetoid factor positivity (B= -0.030,
95% CI: -0.060 to <0.001, p=0.048). An indepengetitive association was also
found between HDL and female sex (B= 0.057, 95%0@124 t00.090, p=0.001),
systolic BP (B=0.001, 95% CI: <0.001 to 0.002, j©®4@), prednisolone use (B= 0.033,
95% CI: 0.004 to 0.063, p=0.028) and methotrexate(B= 0.027, 95% CI: <0.001 to
0.053, p=0.047).

logTG: Factors found to independently associate with logiége uric acid levels (B=
0.001, 95% CI: <0.001 to 0.001, p=0.002), and piserdone use (B= 0.072, 95% CI:
0.022 to 0.121, p=0.005).

LDL: Factors found to independently associate with Mre HCQ use (B=-0.519,
95% CI: -0.862 to —0.176, p=0.003) and IR (B= 0,45 CI: 0.092 to 0.735,
p=0.012).

TC:HDL: Factors found to independently associate with T:Hatio included IR (B=
0.330, 95% CI: 0.057 to 0.603, p=0.018), and HC& (s -0.456, 95% CI: -0.745 to —
0.168, p=0.002).

LDL:HDL: Factors found to independently associate with IHIDL ratio included IR
(B=0.514, 95% CI: 0.243 to 0.785, p<0.001) and H&® (B=-0.399, 95% CI: -0.688
to —0.103, p=0.008).
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Table 4.1: Independent predictors of lipid levels

TC logHDL logTG LDL
B (95% confidence P B (95% confidence P B (95% confidence P B (95% confidence P

interval) value interval) value interval) value interval) value
Age 0.010 (-0.001 t0 0.022)| 0.076 0.001 (<0.001 to®)0) 0.117 | 0.001(-0.001 to 0.003)|  0.145 <0.001 (-B.@10.012)[ 0.937
Sex (female) 0.579 (0.257 t0 0.902) | <0.001| 0.057 (0.024 to 0.090), 0.001 | 0.032 (-0.022 to 0.085 0.244  0.298 (-0.035to ®)63 0.079
Smoking -0.004 (-0.175t0 0.168 0.96Y -0.003 (-0.021 fi1@) | 0.703| 0.029 (<0.001t00.078) 0.060 0.080Dto 0.268)| 0.399
BMI -0.027 (-0.054 to 0.001 0.060 -0.002 (-0.005 @) | 0.123| 0.002 (-0.003t0 0.006) 0.474 -0.01064Dto 0.013)] 0.256
Uric acid levels | 0.002 (<0.001 to 0.004| 0.019 | <0.001 (0.001 to<0.001) 0.95] 0.001 (<0.001 to 0.001)] 0.002 | 0.001 (<0.001 to 0.003 0.13
IR 0.013 (-0.282 to 0.309) 0.92¢ -0.039 (-0.069 to -0.009 0.012 | 0.035 (-0.015 to 0.086 0.17¢ 0.413 (0.092 to 0.735)| 0.012
Systolic BP 0.003 (-0.006 t00.011) 0.517 0.001 (<0.001 to 0.002] 0.014 | <0.001 (-0.002 to 0.001) 0.818 <0.001 (-0.009 @HOY) | 0.958
Diastolic BP 0.008 (-0.006 to 0.022) 0.243 <0.001 (-0.002 t&®D)Q 0.521 | 0.001(-0.001t00.003) 0.426 0.010 09.® 0.025) 0.198
RF positivity -0.014 (-0.309 to 0.281 0.92} -0.030 (-0.060 to 0.001| 0.048 | -0.026 (-0.077 to 0.024 0.302 -0.123 (-0.442 96) | 0.448
Methotrexate 0.140 (-0.117 to 0.397) 0.28] 0.027 (<0.001 to 0.053] 0.047 | -0.017 (-0.061 to 0.027 0.436  0.004 (-0.275 t®B)2| 0.977
HCQ -0.471 (-0.785t0 -0.158 0.003 | 0.014 (-0.017 to 0.046 0.375 -0.041 (-0.094 tdB)0 0.133| -0.519 (-0.862to -0.176 0.003
Anti-TNF -0.260 (-0.665 to 0.145 0.20y -0.012 (-0.053 @80) | 0.582| -0.020 (-0.0891t0 0.050) 0.579 -0.398@8 to 0.054)] 0.084
Prednisolone | 0.190 (-0.099 to 0.480)| 0.19] 0.033 (0.004 to 0.063)| 0.028 | 0.072 (0.022 to 0.121)] 0.005 | 0.091 (-0.219 to 0.401)  0.56

[0 = positive associatiol ]

necrosis factor, B= beta coefficient

= negatsgsociation , Abbreviations: TC: total cholestelamHDL: log high density lipoproteins, logTG: l&éggylcerides, LDL:
low density lipoproteins, BMI: body mass index, IRsulin resistance, BP: blood pressure, RF: rheéoichdactor, HCQ: hydroxychloroquine, anti-TNF: aftmour
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Table 4.2: Independent predictors ofgdid ratios

TC: HDL ratio LDL: HDL ratio

B (95% confidence interval) P value B (95% confidece interval) P value
Age -0.001 (-0.011 to 0.009) 0.863 -0.007 (-0.017 @A) 0.216
Sex (female) -0.103 (-0.388 to 0.181) 0.474 -0.117 (-0.398 i®606) 0.411
Smoking 0.068 (-0.090 to 0.226) 0.396 0.116 (-0.041 to B)27 0.148
BMI 0.005 (-0.020 to 0.030) 0.701 -0.004 (-0.029 t@0)0 0.750
Uric acid levels 0.001 (<0.001 to 0.003) 0.071 0.001 (-0.001 to ®)00O 0.292
IR 0.330 (0.057 to 0.603) 0.018 0.514 (0.243 (0.785) <0.001
Systolic BP -0.007 (-0.015 to 0.001) 0.068 -0.006 (-0.014 o) 0.113
Diastolic BP 0.009 (-0.003 to 0.022) 0.152 0.009 ( -0.004 t@P)0 0.159
RF positivity 0.226 (-0.045 to 0.497) 0.101 0.034 (-0.234 to B)30 0.805
Methotrexate -0.135 (-0.370 to 0.100) 0.258 -0.154 (-0.389 @80) 0.196
HCQ -0.456 (-0.745 to -0.168) 0.002 -0.399 (-0.688 to -0.103) 0.008
Anti-TNF 0.023 (-0.351 to 0.396) 0.905 -0.306 (-0.680 t®9)0 0.109
Prednisolone -0.046 (-0.312 to 0.220) 0.733 -0.036 (-0.297 286) 0.785
[0 = positive associatiol] = negatsgsociation , Abbreviations: TC: total cholestelmHDL: log high density lipoproteins, logTG: log
trigylcerides, LDL: low density lipoproteins, BMiody mass index, IR: insulin resistance, BP: blpabssure, RF: rheumatoid factor, HCQ:
hydroxychloroquine, anti-TNF: anti-tumour necrdsistor, B= Beta coefficient.
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4.3.3 The association of inflammation and individual lipid levels both cross-
sectional data and the retrospective longitudinal data (summarised in table 4.9)
In the sections below, the cross-sectional assonmbf each component of the lipid
profile/lipid ratios and inflammation (CRP) is assed using a linear regression model.
This is first presented as an unadjusted modettzen adjusted for factors identified as
potential confounders from the analysis presentedain section 4.3.2, (these
included age, gender, smoking status, BMI, urid é&vels, systolic and diastolic BP,
insulin resistance, methotrexate, prednisolone; TA4E therapy). ESR was not
included in the analyses for reasons of co-lingavith CRP. Longitudinal associations
of lipid levels/lipid ratios and inflammation (CRESR) were assessed using GEEs

adjusted for age and gender.

TC:

Cross-sectional: TC levels were significantly inversely associatéth CRP in the
unadjusted model (B=-0.008, 95% CI: -0.013 to02,(=0.006) and this association
remained following adjustment for potential confdars (B=-0.008, 95% CI: -0.013 to
—0.002, p=0.006) (seable 4.3.

Table 4.3: The association of TC and CRP followingadjustment for potential

confounders

B (95% confidence interval) P value
Unadjusted -0.008 (-0.013 to -0.002) 0.006
Model a -0.007 (-0.013 to -0.002) 0.007
Model b -0.007 (-0.012 to -0.001) 0.016
Model ¢ -0.008 (-0.013 to -0.002) 0.006

Model a: adjusted for demographics (age, gendeskism status, body mass index)
Model b: adjusted for model a plus RA specific ¢ast(Rheumatoid factor positivity), and
cardiovascular risk factors (systolic and diastblimod pressure, insulin resistance, uric acid
levels)
Model c: adjusted for models a, b and medicatiomstijotrexate, hydroxychloroquine, anti
tumour necrosis factor therapy, prednisolone)

Retrospecctive longitudinal data: GEE (with age and sex adjustment) demonstrated a
negative association between TC levels and CRR-QB97, 95% CI: -0.008 to —0.005,
p<0.001) and ESR (B=-0.005, 95% CI: -0.007 to 62,{<0.001).
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HDL:

Cross-sectional: logHDL levels were significantly inversely assde@with CRP in the
unadjusted model (B=-0.001, 95% CI: -0.002 to €@,(p=0.001) and this association
remained following adjustment for potential confdars (B=-0.001, 95% CI: -0.001
t0<0.001, p=0.007) (sdable 4.4.

Table 4.4: The association of logHDL and CRP folloimg adjustment for potential

confounders

B (95% confidence interval) P value
Unadjusted -0.001 (-0.002 to <0.001) 0.001
Model a -0.001 (-0.001 to <0.001) 0.003
Model b -0.001 (-0.001 to <0.001) 0.014
Model c -0.001 (-0.001 to <0.001) 0.007

Model a: adjusted for demographics (age, gendeskism status, body mass index)
Model b: adjusted for model a plus RA specific tast(Rheumatoid factor positivity), and
cardiovascular risk factors (systolic and diastblimod pressure, insulin resistance, uric acid
levels)
Model c: adjusted for models a, b and medicatiomstijotrexate, hydroxychloroquine, anti
tumour necrosis factor therapy, prednisolone)

Retrospective longitudinal data: GEE in serial measurements confirmed an inverse
association between logHDL and CRP (B=-0.001, 990001 to —0.001, p<0.001)
or ESR (B=-0.001, 95% CI: -0.001 to —0.001, p€Q)0

TG:
Cross-sectional: 1ogTG was not found to associate with CRP in eithe unadjusted or

adjusted model (seaable 4.5.

Table 4.5: The association of logTG and CRP followg adjustment for potential

confounders

B (95% confidence interval) P value
Unadjusted 0.000 (-0.001 to 0.001) 0.792
Model a -0.001 (-0.002 to <0.001) 0.248
Model b -0.001 (-0.001 to <0.001) 0.292
Model c -0.001 (-0.002 to <0.001) 0.152

Model a: adjusted for demographics (age, gendeskism status, body mass index)
Model b: adjusted for model a plus RA specific tast(Rheumatoid factor positivity), and
cardiovascular risk factors (systolic and diastblimod pressure, insulin resistance, uric acid
levels)
Model c: adjusted for models a, b and medicatiomstijotrexate, hydroxychloroquine, art
tumour necrosis factor therapy, prednisolone)
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Retrospective longitudinal data: GEE demonstrated that CRP had a significant negati
association with logTG (B= -0.001, 95% CI: -0.0@1<0.001, p=0.003), but ESR was

not found to associate (p=0.860).

LDL:

Cross-sectional: A significant inverse association was observedbeh LDL and CRP
both in the unadjusted (B=-0.006, 95% CI : -0.6d<0.001, p=0.045) and the adjusted
model (B=-0.008, 95% CI: -0.014 to —0.002, p=0)0Béetable 4.6.

Table 4.6: The association of LDL and CRP followingadjustment for potential

confounders

B (95% confidence interval) P value
Unadjusted -0.006 (-0.011 to <0.001) 0.045
Model a -0.007 (-0.012 to -0.001) 0.027
Model b -0.007 (-0.013 to -0.002) 0.014
Model ¢ -0.008 (-0.014 to -0.002) 0.007

Model a: adjusted for demographics (age, gendevksm status, body mass index)
Model b: adjusted for model a plus RA specific tast(Rheumatoid factor positivity), and
cardiovascular risk factors (systolic and diastblimod pressure, insulin resistance, uric acid
levels)
Model c: adjusted for models a, b and medicatiomstijotrexate, hydroxychloroquine, anti-
tumour necrosis factor therapy, prednisolone)

Retrospective longitudinal data: GEE confirmed an inverse association between LDL
and CRP (B=-0.006, 95% ClI: -0.008 to —0.003, p&D)Pbut not ESR (p=0.891).

4.3.4 The association of inflammation and lipid ratios both cross-
sectionally and longitudinally (summarised in table 4.9)
TC:HDL ratio:
Cross-sectional: No association was found between CRP and the TC:#dbo in the
unadjusted (B= 0.002, 95% CI: -0.002 to 0.007, p20) or adjusted model (B=
<0.001, 95% CI: -0.005 to 0.005, p=0.931) (&x=e 4.7).
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Table 4.7: The association of TC:HDL ratio and CRPfollowing adjustment for

potential confounders

B (95% confidence interval) P value
Unadjusted 0.002 (-0.002 to 0.007) 0.320
Model a 0.001 (-0.004 to 0.006) 0.637
Model b <0.001 (-0.005 to 0.005) 0.871
Model ¢ <0.001 (-0.005 to 0.005) 0.931

Model a: adjusted for demographics (age, gendevkism status, body mass index)
Model b: adjusted for model a plus RA specific éast(Rheumatoid factor positivity), and
cardiovascular risk factors (systolic and diastblimod pressure, insulin resistance, uric acid
levels)
Model c: adjusted for models a, b and medicatiomstijotrexate, hydroxychloroquine, art
tumour necrosis factor therapy, prednisolone)

Retrospective longitudinal data: GEE demonstrated a significant positive associatio
between ESR levels and the TC:HDL ratio (B= 0.(8E6 CI: <0.001 to 0.001,
p<0.001), but no association was found with CRE($78).

LDL:HDL ratio:

Cross-sectional: No association was found between CRP and the LDL:Hitio in

either the unadjusted (B= 0.001, 95% CI: -0.008.a96, p=0.557) or adjusted models
(B=-0.001, 95% CI: -0.006 to 0.003, p=0.564) (sd@e 4.8.

Table 4.8: The association of LDL:HDL ratio and CRPfollowing adjustment for

potential confounders

B (95% confidence interval) P value
Unadjusted 0.001 (-0.003 to 0.006) 0.557
Model a <0.001 (-0.005 to 0.005) 0.940
Model b -0.001 (-0.006 to 0.004) 0.651
Model c -0.001 (-0.006 to 0.003) 0.564

Model a: adjusted for demographics (age, gendevksmg status, body mass index)
Model b: adjusted for model a plus RA specific ¢ast(Rheumatoid factor positivity), and
cardiovascular risk factors (systolic and diastblimod pressure, insulin resistance, uric acid
levels)
Model c: adjusted for models a, b and medicatiomstijotrexate, hydroxychloroquine, anti-
tumour necrosis factor therapy, prednisolone)

Retrospective longitudinal data: GEE demonstrated a positive correlation betwe®eR E
and LDL:HDL ratio (B= 0.001, 95% CI: 0.001 to 0.0qik0.001), however, no
significant association was found with CRP (p=0)389
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Table 4.9: A summary of factors found to be indep&dent predictors of changes in individual lipid leels and lipid ratios

TC HDL TG LDL TC:HDL LDL:HDL ApoB:ApoAl

Ratio Ratio ratio

CRP - ve - ve - ve

RF positivity -ve

Methotrexate +ve

Hydroxychloroquine -ve -ve -ve -ve

Prednisolone +ve + ve

Gender + ve + ve

Systolic BP + ve

Uric acid + ve

BMI -ve

IR - ve + ve + ve + ve + ve

[0 = positive associatiol] = negativeoagation

Results shown in this table all reached statissmalificance in multivariate testing (p value <§).0CRP: C-reactive protein, RF: rheumatoid factor,
BMI: body mass index, IR: insulin resistance, T@at cholesterol, HDL: high density lipoprotein, TtEglycerides, LDL: low density lipoprotein,
ApoB: apolipoprotein B, ApoAl: apolipoprotein Al.
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4.3.5 The association of lipid parameterswith DAS (used as a marker of
inflammation)
The cross sectional data were analyzed replacing @i DAS (a composite marker of
disease activity). The results from the multivaiatodels demonstrated that DAS was
found only to significantly associate with HDL (B801, 95% CIl= -0.019 to -0.002,
p=0.019) and ApoA (B=-0.036, 95% CI=-0.066 to —@,00=0.036). Other individual

lipid parameters and lipid ratios were not foun@ssociate.

4.3.6 The effects of statins on lipid levelg/lipid ratios and their
relationship with CRP

The cross-sectional data were analysed in all pistiacluding those receiving statins, to
assess the impact of statins on lipid levels/ligittbs and theirelationship with markers
of inflammation (CRP). In the multivariate moddhtins were found to be an
independent predictor of TC (B=-1.209, 95% CI149F. to —0.921, p<0.001), HDL (B= -
0.036, 95% CI: —0.066 to —0.007, p=0.016), LDL B+169, 95% CI: —1.486 to —0.851,
p<0.001), and ApoB (B=-0.251, 95% CI: —0.329 tal-#3, p<0.001) levels, as well as
ApoB:ApoA ratio (B=-0.140, 95% CI: —0.202 to —-090'p<0.001), TC:HDL ratio (B= -
0.554, 95% CI: —0.820 to —0.289, P<0.001), and HHML ratio (B=-0.646, 95% CI: —
0.911 to —-0.381, p<0.001). The addition of statthe model did not alter the
associations of individual lipid levels or lipidti@s with CRP from those previously

described. (results not shown).

4.4 Discussion

In this chapter | have demonstrated that in cohteamdividual lipid components, lipid
ratios in RA are much less susceptible to changeslammatory burden, and the use of
anti-rheumatic drugs, including GCs (but not HCQhus, in RA patients lipid ratios
(including apoB:apoA1l) appear to offer a more t@éamethod of identifying lipid
abnormalities or the true extent of lipid-assodaisk. These findings suggest that
future studies are required to address and contpeaneredictive ability of lipid ratios

versus individual components for CVD risk in a ramd RA patients.

The prospective collection of data in the crosgiseal cohort of consecutive patients

has minimised selection or recall bias and missaiges, and has allowed adjustments
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for multiple potential confounders. Although tivas informative, it could not guarantee
causality or prove the directionality of any of @sociations found. However, the
confirmation of several of the associations, patéidy the inverse change of individual
lipid components with systemic inflammation, inegparate, large cohort of RA patients
who had serial, contemporary measurements of ligsiels, ESR and CRP provided
internal support for our findings. However, it ransathat the longitudinal study is
limited by a lack of data on other potential confdars. Irrespective of this, the findings
reported in this chapter extend prior observatioos other studies(129).

When comparing the relationship between inflamnmaéind changes in individual lipid
components, versus the effects of inflammationijmd ratios, distinct differences are
seen. In the cross-sectional data, CRP had a simgagse association with multiple
individual lipid moieties including TC, HDL, and LUDlevels, but not with any of the
lipid ratios. An almost identical pattern was olhserin the longitudinal data, with the
exception of the TC:HDL ratio, which was found tsfively correlateThe relationship
between ESR and lipids/lipid ratios was ratheredéht, with only limited effects noted
in the longitudinal data (reduction in HDL and T@deelevations of the LDL:HDL
ratio). A potential explanation for the discrepaheyween the relationships seen with
CRP and ESR is the difference in time taken fosé¢htevo inflammatory markers to
fluctuate as a consequence of changes in inflanmnatoden. It is well recogonised that
fluctuations in ESR levels lag well behind thoserseith CRP. Thus for each
inflammatory episode ESR levels will take longeirterease and will be elevated for

longer.

When the analysis was extended to include a mareogorary, clinical measurement
of disease activity, DAS 28, interestingly, it wasind only to negatively associate with
HDL and ApoA levels. The potential reasons fordiserepancy between the findings
with DAS and CRP include a difference in the sevigjtof the tests (DAS28 perhaps
also detecting signs of chronic disease e.g. chrgymovial thickening as well as signs of
acute inflammation), and a time lag in the onsedyohptoms/signs relative to the change
in CRP. A longitudinal study would offer a more usbway of assessing the association
of DAS with lipids and lipid ratios, however, thedata were unfortunately lacking from

my longitudinal data.
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Despite rapid advances in drug therapy for RA, @meain reliant on GCs (GC) as rescue
therapy for acute flares of disease, and as lotagar-naintenance therapy in those with
resistant disease. Short and long-term GC usedesdssociated with many adverse
effects, including accelerated CV risk (51;59;488)the present chapter, GC use was
independently associated with elevations of HDL @@d but not TC and LDL levels. A
study by Boers et al, also demonstrated an inciiead®L and TC levels in the study
arm treated with a combination of DMARD and oragmisolone versus DMARD alone
(368).Although GC-induced elevations in HDL would appeabe protective, GC
treatment clearly has other effects, which on badasould enhance CVD risk. One such
change that may help to explain this in the prestmty is the GC-induced increase in
TG levels, a phenomenon that has been previoudlydegcribed in the literature (490).

In recent years, HCQ use has expanded. This iy l#tdeast in part to be a consequence
of the NICE guidelines recommending combination DRMAtherapy for early RA
(490;491). The lipid lowering effects of HCQ arellwecognized (371;374;375;490).
HCQ suppresses TC, LDL and TG levels whilst inareasiDL levels
(371;374;375;490;492). In this chapter | have coméid many of these findings, with
HCQ use associating with lower TC (p=0.003) and L{P£0.003) levels. Interestingly,
HCQ was not found to associate with HDL or TG lsvéh addition to these findings, |
have also demonstrated for the first time that HTQ lowers lipid ratios (TC:HDL and
LDL:HDL); thus indicating that HCQ produces glolaaiti-atherogenic effects on the
lipid profile that may translate to a reductiondND risk.

Statins are commonly prescribed both for primarg secondary prevention of CHD.
They induce a wide range of beneficial changekénipid profile including, potent
reduction of TC, LDL and less so TG levels, whitshimally increasing HDL levels
(493;494). However, current published data on ffects of statins on HDL levels in the
general population remain far frotonclusive (495). | demonstrated that HDL levels
were lower in those on statins, which may well be tb patients with lower HDL
deemed to be at higher CVD risk and therefore rmoremonly prescribed statins, rather
than statin-induced reduction in HDL. Interestingip RCT of statins in RA showed no

significant change in HDL with atorvastatin (496).
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In conclusion, the cross-sectional and longituddeth presented in this chapter indicate
that inflammation is key to many of the lipid chasgbserved in RA, and that lipid
ratios are less susceptible to fluctuation as @altres changes in inflammatory markers
(CRP/ESR) and corticosteroid use, although they atldye beneficially affected by
HCQ. These findings suggest that lipid ratios,eathan TC or LDL alone, may be more
useful for routine absolute CVD risk estimationd:iA patients to facilitate decisions on
prescribing lipid lowering therapy e.g. SCORE aitjon. However, this needs to be

confirmed in future studies.
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Chapter 5: The effects of drug-induced suppressioaf

inflammation on lipid levels, structure and function

5.1 Introduction

The purpose of this chapter is to explore the nmirecate effects of inflammation on
lipid metabolism such as changes in lipid subfoadj lipid structure (nitration and
oxidation) and how these translate in to lipid fume with regards to how readily LDL
oxidises (LDL lag times) and LDL is taken up int@aonophages.

There is evidence to suggest that changes indipictture and function can significantly
contribute to CVD risk (497-499). Several studieshe general population have
attempted to quantify the CVD risk associated irdiial lipid subfractions (HDL and
LDL) (499;500). It has been suggested that molieedfanalyses of lipoprotein
subclasses may lead to improvements in CVD riskuati@an and the identification of
therapeutic targets (497). The majority of studiesionstrate that an increase in small
dense LDL (501) and a decrease in HDL2 levelsss@ated with an increased CVD
risk (500). However, the results for HDL3 are equial (132;500)Table 5.1

summarises which alterations in lipid levels, sinoe and function are proatherogenic.

Table 5.1: Proatherogenic changes in lipid levelstructure and function

Pro-atherogenic lipid changes

1 TC, LDL, TG, ApoB, HDL3, SdLDL, oxLDL, nitrated LDL

| HDL, HDL2, ApoA, LDL lag times, DiloxLDL uptake

TC.: total cholesterol, LDL: low density lipoprotsinT G: triglycerides, SdLDL: small
dense low density lipoproteins, nitrated LDL.: nié@h low density lipoproteins, HDL: high
density lipoproteins, ApoA: apolipoprotein A, Apo8polipoproteinB, DiloxLDL1,1'-
dioctadecyl-3,3,3’,3'-tetramethylindocarbocyaniabélled oxidised low density lipoprotein uptake

In the context of RA, the heterogeneity of lipidbduactions has been studied in 4 cross-
sectional studies (133;369;502;503). Three ofdles/e demonstrated differences in the
lipoprotein sub-fraction profile amongst RA pat®ebmpared to age- and sex-matched

healthy controls, with lower levels of HDL2 and hey levels of small dense LDL
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(SdLDL) particles (133;502;503). A further studyngoared the HDL sub-fraction profile
of 78 RA patients on standard DMARD therapy to @Spatients receiving GCs at a
mean dose of 5.1mg/d (369). Patients receiving k&@dshigher levels of HDL2 and
HDL3 compared to steroid-naive patients. Howeverdongitudinal studies have
assessed the impact of initiating anti-inflammaitnyg therapy on the lipoprotein

subfraction profile in RA.

Modifications of LDL (oxidation/nitration) have aldeen associated with CVD risk and
inflammation has been shown to enhance such matidits through exposure to ROS.
In RA, little is known about the effects of systermflammation or drug therapy on LDL
modifications. A study by Kim et al (142) demongtdasignificantly higher levels of
oxLDL in 54 RA patients compared to 115 age matatwdrols. Interestingly, oxLDL

levels were not found to associate with inflammatoarkers.

The uptake of LDL into macrophages in RA patieras heen examined in a small study
(276). This study compared LDL uptake in RA patsantth (n=13) and without CVD
(n=12) to patients with OA, and the potential metbias by which this may occur. RA
patients with CVD had increased LDL uptake compaoedisease matched OA patients,
but this did not reach statistical significancee ®uthors also found higher levels of
nitrated LDL, which correlated with increased howysieine levels. The authors
therefore concluded that homocysteine may prombie hitration and that the nitrated
LDL is then taken up more readily by macrophagé®ré is no current data available on
the effects of inflammation or drug therapy on LDyitake, nor is there data assessing
the effect of other lipid alterations e.g. subfracs, LDL lag times on this process in

RA.

In this chapter | will: (1) assess the longitudimapact of systemic inflammation in RA
on lipid subfractions (HDL2, HDL3, HDL2:HDLS3 ratiand SdLDL) and lipid
modifications (oxidation/nitration); (2) assess Wiex changes in these lipid parameters
are due to global changes in systemic inflammatioa drug-specific effect; (3) assess
whether changes in lipid subfractions and lipid rhoations translate in to functional
changes in LDL (alterations in lag times or diloXLDptake by U937 cells).
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5.2 Methods

The recruitment and data collection of the longitaticohort are described in detail in
chapter 2, section 2.1.2. Baseline characterisfi€®A and healthy control populations
are summarised in table 2.2. The methods usedsesadipid subfractions, lipid structure
(oxidation/nitration) and function (LDL lagtimes@iloxLDL uptake in to U937 cells)
are described in chapter 2, section 2.9. The upiakeloxLDL into U937 cells is
inversely proportional to the uptake of the studytigipant’s actual LDL uptake into
U937 cells.

Statistical analysis was performed using SPSS (B82S Inc, Chicago, IL, USA).
Baseline comparisons of lipid parameters were nbati@een RA and healthy controls
using a Student’s t test for normally distributediables or a Mann Whitney U test for
non normally distributed variables. Univariate asatons of each of the lipid
parameters were assessed using students t testror Wihitney U for binary categorical
variables, ANOVA and Kruskal Wallis for categorieariables with 3 or more groups,
and Spearman’s and Pearson’s correlations forrmemitis variables. Longitudinal
analyses assessing changes in lipid parametersdrm/éeatment period were performed
using GEEs. This method of analysis was chosena®wed adjustment of changes in
inflammatory parameters (CRP) at the different tpoats. Each GEE model was
adjusted only for CRP, as other known potentiafa@onders did not differ significantly
over the follow up period. However, in order to ckéhat any differences observed
between the groups weren’t purely due to differsnnéaseline confounders e.g. age, a
generalised linear model (GLM) was performed adjgsfor potential confounders. For
completeness, the analysis also repeated repl@gRiywith ESR, but as this did not
significantly affect the results | have just reporthe CRP-adjusted results. For each
lipid parameter, GEEs were performed twice, in otddook for: (1) differences
between the three main study arms (RA intervenfidhcontrols and HC); and (2)
differences between the three intervention armsi{ANF, IV GCs and rituximab). All

non-normally distributed variables were log tramsfed prior to being analysed.
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5.3 Results
5.3.1 Baseline differences between RAdhealthy controls

Comparisons of baseline data of the longitudinal(RA intervention and RA controls)
and HC populations demonstrated that RA patiendssignificantly lower levels of
HDL2 (p=0.005), HDL2:HDLS3 ratio (p=0.009), shortebL lag times (p=0.007), but
higher levels of HDL3 (p=0.006). Although no siga#nt differences in other lipid
parameterswere observed, levels of TC , HDL andApefe lower and TGs, OxLDL
and nitrated LDL higher amongst the RA group. Aikmrend was found for lipid
ratios with TC:HDL, LDL:HDL and ApoB:ApoA ratios bappearing higher in RA
patients but without reaching statistical significa (the results are summarised able
5.2).

In a multivariate linear regression model adjusfmgpotential confounders (age,
gender, BMI, smoking status, IR and systolic BRJydiDL2 levels (B=-0.225, 95%
Cl: -0.070 to - 0.380, p=0.005) were found to lgmdicantly lower amongst RA

patients.

In a subanalysis no significant differences werseobed in lipid parameters when
comparing RA patients who were antibody positiveKRr anti-CCP +ve) to those who
were antibody —ve, or when comparing those withA&PB8>5.1 to those with a DAS28
<5.1. However, in both the unadjusted and adjustedr regression model, RA patients
with a DAS28>3.2 had higher levels of nitrated LDL compared atignts with a

DAS28 <3.2 (unadjusted: B= 0.599, 95% CI: 0.151.®16, p=0.010, adjusted: B=
0.914, 95% CI: 0.021 to 1.807, p=0.045). In thedjusted linear regression model,
ApoA levels were lower amongst RA patients withAS28>3.2 compared to patients
with a DAS28 <3.2 (B=-0.256, 95% CI: -0.460 to®11p=0.015), however this was
lost following adjustment for potential confoundéBs- -0.195, 95% CI: -0.555 to 0.164,
p=0.280). When comparing RA patients with a CFAnmol/L to those with an CRP <5
mmol/L levels of nitrated LDL were higher amondsb$e with an CRP over 5 mmol/L
in both the unadjusted and adjusted linear regrassiodels (unadjusted: B= 0.285, 95%
Cl: 0.054 to 0.516, p=0.016, adjusted: B= 0.39P695l: 0.084 to 0.709, p=0.014).
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Table 5.2: A comparison of baseline lipid levelstructural and functional

parameters in RA patients (RA intervention group am RA controls) and healthy

controls
RA (n=72) HC (n=40) P value
Lipid levels and lipid ratios
TC(mmol/L) 5.06+ 1.03 5.18t 1.01 0.557
HDL (mmol/L) 1.49+ 0.36 1.59% 0.42 0.154
LDL (mmol/L) 3.30+£0.93 3.36t 0.89 0.733
TG (mmol/L) 1.20 (0.90-1.20) 1.0 (0.70-1.33 0.051
Apo A (g/L) 1.45+0.28 1.52+ 0.31 0.204
Apo B (g/L) 0.89+ 0.23 0.88t 0.22 0.791
TC:HDL ratio (mmol/L) 3.57+1.03 3.42£0.81 0.416
LDL:HDL ratio (mmol/L) 2.36+ 0.94 2.25-0.74 0.511
ApoB:ApoA ratio (g/L) 0.63+0.19 0.52 0.16 0.275
Lipid subfractions
HDL2 (mmol/L) 0.95+ 0.35 1.15 0.33 0.005
HDL3 (mmol/L) 0.52+0.18 0.43:0.13 0.006
HDL2:HDL3 (mmol/L) 2.15+ 1.55 2.96+ 1.45 0.009
SdLDL (mmol/L) 0.95 (0.6-1.21) 1.03 (0.75-1.34) a2
Lipid modifications
OXxLDL (U/L) 81.5(45.9-112.4)| 59.2 (45.75-79.9) OR
Nitrated LDL {g/ml) 11.1 (3.48-18.49)| 8.82 (1.36-18.5) 0.308
Functional changes
LDL lag times (mins) 116.5% 19.01 128.&¢ 21.05 0.007
DiloxLDL uptake (%) 96.6t 10.2 95.1+ 4.61 0.604
(n=32) (n=12)
Results are reported as mean + standard deviatioredian (25-75" interquartile
rgr;ger%eumatoid arthritis, HC: healthy controls, Tt@tal cholesterol, HDL: high
density lipoproteins, LDL: low density lipoproteinBG: triglycerides, ApoA:
Apolipoprotein A, ApoB: Apolipoprotein B, oxLDL: dgised LDL, SdLDL: small
dense low density lipoproteins
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5.3.2 Thelongitudinal effects of anti-inflammatory treatment on
inflammatory parameters (ESR/CRP) and disease activity (DAS28)
(figure 5.1)
Sudy Groups: In the RA intervention arm (Anti-TNF, intravenoG€s or rituximab),
compared to baseline, there were significantly lolreels at follow-up of: CRP (2
weeks: B=-0.327, 95% CI: -0.436 to -0.218, p<0,@onths: B= -0.250, 95% CI. -
0.356 to -0.144, p<0.001); ESR (2 weeks: B=-0,288%6 CI: -0.265 to -0.125,
p<0.001, 3 months: B=-0.169, 95% CI: -0.269 t®68, p=0.001) and DAS28 (2weeks:
B=-1.354, 95% CI: -1.715 to -0.993, p<0.001, 3 thenB=-1.437, 95% CI: -1.795 to -
1.078, p<0.001). CRP and ESR levels did not ddfesr time in the HC or RA control
populations. DAS 28 was significantly higher amdrig8 controls at 3 months
compared to baseline (B=1.002, 95% CI: 0.436 t168,.$=0.001).
Intervention arms: A significant difference in the pattern of resperwas observed with
CRP (p<0.001), ESR (p=0.003) and DAS 28 (p<0.0mitpavenous GC use produced
transient falls in ESR and DAS28 at 2 weeks (B888, 95% CI: -0.168 to -0.003,
p=0.043 and B=-1.749, 95% CI: -2.596 to -0.9010.p81, respectively) with levels
returning to baseline at 3 months; Anti-TNF useiltesl in lower ESR, CRP and DAS28
at 2 weeks (ESR: B=-0.239, 95% ClI: -0.336 to -0,1k0.001, CRP: B=-0.398, 95%
Cl: -0.539 to -0.256, p<0.001 and DAS28: B= -1.49% CI: -1.887 to -1.104,
p<0.001), and at 3 months (ESR: B=-0.158, 95% @287 to -0.029, p=0.017, CRP:
B=-0.275, 95% CI: -0.422 to -0.129, p<0.001 andS28: B=-1.671, 95% ClI: -2.064 to
-1.277, p<0.001), while rituximab use resultedawér ESR and DAS28 levels at 3
months (ESR: B=-0.343, 95% CI: -0.607 to -0.07).p11, DAS28: B=-1.363, 95%
Cl: -2.311 to -0.415, p=0.005).
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Figure 5.1: Longitudinal changes in inflammatory paameters and disease activity
a) within the three study groups (RA intervention, RA controls and healthy
controls) b) within the three RA intervention arms (Anti-TNF, GCs and

Rituximab).
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Lipid levels: (see figure 5.2)

LDL:

Sudy groups: A difference in the pattern of response over timas observed (p=0.006),
with LDL levels being significantly lower at 2 weekompared to baseline in the RA
control arm, this remained following adjustment @&RP (B=-0.306, 95% CI: -0.522 to
—0.090, p=0.005). No significant changes in LDLdBwvere seen in the RA intervention
or HC arms.

Intervention arms. No overall effect of time or group and no diffecenn the pattern of
response were observed between the groups in #id@nadjusted or CRP adjusted
model.

A GLM adjusted for all baseline potential confourslgage, gender, BMI, IR, smoking
status, and CRP) did not identify any significaiffedlences between the groups.

HDL:

Sudy groups: A difference in the pattern of response was oleskbetween the arms
(p=0.002). This association remained following athuent for CRP (p=0.011). Within
the RA intervention arm HDL levels were significlgrtiigher at 2 weeks compared to
baseline (B= 0.094, 95% CI: 0.032 to 0.156, p=0)tQa& returned to baseline levels at 3
months (p=0.406). Changes in HDL levels were alseoved in the RA control arm
with HDL levels significantly lower at 2 weeks (B8.130, 95% CI: -0.256 to —0.006,
p=0.040) compared to baseline. HDL levels remastatle over time amongst the HC
arm.

Intervention arms: An overall effect of time irrespective of group swaoted with HDL
levels increasing at 2 weeks (B= 0.093, 95% CI30.» 0.155, p=0.003) and returning
to baseline levels at 3 months (p=0.433). No greftgct or differences in the pattern of
response were observed.

A GLM adjusted for all baseline potential confoursléage, gender, BMI, IR, smoking
status, and CRP) did not find any significant défeces between the groups.

TC:

Sudy groups: A significant difference in the pattern of respet®tween the study
groups was observed (p<0.001), which remainedvatig adjustment for CRP
(p<0.001). At 2 weeks, TC levels were significarttigher in the RA intervention arm
(B=0.255, 95% CI: 0.012 to 0.408, p=0.001), angdoin the RA control arms (B= -
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0.361, 95% CI: -0.576 to —0.147, p=0.001) compaodubseline values (no difference
between baseline and 3 month levels in either axm)differences were observed in TC
levels over time in the HC arm

Intervention arms: A difference in the pattern of response was olegrwhich remained
following adjustment for CRP (p<0.001), with TC & significantly higher at 2 weeks

in the rituximab (B= 0.226, 95% CI. 0.009 to 0.4$30.042) and IV GC arms (B=0.715,
95% CI: 0.365 to 1.065, p<0.001) compared to baselalues, both returning to baseline
levels at 3 months. No significant change in TGlswvere seen in the anti-TNF arm

over the 3 follow up visits.

TG:

Sudy groups: No significant period effect, group effect orfdilence in the pattern of
response was observed between the groups in ghihenadjusted or CRP adjusted
model.

Intervention arms. No significant period effect, group effect or éifénce in the pattern
of response was observed between the treatmentiatins unadjusted and CRP

adjusted models.

Lipid ratios: (see figure 5.3)

Sudy groups: Using a GEE model, no period effect, group eftealifference in the
pattern of response was observed for any of tle dggios (TC:HDL ratio, LDL:HDL
ratio or ApoB:ApoA) in the unadjusted or CRP adgasiodel.

Intervention arms. No period effect, group effect or differenceshe pattern of response
were noted in TC:HDL ratio, LDL:HDL ratio or ApoB@0A ratio over time amongst

the three treatment arms in either the unadjust€&R¥ adjusted model.
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Figure 5.2: Longitudinal changes in lipid levels awithin the three study groups
(RA intervention, RA controls and healthy controls)b) within the three RA
intervention arms (Anti-TNF, GCs and Rituximab)
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Figure 5.3: Longitudinal changes in lipid ratios a)within the three study groups (RA
intervention, RA controls and healthy controls) b)within the three RA intervention
arms (Anti-TNF, GCs and Rituximab)
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5.3.4 Longitudinal changesin lipid subfractions (see figure 5.4)
HDL2:
Sudy groups: A significant difference in the pattern of respenvgas seen between the
groups, which remained following adjustment for CRR0.010), with HDL2 levels
higher at 2 weeks in the RA intervention arm (B89, 95% CI. 0.029 to 0.164,
p=0.005), and lower at 3 months in the HC arm (B405, 95% CI: -0.188 to —0.022,
p=0.013) compared to baseline values. Levels of BilBdmained stable amongst the RA
control arm during the follow up period.
Intervention arms: A significant effect of time irrespective of theogps was seen with
HDL?2 increasing at 2 weeks (B= 0.101, 95% CI: 0.6388.170, p=0.004 — adjusted for

CRP), and returning to baseline levels at 3 months.

HDL3:

Sudy groups: A significant difference in the pattern of resppnsas observed. This

association remained following adjustment for CRR0O(001). In the RA control arm,

HDL3 levels were significantly lower at both 2 weefB= -0.191, 95% CI: -0.308 to —
0.074, p=0.001) and 3 months (B=-0.195, 95% CB08 to —0.087, p<0.001) compared
to baseline. HDL3 levels did not change signifibaoter time in the RA intervention or

HC arms.

Intervention arms. A significant difference in the pattern of respengas observed with

patients receiving IV GCs having significantly lamdDL3 levels at 3 months (B= -

0.113, 95% CI: -0.174 to —-0.051, p<0.001 — adjustedCRP) compared to baseline.
HDL3 levels amongst the other two treatment armsti(ANF and rituximab) did not

change during follow up.

HDL2:HDL3 ratio:

Sudy Groups. The pattern of response over time differed betwhergroups both in the
unadjusted (p=0.002) and CRP adjusted models (p4D.6IDL2:HDL3 ratio was
significantly lower at 3 months compared to baseimthe HC arm (B=-0.476, 95% CI:
-0.823 t0 -0.129, p=0.007) and higher at 3 montmspared to baseline in the RA
control arm (B= 0.627, 95% CI: 0.083 t0 1.172, ©24). The HDL2:HDL3 ratio did not
significantly change over time in the RA intervemtiarm.

Intervention arms: No significant group effect, period effect or difénce in the pattern

of response was observed between the three treames in either the unadjusted or
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CRP adjusted model. In a GLM, adjusting for otheteptial confounders at baseline
(age, gender, BMI, IR, smoking status, and CRPhdouo differences between the

groups.

Log SALDL:

Sudy groups: No significant period effect, group effect, orfdiences in the pattern of
response were observed between the three studyiragitber the unadjusted or adjusted
model. Following adjustment for all potential baselconfounders (age, gender, BMI,
IR, smoking status, and CRP) in a GLM no signiftadifferences between the groups
were seen.

Intervention arms. A significant difference in the pattern of resperwas observed
between the three treatment arms, which remainenhiog adjustment for CRP
(p=0.017). Patients treated with IV GCs had higheels of SALDL at 2 weeks (B=
0.084, 95% CI: 0.036 to 0.133, p=0.001) compardubseline. These returned to
baseline levels at 3 months. No significant diffexes in the levels of SALDL were seen

in the Anti-TNF or rituximab arms over the follovp period.
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Figure 5.4: Longituinal changes in lipid subfractons a) within the three study

groups (RA intervention, RA controls and healthy catrols) b) within the three RA

intervention arms (Anti-TNF, GCs and Rituximab)
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5.3.4 Longitudinal changesin LDL Modifications (see figure 5.5)
OxLDL:
Sudy groups: In both the unadjusted and CRP adjusted modslgnaficant group effect
and period effect was observed amongst the thuely sfroups. Irrespective of group,
there was a significant effect of time with OxLDavkls increasing at 2 weeks (B=
0.043, 95% CI: 0.014 to 0.071, p=0.003), but rahgro baseline levels by 3 months. A
group effect was noted with RA controls having digantly higher levels of oxLDL
than HC subjects (B= 0.128, 95% CI: 0.053 to 0.263).001). However, following
adjustment for all potential confounders at base{age, gender, BMI, IR, smoking
status, and CRP) in a GLM no significant differenoeOxLDL were observed between
the groups.
Intervention arms: In the GEE model adjusted for CRP, there was afsignt difference
in the pattern of response over time (p<0.001)h wdtients receiving anti-TNF therapy
(B=0.052, 95% CI: 0.001 to 0.102, p=0.044) amakimab (B= 0.220, 95% CI: 0.103 to
0.337, p=<0.001) found to have significantly higleaels of oxLDL at 3 months
compared to baseline; whereas, patients receintngvienous GCs had significantly
lower levels of oxLDL at 3 months compared to biase(B=-0.211, 95% CI: -0.335 to -
0.087, p=0.001).

LDL nitration:

Sudy groups: No significant period effect, group effect orfdilence in the pattern of
response was observed between the three studysgroup

Intervention arms. In the GEE model adjusted for CRP, a significaoug effect
(irrespective of time) was noted with anti-TNF pats having significantly lower levels
of LDL nitration compared to the rituximab arm (B%26, 95% CI: -0.46 to —0.08,
p=0.006). However, following adjustment for all potial baseline confounders (age,
gender, BMI, IR, smoking status, and CRP) in a GhiM association was lost and no
differences were observed between the groups.
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Figure 5.5: Longitudinal changes in lipid modificaions a) within the three study
groups (RA intervention, RA controls and healthy catrols) b) within the three RA

intervention arms (Anti-TNF, GCs and Rituximab)
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5.3.5 Longitudinal changesin LDL function (see figure 5.6)
Susceptibility of LDL to oxidise (LDL lag times):
Sudy groups: A significant period effect was observed irrespecof group in both the
unadjusted and CRP adjusted models, with lagtiretigng progressively shorter during
the follow up period (adjusted model: 2 wks: B 34.95% CI: -6.94 to —1.68, p=0.001,
and 3 months: B=-4.92, 95% CI: -7.61 to —2.23,.p80). A group effect was also
observed, with lag times found to be significarsthprter following adjustment for CRP
amongst both the RA Intervention arm (B=-12.18695I: -20.196 to —4.159, p=0.003)
and the RA control arm (B=-13.13, 95% CI: -23.@8-8.08, p=0.010) compared to the
HC arm. The differences between RA intervention RAdcontrols versus HCs remained
following adjustment for all other potential confalers (age, gender, BMI, IR, smoking
status, and CRP) in a GLM (RA intervention vs HG: B2.62, 95% CI. -23.83 to -1.42,
p=0.028).
Intervention arms: In the GEE model adjusted for CRP, a significaoug effect was
seen with patients receiving anti-TNF therapy hgvanger lag times than patients
receiving rituximab therapy (B= 12.371, 95% CI.1660 24.213, p=0.001). No other
group effects, period effect or differences inpla¢tern of response were observed. In a
GLM adjusted for all potential confounders at bame(age, gender, BMI, IR, smoking
status, and CRP), lagtimes remained longer in pigtien anti-TNF therapy compared to
those on rituximab (B=15.915, 95% CI: 7.616 to 28,20=0.001).

DiloxLDL uptakein to U937 cédlls:

Sudy groups: No significant period effect, group effect, orfdiences in the pattern of
response over time was observed between the ttuég groups. In a GLM adjusted for
all potential confounders at baseline (age, gerglst, IR, smoking status, and CRP),
no significant differences were found between tlogs.

Intervention arms: No significant period effect, group effect or difénces in the pattern
of response was observed between the three trebames.

An overall summary of the longitudinal changesipid parameters amongst both the

study groups and the intervention arms can be fautables 5.3and 5.4 respectively.
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Figure 5.6: Longitudinal changes in the functionaluptake of LDL by U937 cells a)
within the three study groups (RA intervention, RA controls and healthy controls)

b) within the three RA intervention arms (Anti-TNF, GCs and Rituximab)

LDL lagtimes
a) LDL lag times within each study group b) LDL lag times within the intervention
- & arms
g 130 p— g 130
E125 125
n 120 — B — :;;120 —
115 g 115
= 110 -5 110
2105 - o105 —
=100 —~— £ 100
a % — = 95
— 90 : - - 90 :
Bline 2 Weeks 3 Months Bline 2 Weeks 3 Months
Follow up visits Follow up visits
diloxLDL uptake by U937 cells
a) DiloxLDL uptake within each study b)DiloxLDL uptake within the intervention
arms
group
125 o 125
120 & 120
% 115 // Sus
'g.no T 110
2 105 —= Q 105 e —— —
-g 9 : O g .
Bline 2 Weeks 3 Months Bline 2 Weeks 3 Months
Follow up Visits Follow up visits
a) = Healthy controls, =RA intervention, = RA controls
b) = Intravenous glucocorticoids, =Rituximab, = Anti-tumour

necrosis factor therapy

147



Table 5.3: Summary of the longitudinal changes seein lipid levels, structure and

function within the three study groups (changes fron baseline)

NS

RA intervention RA controls Healthycontrols

2 Weeks 3 Months| 2Weeks 3 Months 2 Weeks 3 Montk
Lipid levels
LDL > — ! > — —
TC 1 > ! — — Pa.
TG > > > > > Pa.
Lipid ratios
TC:HDL — > > > > <~
LDL:HDL <« > > <~ <~ <~
ApoB:AopA > — > > - -
Lipid subfractions
HDL2 1 - — — — !
HDL3 > > l l — —
HDL2:HDL3 — o © 1 © !
logSdLDL > > > > - -
Lipid modifications
OxLDL 1 > 1 > 1 >
Nitrated LDL - — > > VN VN
LDL function
LDL l l l l l l
lagtimes
DiloxLDL — > > > > <~
uptake

Arrows indicate direction of changés increased|= decreasedy»= no change from baseline.
Arrow colour indicates whether the change is paiptpro-atherogenic or anti-atherogenic
not known:1= anti-atherogenic}= pro-atherogenic}= unknown

RA: rheumatoid arthritis, LDL: low density lipogeans, HDL: high density lipoproteins, T(

total cholesterol, TG: triglycerides, ApoB: apolgotein B, ApoA: apolipoprotein A, OXLDL|

oxidised low density lipoproteins, DiloxLDL uptake: 1,1'-dioctadecyl-3,3,3’,3'

or

)

tetramethylindocarbocyanine labelled oxidised lamgity lipoprotein uptake

148



Table 5.4: Summary of the longitudinal changes seein lipid levels, structure and

function within the three intervention arms (change from baseline)

Anti-TNF IV GCs Rituximab

2 Weeks 3 Months] 2 Weeks 3 Months 2 Weeks 3 Months
Lipid levels
LDL > > - - - —
HDL 0 > 0 — 1 PN
TC — — 1 — 1 —
TG — — — — — —
Lipid ratios
TC:HDL — > > > > <~
LDL:HDL > — > > <~ <~
ApoB:AopA > — > > - -
Lipid subfractions
HDL2 0 > 0 — 1 PN
HDL3 > — — l — >
HDL2:HDL3 > > > > <~ <~
logSdLDL > > 1 — > >
Lipid modifications
OxLDL > 1 - ! — 0
Nitrated LDL > > — — PN >
LDL function
LDL > > - - - —
lagtimes
DiloxLDL — > > > > <~
uptake
Arrows indicate direction of changés increased|= decreasedy»= no change from baseline.
Arrow colour indicates whether the change is padigtpro-atherogenic or anti-atherogenije:
anti-atherogenic}= pro-atherogenic,= unknown
Anti-TNF: anti-tumour necrosis factor, IV GCs: imenous glucocorticoids, LDL: low density
lipoproteins, HDL: high density lipoproteins, TQtal cholesterol, TG: triglycerides, ApoB:
apolipoprotein B, ApoA: apolipoprotein A, OxLDL: mhsed low density lipoproteins,
DiloxLDL uptake: 1,1'-dioctadecyl-3,3,3’,3'-tetrartig/lindocarbocyanine labelled oxidised low
density lipoprotein uptake
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5.3.6 Associations of lipid parameters with LDL furction (LDL lag times

and diloxLDL uptake)

Basdline associations:

The baseline associations of individual lipid paeters with measures of LDL uptake

(LDL lagtimes and diloxLDL uptake in to U937 celis) all subjects (RA and HC) were

assessed using Pearson’s coefficient. This denadedtithat HDL3 and log OxLDL

levels are significantly inversely associated wal times. Whilst a similar trend was

seen with these parameters and diloxLDL uptake Bg7Ucells, this did not reach

statistical significance. The results are summdris¢able 5.5

Table 5.5: Baseline correlations of measurements &pid levels and structure with

LDL function amongst all subjects (RA and HC)

diloxLDL uptake into LDL lagtimes
macrophages

r value p value rvalue p value
Lipid levels
TC 0.088 0.569 0.072 0.470
HDL -0.055 0.725 0.041 0.684
LDL 0.100 0.516 0.083 0.404
TG 0.089 0.566 -0.189 0.057
Lipid subfractions
HDL2 0.033 0.830 0.180 0.071
HDL3 -0.153 0.321 -0.200 0.044
SdLDL 0.096 0.535 0.114 0.257
Lipid modifications
log OxLDL -0.061 0.697 -0.206 0.041
log nitrated LDL | 0.165 0.296 0.021 0.837
Functional changes
LDL lagtimes -0.005 0.977

[ = significant negative association
"= p value remains significant following bonferrauirrection
TC.: total cholesterol, HDL: high density lipopratsj LDL: low density lipoproteins, TG:

triglycerides, SALDL: small dense low density lipoi@ins
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Longitudinal associations of lipid parameters withLDL function over time

Association of lipid parameters and LDL lag times:

Sudy groups: In a GEE model, the effect of time on the assamidbetween LDL lag
times and logSdLDL (p=0.003), oxLDL (p<0.001) an@ {p<0.001) levels was not the
same within the three intervention arms (signiftcdrway interaction). For the
association between logSdLDL and LDL lagtimes, isézat positive association was
seen amongst the RA control arm, however this w@sagnificant at baseline
(B=21.25, 95% CI: 1.11 to 41.39, p=0.039) and 3 theiiB=65.64, 95% CI: 24.22 to
107.07, p=0.002). No significant associations betwegSdLDL and LDL lagtimes
were observed amongst the RA intervention or HGsaffor the association between
oxLDL and LDL lagtimes, the RA control arm had grsficant positive association at 2
weeks (B=48.09, 95% CI: 8.68 to 87.51, p=0.017¢mehs the HC arm had a significant
negative association at 2 weeks (B=-15.12, 95%271.7 to —2.34, p=0.019). No
significant associations were identified in the Rfervention arm. TGs and LDL
lagtimes were found to be negatively associatedl éime points in both the RA
intervention and RA control arms. However, this waly significant at baseline (B= -
4.51, 95% CI: -8.48 to —0.54, p=0.026) and 3 mo(i#¥s-6.27, 95% CI: -11.28 to —1.26,
p=0.014) in the RA intervention arm and at 2 wefgks -23.59, 95% CI: -36.51 to —
10.68, p<0.001) in the RA control arm. These rasale summarised table 5.6
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Table 5.6: Summary of the 3 way interactions foundetween LDL lagtimes and
lipid parameters between the three study groups (ults shown are adjusted for
CRP)

Baseline 2 Weeks 3 Months P value
B (95% CI) B (95% CI) B (95% CI)
OxLDL
RA Intervention -4.21 -5.86 -5.07
(-18.39 t0 9.61)| (-19.96 to 8.25) (-16.98 to 6.84)
RA controls 7.71 48.09 * -31.51 <0.001
(-23.9to0 39.37)| (8.68t0 87.51)| (-63.09 to 0.07)
Healthy controls -17.56 -15.12 * -6.09
(-36.58 t0 1.47)| (-27.7 to —2.34), (-41.1 to 28.96)
LogSdLDL
RA Intervention -15.72 -0.28 4.87
(-36.41t0 4.97) (-12.3to 11.73), (-14.16 to 23.9)
RA controls 21.25* 1.98 65.64 * 0.003
(1.11 to 41.39)| (-41.54 to 45.5) (24.22 to 107.1
Healthy controls 0.12 -21.69 -0.12
(-36.84 to 37.1)| (-45.54 t0 2.27), (-34.9 to 34.69)
LogHDL2
RA Intervention 12.59 0.76 0.64
(-12.8 t0 37.91)| (-38.6 t0 40.16) (-39.1 to 40.24)
RA controls -6.56 -8.95 5.93 0.892
(-45.6 t0 32.47)| (-68.1t050.12) (-36.6 to 48.42)
Healthy controls 29.19 25.22 31.14
(-1.57 t0 59.96)| (-16.62to 67.1) (1.19to 61.09)
LogHDL3
RA Intervention -5.98 -8.78 6.23
(-28.94 t0 16.9)| (-28.5t0 10.09) (-10.5to 22.97)
RA controls -12.56 13.10 16.77 0.170
(-55.8 t0 30.67)| (-53.4 to 79.62) (-27.07 to 60.6)
Healthy controls -22.82 20.69 -9.89
(-45.7 t0 0.03) | (-4.07 to 45.63)| (-35.2 t0 15.42)
Log nitrated LDL
RA Intervention -2.54 -0.72 -0.59
(-9.32t04.23) | (-7.691t06.26)| (-6.431t0 5.24)
RA controls 2.53 -8.49 7.04 0.060
(-22.64 to 27.7)| (-28.26 to 11.3), (-11.92 to 25.9)
Healthy controls 4.57 3.49 -2.53
(-2.76 t0 11.91)| (-3.54 t0 10.52) (-7.67 to 2.60)
TC
RA Intervention 3.39 1.68 1.10
(-2.551t09.23) | (-3.19t06.55)| (-3.58t0 5.78)
RA controls 2.12 -6.14 2.07 0.062
(-5.43109.68) | (-15.01to 2.74) (-8.52 to 12.66)
Healthy controls 4.44 1.17 5.56
(-3.06 to 11.95)| (-5.13t0 7.47)| (-1.33t0 12.46)
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HDL

RA Intervention 2.24 -0.52 2.22
(-10.7 to 15.14)| (-13.32to 12.3), (-9.63 to 14.08)
RA controls -13.43 -2.88 2.71 0.515
(-32.53t0 5.69)| (-32.04 to 26.3), (-29.6 to 35.02)
Healthy controls 1.14 -3.30 -0.83
(-11.7 to 14.01)| (-20.7 to 14.13) (-17.5t0 15.84)
LDL
RA Intervention 4,76 3.00 2.96
(-2.48 t0 11.99) (-0.98t0 6.98)| (-1.95 to 7.87)
RA controls 16.85 10.24 17.97 0.103
(8.06 to 25.65)| (2.15to0 18.34)| (-0.73 to 36.68)
Healthy controls 2.69 2.63 6.94
(-7.91t0 13.29) (-4.411t09.67)| (-1.25t0 15.13)
TGs
RA Intervention -4.51 * -3.28 -6.27 *
(-8.48t0 0.54) | (-9.40to 2.83)| (-11.3 to —1.26)
RA controls -4.05 -23.59 * -13.29 <0.001
(-19.7 to 11.55)| (-36.5t0 —10.7) (-29.20 to 2.62)
Healthy controls -0.23 4.54 8.20
(-7.48 t0 6.98) | (-4.66 to 13.73) (-1.84 to 18.26)

* = significantly different from zero

= p value remains significant following bonferrauirrection

O = significant negative associatic~]  =n#figant positive association.

OxLDL: oxidised low density lipoproteins, SALDL: sithdensity low density lipoproteins,
HDL: high density lipoproteins, LDL: low densityplproteins, TGs: Triglycerides, TC: tota
cholesterol.

No other significant associations (2 or 3 way iat¢ions) were observed between
lognitrated LDL, logHDL2, logHDL3, TC, HDL, LDL, ahlag times.

Intervention arms: In a GEE model (both unadjusted and CRP adjustieel effect of

time on the association between LDL lag times amttt bgHDL?2 (p<0.019) and
logHDL3 (p0.017) levels was not the same withinttivee drug therapy arms (a
significant 3-way interaction). The associatiorviEtn logHDL2 and LDL lag times was
explained by a significant positive association§B=21, 95% CI. 26.95 to 149.47,
p=0.005) in the rituximab arm at 2 weeks, which Veass$ by 3 months. No significant
associations were seen in the Anti-TNF or IV GCarirhe significant 3 way interaction
for logHDL3 and LDL lagtimes can be explained byges in the rituximab arm, with a
significant positive association seen at 3months$B.94, 95% CI: 22.93 to 88.94,
p=0.001). No other significant associations (2 eve interactions) were observed.

These results are summarisedahle 5.7
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Table 5.7: Details of the 3 way interactions found between LDlagtimes and lipid
parameters between the three intervention arms (rests shown are adjusted for
CRP)

Baseline 2 Weeks 3 Months P
B (95% ClI) B (95% ClI) B (95% ClI) value
OxLDL
Anti-TNF 0.81 -7.54 -3.16
(-24.63 to 26.25)| (-30.56 to 15.48)| (-27.04 to 20.73
IV GCs -31.39 -42.39 -47.21 0.854
(-68.68 t0 5.90) | (-80.75 to —4.06)| (-72.3 to —22.15
Rituximab -41.05 -29.75 -27.67
(-134.1t0 51.96)| (-104.9 to 45.42)| (-161.9 t0106.6)
LogSdLDL
Anti-TNF -2.47 -3.08 -7.38
(-20.80 to 15.87)| (-23.49t0 17.33)| (-23.94t0 9.19)
IV GCs -21.50 -16.24 -23.32 0.295
(-67.02 to 24.02)| (-54.81 to 22.33)| (-55.64 to 9.00)
Rituximab 103.54 58.29 8.68
(-14.22 t0 221.3)| (3.15t0113.45)| (-31.32 to 48.68
LogHDL2
Anti-TNF -2.21 -3.41 5.01
(-24.09 to 16.68)| (-42.89 to 36.07)| (-26.88 to 36.91
IV GCs 3.70 -24.22 -11.82 0.019
(-42.41 t0 49.81)| (-68.78 to 20.34)| (-57.65 to 34.01
Rituximab 28.21 88.21* -4.88
(-24.88 t0 81.29)| (26.95 to 149.47) (-59.69 to 49.94
LogHDL3
Anti-TNF 0.62 -23.86 7.38
(-28.11t0 29.35)| (-49.161t0 1.44) | (-17.18 t0 31.94
IV GCs 9.45 -11.71 -13.27 0.017
(-31.76 t0 50.67)| (-65.08 to 41.65)| (-39.17 to 12.62
Rituximab -20.18 28.63 55.94 *
(-53.73 10 13.36)| (-38.11 to 95.37)| (22.93 to 88.94)
Log nitrated LDL
Anti-TNF -3.85 -0.50 -0.74
(-12.69t04.98) | (-8.451t07.45) | (-10.17 to 8.70)
IV GCs -8.59 -0.08 -0.74 0.193
(-19.10t01.91) | (-11.48t011.31)| (-10.17 to 8.70)
Rituximab 13.01 -6.54 -2.37
(-0.29t0 26.33) | (-18.551t05.47) | (-16.75t0 12.01
TC
Anti-TNF 0.62 -0.02 -0.89
(-5.03 t0 6.27) (-6.49t0 6.44) | (-6.34 to 4.54)
IV GCs -9.59 -8.43 -9.19 0.873
(-21.82 t0 2.64) | (-16.45t0—-0.41)| (-16.64 to —1.74
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Rituximab

19.69
(-3.03 to 42.42)

16.68
(1.44 to 31.91)

10.84
(-7.77 t0 29.27)

HDL
Anti-TNF -3.74 -6.32 0.13
(-21.27 to 13.79)| (-25.56 to 12.93)| (-14.23 to 14.80
IV GCs 5.63 -7.72 -6.60 0.188
(-21.69 to 32.95)| (-26.51to 11.07)| (-27.37 to 14.17
Rituximab -4.05 26.96 26.24
(-46.19 to 38.10)| (3.09t050.83) | (-7.16 to 59.64)
LDL
Anti-TNF 0.94 0.81 -1.63
(-5.53t0 7.40) | (-6.42t07.76) | (-8.421t0 5.15)
IV GCs -7.84 -5.77 -6.79 0.123
(-18.82t0 3.15) | (-12.45t00.92) | (-13.67 to 0.09)
Rituximab 14.88 2.72 -4.51
(-9.42 t0 39.16) | (-22.65 to 28.09)| (-26.81 t017.79)
TGs
Anti-TNF -1.83 -2.93 -5.05
(-6.67 to 3.02) (-12.31t0 6.46) | (-11.78 to 1.68)
IV GCs -9.36 -1.04 -7.82 0.123
(-18.87t00.16) | (-7.58t05.51) | (-18.29 to 2.66)
Rituximab 5.09 33.81 41.52

(-7.04 to 17.23)

(-13.95 to 81.58)

(-0.63 to 83.68)

[1 = significant positive association
* = significantly different from zero
= p value remains significant following bonferrauirrection

Anti-TNF: anti-tumour necrosis factor, IV GCs: iatt'enous glucocorticoids, OxLDL:
oxidised low density lipoproteins, SALDL: small dég low density lipoproteins, HDL: higk

density lipoproteins, LDL: low density lipoprotejnBGs: Triglycerides, TC: total

cholesterol.

=]
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Association of lipid parameters and Dil oxLDL uptake into U937 cells:

Sudy groups: In the unadjusted GEE model, the effect of timehmassociation
between the uptake of diloxLDL into U937 cells and.DL (p<0.001), lognitrated LDL
(p<0.001), log HDL3 (p<0.001) and TG (p<0.001) lewsere not the same within the
three intervention arms (a significant 3-way int#i@). Following adjustment for CRP,
these associations remained significant, howevewa3-way interaction was unmasked
between diloxLDL uptake and LDL lagtimes (Unadjalste=0.124, CRP adjusted:
p=0.029). The details of the three way interactiamessummarised itable 5.8. For the
association between oxLDL and diloxLDL uptake, igm#icant associations were
found amongst the RA intervention or HC arms at@inye 3 time points. However, RA
controls had a significant negative associatio® months (B=-79.18, 95% CI: -128.77
to —29.59, p=0.002). There were negative assodsatetween lognitrated LDL and
diloxLDL uptake at all 3 time points in the HC aRé control arms. However, amongst
the HC arm it was only significant at baseline =6, 95% CI: -19.0 to —0.47,
p=0.039), and amongst the RA control arm it way significant at 2 weeks (B= -25.58,
95% CI: -53.3 to —4.84 p=0.018). No significantasations were found amongst the
RA intervention arm. The RA control arm had a gigant positive association between
logHDL3 and diloxLDL uptake at baseline (B=112.99% CI. 66.42 to 158.57,
p<0.001) which changed to a significant negatisoestion at both 2 weeks (B=-27.28,
95% CI: -44.87 to —9.97, p= 0.002) and 3 months {&23, 95% CI: -50.40 to —32.05,
p<0.001), where as the HC arm had no significas@ations at baseline or 2 weeks but
a negative association at 3 months (B=-45.88, @%%74.51 to-17.26, p=0.002). The
RA control arm had a positive association betwe@rahd diloxLDL uptake,at all time
points, which was significant at baseline (B= 885% CI: 0.24 to 17.49, p=0.044) and
3 months (B= 7.91, 95% CI: 0.66 to 15.15, p= 0.032e RA control and HC arms had
no significant associations. The RA control aml la negative association between
LDL lagtimes and diloxLDL uptake, at all three tirpeints, which was only significant
at baseline (B=-0.95, 95% CI: -1.62 to —0.29, i396).The HC and RA intervention

arms had no significant associations.
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Table 5.8: Summary of the 3 way interactions foundetween diloxLDL uptake and

lipid parameters between the three study groups (ults adjusted for CRP)

Baseline 2 Weeks 3 Months P value
B (95% CI) B (95% CI) B (95% CI)
LDL lagtimes
RA Intervention -0.01 0.19 -0.09
(-0.51t00.48) | (-0.15t00.52)| (-0.33t0 0.15)
RA controls -0.95 * -0.22 -0.13 0.029
(-1.62 to —0.29), (-0.46 to 0.03)| (-0.68 to 0.42)
Healthy controls -0.22 0.42 0.21
(-0.45t00.01) | (-0.21t01.04)| (-0.3t00.72)
OxLDL
RA Intervention -5.54 -3.52 -5.99
(-21.34t0 10.2)| (-22.3 t0 15.23)| (-27.90 to 15.9)
RA controls 22.37 -66.04 -79.18 * <0.001
(-24.9t0 69.63)| (-132.3t00.19) (-128.8 to—
29.6)
Healthy controls 3.02 10.45 -0.94
(-17.96 to 23.9)| (-6.06 to 27.52) (-24.65 to 22.7)
logSdLDL
RA Intervention 25.40 -14.07 2.89
(7.15to 43.64)| (-25.9t0 —2.16), (-14.12 to 19.9)
RA controls 14.20 29.76 1.43 0.185
(-3.32t0 31.74)| (-26.11 to 85.6), (-19.3 to 22.15)
Healthy controls 21.09 -18.09 -16.31
(5.05 to 37.14)| (-36.73 to 0.53), (-28.8 to —3.81)
LogHDL2
RA Intervention 11.06 12.42 2.70
(-43.2 t0 65.36)| (-27.4 t0 52.28) (-31.4 to 36.78)
RA controls 35.98 120.75 33.71 0.224
(-1.04 to 73.00)| (59.91 to 181.6) (8.36 to 59.07)
Healthy controls 53.15 17.95 37.91
(-68.5t0 174.8) (-70.7 to 106.6), (1.00 to 74.81)
LogHDL3
RA Intervention 14.26 -11.81 -21.03
(-76.6 t0 105.1)| (-45.87 t0 22.2) (-53.47 to 11.4)
RA controls 112.49 * -27.28 * -41.23 * <0.001
(66.42 to 158.6) (-44.6 to —9.97) (-50.4 to —32.1)
Healthy controls -14.09 26.91 -45.88 *
(-104.9to 76.7)| (-36.27 t0 90.8) (-74.5t0 —17.2)
Log nitrated LDL
RA Intervention 5.19 -6.23 -0.43
(-2.21t012.63) | (-15.89t0 3.43) (-5.99t0 5.12)
RA controls -2.59 -28.58 * -1.48 <0.0071
(-21.11 to 15.9)| (-53.3t0 —4.84) (-15.73t0 12.8)
Healthy controls -9.76 * -11.99 -8.00

(-19.0 to —0.47)

(-26.39 to 2.41)

(-18.31 to 2.31)
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TC
RA Intervention 10.43 -7.39 -0.09
(3.09t0 17.76)| (-14.5t0 —0.27), (-8.27 to 8.09)
RA controls 27.78 15.98 25.57 0.415
(13.18 t0 42.38) (-12.92 to 44.8) (7.43 to 43.70)
Healthy controls 5.99 5.09 7.67
(-3.34 t0 15.32)| (-6.01t0 16.21) (-4.62 to 19.96)
HDL
RA Intervention 16.28 -12.96 -8.34
(-14.52t0 47.0) (-31.60 to 5.68) (-14.47 to 7.86)
RA controls 20.98 47.44 21.44 0.404
(-3.32't0 45.28) (7.05to 87.83)| (-14.4 t0 57.34)
Healthy controls 4.92 -11.22 -2.10
(-33.19t0 43.0) (-37.9t0 15.53) (-26.79 to 22.5)
LDL
RA Intervention 11.24 -6.52 2.50
(2.97 t0 19.56)| (-16.77 to 3.62) (-6.81t0 11.82)
RA controls 16.72 31.22 21.67 0.311
(0.96 to 32.49)| (-19.96 to 82.3) (-16.57 to 59.9)
Healthy controls 6.72 8.25 10.33
(-2.89t0 16.26)| (-2.98 t0 19.49) (-1.52 t0 22.17)
TGs
RA Intervention 8.87 * 6.75 7.91*
(0.24 t0 17.49)| (-1.96 to 15.45) (0.66 to 15.15)
RA controls -39.88 -34.65 -18.57 <0.001
(-96.26 to 16.5) (-77.12 to 7.83) (-62.05 to 24.9)
Healthy controls -7.96 2.58 -2.68
(-16.92t0 1.01) (-6.23t011.39) (-9.17 to 3.82)
[ = significant negative associatiC], = gigant positive association
* = gignificantly different from zero
"= p value remains significant following bonferramirrection
OxLDL: oxidised low density lipoproteins, SALDL: sithdensity low density lipoproteins,
HDL.: high density lipoproteins, LDL: low densityplbproteins, TGs: Triglycerides, TC: total
cholesterol.

For the other lipid parameters no significant 3 wagractions were observed. However,
for logHDL2 there was a significant two way interan. The way LDL uptake varies
with logHDL2 (p=0.007) levels was significantly fifent between the 3 study groups
irrespective of time. Details of these differencG@® summarised ifiable 5.9
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Table 5.9: Summary of the significant 2 way interations between diloxLDL uptake

and logHDL2 (results shown are adjusted for CRP)

B (95% CI) P value
LogHDL2
RA intervention 8.68 (-10.11 to 27.26) 0.365
RA controls 52.32 (31.19 to 73.45) <0.001
Healthy controls 21.69 (-3.23 10 46.62) 0.088
1= significant positive association, HDL: higansity lipoproteins

Intervention arms. In both the unadjusted and CRP adjusted GEE md¢aejssted

model reported), the effect of time on the assmriabetween uptake of diloxLDL into
U937 cells and LDL lagtimes (p=0.001), lognitratdal. (p<0.001), SALDL (p<0.001),
HDL (p=0.027), LDL (p=0.003), TC (p=0.002) and L@h<0.001) was not the same
within the three drug therapy arms (a significamtéy interaction). There was a
significant positive association (B=0.69, 95% CB®to 1.04, p<0.001) in the anti-TNF
arm and a significant negative association in iluximab arm (B=-0.36, 95% CI: -
0.071 to -0.01, p=0.041) between LDL lag times diwoixLDL uptake . For the
association of logSdLDL and diloxLDL uptake, a pEient positive association was
seen in the rituximab arm, which became progrebssteonger over time, with
significant associations seen at 2 weeks (B=1R56%; Cl: 0.14 to 35.23, p=0.042) and 3
months (B=35.59, 95% CI: 18.84 to 52.34, p<0.008) significant associations were
seen in the Anti-TNF or IV GC arms. Several sigrafit negative associations were seen
between lognitrated LDL and diloxLDL uptake, bu¢ timing of these differed across
the treatment groups. A significant negative asgamsi was seen at baseline (B=-12.39,
95% CI: -19.06 to0-5.73, p<0.001) in the anti-TNmabut this was lost at 2 weeks and 3
months. The IV GC arm developed a significant neggaissociation at 2 weeks (B= -
15.46, 95% CI: -21.87 to -9.04, p<0.001) which stesl at 3 months (B=-5.195% CI:
-9.96 to -0.34, p=0.036). However, the rituximaimalid not develop a significant
negative association until 3 months (B=-40.84, 35P46-65.53 to -16.1, p=0.001). A
significant positive association was seen at 3 momnt the rituximab arm between TC
and diloxLDL uptake, (B=16.30, 95% CI. 2.78 to 28.8=0.018). The opposite was
found for HDL and diloxLDL uptake with a significanegative association (B=-50.42,
95% CI: -83.13 t0 -17.02, p=0.003) seen at 3 momtlise rituximab arm. The 3 way
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interaction involving TG and diloxLDL uptake is damed by a significant negative
association at 2 weeks (B=-57.82, 95% CI: -88627.2, p=0.007) in the rituximab

arm. Details of where the differences lie are sunsad intable 5.10

Table 5.10: Details of the 3 way interactions fountietween diloxLDL uptake and

lipid parameters between the three intervention arrs (results shown are adjusted

for CRP)
Baseline 2 Weeks 3 Months P value
B (95% CI) B (95% CI) B (95% CI)
LDL lagtimes
Anti-TNF 0.69 * 0.17 -0.08
(0.35t0 1.04) (-0.17 to 0.50) (-0.31t0 0.15)
IV GCs -0.12 -0.10 0.04 0.001
(-0.55 t0 0.32) (-0.65 to 0.44) (-0.23 to 0.30)
Rituximab -0.36 * -0.06 -0.14
(-0.71to -0.01)| (-0.23t00.12) (-0.391t0 0.12)
OxLDL
Anti-TNF -17.79 -14.81 -29.17
(-39.34t0 3.77)| (-31.691t0 2.06) | (-53.88 to —4.46
IV GCs -15.09 7.86 -2.27 0.075
(-53.43 t0 23.24) (-15.52 to 31.24)| (-14.69 t0 10.16
Rituximab 11.87 -15.27 -58.94
(-34.25 t0 57.98) (-75.40 to 44.86)| (-205.2 to 87.34
LogSdLDL
Anti-TNF 0.14 -3.27 -7.23
(-11.86t0 12.15) (-12.831t06.28) | (-15.39 t0 0.92)
IV GCs -10.97 -6.32 -7.09 <0.001
(-24.39t0 2.44)| (-18.03t05.39) | (-23.91t09.72)
Rituximab 1.25 17.68 * 35.59 *
(-10.39t012.91] (0.142to 35.23)| (18.84 to 52.34)
LogHDL2
Anti-TNF 4.01 31.03 7.92
(-21.54 t0 29.57) (-7.49t0 69.55) | (-11.29 to 27.14
IV GCs -5.49 8.47 10.69 0.060
(-76.89 t0 65.91) (-44.11 to 61.04)| (-46.44 to 67.83
Rituximab -2.51 -0.75 -52.87
(-62.85t0 57.84) (-47.81 to 46.32)| (-152.8t0 47.10
LogHDL3
Anti-TNF 45.08 34.89 12.16
(-11.54 t0 101.7) (-26.57 t0 96.15)| (-31.74 to 56.06
IV GCs 4.74 8.64 -10.54 0.229
(-44.79 to 54.79) (-38.85t0 56.13)| (-34.09 to 13.00
Rituximab 39.91 24.16 -17.53
(8.32t0 71.49)| (-9.69t058.02) | (-57.15t0 22.15
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Log nitrated LDL

Anti-TNF -12.39 * -4.54 1.28
(-19.06 to —5.73) (-11.01to 1.95) | (-5.66 to 8.23)
IV GCs 2.69 -15.46 * -5.15 * <0.0071
(-3.09 t0 8.48) | (-21.87 to —9.04)| (-9.96 to —0.34)
Rituximab 9.56 -1.25 -40.84 *
(-32.82t051.94) (-11.07 to 8.58) | (-65.53 to —16.1
TC
Anti-TNF 5.40 4.45 2.44
(-3.74 t0 14.55)| (-3.32t0 12.22) | (-5.92 to 10.81)
IV GCs -3.49 -0.85 -0.35 0.002
(-10.06 t0 3.07)| (-5.531t03.83) | (-5.29 to 4.59)
Rituximab 3.06 4.41 16.30 *
(-7.59t0 13.72)| (-7.88t0 16.69) | (2.78 to 29.82)
HDL
Anti-TNF 9.19 15.50 1.04
(-14.15t0 35.52) (-2.52 to 33.53) | (-13.04 to 15.13
IV GCs 1.48 2.48 3.29 0.027
(-31.10 to 34.07) (-16.11 to 21.07)| (-15.32 to 21.91
Rituximab -16.67 -14.21 -50.42 *
(-47.64 t0 14.29) (-35.32t0 6.91) | (-83.1 to -17.02)
LDL
Anti-TNF 2.58 4.15 0.52
(-5.75t0 10.90)| (-3.52t0 11.82) | (-7.75 to 8.79)
IV GCs -1.69 0.56 1.23 0.003
(-8.39t05.03) | (-4.69105.81) | (-4.04 to 6.50)
Rituximab -5.97** -6.11% 5.39**
(-21.88 t0 9.95)| (-26.15 to 13.93)| (-15.29 to 26.07
TGs
Anti-TNF 2.36 0.18 -0.62
(-4.761t09.47) | (-8.62108.97) | (-6.28t0 5.05)
IV GCs -5.83 -1.65 -2.34 0.002
(-25.74 t0 14.08) (-14.68 to 11.37)| (-15.62 to 10.94
Rituximab -23.32 -57.82* 27.93
(-50.02 t03.38) | (-88.52 to —27.1)| (-25.59 to 81.46

[ = significant negative associatiq-]
* = gignificantly different from 0, ** = significandifference between timepoints
= p value remains significant following bonferrauirrection

= ffigant positive association

Anti-TNF: anti-tumour necrosis factor, IV GCs: iattenous glucocorticoids, OxLDL.:

oxidised low density lipoproteins, SALDL: small dég low density lipoproteins, HDL.: higk
density lipoproteins, LDL: low density lipoprotejnBGs: Triglycerides, TC: total

cholesterol.

=]

diloxLDL uptake varied with logHDL3 levels found be significantly different over
time irrespective of group. The associations betwsbxLDL uptake and logHDL3
levels was positive at baseline (B= 48.36, 95%-£0:68 to 117.39, p=0.170) and 2

A significant 2 way interaction was also observedldgHDL3 (p=0.020), with the way
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weeks (B=6.97, 95% CI: -25.05 to 39.02, p=0.668)rtegative at the 3 month (B= -
1.71, 95% CI: -30.03 to 26.61, p=0.906) follow upd point. Although none of the
individual Beta values was significantly differdram zero, it is likely the significance

of the 2—way interaction is due to the associatibipaseline being considerably greater
than the association at 2 weeks and 3 months.

A summary of the longitudinal associations fountileen individual lipid parameters
and LDL function across the 3 study groups andé@wention arms would be: 1) Overall
the changes in individual lipid parameters do mens to have much effect on LDL
function 2) the associations between individuatlijparameters and LDL function
appear to be subject to gross fluctuations, pdatifuamongst the RA control arm,
perhaps suggesting an influence of disease spéaifiors 3) there do appear to be some
differences in the longitudinal associations ofiwdlal lipid parameters and LDL
function between the different anti-inflammatorygitherapies, with the rituximab arm

found to account for the majority of changes obsérv

5.4 Discussion

In this chapter | have demonstrated that lipopnstaire altered in RA resulting in a pro-
atherogenic lipoprotein subfraction profile (incged HDL3 and reduced HDL2) and
pro-atherogenic LDL modifications (e.g. increas&tldl), which can influence LDL
function (e.g. DiloxLDL upatake). In addition, IVedemonstrated that intervention

with drug therapy can produce profound effectsipid levels, structure and function.
These effects appear to be predominately mediategteric anti-inflammatory effects
(e.g. changes in nitrated LDL) but drug-specificchnisms (e.g. GC-specific) may also
play a role. Interestingly, the majority of changesipid parameters with anti-
inflammatory treatment appeared to be transierih lgvels returning to baseline values
by 3 months. In the IV GC arm, such changes anéyeagplained by the duration of the
drug effect. However, for the rituximab and antiH Brms this is less easily explained. It
is possible that the methylprednisolone infusioregiconcurrently with the rituximab
infusion may trigger some transient changes, homtwe would not explain the findings
in the anti-TNF arm. These findings are in conttagireviously published 1 year data on
the effects of anti-inflammatory therapy on lipevéls in RA which would support
persistent changes in lipid levels at 1 year pu#iation of anti-TNF (504). However,

during the course of a year multiple changes iralie activity, drug therapy,
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autoantibody status, physical activity etc may hawsued and these may not have been
adequately controlled for in the methodology offsstudies. Thus, it may be that the
results produced from 1 year data are less relthile short term data in this context.

Interestingly, current evidence would suggest #mait TNF therapy may be
cardioprotective and significantly reduce the imcide of CVD in RA (505;506). TNF
blockade has been shown to suppress the expredsaaimesion molecules associated
with atherosclerosis (507) and improve endothelafunction (508). In this chapter
anti-TNF use was found to produce an overall athi&@genic profile (increased HDL
and HDL2). These observations are consistent a&iid,add to the findings of several
recent meta-analyses (504;509). The overall finglimgre that there was a significant
increase in HDL and TC levels, but no change in LAPIApoAl levels during long term
treatment with TNF inhibitors. Such improvementsha lipid profile with TNF therapy
may confer improvements in CVD risk through enhaneverse cholesterol transport,

restoration of the balance of pro and anti-athanage DL, and anti-oxidant effects.

Many of the changes observed in lipid levels, stmecand function were similar across
the three drug therapy arms (anti-TNF, rituximatd Bn GCs). However, the IV GC arm
did produce some additional changes that were loggroed in the other arms e.g.
suppression of HDL3 and oxLDL and an increase gslti DL. Overall, patients
receiving IV GCs appeared to develop a more preratfenic lipid profile than the other
drug therapies (elevation of TC and sdLDL, and seggion of HDL3 and oxLDL
levels). This observation would be consistent \gittvious studies performed in the
general population, which have demonstrated thangés in lipid levels (elevated TC,
HDL and TG) occur as a consequence of corticostexdiministration (359). The drug
specific effects of GCs on the lipid profile mayiediated through increased plasma
insulin levels, increased lipid production in thest and impaired lipid catabolism (510).
Interestingly, unlike rituximab and anti-TNF, IV Qe produced a paradoxical
decrease in the levels of oxLDL at 3 months. Timdihg was unexpected as in the
general population GC use has been associatecwitiicrease in oxLDL, which is
thought to be mediated by indirect stimulation NS and the release of NO (511). The
paradoxical association of IV GCs with oxLDL inghgtudy could be due to either a
disease-specific phenomenon or a type | statistical. Furthermore, the reduction in

oxLDL did not translate into improvements in LDLnietion (lagtimes or uptake)lhe
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combination of pro and anti-atherogenic changepia structure produced by treatment
with IV GCs, as well as limitations in the studysdg (e.g no CVD endpoints) make it
impossible to quantify the relative contributioristeroid-induced lipid changes on
CVD risk in RA. In addition, the clinical effects IV GCs on both disease activity and
lipid parameters appear short lived (approximaBetgonths duration), thus in order to
assess the impact of steroids on lipid associatdd sk in RA further large scale

studies of RA patients receiving oral prednisolarerequired.

Patients in the rituximab arm were found to havatghn lag times than those in the anti-
TNF therapy arm, both at baseline (prior to initiatof treatment) and throughout the
treatment period (following adjustment for potehtienfounders). This finding may be
explained by differences in: 1) underlying RA pdtigy e.g. anti-CCP status, 2) genetic
factors 3) previous drug therapy e.g. in line VNICE guidance (512) most rituximab
patients will have previously received and faileddspond to an anti-TNF drug (albeit
12 weeks prior to study entry). In addition, seVether interesting associations were
seen in the rituximab arm, including a positiveoasation between logSdLDL and
diloxLDL uptake into U937 cells, which strengtherdeding the follow up period, and a
persistent negative association (only significarg mmonths) between HDL and
diloxLDL uptake in to U937 cells at all time poinfghus, it appears that as levels of
SdLDL increase/HDL decrease the amount of pati@it taken up into U937 cells
decreases (opposite to DiloxLDL uptake). Theseifigsl are contradictory to published
data (501;513) in the general population, wheresiaeed levels of sdLDL and decreases
in HDL levels have been shown to be pro-atherogéhne potential explanation could
be that other modifications of these lipids couféa their function. For example, RA
patients have previously been shown to have ineteiwvels of pro-atherogenic HDL
(514),thus lower levels of HDL would also confewkr levels of pro-atherogenic HDL,

which in turn may prove to be protective againstulptake of LDL.

A number of 3 way interactions were observed betwigpéd parameters and LDL
function (LDL lag times and DiloxLDL uptake). Howew the vast majority of these
were due to fluctuations within the RA control arfhis finding can be explained by: 1)
biological variation due to RA specific factors .edgsease activity 2) insufficient study
size. Although possible, a methological factorntikely to explain these observations as

fluctuations in the RA control arm were found wlassessing associations for both
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functional assays (LDL lagtimes and DiloxLDL uptalkad similar erratic fluctuations
were not seen in the other study arms, in partichla HC arm. Interestingly, the
comparison of the 3 intervention arms (anti-TNAWSCs vs rituximab), the majority
of 3 way interactions observed were due to chamgte rituximab arm. This finding
would suggest a possible drug specific effect. Hmrgethe rituximab arm did include
the least number of patients and therefore it sside that some of these findings may

be due to a lack of statistical power.

The present study has several strengths includsnpmgitudinal design; the use of two
control populations (RA controls on stable DMARDettapy and HCs) allowing
examination of the natural course of lipid/lipo@iot changes; and systematic, detailed,
prospective characterisation of subjects minimismgsing data. However, although this
is a large study in the context of RA and lipopimtsub-fractions, it still has limited
power, and does not assess the impact of changkgidnparameters on hard CVD
endpoints in RA. Due to the number of analysesgoeréd the bonferroni correction was
used to minimise the risk of reporting a type berHowever, it is worth noting that use
of the bonferroni correction may actually resultain ‘over correction’, as some of the

dependent variables are positively correlated hod are not truly independent.

In summary, although suppression of inflammatianrrects’ many of the lipid changes
observed in RA e.g. increases lipid levels, a ‘ké&happroach to treatment may not be
the most appropriate due to significant differenoetsveen the classes of drugs, with

some producing an overall more pro-atherogenid lguofile.
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Chapter 6: Associations or genetic polymorphisms

with lipid levels and lipid ratios in RA

6.1 Introduction

In this chapter | am going to address the hypothibsit RA patients are genetically
predisposed to alterations in their lipid profiferstly, | will assess whether the genes
known to predispose patients to RA (RA susceptibgenes) are important for the
regulation of lipid metabolism. Secondly, | willsly in patients with RA, the prevalence
and associations of specific genetic polymorphisgwurring within genes known to
play an important role in lipid metabolism in thengral population (ApoE, ABCA1,
CETP, LPL, Apoc3, A4, A5).

6.2 RA susceptibility genes

Despite a number of RA susceptibility genes hatiegn identified (see chapter 1,
section 1.2.1), their effects on CVD or CVD risktiars in RA remain relatively
unknown. To date, a few studies have demonstrategsociation between several of the
RA susceptibility genes and CVD in RA (515;516)t bane has assessed the effects of
these genes on lipid levels (or indeed other adas&lVD risk factors) in RA patients.
There is now expanding evidence to suggest a pakgeainetic link between RA and

lipid levels, with a number of studies demonstmtimat abnormalities in the lipid profile
may predate the onset of RA (122;123). For the gaep of this thesis, | examined the
associations of four major RA susceptibility gereSTAT4, TRAF1/C5, PTPN22 and
HLA DRB1-SE with the lipid profile.

6.2.1 Methods
The recruitment and baseline data collection o#@ cross sectional RA patients are
outlined in chapter 2, section 2.1.1. RA susceltijtjenes were only genotyped in the
RA population, as the prevalence in the healthyrobpopulation would be very low
due to these genes being associated with disease

The Roche LightCycler 2.0 system (2007c) was usedentify the SNPs of STAT4
(rs7574865), TRAF1/C5 (rs3761847) and PTPN22 (r688T) using real-time
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polymerase chain reaction (PCR) and melting cunadyais (further details are provided
in chapter 2, section 2.10). These four susceftjiljenes were chosen for analysis over
the array of other RA susceptibility genes as thaye been shown to contribute the most
to the genetic susceptibility of RA (11). The radleles for each of the RA susceptibility
genes were: STAT4 rs7574865 (T allele), TRAF1CT 64847 (G allele), PTNP22
rs2476601 (T allele), and one or more copies oHbADRB1-SE. Probes and primers

used are described in detaildappendix 2 section 10.1.

The genotyping of the HLADRB1-SE (HLA-SE) was penfied using reverse line assay
sequence-specific oligonulceotide probes with DYRIALI sequence specific

oligonucleotide strip detection reagent kittp://www.dynalbiotech.conv Assay results

were interpreted using the pattern matching progveowided by Dynal (Invitrogen,
Paisley, UK). The following alleles were classifi@sl shared epitope positive:
DRB10101,"0102, '0104, 0401, 0404, 0405, 0408, 0413, 0416, 1001 and 1402
(15).

Of the 400 RA patients, 394 patients were genotype8TAT4, 397 for PTPN22, 387
for TRAF1C5 and 355 patients for the HLA-SE.

Satistical analysis

The Kolmogorov-Smirnov test was used to test thenadity of each parameter.
Comparisons were performed by ANOVA, Kruskal-Waliad Chi-square test for
normally distributed, non-normally distributed acategorical variables, respectively.
Values were expressed as meastandard deviation (SD), median (285" percentile)

or percentages, as appropriate. The independertibe aksociations of lipid parameters
with the genotypes was established using a muisiteageneralised linear model,
whereas a linear regression model was used tolisstalssociations between alleles. All
multivariate models were adjusted for multiple camgons. For all lipid-associated
analyses, patients on lipid lowering therapy (stdfibrates) were excluded. All genotype
frequencies were found to be in Hardy-Weinberg ldgiuum.
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Power calculations
Table 6.1: The minimum change in lipid levels whie could be detected with 80%

power and 5% significance.

TRAF1C5 PTPN22 HLA-DRB1- STAT4
SE

The difference in lipid levels detectable at 80% power with 5% significance
TC (mmol/L) 0.245 1.367 0.059 0.234
LDL (mmol/L) 0.250 1.395 0.405 0.239
ApoA (g/L) 0.091 0.508 0.147 0.087
ApoB (g/L) 0.061 0.340 0.098 0.058
LDL:HDL ratio 0.204 1.137 0.330 0.194
The percentage differencein lipid level s detectabl e at 80% with 5% significance
logTG (%) 9.6 66.7 15.9 9.1
logHDL (%) 6.2 38.4 9.9 5.7
logTC:HDL (%) 5.9 38.0 9.9 5.7
logApoA:ApoB 7.6 51.4 12.7 7.4
(%)
TC: total cholesterol, LDL: low density lipoprotsinApoA: apolipoproteinA,
ApoB:apolipoproteinB, TG: triglycerides, HDL: higlensity lipoproteins

6.2.2 Results
Baseline characteristics across the genotypes (see appendix 3, tables 11.1 t0 11.4)
No significant differences in age, gender, diseaswity (DAS28, ESR, CRP) or disease
severity (HAQ scores) were found between patierits the genotypes for PTPN22,
STAT4 or TRAF1/C5. However, having one or more espf the HLA DRB1-SE
associated with significantly higher levels in C&Rl ESR. In addition, there were some
significant variations in RA characteristics: RFspiwity (p<0.001) and anti-CCP
positivity (p<0.001) were higher and disease daralonger (p=0.021) amongst RA
patients with one or more copies of the HLA DRB1pared to those with no copies
of the HLA DRB1-SE; anti-CCP positivity was higheanongst RA patients either
heterozygous or homozygous for the TRAF1/C5 Geallp£0.018) compared to those

homozygous for the A allele.
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Association of RA susceptibility geneswith lipid levels

Two out of the four RA susceptibility genes (HLA BR-SE, and TRAF1/C5)
examined were found to associate with individyablilevels, but not with NCEP-
defined dyslpidaemia (following, in all cases, atijnent for potential confounders
including age, gender, CRP, medications and oifjaifieant associations identified in
the univariate analysis specifically for each gése=appendix 3 tables 1 to 4).
Although associations were observed across the tgaotypes, the associations were
much stronger when comparing the allelic effectg. (BA versus G allele (GA or GG)).
Comparisons of lipid levels across the three ggrextyn an unadjusted general linear
model demonstrated a significant association betWwétAF1/C5 and TC levels, with
patients homozygous (GG) (B= 0.351, 95% CI: -0.%0Q.001, p=0.050) and
heterozygous (AG) (B=-0.349, 95% CI: -0.634 t®&3, p=0.017) for the minor allele
having lower levels of TC compared to those harimguthe AA genotype. These
associations remained following adjustment for pbék confounders (GG vs AA: B= -
0.418, 95% CI: -0.765 to -0.072, p= 0.018, AG vs: B4 -0.357, 95% CI: -0.633 to -
0.081, p=0.012). The comparison of allelic effactsg a linear regression model
strengthened these associations, and demonstratedl@er of other significant
associations between lipid parameters and RA stibdip genes (se¢able 6.2. In

both the unadjusted and adjusted linear regressaiels, patients with one or more
copies of the HLA DRB1-SE had significantly lowewréls of ApoA than patients with
no copies of the HLA DRB1 SE (unadjusted: B=-0,13%% CI: -0.262 to -0.017,
p=0.026) , Adjusted: B=-0.145, 95% CI: -0.284 @006, p=0.041). Patients
heterozygous or homozygous for the G allele of TRI&S had significantly lower TC
levels (Unadjusted: B=-0.350, 95% CI: -0.617 t®82, p=0.011, Adjusted: B=-0.338
(-0.609 to —0.068, p=0.014), LDL levels (Unadjusted -0.328, 95% CI: -0.605 to -
0.051, Adjusted: B=-0.359, 95% CI: -0.650 to —@,06=0.016) and ApoB levels
(Unadjusted: B=-0.080, 95% CI: -0.150 to -0.014 00023, Adjusted: B=-0.110, 95%
Cl: -0.182 to —0.038, p=0.003) than patients horgomg for the A allele.

Associations of RA susceptibility genes with cardiovascular outcomes

In a binary regression model (unadjusted and aeljufsir confounders), no associations
between any of the RA susceptibility gene SNPsahastory of either CVD or deaths

occurring from CVD were observed.
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Table 6.2: Multivariate analyses of RA susceptibility genes athlipid parameters

B (95% Confidence Interval) P value
STAT4 T allde (TT and TG) versus GG
TC 0.094 (-0.158 to 0.346) 0.465
logHDL -0.008 (-0.034 to 0.018) 0.551
LDL 0.015 (-0.256 to 0.287) 0.911
logTG 0.005 (-0.040 to 0.050) 0.816
ApoA -0.034 (-0.137 to 0.068) 0.512
ApoB 0.015 (-0.053 to 0.083) 0.664
TRAF1C5 G allde (GA/GG) versus AA
TC -0.338 (-0.609 to —0.068 0.014
logHDL -0.002 (-0.031 to 0.027) 0.913
LDL -0.359 (-0.650 to —0.069) 0.016
logTG -0.047 (-0.095 to 0.003) 0.060
ApoA -0.110 (-0.221 to 0.001) 0.056
ApoB -0.110 (-0.182 to —0.038 0.003
HLA DRB1-SE No copies vs one or two c@s SE
TC 0.146 (-0.196 to 0.488) 0.401
logHDL -0.023 (-0.059 to 0.013) 0.209
LDL 0.100 (0.268 to 0.469) 0.592
ApoA -0.145 (-0.284 to —0.006) 0.041
ApoB 0.045 (-0.046 to 0.136) 0.330
PTPN22 A allele (AA/AG) versus GG
TC 0.026 (-0.234 to 0.286) 0.844
logHDL -0.019 (-0.047 to 0.010) 0.197
LDL 0.096 (-0.187 to 0.379) 0.504
logTG 0.040 (-0.007 to 0.086) 0.095
ApoA 0.013 (-0.094 to 0.120) 0.817
ApoB 0.026 (-0.044 to 0.097) 0.465
[ = negative association
STATA4 adjusted for age, gender, CRP, medicationgntgmpsion and IR
TRAF1CS5 adjusted for age, gender, CRP, medicatiotisC&P positivity and anti-hypertensive use
HLADRB1-SE adjusted for age, gender, CRP, medicatiams,CCP positivity and disease duration.
PTPN22 adjusted for age, gender, CRP, medications
Abbreviations: Lp(a): lipoprotein (a), TC: total dasterol, LDL: low density lipoproteins, HDL: higtensity
lipoproteins, ApoB: apolipoprotein B, ApoA: Apolipagein A, HLA DRB1-SE: human leukocyte antigen +
shared epitope, SE: shared epitope, anti-CCP: gdiccitrullinated peptide, CRP: C-reactive protein
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6.2.3 Discussion
These results suggest a genetic link between RAipiddparameters independent of
inflammation and other RA-specific factors. Thegmiial importance of these findings is
far reaching, both for our overall understandindgjmtl metabolism and CVD in RA, but

also for the identification and prevention of Cbindividual RA patients.

Patients harbouring the AA genotype for TRAF1/C®e or more copies of the SE
appear to be at most lipid-associated risk of CWidh these genotypes associating with
pro-atherogenic changes in the lipid profile ehg. HHLA DRB1-SE associated with
increased ApoB:ApoA and TC:HDL ratios. Thus thenitdfecation of patients harbouring
these genetic polymorphisms may aid screening ggreasive management of lipid
associated CVD risk in RA.

Two papers have reported that changes in the pipmtile occur many years prior to the
onset of RA (122;123). The first study, demonstighat blood donors who later
developed RA (n=79) had significantly higher levelS C, TGs, and ApoB, but lower
HDL levels than matched controls (n=1071) (123)e $khcond study demonstrated that
TC and LDL levels were significantly lower duringet5 years prior to the onset of RA
in a large population-based incident cohort (577g&#ients and 540 non-RA controls)
(122). The changes observed in the lipid profilermto the onset of RA could be the
result of either sub-clinical inflammation, gengti@disposition or a range of other
unknown factors. Interestingly, the study by Varriiat al (122) attempted to assess
whether inflammatory parameters could accounttiermagnitude of lipid changes
observed. However, they demonstrated that onlyrasmall percentage of the
difference in lipid levels between RA patients @odtrols could be explained by
changes in CRP e.g. only 3.6% of the differenddi levels between the groups could
be explained by CRP concentrations. A further pajah-based, prospective, nested
case-control study failed to demonstrate any dsffee in lipid levels (TC,HDL, LDL,
TG) between patients who developed inflammatoryauthritis and controls (517). The
results of this study may differ from the resultshe previous two studies due to
differences in the populations studied (e.g. RAsusrinflammatory polyarthritis), size of
the population studied and differences in frequesfayenetic polymorphisms e.g.

susceptibility genes.
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To date there are limited data available on theemf@\VD effects of RA susceptibility
genes. Current evidence would suggest that patrgtiiswo copies of the HLA DRB1-
SE (particularly the HLA-DRBD1/04 combination) have increased all cause and CVD
mortality (452;515). In addition, the HLA-DRB1404 allele is associated with decreased
endothelium-dependent vasodilatation (518). Althosgveral studies have failed to
demonstrate an association between polymorphism&a#1/C5 with CVD mortality

in RA (453;519), a further susceptibility variantliae CCL21 locus has been shown to
associate with CVD mortality in patients with inflanatory polyarthritis (516). Within

the present study, | did not observe any assoomti@tween the susceptibility genes and
either co-morbid CVD or deaths occurring from C\Hhwever, due to power

limitations and study design | am unable to dramfconclusions as to the role of RA
susceptibility genes on CVD morbidity and mortali#urther specifically designed

studies are required to examine this further.

Despite these advances, the pathological mechanisnhmay link susceptibility genes
with CVD in RA remain poorly understood. Perhaps itost obvious mechanism is
mediation through an inflammatory pathway, as oeifRA susceptibility genes
(especially HLA DRB1-SE) associate with more seyeresive disease (520;521).
However, it is possible that RA susceptibility gemeuld mediate/partially mediate their
effects on CVD in RA through both direct and indireffects on traditional CVD risk
factors. This is the first study to have specificaksessed whether RA susceptibility
genes associate with one of the key traditional GMR factors (dyslipidaemia/lipid
parameters). The observation that two out of tle A susceptibility genes examined
associate with individual lipid levels is interegfi However, the diversity of genetic
effects on the lipid profile e.g HLA-DRB1-SE onlffects ApoA levels, whilst

TRAF1C5 affects TC, LDL and ApoB levels, would seggthat each susceptibility gene
acts independently through specific mechanismeratian through generic effects on
the inflammatory process. This thought is suppobthe observation that adjustment
for inflammation (CRP) in the multivariate modeld dot influence the strength of
association between each of the susceptibility gane lipid levels. Factors other than
inflammation may be important, for example enzymeslved in lipid metabolism. A
recent study by Palmino-Morales et al (522) fatledemonstrate an association of
PTPN22, STAT4 and TRAF1C5 polymorphisms with cavdsxular risk in RA.

Although an important study, it is not without ltaiion, with the authors failing to
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consider the major susceptibility gene, HLA DRB1-8Es clear that to fully establish
whether RA susceptibility genes are important aeiieants of CVD in RA, much larger
studies with hard end points are required.

The extensive characterisation of a large crossesed RA population has enabled me
to perform an in depth study of the associationthefRA susceptibility genes,
something not always feasible with large genomesvaissociation studies. However, the
study has limitations. Firstly, the cross sectiatedign precludes firm conclusions on the
directionality or causality of the associationsated. Secondly, the sample size
provided just enough power for most of the diff@enfound. Thirdly, the absence of a
normal control group precludes any conclusions atimipotential association of these
genes with lipid levels in the general populationfortunately analysis of the Welcome
Trust Case Consortium did not offer a means oficmiig our findings or overcoming
some of the above limitations, due to the lackiofexl clinically relevant data e.g. lipid
levels and inflammatory markers (523). In additidespite adjustment for inflammation
in the multivariate analyses, a direct link betwepid levels and the susceptibility genes
cannot be assumed.

In summary, | have demonstrated significant assioois between several RA
susceptibility genes and lipid parameters in p&sienth RA. These findings may have
important implications for both the screening fodananagement of CVD risk in such
patients. Further large-scale studies are requrednfirm these findings and establish

the underlying mechanisms, both in RA and in theegal population.

6.3 Lipid metabolism genes

In the general population, a number of genes haea entified that are fundamental to
the regulation of lipid metabolism, including Apmdiprotein E, ABCA1, CETP taglB,
LPL, and the Apolipoprotein C3,A4,A5 gene clusiBr.date no data exist regarding the

prevalence or effect of these genes on lipid pararsé RA patients.
6.3.1 General methods

The recruitment and baseline assessments of 488-sextional RA patients and 400

healthy controls are described in the methods@e¢siee chapter 2, section 2.1.1).
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The Roche LightCycler 2.0 system (2007c) was usedentify the SNPs (ABCAL1:
rs2230808, rs2066715, rs33918808, rs2066718, r§Ad6EETPtaqlb: rs708272, LPL:
rs268, ApoC3, A4, A5 gene cluster: ApoC3 : rs28%} poA4: rs675, ApoAb:
rs3135506, ApoE: rs7412 and rs429358) using reed #CR and melting curve analysis
(further details are described in chapter 2, se@id0). The probes and primers for each
of these, along with further details of their madticurves etc are given in details in
appendix 2 These SNPs were chosen due to their effectpa@hgarameters and CVD
risk.

Satistical methods

See RA susceptibility genes methods section (seéti.1)

6.3.2 Specific methods for Apo E
Two ApoE SNPs were identified simultaneously (rsZ4ahd rs429358) using the Roche
LightCycler® 480 System and a Roche ApoE mutatietection kit (cat
no.03004716001). By combining the melting curvelysia from the genotyping of
codon 112 and codon 158 the allelic set-up of ttedyaed samples was determined. This
was dependant on the amino acids encoded for 2.¢cySteine at 112/cysteine at 158),
E3 (cysteine 112, arginine 158), E4 (arginine & add arginine and 158) (stxble 6.3

Table 6.3: The assignment of genotypes following éhcombination of the melting
curves from rs7412 (ApoE2) and rs429358 (ApoE4)

Genotype of codon 112| Genotype of codon 158 Allelic set up
TGC/TGC TGC/ITGC E2/E2
TGCI/TGC CGC/CGC E3/E3
CGC/CGC CGC/CGC E4/E4
TGC/TGC CGCI/TGC E2/E3
CGCI/TGC CGCI/TGC E2/E4
CGCI/TGC CGC/CGC E3/E4
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When analysing the association of ApoE genotypds hpid levels the E2E4 genotype
was excluded due to its potential to exert mixeenatypic effects relating to the E2 and
E4 allele.

Power calculations:
Table 6.4: The range of minor allele frequency inhe RA population that could be

detected as being significantly different (p<0.05yom the general population with
80% power.

Assumed prevalence of the RA prevalence that would
minor allele in general| be significant at p<0.05 and
population power >80%
ABCA
rs33918808 3.3% <0.4% or > 8.2%
rs2066718 1.3% > 4.9%
rs2230808 20% <12.4% or > 28.8%
rs2066715 9% < 3.8% or >15.8%
rs2066714 13.6 <8.2 % or > 19.0%
CETP taqlB
rs708272 41.3% < 31.5% or >51.5%
LPL
rs268 1.7% >5.7%
Apo C3, A4, A5 cluster
rs2854116 37.5% < 27.9% or > 47.6%
rs675 20% < 12.4% or > 28.8%
rs3135506 5.8% <1.7%or>11.7%
ApoE
rs429358 14.9% <8.3% or > 22.9%
rs7412 8% <3.2% or > 14.5%
ABCA1: ATP binding cassette transporter, CETP: ebt#rol ester transfer protein, Apo:
apolipoprotein, LPL: lipoprotein lipase
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6.3.3 Results

Genotypic and allelic frequencies of lipid metabolism genes amongst RA and HC

The genotypic and allelic frequencies of each efgblymorphisms known to regulate
lipid metabolism in the general population are ioetl intables 6.5 and 6.6
respectively. All genotypic frequencies were in ¢fakVeinberg Equilibrium. The
genotypic frequencies of the CETP taglB polymonmphigere found to differ between
RA and HCs in both the unadjusted and adjusteddadegender) binary regression
model. Following adjustment, the B1B1 and B1B2aigpes were significantly lower in
the RA population (B= 0.636, 95% CI: 0.417 to 0.9680.035 and B=0.619, 95% CI:
0.423 to 0.906, p=0.014, respectively) compardd@o Although the allelic frequencies
did not differ statistically, a trend was noted Qu367) for RA patients to have a lower
frequency of the B1 allele. In addition, genotypequencies of the ApoC3
polymorphism were significantly different betweeA Bnd HC (p=0.037 sdable 6.5.

In a binary regression model, adjusted for agegamiler, RA patients were less likely to
harbour the CT genotype compared to HC (OR= 0.99%; Cl: 0.513 to 0.992,
p=0.044). The allelic frequencies of the ApoC3 paodyphism were also significantly
different between RA and HCs, with the C allelengdiess frequent in patients with RA
(seetable 6.9
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Table 6.5: comparison of genotype frequencies in pants with RA and healthy

controls
Genotypes P value
ABCAl
rs2230808 n(%) GG AG AA
HC 235 (55.6) 150 (35.5) 38 (9.0) 0.320
RA| 222 (57.1) 143 (36.8) 24 (6.2)
rs2066715 n(%) CC CT TT
HC 386 (89.1) 43 (9.9) 4 (0.9) 0.163
RA 337(85.5) 55 (14.0) 2 (0.5)
rs33918808 n(%) GG GC CC
HC 409 (93.6) 28 (6.4) 0 (0) 0.057
RA 383 (96.5) 14 (3.5) 0 (0)
rs2066718 n(%) GG GA AA
HC 412 (94.5) 23 (5.3) 1(0.2) 0.304
RA 381 (96.5) 14 (3.5) 0 (0)
rs2066714 n(%) AA AG GG
HC 327 (74.5) 105 (23.9) 7 (1.6) 0.559
RA 303 (76.3) 85 (21.4) 9 (2.3)
CETP
rs708272 n(%) B1B1 B1B2 B2B2
HC | 127 (53.8) 221 (55.8) 92 (44.9) 0.036
RA| 109 (46.2) 175 (44.2) 113 (55.1)
LPL
rs268 n(%) AA AG GG
HC 424 (96.8) 14 (3.2) 0 (0) 0.949
RA 384 (96.7) 13 (3.3) 0 (0)
Apo,C3,A4,A5
rs2854116 n(%) CC CT 1T
HC 77 (17.8) 192 (44.3) 163 (37.6) 0.037
RA 60 (15.2) 150 (38.1) 184 (46.7)
rs675 n(%) AA AT TT
HC 20 (4.6) 135 (31.3) 276 (64.0) 0.492
RA 13 (3.3) 118 (29.7) 266 (67.0)
rs3135506 n(%) CC CG GG
HC 1(0.2) 50 (11.9) 368 (87.6) 0.501
RA 3(0.8) 42 (10.7) 348 (88.5)
Apo E (rs7412 and rs429358)
n (%) E2E2 | E2E3 | E2ZE4 | E3E3 | E3E4 | E4E4
HC 5 48 6 262 87 12
(1.2) | (12.4)| (1.4) | (62.4)| (20.7)| (2.9
RA 3 46 7 235 88 8 0.908
(0.8) | (11.9)| (1.8) | (60.7)| (22.7)| (2.1)

RA: Rheumatoid arthritis, HC: healthy controls, ABT ATP- binding cassette
transporter, CETP: cholesterol ester transporeprot.PL: lipoprotein lipase, Apo C3,
A4, A5: apolipoprotein C3, A4, A5, ApoE: apolipopem E
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Table 6.6 Allelic frequencies in patients with RA ad healthy controls

Polymorphism | Alleles | Pvalue
ABCA1
rs2230808 n(%) G allele A allele
RA 587 (75.4) 191 (24.6) 0.319
HC 620 (73.3) 226 (26.7)
rs2066715 n (%) C allele T allele
RA 729 (92.5) 59 (7.5) 0.139
HC 815 (94.1) 51 (5.9)
rs33918808 n (%) G allele C allele
RA 780 (98.2) 14 (1.8) 0.061
HC 846 (96.8) 28 (3.2)
rs2066718 n (%) G allele A allele
RA 776 (98.2) 14 (1.8) 0.141
HC 847 (97.1) 25 (2.9)
rs2066714  n (%) A allele G allele
RA 691 (87.0) 103 (13.0) 0.727
HC 759 (86.4) 119 (13.6)
CETP
rs708272  n (%) B1 allele B2 allele
RA 393 (49.5) 401 (50.5) 0.067
HC 475 (54.0) 405 (46.0)
LPL
rs268 n (%) A allele G allele
RA 781 (98.4) 13 (1.6) 0.950
HC 862 (98.4) 14 (1.6)
ApoC3,A4, A5
rs2854116 n (%) C allele T allele
RA 270 (34.3) 518 (65.7) 0.015
HC 346 (40.0) 518 (60.0)
rs675 n (%) A allele T allele
RA 144 (18.1) 650 (81.9) 0.264
HC 175 (20.3) 687 (79.7)
rs3135506 n (%) C allele G allele
RA 48 (6.1) 738 (93.9) 0.934
HC 52 (6.2) 786 (93.8)
ApOE (rs7412 and rs429358)
n (%) E2 E3 E4
RA 59 (7.6) 604 (78.0) 111 (14.4) 0.894
HC 64 (7.6) 659 (78.5) 117 (13.9)

RA: Rheumatoid arthritis, HC: healthy controls, BT ATP- binding cassette transporte

CETP: cholesterol ester transport protein, LRhofirotein lipase, Apo C3, A4, A5:
apolipoprotein C3, A4, A5, ApoE: apolipoprotein E

=
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Associations of SNPs occurring in the ApoE, ABCA1, CETP taglB, LPL and
apolipoprotein A1,C3,A4,A5 gene cluster with thelipid profilein patients with RA

The associations of each of the SNPs studied wahipid profile in RA are described
below and summarised table 6.8.Further tables demonstrating univariate difference
in demographics, disease characteristics and pigidmeters across the genotypes for
each genetic polymorphism studied are attachegpendix 3 tables 5 to 15. For all
analyses a standardised set of potential confosndas adjusted for, including age,
gender, BMI, smoking status, rheumatoid factor, CREthotrexate, sulphasalazine,

HCQ, anti-TNF or prednisolone use.

ApOE rs7412 and rs429358:
The differences in demographics and clinical chtaretics across the ApoE genotypes
are summarised iAppendix 3, table 15.

Differences in lipid levels according to the Apaliele present are shownkilgure 6.1

Figure 6.1: Lipid levels across the ApoE genotypas RA patients

LDL levels according to genotype (excluding patients on statins) HDL levels according to the genotype (excluding patients on statins

5
4

EE

22

- 1
0 0+

E2E2  E2E3  E2E4  E3E3  E3E4  E4E4 E2E2  E2E3  E2E4  E3E3  E3E4  E4E4
Genotype Genotype

ApoB levels according to genotype (excluding patients on a statin) TC level according to genotype (excluding patients on statins)

TC level
o b n w s g

BR BB E2R4 B3B3 E3E4 E4E4

E2E2 E2E3  E2E4  E3E3  ESE4  E4E4

Genotype Genotype

LDL: low-density lipoproteins, HDL: high densityplbproteins, TC: total cholesterq|
ApoB: apolipoprotein B.
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In a general linear model, TC (B -0.77, 95% Cl13lto -0.41, p<0.001), LDL (B=-0.76,
95% ClI: -1.13 to -0.39, p<0.001) and ApoB (B=-0.25% CI: -0.25 to -0.06, p=0.004)
levels were lower in patients with the E2 allel@fB, E2E2) compared to those with the
parent E3 allele (E3E3). ApoB (B=0.10, 95% CI:20t6 0.18, p=0.011) and LDL (B=
0.36, 95% CI: 0.05 to 0.67, p=0.022) levels wegnisicantly higher in patients with the
E4 compared to E3 allele (p=0.034), whilst logHHRB=(-0.04, 95% CI: -0.08 to -0.01,
p=0.012) was significantly lower in patients wittetE4 compared to the E3 allele. These
associations remained following adjustment for ptiéé confounders including age,
gender, smoking status, BMI, rheumatoid factor §pasi, methotrexate, sulphasalazine,
HCQ, anti-TNF and prednisolone use. (Ssd#e 6.7).

In an unadjusted binary regression analysis, NC&ed dyslipidaemia twice as
common in patients with the E4 allele (E3E4, E4ER= 1.97, 95% CI: 1.11 to 3.49,
p=0.021) and significantly less common in patienth the E2 (E2E2, E2,E3) allele
(OR=0.231, 95% CI: 0.101 to 0.529, p=0.001) comppémethose with the E3 (E3E3)
allele. This association remained following adjustinfor potential confounders (see
table 6.7).

In a binary regression model (excluding patientdimd lowering therapy), the
prevalence of a past history of CVD did not diféeross the genotypes in either the
unadjusted (E2 vs E3: OR=1.13, 95% CI: 0.40 t4,3020.816, E4 vs E3: OR=0.98,
95% CI: 0.39 to 2.45, 0.977) or adjusted (E2 vs@R= 1.14, 95% CI: 0.36 to 3.6,
p=0.821, E4 vs E3: OR=1.74, 95% CI: 0.63 to 4p&®.286) models. However, if
high-risk patients (those receiving lipid-loweritigerapy) were included in the analysis,
a trend was observed in the unadjusted model vaitieqts with the E2 allele less likely
to have a history of CVD and those with the E4laliaore likely to have a history of
CVD. Following adjustment for potential confoundguatients with the E4 allele were
significantly more likely to have a history of CE4 vs E3: OR=1.93, 95% CI: 1.04 to
3.59, p=0.039). Although, CVD did not significandiffer between the E2 and E3
alleles, there was a trend for patients with theali!le to be less likely to have a history
of CVD (Seetable 6.7).
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Table 6.7: Associations of ApoE genotypes with ligs, CVD and NCEP

dyslipidaemia in patients with RA

E2 (E2E2, E2E3)

E4 (E3E4, E4E4)

B (95% CI) P value B (95% CI) P value

TC
Unadjusted -0.77 (-1.13 to -0.41) | <0.001 | 0.03 (-0.27 to 0.33) 0.853
Adjusted -0.69 (-1.07 to -0.33) | <0.001 | 0.05 (-0.25 to 0.35) 0.737
LDL
Unadjusted -0.76 (-1.13 to -0.39) | <0.001 | 0.36 (0.05 to 0.67) 0.022
Adjusted -0.73 (-1.13 t0 -0.034] <0.001 | 0.42 (0.10to 0.74) 0.009
logHDL
Unadjusted -0.01 (-0.05 to 0.03 0.72 -0.04 (-0.08 to -0.01)| 0.012
Adjusted 0.01 (-0.03t0 0.05))  0.70{ -0.05 (-0.08 to -0.02)] 0.001
logTG
Unadjusted 0.01 (-0.06 to 0.07 0.839  0.05(-0/10.10) | 0.081
Adjusted 0.01 (-0.06 t0 0.08)] 0.74f  0.05(-0.08.nl) | 0.062
ApoA
Unadjusted 0.02 (-0.13t0 0.17) 0.774 -0.08 (-@c20.05) 0.218
Adjusted 0.04 (-0.11t0 0.19) | 0.576] -0.09 (-0.208) | 0.138
ApoB
Unadjusted -0.15 (-0.25t0 -0.06) | 0.001 | 0.10 (0.02 to 0.18) 0.011
Adjusted -0.17 (-0.26 t0 -0.07) | 0.001 | 0.11 (0.03t0 0.19) | 0.009

Odds ratio (95% CI) | P value | Odds ratio (95% CI) | P value
Hx CVD
Unadjusted 0.76 (0.33to 1.73) 0.513 1.52 (0.8B.68) 0.130
Adjusted 0.59 (0.23 to 1.54) 0.284] 1.93 (1.04t0 3.59) | 0.039
NCEP dyslipid
Unadjusted 0.30 (0.15 to 0.59) <0.001 | 1.83 (1.09 to 3.05) 0.020
Adjusted 0.21 (0.09 to 0.46) <0.001 | 1.86 (1.06 to 3.28) 0.031

[] = positive associatio ]

= negativenaigion. Adjusted for age, gender, body mass index

smoking status, rheumatoid factor positivity, CRiethotrexate, sulphasalazine, hydroxychloroquine,

prednisolone, anti-tumour necrosis factor therdglyanalyses (except NCEP dyslipidaemia, and Hx

CVD) excluded patients on lipid lowering therapyobkeviations: TC: total cholesterol, HDL: high
density lipoproteins, LDL: low density lipoproteinBG: triglycerides, ApoA: apolipoprotein A,
ApoB: apolipoprotein B, Hx CVD: history of cardios@ular disease, NCEP dyslipid: national
cholesterol education programme defined dyslipidag@I: confidence interval.
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ABCAL:
The differences in demographics and clinical chiaréstics across each of the genotypes

for each of the polymorphisms studied are summaiis@ppendix 3, tables 5 to 14.

rs2230808: Lipid levels did not differ across the genotype®ither the unadjusted or
adjusted general linear model. Allelic analysisigsa linear regression model also didn’t
demonstrate any significant associations betwgxa lievels and the minor allele (A) in
either the unadjusted or adjusted models. In binegyession analysis no differences in
the prevalence of NCEP defined dyslipidaemia, destaCVD or death from CVD were

observed across the genotypes in either the urtadjos adjusted models.

rs2066715: No significant differences in lipid levels (TC, HDLDL, TG, ApoA,
ApoB), the prevalence of NCEP defined dyslipidaertiia presence of CVD or the
number of CVD deaths were observed across the gae®bdr alleles in the unadjusted

or adjusted models.

rs33918808: No significant differences were observed in theelswf lipid parameters
(TC, HDL, LDL, TG, ApoA, ApoB) across the genotypgasither the unadjusted or
adjusted analysis. However, in the unadjusted piregression model, there was a trend
for RA patients with the GG to have a lower premakeof past CVD than those with the
GC genotype. (OR=0.273, 95% CI: 0.072 to 1.035,@56) (associations between GG
and CC could not be tested for as no patientst@a€C genotype). This association
became significant following adjustment for potahtionfounders (OR= 0.232, 95% CI:
0.064 to 0.836, p=0.025). No significant differem@eere observed in the prevalence of
NCEP defined dyslipidaemia or deaths relating tdCGA¢ross the genotypes in either the

unadjusted or adjusted binary regression model.

rs2066718: No significant differences were observed acrosggmotypes/alleles in any
of the lipid levels (TC, HDL, LDL, TG, ApoA, ApoB}he presence of NCEP defined
dyslipidaemia, the presence of CVD, or the numib&\¢D deaths.

rs2066714: RA patients homozygous for the minor allele (GGJ hagher levels of
ApoB (B=0.361, 95% CI: 0.129 to 0.594, p=0.002) aiC (B= 1.336, 95% CI: 0.436 to
2.236, p=0.004) model compared to patients harhguhe AA genotype in the
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unadjusted general linear. These associations neaddllowing adjustment for
potential confounders (ApoB: B= 0.381, 95% CI: @14 0.618, p=0.002 and TC:
B=1.240, 95% CI: 0.376 to 2.104, p=0.005). Thereaw® significant allelic effects in a
linear regression model adjusted for potential cantlers . No differences in the
prevalence of NCEP defined dyslipidaemia, CVD ormXdkaths were observed across

the genotypes.

CETP taglB (rs708272):

In an unadjusted general linear model, patients thié B1B1 genotype had significantly
lower levels of HDL compared to those with the B2aghotype (B=-0.038, 95% CI: -
0.074 to -0.001, p=0.043. This association strezmggld following adjustment for

potential confounders (B=-0.152, 95% CI: -0.2790®25, p=0.020). Other components
of the lipid profile (TC, LDL, TG, ApoA and ApoB)id not differ across the genotypes
following adjustment for potential confounders. émgst the RA cohort, no association
was found between the genotypes and the prevatdid€EP dyslipidaemia, prevalent
CVD or deaths from CVD.

LPL (rs268):
No significant differences in lipid levels, the padence of CVD or deaths from CVD

were observed across the genotypes.

ApoC3 (rs2854116): ApoA levels were significantly lower amongst patewith the TT
genotype compared to CC or CT genotypes (1.5790.{.41 g/L) vs 1.74 g/L (SD 0.52
g/L) and 1.71 g/L (SD 0.44 g/L) respectively, p=IBD Following adjustments for
potential confounders ApoA levels remained sigatfity lower amongst patients with
the TT genotype compared to those with the CT ggeofTT vs CT: B=-0.140, 95%
Cl: -0.245 to -0.034, p=0.010), but no significdrfferences were found in ApoA levels
between the TT and CC genotypes. In univariateyaisgaldeaths from CVD differed
across the genotypes (p=0.043) (8ppendix 3 table 12), but this association was lost
following adjustment for potential confounders. Tédevere no other significant
differences in lipid levels, NCEP defined dyslipedaia, or the prevalence of CVD across
the genotypes.
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ApoA4 (rs675): RA patients with the TT genotype had lower leal&\poA compared

to those with the AA or AT genotype (1.59 g/L (S@Dg/L) vs 1.71 g/L (SD 0.65 g/L)
and 1.75 g/L (SD 0.49 g/L), respectively, p=0.0E)wever, this association was lost
following adjustment for potential confounders. significant differences were observed
in the prevalence of NCEP defined dyslipidaemiayalent CVD or CVD deaths across
the genotypes.

ApoA5(rs3135506): TG levels were higher amongst patients with thege@otype
compared to the CC and GG genotypes (1.4 mmol/R(IQ1-2.1 mmol/L) vs 0.8
mmol/L (IQR: 0.6-0.9 mmol/L) and 1.1 mmol/L (IQR:91.55 mmol/L) respectively,
p=0.016) and this association remained followingistthent for potential confounders
(B=0.084, 95% CI: 0.012 to 0.155, p=0.022). No gigant differences were observed in
the prevalence of NCEP defined dyslipidaemia, CYIZWUD related death across the

genotypes.

The associations of each polymorphism with lipidele and CVD prevalence are

summarised imable 6.8
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Table 6.8: A summary of the associations betweemlymorphisms of lipid

metabolism genes and the lipid profile/ CVD prevalece in RA (following

adjustment for potential confounders).

logHDL | LDL

logTG | TC | ApoB

ApoA

Hx
CVvD

NCEP
dyslipid

ABCA1l

rs2230808

rs2066715

rs33918808

rs2066718

rs2066714

CETP

rs708272 l

LPL

Rs268

ApoC3A4A5

rs2854116

rs675

rs3135506

ApoE

E2 l

l {

E4 ! 1

1

[ = proatherogenic changl-J,

HDL: high density lipoproteins, LDL: low densitypbproteins, TG: trigylcerides, TC: total

= antiatheriogghanges

cholesterol, ApoB: apolipoprotein B, ApoA: apolipotein A, Hx CVD: history of

cardiovascular disease, NCEP dyslipid: nationalegterol education programme defined

dyslipidaemia.
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6.4 Discussion

In the second section of this chapter, | have destnated that the prevalence of most
(with the exception of CETP taglB and ApoC3) genptilymorphisms occurring within
lipid metabolism genes is similar in RA patientsl &Cs. In addition, | have
demonstrated that the phenotypic effects of thesetic polymorphisms appear to
mirror those seen in the general population. Thtua,first glance it would appear that
most of the genetic polymorphisms considered irste®nd part of this chapter are
unlikely to contribute significantly to the patteshdyslipidaemia specifically observed

in RA. However this may not be the case, as linutet in study design (e.g. power) and
the collective ability of these and other genettymorphisms (not studied) to pool their
effects, may be sufficient to contribute to dyslgemia in RA: this cannot be accurately
investigated within the boundaries of this theshwus although these findings are useful,
further large scale specifically designed gendtidiss in RA are required to address this

fully.

One of the most interesting findings in this chaptas the difference in CETP taqlB
genotype frequencies between RA patients and HEgdRents had a lower prevalence
of the B1B1 genotype and a higher prevalence oB&®2 compared to HCs. This
difference in prevalence may be explained by ei#lmeincrease in the prevalence of the
B2B2 amongst the RA population or a decrease imHtbgopulation. However, existing
evidence would appear support the former as thédwate prevalence of the B2 allele
has been reported to be 42% (423), which is sirtoléine allelic prevalence observed in
the HCs (46%). Despite this data being reassusingfy populations cannot be used as
direct comparator to establish whether the HCs usé#uls thesis are a ‘true’
representation of the general population, duefferginces in geographical location etc.

Thus further large scale genetic studies are redquo confirm or refute these findings.

In the general population, the B2B2 genotype has lassociated with higher HDL

levels (420), and some studies claim it is protectigainst CVD (421;422) whilst others
claim that it associates with a paradoxical ris€WD risk (524). In this chapter, |
demonstrate similar phenotypic effects of the CEa&1b genotypes amongst the cross-
sectional RA population with the B2B2 genotype asstiing with the highest HDL

levels and B1B1 the lowest HDL levels. The B2B2a@gpe was found to be more
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prevalent in RA, thus suggesting a beneficial nathan detrimental role of this genetic
polymorphism on lipid metabolism in RA. However,the B2B2 genotype may confer a
paradoxical rise in CVD risk despite the increaskBIDL levels, it is still plausible that
higher prevalence of the B2B2 genotype seen withisicross-sectional RA population
may contribute to the CVD risk observed in RA. tetingly, | did not find a significant
association of the CETPtaglB genotypes and CVDs iBHikely to be a reflection of the
power of the study rather than the actual absehaa association, as only 86 patients
(21.5%) had a history of CVD.

ApoE genotypes are strongly linked to lipid levielfRA. The effects of the genotypes
are again similar to those seen in the generallptpn, with the E2 allele associating
with low levels of TC and LDL and the E4 allele asating with high levels of TC and
LDL. Interestingly, one study has reported thateffects of ApoE on regression of
atherosclerosis occur independently of changepith levels (525). Irrespective of this,
RA patients harbouring the E4 allele are twicelkedy to have dyslipidaemia than those
with the E3 allele, thus potentially increasingit@VD risk. In the general population, it
is well described that the E4 allele increases Gk (526); whether the E2 allele is
‘protective’ is less clear (427). ApoE genotypes not significantly associate with
prevalent CVD in this RA cohort, probably due teufficient power, but a trend was
observed (p=0.074). It is still feasible that pobmwhisms of the ApoE gene contribute to
atherosclerotic plaque formation in RA, throughHanfmation-mediated suppression of
gene transcription. At the level of the atherosatierplaque, ApoE is primarily produced
by macrophages and it exerts anti-atherogenic ptiepdy facilitating reverse
cholesterol transport. Interestingly, a recent gtusging lipopolysaccharide (LPS)
treatment to mimic inflammatory stress demonstr#tetl LPS represses ApoE gene
expression in macrophages through its effects tenmmatory signalling pathways
(527). Such mechanisms are likely to be escalat®&N as a consequence of high levels
of systemic inflammation, and this should be adskdsn specifically designed studies.
The results in the second part of this chapter destnate that some genetic
polymorphisms known to regulate lipid metabolisnthia general population are more
common in RA and are important in the regulatiofiptl metabolism in RA patients. It
is possible that these genes may have an impacwva@nrisk in RA. However, much
larger studies are required to establish the peeale of these genes and others (not

studied in this thesis) on dyslipidaemia and C\Ek in RA.
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Chapter 7: Discussion

7.1 General discussion

Much of the work presented in this thesis has dlirdaeen discussed in the individual
results chapters (see chapters 3, 4, 5 and 6)aiflmef this chapter is to bring all of these
findings together in order to highlight the overatinclusions of the thesis, the impact

these findings confer and how they may lead omitioré research.

The work described in this thesis has expandedioderstanding of dyslipidaemia in
RA. Dyslipidaemia has been shown to be highly pgexwan RA, but undertreated
amongst patients deemed to be at a high risk afldping CVD. In addition, virtually

all lipid parameters have been shown to be alter&, including lipid levels, lipid
structure and lipid function. These changes haea Isbown to be governed by multiple
interacting factors including systemic inflammatianti-inflammatory drug therapy, and

genetic factors.

This study has highlighted deficiencies in the mdthavailable for quantifying CVD

risk in RA. Although the EULAR task force have reamended that conventional risk
algorithms (e.g. FRS) are adjusted by a 1.5 migtiplo account for the excess CVD risk
in RA, this remains a far from perfect method fisk quantification. Firstly, there are
vast discrepancies in the proportion of patienesidied as being ‘at risk of CVD’
between the conventional cardiovascular risk atgors and this is further exaggerated
when the 1.5 multiplier is applied. Secondly, tygproach has never been validated in an
RA population. Ultimately, we should work towarthe tdevelopment of an RA specific
and RA validated CVD risk algorithm. The work pretesl in this thesis would also
support an algorithm based on lipid ratios rathantindividual lipid levels, as this may
represent a more accurate reflection of CVD ris&rst given time point, due to lipid

ratios being relatively less affected by inflammmatfuctuations.

Prior to starting the work described in this thesigain aspects of dyslipidaemia (e.qg.
alterations in lipid levels) in RA were already welcognised and reported (see chapter
1, section 1.10.4) (120;128;148). These lipid clesngere thought to be mediated
primarily through fluctuations in the inflammatdoyrden (128;129). | have
demonstrated that lipids are widely affected imigiof their overall plasma levels, size,
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structure and function, by the processes occuimmiRA (see chapter 5). Whilst the work
described in this thesis would support the thebay inflammation is fundamental to
many of these lipid changes, | have also demostrhiat other factors including
individual drug therapies and genetic factors atsatribute. Based on these findings, our
approach to the management of dyslipidaemia in R¥ require a more targeted

approach rather than just a blanket suppressiarflanmation.

Summary of key findings:

1) Dyslipidaemia is highly prevalent in RA but undedted amongst those most at
risk of developing CVD.

2) Lipid levels, structure and function are alteredRify, giving rise to an overall
proatherogenic lipid profile.

3) Inflammation is fundamental to many of the lipicholges observed in RA.

4) Anti-inflammatory drug therapy produces alteratiom$ipid parameters both
through a ‘blanket suppression of inflammation d&lsb through drug specific
mechanisms.

5) Genetic factors are important in the regulatiofipél metabolism in RA.

a) The presence of certain RA susceptibility genesAHIRB1-SE, TRAF1C5)
associate with alterations in the lipid profile
b) There is an increased prevalence of several gepelyecnorphisms occurring

within the lipid metabolism genes

7.2 Novel findings

One of the most novel findings reported here isabsociation of genetic polymorphisms
occurring between two of the RA susceptibility gengélLA DRB1-SE and TRAF1C5)
and lipid levels (see chapter 6, section 13.2)s Tinding may help to explain why lipid
parameters are altered years before the onset gilRA123) and offers a potential
mechanism by which RA susceptibility genes may atsdribute to CVD risk in RA
(515;516). As this is the first time these assommst have been described it is important
that the findings are replicated in other populaticand subsequent work is carried out to
establish the mechanisms underlying these findiimgaddition, | have demonstrated for
the first time that the prevalence of some genmilgmorphisms occurring in the lipid
metabolism genes (e.g. CETP taqlB) may differ betwRA patients and HC (see
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Chapter 6, section13.3). These findings are impbda they may not only contribute to
lipid abnormalities in RA, but they may also oftelink to CVD in RA both through
direct (non lipid associated) and indirect (lipgbaciated) pathways.

Another novel finding relates to LDL function (s€bapter 5). Despite LDL function
having been assessed in one previous study in R&),(Ehe findings presented in this
thesis are unique, due to differences in studygtlesnd the hypotheses being addressed.
In addition, LDL function has been addressed henegitwo complementary methods
(LDL lagtimes and DiloxLDL uptake into U937 cell$i. this study, | demonstrated that
LDL function is altered in RA and may be influendggchanges in CRP levels and also
a number of other lipid parameters. To the bestpknowledge, LDL lagtimes have not
been previously studied in RA. LDL lag times haeeib found to be significantly shorter
amongst the general population with coronary artésgase (52&nd have been shown
to be modified by other disease processes e.gaghic status (529Fatty acids with
three or more double bonds have been identifiexhasof the most important predictors
of LDL lag times, with an inverse association benfigerved (530). However, in the
general population there is also evidence suggeatiratheroprotective role of fatty acid
(e.g.omega 3) supplementation (531). The effectsrdga-3 fatty acids on pain and
disease activity in RA has been studied previougith some studies demonstrating a
possible mild beneficial effect (532). As fatty d@siare often considered to be *harmless’
and possibly even beneficial, physicians and ptieray be tempted to use them as an
adjunctive therapy. However, in RA they may in feahtribute to CVD via their effects
on LDL oxidisability. Further research is requiiadRA to assess the overall
risks:benefit ratio of taking omega 3 fatty acighglementation.

7.3 Implications for changes in treatment or intenentions

In Chapter 3 I highlighted several deficienciesha current management of
dyslipidaemia and CVD risk in RA. In the futuregethmatologists need to adopt a more
systematic approach to screening for CVD risk in€&g\annual review clinics, and
ensure that all CVD risk factors are optimally mgedamongst those patients identified
as being at an increased risk, e.g. prescribirigtansThe use of statins for the primary
prevention of CVD in RA is currently being investtgd in a multi-centre trial (533).

The results of this trial may help to further guale treatment of CVD in RA. One of
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the most striking conclusions arising from thissisevas the need for an ‘RA specific
CVD risk algorithm’. Although two of the current @/calculators attempt to account
for RA or CRP (QRISK2 (470) and Reynolds risk sq@i&l), respectively), neither was
produced or validated in an RA population. Thugenirguidelines suggest we adjust
conventional CVD risk calculators (e.g. FRS) fae #txcess CVD risk observed in RA
(x1.5) (478), but this approach is far from ideal.

The work presented in this thesis has highlightaegsal drug specific effects on the lipid
profile. In the cross sectional study (see chapteHCQ use was associated with
‘improvements’ in the lipid profile, whilst in botifne cross sectional and longitudinal
study (see chapter 5) steroid use (oral prednigaborlV GCs) associated with a more
pro-atherogenic lipid/lipoprotein subfraction ptefiThus, based on these findings (and
previous supporting published work (371;492)), H&@uld be prescribed more widely

and steroids with more caution amongst RA patidatsned to be at risk of CVD.

7.4 Strengths and weaknesses

The strengths and weaknesses of the study popuatiged and relevant methodology
have been discussed in detail in the individualltehapters. However, as a whole the
work described in the thesis has a number of agitiengths and weaknesses. One of the
major strengths of this thesis is the targetedsandttured approach adopted in order to
address a range of hypotheses. A further stresgtieisystematic data collection and
processing. As lipid levels are known to fluctuasea result of multiple environmental
factors e.g. time of day, dietary intake, all fagtblood samples were collected early in
the morning. All blood samples were spun withirhaur of collection and stored at-
80°C, to minimise the effects of storage on lipid paeters (especially LDL
oxidation/nitration). All laboratory assays usedidaed commercial kits. Data
processing and recording of data were audited $aremo errors and a hospital
statistician reviewed all statistical analyses.fitesthe systematic approach to data
collection and processing, due to reasons beyondamiyol, there was a degree of
missing data. However, this was dealt with in aststent manner in order to not
introduce bias.
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As part of the methodology, a number of complemgragtudy populations were utilised,
allowing associations to be established and thegctionality to be assessed. Although
this approach was the most appropriate to addnesisyjpotheses posed in this thesis, it
does confer a number of weaknesses. Despite athpts being made to recruit control
populations that were well matched according toagksex, to that of the RA patients,
unfortunately the longitudinal healthy control awas significantly younger than the
longitudinal RA patients. As age is known to strgrigfluence lipid metabolism and
CVD risk, attempts were made to compensate fordisisrepancy via statistical
adjustment. A further weakness of the study popmriatwas the limited data available
on the anonymised genetic biobank of healthy cdésttbus limiting the analysis | could
carry out. Patient selection and thus ‘confoundiggndication’ may have also
introduced bias as RA patients were not randontiséide longitudinal treatment arms.
However, a randomised controlled trial to overcdhig was beyond the scope of this
thesis. Furthermore, no data was collected on alamnsumption and menopausal
status, and therefore | was unable to adjust ®effects of these factors on lipid
metabolism. In addition, for the longitudinal sguthe sample size and duration of
follow up may have been a significant limitationlakger sample size may have
confirmed further associations (not found to basigant in the current work due to a
lack of power) and minimised the background ‘nowsaised by gross fluctuations in
lipid parameters in the RA control arm. A longeltda/-up period would have allowed
us to confirm whether many of the lipid changesiadeed transient as the work in this

thesis would suggest.

7.5 Implications for future research

This thesis has allowed me to systematically ansmaary questions relating to
dyslipidaemia in RA - but in the process it hasagated many more. Some hypotheses
have been generated as a direct extension of tHepwesented in this thesis, whereas
others branch out in a new direction. Since stgtims thesis much has changed in the
field of rheumatology from new diagnostic critefig492) to the availability of new anti-
inflammatory drugs e.g Golimumab, Certolizumab, iftoegmab, Abatacept. The
development of new drugs opens new research aveinuege with the work carried out
in this thesis, it would be interesting to extehd kongitudinal cohort to include some of
these newer drug therapies (particularly those witlifferent mode of action) to examine

192



their effects on lipid levels, structure and fuoati Tocilizumab, an IL-6 antagonist, may
be particularly interesting to examine in the cahtd dyslipidaemia and CVD risk.
Current data arising from clinical trials (492;53@s demonstrated profound effects of
treatment with tociluzimab on lipid levels, whichshlargely been attributed to rapid
suppression of CRP levels. To date, no data has ddished on the effects of
tociluzimab on other lipid parameters such as sirecor function and the implications
these may have on CVD risk in RA. | also think thatdight of the pro-atherogenic
effects IV GC administration had on the lipid lesyahd structure in this thesis, further
work is required to assess the impact of long-terah prednisolone use on lipid
metabolism and CVD. For all drugs, both new and fidher research is required to
establish their effects on all CVD risk factors.dgpertension and obesity, as well as
CVD outcomes.

RA is a complex condition with a spectrum of diseamd therefore it is reasonable to
hypothesize that lipids and other CVD risk factoi@y be affected differently amongst
different subgroups of patients. For example, itldde interesting to look at whether
lipids are also modified by citrullination, by coaming lipid parameters in patients who

are positive for anti-CCP antibodies to a groupatients who are anti-CCP negative.

The CVD effects of genetic polymorphisms occurnivithin the RA susceptibility genes
require further examination. Do RA susceptibiligngs associate with other CVD risk
factors e.g. hypertension? Do RA susceptibilityegeaffect vascular function? What are
the individual/collective effects of other RA suptibility genes (not studied in this
thesis) on both dyslipidaemia and other CVD risitdes?

Based on the findings in this thesis, the next stepld be to refine and expand the
longitudinal arm of the study. Alongside the expanf existing drug therapy/control
arms, additional arms should be included to exaraalrug effects of some of the
newer biologic therapies e.g. tocilizumab, and pratinisolone. Expansion of the study,
would allow a number of other lipid parameters ¢éarvestigated including changes in
enzymes fundamental to lipid metabolism, functiatanges in HDL, and other lipid
modifications such as glycation or citrullinatigkithough in the context of this study it
would be difficult to look at hard CVD endpointsireogate measures of vascular

function e.g. flow mediated dilatation, and las@ppler could be measured.
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In conclusion, the work described in this thesis significantly broadened and added to
our understanding of dyslipidaemia in RA, demorstgaboth the scale and complexity
of the problem. However, it also highlights sevel@liciencies in our under

understanding which need to be explored througlréutesearch.
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Appendix 1: Laboratory methods

Biochemistry tests

The majority of biochemical tests including, T@ucose, calcium, phosphate,
urea, creatitine, sodium, potassium, alkaline phatgse, alanine transferase and
albumin were measured using dry slides in a VitroS® FS chemistry system

(www.orthoclinical.com. A small amount of serum/plasma obtained from plagent

was placed on to a slide containing a multi-layeasdlytical element coated on a
polyester support. Each biochemical test requineduse of a specific microslide, with
appropriate imbedded reagents. The sample permdatasgh the layers of the slide
until it reaches the reagent layer containing eithelye or a chemical with which it
reacts. Reactions that occur in the reagent layedyce methods of quantifying the
biochemical parameter of interest e.g. TC via thection of specific wavelengths using
reflective spectophotometry. For example, a dydiwithe reagent layer can bind to the
biochemical parameter of interest that requires smesnent. Bound dye can be
distinguished from free dye due to a change irecgifte wavelength. The concenetration
of the biochemical parameter being measured is thstablished using reflective
spectrophotometry. The serum/plasma concentratibnam indivual biochemical
parameter is equal to the concentration of boun@ dtected. Although the
measurement of wvurtually all biochemical parametenr® based on relective
spectophotometry, slight variations of the methattein order to accommodate the
different chemical properties of each substanceexample of this would be measuring
enzymes such as ALT. Such measurements are nabtrelin the incorporation of dye,
and are actually measured according the waveleofgthe reaction product. For ALT,
the rate of oxidation of NADH is measured accordinga change in the reflection
density. See below:

Alanine +a-ketoglutarate ALT P-5-P > pyate + glutamate

LDH

Pyruvate + NADH + H lactat&NAD™

v

Sodium and potassium concentrations are also meshausing a slightly modified
method. This method requires the use of multilagéestrode slides containing two ion-

selective electrodes. A small amount of the patiesaimple is added to one side of the
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slide and a small amount of Vitros reference fltadthe other side. Both fluids then
migrate towards the center of the paper bridgedywimg a stable liquid junction which
connects the reference electrode to the sampleatuti electrode. Each electrode
produces an electrical potential in response t@thiity of the ions applied to it and the
potential difference between the electrodes medsufde potential difference is

proportional to the concentration of ions being sugad.

ApoB, ApoA, HDL and CRP were measured using dir@mber kits on the
Vitros® chemistry system. The wet chemistry systequires the sample to be mixed
with the reagents in a cuvet. Changes in the savgpacity/turbidity are then measured
using reflective spectrophotometry. For apoA andBpghe addition of the specific
reagent leads to an immunochemical reaction yigldintigen and antibody complexes.
The presence of these complexes results in anasedeturbidity of the sample. Sample
turbidity is then measured spectrophotometricdilye concentration of ApoA is derived
from this, as it is directly proportional to lewval turbidity.

HDL and CRP were also processed as wet sample eVithos ® chemistry system
using a wako kit (418-72495) and (419-22016) preduay alpha laboratories.

Insulin was measured using a kit (PIL5KIN-7) and will belgsed using an immulite
2500 analyser. The method is based on a competiiemiluminescent enzyme
immunoassay. Antibody coated polystyrene beadsdigpensed into reaction tubes. The
samples were added to the reaction tubes and itenlibbath an alkaline phosphatase
labelled reagent. The beads were then be sepdratedhe sample by centrifugation.
The beads were washed to remove residual unbowspphatase label. Dioxetane
substrate was then be added to react with the platege label bound to the bead. This
reaction emitted light which was quantified usingheto multiplier tube. The amount of

emitted light is proportional to the amount of ilisun the sample.

Thyroid stimulating hormone (TSH) was measured using a two-site
immunoenzymometric assay (AIA-PACK TSHY®en), and was analysed using a
Tosoh AIA 1800. TSH present in the sample is bowvith monoclonal antibody
immobilised on magnetic beads and monoclonal adyiboonjugated with bovine
alkaline phosphatase in the AIA-PACK. The magné@ads are washed to remove

unbound enzyme-labelled monoclonal antibody andhee incubated with a fourogenic
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substrate. The amount of enzyme conjugated withmbmeoclonal antibody that binds to

the beads is proportional to the TSH concentrdtidhe sample.

Serum Angiotensin Converting Enzyme (ACE A kit (KK-ACKX) produced by
Buhlmann laboratories was used. The method isntelam ACE in the specimen
mediating the cleavage of a synthetic substratep(iric acid attached to a dipeptide
moiety) to produce and amino-acid derivative andigeptide. The kinetics of this
reaction were then measured spectrophometricallye Onit of enzyme activity is
defined as the amount of enzyme required to releaseumol of hippuric acid per

minute of serum at 3C.

Serum Iron, Total iron binding capacity (TIBC) and complement (C3 and C4)vas
measured using immunoturbidimetry methods. Thislved the use of Labmedics assay
kits and a ThermoTrace method kit, which were l&#temprocessed on a KoneLab™30
analyser. In order to measure serum iron it needsetreleased from its carrier protein.
This process is induced through the addition otiangdine buffer to the serum sample.
Ascorbic acid is then used to reduce ferric iontgderrous state. The ferrous iron then
can bind to ferene S, producing a blue colour, tvlscthen read spectophotometrically.
Serum TIBC was calculated by adding the amouneoirs iron to the amount of serum
unsaturated iron binding capacity (UIBC). UIBC igeasured adding a known excess of
ferrous ions to the sample. These will bind to tursded sites on transferrin, and any
remaining ions were then measured using the fereomaction. This reaction creates a
purple complex that can be measured spectophoticalbtrat 560nm. The difference
between the amount of unbound iron and the totabuenth added to the sample is
equivalent to the quantity bound to transferring tbIBC. The measurement of
complement levels is based on immunoprecipitatidmaced by polyetheylene glycol at
340nm. Specific anti-serum will be added in exdedsuffered samples. The increase in
immunoprecipation will then be recorded when thactien has reached its end-point.

The change in absorbance is proportional to theuatnaf C3 or C4 in solution.
Serum amyloid A (SAA)was measured using an ELISA method, using a kil.(BIL5)

that is produced by Abazyme, LLC. This method entital to that previously described

for the dectection of oxidised LDL, except the plas pre-coated with monoclonal

239



antibody that is specific for SAA. Thus, when tlaenples are added to the wells SAA in

the sample will bind and become immobilised byah&body pre-costed on the wells.

Homocysteine levels were measured using an IMMULITE 2500 solitase,
competitive chemiluminescent enzyme immunoassagun$drom patient/subjects was
incubated with S-adenosyl-L-homocysteine hydrolé&AH) and dithiothreitol for 30
mins, resulting in the release of bound homocystebefore transferring to a second
reaction tube conataining a SAH-coated polystyidesad and an alkaline phosphatase-
labelled antibody specific for SAH.

Haematological methods

Full blood counts was analysed on the ADOVA® 120 Haematology systamduced

by Bayer Healthcare

Vitamin B12, folate and ferritin

Vitamin B12, folate and ferritin were all analysed using an chemi-illuminescence
method, which was carried out on a ACS 180 analyseduced by Bayer healthcare.
ESRwas measured on a starrsed compact from mechatronic

INR was measured by quantifying optical density basedclot formation. This was

performed on a IL ACL Futura Advance system.
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Appendix 2: Probes, primers and melting curves for each
genetic polymorphism

Probes and primers for each genetic polymorphism

STAT4 rs7574865:
The sensor probe is specific for the G allele

Forward primer: 5STACGGATGTCTTTGAAGGTAG-3

Reverse primer:’SCTTTATAATTTCTTTCT-3

Sensor probe: AGATAACCACTATTCACATTTT-3-FLU

Anchor probe: 5LCRED640-CCAACTTTTCATACTTTTACTGCATACACAC-PH.

TRAF1C5rs3761847.

The sensor probe is specific for the T allele

Forward primer: EACTCCCTTTTAACTGTGTACCCCATA-3

Reverse primer:’8B5CTTAGCCTCTCTGTGCCTCAG-3

Sensor probe! FCTCCCCTCCAGCCTCAA-3FLU

Anchor probe: 5LCRED640-ACCACCCTCTCTCTACCTGCTCATTCCCA-PH.

PTPN22 rs2476601:

The sensor probe is specific for the A allele

Forward primer: 5GCCTCAATGAACTCCTCAAAC-3

Reverse primer:’BSCTGATAATGTTGCTTCAACGGA-3

Sensor probe’ CAGGTGTCCATACAGGAAGTG-3FLU

Anchor probe: 5LCRED640-GGGGATTTCATCATCTATCCTTGGAGCAGTTG-PH.

ABCA1 rs2230808:

The sensor probe is specific for the C allele

Forward primer: 5-CTCTTTTCTGTTGTGAATGC-3’

Reverse primer. 5 —~AACAGTCACAACTGAGC-3

Sensor probe — 5-CTTGACATTATTTCTGGTGTCCAG—FL

Anchor probe: 5’-LC640-CCTGTCATAAATCTTCCCAAGCTGTTGH

241



ABCA1 rs2066715:

The sensor probe is specific for the C allele

Forward primer: 5-GGAAAGACAGCCTCAATGTA-3’

Reverse primer: 5 —=-TTTCTCACAGAGCCTGCT-3’

Sensor — 5-TCATGGAGACCGAAGTGGTG--FL

Anchor probe: 5’-LC640-GATTGAAGCCATCTTCCTCCACAGGARH

ABCA1 rs33918808:
The sensor probe is specific for the C allele
Forward primer: 5-GCTTTTTCCTTTAGTTCTCACACAA-3’

Reverse primer: 5 -GGGGAAGCTCAGGCACCA-3
Sensor probe —5-CGACCATGACAGTGACACGCT—FL
Anchor probe: 5-LC640-ACCATCGGTAAGGACTCTGGGGTTTP-

ABCA1 rs2066718:

The sensor probe is specific for the A allele

Forward primer: 5-TGCATGAAATGCTTCCAGGTATT-3

Reverse primer: 5 —~AGTGCTTGAAGTTTCTCCAGTGA-3

Sensor probe — 5-TGGCCTACCAAAGGAGAAACTG—FL

Anchor probe : 5-LC640-CTGCAGCAGAGCGAGTACTTCGTTC@LE—PH

ABCA1 rs2066714:

The sensor probe specific for G allele

Forward primer: 5’-GAATTCCCAGGCCCTGGTA-3

Reverse primer: 5-GTTAGCAGAGGCAGCAGCACTAG-3

Sensor Probe: 5'-CAACCAGAAGAGAATGTCAGAAAGT-FL
Anchor Probe: 5’-LC640-GTGCTGTTGACCTCCTGCTCTTTCTHP

CETP (TaqlB) rs708272 :

The sensor probe is specific for the C allele.

Forward primer: 5-TCTTTTCATGGACACCCACTATG-3

Reverse primer: 5 -CCCCAACACCAAATATACACCA-3

Sensor — 5'-AACCCTAACTCGAACCCTAGTGATTCT—FL

Anchor probe: 5’-LC640-TCGCAGACAAACACAAATCCCTATACCEG-PH
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ApoC3 rs2854116:

The sensor probe is specific for the C allele \aiditional T mismatch
Forward primer: 5’-CTGGGTGAGCAGCACTCG-3

Reverse primer: 5 -GGTGAGGGGCTTCTTCAGACT-3

Sensor — 5-CTTTACTCCAAACACCCCCCA--FL

Sensor + mismatch — 5’-CTTTACTCCAAACACCTCCCA--FL

Anchor probe: 5-LC640-CCCAAGCCACCCACTTGTTCTCAAGT—HP

ApoA4 rs675:

The sensor probe is specific for the A allele

Forward primer: 5-AACAGCTCAGGCAGAAACTG-3

Reverse primer: 5 —-CTGCTGCTGTTCCTGCTGTT-3’

Sensor — 5'-GAGAGCCAGGACAAGTCTCTC--FL

Anchor probe: 5’-LC640-CCCTCCCTGAGCTGGAGCAACA—PH

ApOAS rs3135506:

The sensor probe is specific for the C allele

Forward primer: 5-CAGCAGAGGCAGGTCATC-3

Reverse primer: 5 —=TTCTTTCAGGTGGGTCTCCGAC-3

Sensor - 5-GTGGCCCAAAACGCTGTGG--FL

Anchor probe: 5’-LC640-AGGGACTAGGTAATCAGGGCCTGGCTHP

LPL rs268:
A simple probe kit was used (tibmolbiol)
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Melting curves for each genetic polymorphism

The melting curves for each genetic polymorphisensmown below. The sensor probe

produces the peak at the highest temperature éaklgn graph at highest temp) as it is

able to fully hybridise to the anchor probe. Inttast a mismatch in the region of the

SNP would mean the sensor probe would not fullyriayge and would therefore

produce a melting curve peak at a lower tempergtaecepeak on graph at lower temp).

Heterozygozotes would therefore have two meltirgkggshown on the graphs below in
green). Further details explaining the formatioma&iting curves and their interpretation

can be found in chapter 2, section 2.9.
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ABCA1 rs33918808:
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CETP taglb rs708272 :
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ApoA4 rs675:
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Appendix 3: Descriptive tables for each genetic pgpimorphism

Table 1: Demographic, clinical and laboratory charateristics of the cohort according to the TRAF1C5

genotypes
AA AG GG P
(N=121) (N=190) (N=76) value
General demographics
Age (years) 62.59 (53.81-69.14) 62.8 (53.5-69.9) .56%59.2-69.66) 0.086
Sex female n(%) 99 (80.5) 137 (70.6) 53 (67.9) 9.07
Smoking status n(%)
Never 59 (48.8) 81 (42.6) 33 (43.4) 0.202
Ex-smoker 38 (31.4) 76 (40) 35 (46.1) )
Current 24 (19.8) 33 (17.4) 8 (10.5)
RA characteristics
General characteristics
RF positive n(%) 83 (69.7) 147 (76.6) 62 (82.7) 0.114
antiCCP positive n(%) 69 (57.5) 130 (70.7) 56 17 4. 0.018
Disease duration (yrs) 9 (3.5-18) 10 (4-17) 129825)
Disease activity
CRP (mg/L) 7 (4-20) 9 (5-18) 9 (5-21.5) 0.332
ESR 19 (9-36) 20 (10-36.5) 26 (10-39.5) 0.231
DAS 28 4.2+1.37 4.18+ 1.36 4.38t 1.57 0.571
Disease severity
HAQ 1.38 (0.63-2.0) 1.63 (0.47-2.3) 1.75(0.8862.1 0.349
EAD n(%) 82 (66.7) 124 (63.9) 59 (75.6) 0.176
f]‘(’;;)t replacement surgery 39 (31.7) 52 (26.8) 24 (30.8) 0.605
Medication
Methotrexate n(%) 75 (61.0) 104 (53.6) 41 (52.6) .360
Sulphasalazine n(%) 33 (26.8) 63 (32.5) 22 (28.2) 0.529
Hydroxychloroquine n(%) 23 (18.7) 35 (18.0) 22 8. 0.148
Anti-TNF n(%) 17 (13.8) 22 (11.3) 7 (9.0) 0.570
Leflunomide n (%) 6 (4.9) 7 (3.6) 3(3.8) 0.851
Prednisolone n(%) 41 (33.3) 65 (33.5 24 (30.8) 908.
NSAIDs/COX Il n(%) 35 (28.5) 55 (28.4) 20 (25.6) 838
Anti-hypertensives n(%) 42 (34.1) 94 (48.5) 32(1. 0.041
Statin/fibrate n(%) 27 (22.0) 41 (21.1) 13 (16.7) 0.634
Lipid Profile
Total cholesterol (mmol/L) 5.44+1.3 5.17+ 1.09 5.08t 1.13 0.054
HDL (mmol/L) 1.6 (1.3-1.9) 1.83 (1.5-2.17) 1.8¢22.1) 0.095
LDL (mmol/L) 3.23+1.3 2.98+1.13 2.95:1.18 0.153
Triglycerides (mmol/L) 1.2 (1.0-1.6) 1.25(1.0-1.7) 1.2 (0.9-1.5) 0.613
ApoA (g/L) 1.7+ 0.46 1.6t 0.43 1.57#0.39 0.091
ApoB (g/L) 0.99+0.33 0.94+ 0.26 0.93t0.29 0.160
Comorbidities
Cardiovascular disease n(%) 23 (18.7) 42 (21.6) 24N 0.623
Hypertension n(%) 27 (22) 41 (21.1) 13 (16.7) 3a.6
Systolic BP n(%) 142 (125-152.3) 140 (127.5-156.5)144 (128.5-154.3)  0.852
Diastolic BP n(%) 79.2+11.68 78.5% 11.36 79.2& 10.44  0.843
Insulin resistance n(%) 38 (32.2) 80 (42.8) 26734. 0.146
Obesity (BMI) 27.46+ 4.6 277253 28.185.03  0.627
NCEP defined 78 (63.4) 106 (54.6) 41 (52.6) 0.209
dyslipidaemia n(%) '
Deaths from CVD n(%) 5 (5.2) 2 (1.3) 2 (3.1) 0.198

Results expressed as percentages, median (2p&istntile values) or mean + SD as appropriate
RF: Rheumatoid factor, Anti-CCP: Anti-Cyclic Citrullieal Peptide, CRP: C-Reactive Protein, ESR:

Erythrocyte Sedimentation Rate, DAS: Disease Agtidtore, HAQ: Health Assessment Questionnaire,
EAD: Extra-Articular Disease, NSAIDs/COX Il: non stédal anti-inflammatory drugs/ cyclooxygenase |
inhibitors, TNF: Tumor Necrosis Factor, BP: blooggsure, HDL: High Density Lipoprotein, LDL: low
density lipoprotein, ApoA: apolipoprotein A, ApoBpalipoprotein B, BMI: Body Mass Index, NCEP:
national cholesterol education progranstotal cholesterob6.2 or triglycerides> 1.7 mmol/L or LDL
24.13 mmol/L or HDL <1.03 mmol/L or on a statin.
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Table 2: Demographic, clinical and laboratory charateristics of the cohort according to the STAT4

genotypes
GG GT TT P
(N=226) (N=144) (N=24) value
General demographics
Age (years) 64.1 (55.48-69.83) 63.0 (54.2-69.3) 2664.7-66.98) 0.631
Sex female n(%) 167 (73.9) 106 (73.6) 16 (66.7) 48.7
Smoking status n(%)
Never 98 (44.1) 64 (45.7) 11 (45.8) 0.657
Ex-smoker 82 (36.9) 55 (39.3) 11(45.8) ’
Current 42 (18.9) 21 (15) 2 (8.3)
RA characteristics
General characteristics
RF positive n(%) 168 (76) 105 (75) 18 (75) 0.974
antiCCP positive n(%) 138 (63.9) 101 (73.2) 16756 0.190
Disease duration (yrs) 10 (4-19) 11 (4-17) 943-1 0.521
Disease activity
CRP (mg/L) 9 (5-20) 8 4.5-19) 7 (4.5-21) 0.969
ESR 21 (10-38) 20 (8.5-33.5) 20.5(12.5-29.0) 28.8
DAS 28 4.28+1.4 4.19+1.39 3.95¢+ 1.47 0.533
Disease severity
HAQ 1.5 (0.5-2.13) 1.63 (0.88-2.13) 1.5(0.81-2.13 0.380
EAD n(%) 148 (65.5) 98 (68.1) 18 (75) 0.606
f]‘(’o'/:)t replacement surgery 66 (29.2) 43 (29.9) 6 (25) 0.889
Medication
Methotrexate n(%) 132 (58.4) 77 (53.5) 12 (50) a.53
Sulphasalazine n(%) 66 (29.2) 44 (30.6) 7(29.2) 960.
Hydroxychloroquine n(%) 46 (20.4) 26 (18.1) 6(25) 0.695
Anti-TNF n(%) 26 (11.5) 18 (12.5) 2(8.3) 0.835
Leflunomide n (%) 9 (4) 6 (4.2) 14.2) 0.996
Prednisolone n(%) 80 (35.4) 45 (31.3) 5(20.8) P.30
NSAIDs/COX Il n(%) 63 (27.9) 42 (29.2) 6 (25) 0.905
Anti-hypertensives n(%) 102 (45.1) 57 (39.6) 8 833. 0.374
Statin/fibrate n(%) 43 (19) 33 (22.9) 6 (25) 0.583
Lipid Profile
Total cholesterol (mmol/L) 5.23+1.12 5.23t1.28 52+1.11 0.992
HDL (mmol/L) 1.6 (1.3-1.8) 1.6 (1.3-1.9) 1.4(1.26%)  0.335
LDL (mmol/L) 3.07£1.19 2.99 1.24 3.2+ 1.04 0.551
Triglycerides (mmol/L) 1.3(0.9-1.6) 1.2 (1.0-1.6) 1.2 (1.0-1.65) 0.873
ApoA (g/L) 1.64+0.46 1.63:0.41 1.64+0.39 0.966
ApoB (g/L) 0.96+ 0.28 0.95+ 0.32 0.98t 0.28 0.845
Comorbidities
Cardiovascular disease n(%) 49 (21.7) 32 (22.2) 235j1 0.549
Hypertension n(%) 169 (74.8) 96 (66.7) 12 (50) 0.020
Systolic BP n(%) 144 (130-156) 140 (127-151) 1B22(144) 0.059
Diastolic BP n(%) 79.28+11.35 77.94 11.44 79.888.88  0.482
Insulin resistance n(%) 90 (41.3) 44 (32.1) 9(B7.5 0.222
Obesity (BMI) 27.84+5.0 27.47% 52 28.22+4.18 0.708
NCEP defined dyslipidaemia 130 (57.5) 81 (56.3) 15 (62.5)
n(%) 0.846
Deaths from CVD n(%) 8 (4.4) 1(0.9) 0 (0) 0.170

Results expressed as percentages, median (2p&istntile values) or mean + SD as appropriate

RF: Rheumatoid factor,

Anti-CCP: Anti-Cyclic Citrulliteal Peptide, CRP: C-Reactive Protein, ESR:

Erythrocyte Sedimentation Rate, DAS: Disease Agtidtore, HAQ: Health Assessment Questionnaire,
EAD: Extra-Articular Disease, NSAIDs/COX IlI: non stélal anti-inflammatory drugs/ cyclooxygenase Il
inhibitors, TNF: Tumor Necrosis Factor, BP: bloogégsure, HDL: High Density Lipoprotein, LDL: low
density lipoprotein, ApoA: apolipoprotein A, ApoBpalipoprotein B, BMI: Body Mass Index, NCEP:
national cholesterol education progranstotal cholesterob6.2 or triglyceridess 1.7 mmol/L or LDL

>4.13 mmol/L or HDL <1.03 mmol/L or on a statin.
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Table 3: Demographic, clinical and laboratory charateristics of the cohort according to the PTPN22

genotypes
AA GA GG P
(N=6) (N=119) (N=272) value
General demographics
Age (years) 65.4 (43.3-74.5) 63.0 (55.1-69.6) €38.1-69.2) 0.758
Sex female n(%) 4 (66.7) 88 (73.9) 199 (73.2) 0.922
Smoking status n(%)
Never 3 (50) 49 (43.4) 123 (45.6) 0.658
Ex-smoker 1(16.7) 47 (41.6) 101 (37.4) ’
Current 2 (33.3) 17 (15) 46 (17)
RA characteristics
General characteristics
RF positive n(%) 4 (66.7) 85 (73.9) 205 (76.8) .728
Anti CCP positive n(%) 4 (66.7) 73 (65.2) 180 ®M8. 0.826
Disease duration (yrs) 12 (3.5-15) 9(4-16.5) 4-19) 0.616
Disease activity
CRP (mg/L) 8 (5.5-16.0) 8 (4-17.5) 9 (5-20) 0.692
ESR 18 (9.5-33.5) 26 (10-42.5) 20 (9-34) 0.250
DAS 28 3.92+1.16 4.4+ 152 416+ 1.35 0.253
Disease severity
HAQ 1.38 (0.63-2.19) 1.5 (0.38-2.13) 1.63 (0.6832. 0.922
EAD n(%) 3 (50) 76 (63.9) 188 (69.1) 0.394
Joint replacement surgery n(%) 1(16.7) 35 (29.4) 9 (2B.0) 0.797
Medication
Methotrexate n(%) 4 (66.7) 65 (54.6) 153 (56.3) 29.8
Sulphasalazine n(%) 1(16.70 30 (25.2) 87 (32) 0.31
Hydroxychloroquine n(%) 1(16.7) 23 (19.3) 56 (0.6 0.938
Anti-TNF n(%) 0 (0) 19 (16.0) 27 (9.9) 0.154
Leflunomide n (%) 0 (0) 7 (5.9) 9 (3.3) 0.433
Prednisolone n(%) 1(16.7) 47 (39.5) 82 (30.1) B.13
NSAIDs/COX Il n(%) 4 (66.7) 30 (25.2) 71 (28.3) 0308
Anti-hypertensives n(%) 2(33.3) 55 (46.2) 112231. 0.585
Statin/fibrate n(%) 1(16.7) 30 (25.2) 51(18.8) 338
Lipid Profile
Total cholesterol (mmol/L) 5.0+ 047 5.2+1.04 53124 0.746
HDL (mmol/L) 1.5(1.15-1.7) 1.6 (1.3-1.75) 1.6 (443P) 0.434
LDL (mmol/L) 2.9+1.33 3.0£1.16 3.0£1.22 0.961
Triglycerides (mmol/L) 1.2 (0.7-1.45) 1.3(1.0-1.6) 1.2 (0.9-1.6) 0.753
ApoA (g/L) 1.5+0.65 1.6t 0.43 1.660.43 0.745
ApoB (g/L) 0.91+ 0.29 0.95+ 0.29 0.95: 0.3 0.925
Comorbidities
Cardiovascular disease n(%) 1(16.7) 27 (22.7) 302 0.892
Hypertension n(%) 3 (50) 86 (72.3) 191 (70.2) 96.4
Systolic BP n(%) 125 (115-150.5) 141 (130-157.5) 40 (127-153) 0.462
Diastolic BP n(%) 71.83+6.71 79.9% 11.04 78.5%#11.35 0.154
Insulin resistance n(%) 2 (33.3) 45 (39.1) 98 (B7.5 0.932
Obesity (BMI) 25.68+ 4.17 27.74-4.79 27.85.15 0.596
NCEP defined dyslipidaemia 3 (50.0) 69 (58.0) 154 (56.6)
n(%) 0.913
Deaths from CVD n(%) 0 (0) 2 (2.2) 7 (3.2) 0.842

Results expressed as percentages, median (2p&istntile values) or mean + SD as appropriate

RF: Rheumatoid factor, Anti-CCP: Anti-Cyclic Citrullirat Peptide, CRP: C-Reactive Protein, ESR:
Erythrocyte Sedimentation Rate, DAS: Disease AgtiSitore, HAQ: Health Assessment Questionnaire,
EAD: Extra-Articular Disease, NSAIDs/COX II: non stélal anti-inflammatory drugs/ cyclooxygenase
Il inhibitors, TNF: Tumor Necrosis Factor, BP: btbpressure, HDL: High Density Lipoprotein, LDL:
low density lipoprotein, ApoA: apolipoprotein A, AB: apolipoprotein B, BMI: Body Mass Index,
NCEP: national cholesterol education programtptal cholesterot6.2 or triglycerides 1.7 mmol/L or

LDL >4.13 mmol/L or HDL <1.03 mmol/L or on a statin.
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Table 4: Demographic, clinical and laboratory charateristics across the shared epitope

No copies of SE One copy of Two copies of P
(N=96) SE SE value
(N=181) (N=78)
General demographics
Age (years) 61.7 (50.8-67.9) 65.0 (57.6-71.7) 3%6-69.1) 0.019
Sex female n(%) 71 (74) 130 (71.8) 58 (74.4) 0.885
Smoking status n(%)
Never 41 (43.2) 77 (43.8) 38 (49.4) 0.564
Ex-smoker 39 (35.8) 70 (39.8) 30 (39.0) )
Current 20 (21.1) 29 (16.5) 9 (11.7)
RA characteristics
General characteristics
RF positive n(%) 53 (58.2) 143 (79.9) 64 (83.1) <0.001
antiCCP positive n(%) 32 (36.0) 131 (74.0) 64%36. <0.001
Disease duration (yrs) 7 (3-15.8) 11 (5-18) 1225 0.021
Disease activity
CRP (mg/L) 7 (5-14) 10 (5-25) 10 (5.5-17) 0.014
ESR 16 (7.3-32) 23 (10-40) 22 (14.5-40.5) 0.013
DAS 28 4.111.48 4314 4.31.34 0.502
Disease severity
HAQ 1.37 (0.5-2.12) 1.63 (0.63-2.25) 1.38 (0.65)2. 0.274
EAD n(%) 23 (74.0) 54 (29.8) 29 (37.2) 0.166
;’]‘(’(}/:)t replacement surgery 64 (66.7) 123 (68.0) 54 (69.2) 0.937
Medication
Methotrexate n(%) 48 (50.0) 101 (55.8) 48 (61.5)  31Q.
Sulphasalazine n(%) 23 (24.0) 60 (33.1) 23(29.5) .280
Hydroxychloroquine n(%) 17 (17.7) 37 (20.4) 14 @y7. 0.820
Anti-TNF n(%) 5(5.2) 24 (13.3) 8 (10.3) 0.113
Leflunomide n (%) 7(7.3) 5(2.8) 3(3.8) 0.200
Prednisolone n(%) 26 (27.1) 71 (39.2) 23 (29.5) 80.0
NSAIDs/COX Il n(%)
Anti-hypertensives n(%) 36 (37.5) 82 (45.3) 34 ®3. 0.453
Statin/fibrate n(%) 24 (25.0) 32 (17.7) 17 (21.8) .34
Lipid Profile
Total cholesterol (mmol/L) 5.151.13 5.26 1.14 513%4 0.410
HDL (mmol/L) 1.5(1.3-1.8) 1.6 (1.3-1.9) 15013} 0.929
LDL (mmol/L) 3.121.19 3.07-1.14 3.121.37 0.925
Triglycerides (mmol/L) 1.2 (0.9-1.7) 1.2 (1.0-1.8) 1.2 (1.0-1.6) 0.531
ApoA (g/L) 1.71 0.49 1.62 0.44 1.630.41 0.240
ApoB (g/L) 0.94 0.28 0.96 0.28 0.98 0.34 0.647
Comorbidities
Cardiovascular disease n(%) 18 (18.8) 38 (21.0) 2805} 0.535
Hypertension n(%) 60 (62.5) 137 (75.7) 57 (73.1) 0.065
Systolic BP n(%) 135 (122.8-150) 144 (131.3-157) 40 (123-152.5) 0.028
Diastolic BP n(%) 76 52 10.55 80.03 11.13 79.324 0.045
Insulin resistance n(%) 31 (38.4) 70 (39.8) 0 (£0.5) 0.605
Obesity (BMI) 28.04.8 28.05.15 26.94.9 0.252
NCEP defined dyslipidaemia 54 (56.3) 108 (59.7) 42 (53.8)
n(%) 0.659
Deaths from CVD n(%) 1(1.4) 7 (4.7) 1(1.6) 0.312
Results expressed as percentages, median (2p&istntile values) or mean + SD as appropriate
SE: shared epitope, RF: Rheumatoid factor, Anti-C8Rti-Cyclic Citrullinated Peptide, CRP: C-

Reactive Protein, ESR: Erythrocyte Sedimentation RB#®S: Disease Activity Score, HAQ: Health
Assessment Questionnaire, EAD: Extra-Articular Bf&® NSAIDs/COX II: non steroidal anti-
inflammatory drugs/ cyclooxygenase Il inhibitor&yA: Tumor Necrosis Factor, BP: blood pressure, HDL
High Density Lipoprotein, LDL: low density lipoprmin, ApoA: apolipoprotein A, ApoB: apolipoprotein B,
BMI: Body Mass Index, NCEP: national cholesterol edion program,” =total cholesterok6.2 or
triglycerides> 1.7 mmol/L or LDL>4.13 mmol/L or HDL <1.03 mmol/L or on a statin.
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Table 5: Demographic, clinical and laboratory charateristics across the ABCA rs2230808 genotypes

GG AG AA P
(N=222) (N=143) (N=24) value
General demographics
Age (years) 62.9 (53.8-69.6) 60.9 (52.7-68.2) %BM®5-66.9) 0.472
Sex female n(%) 165 (74.3) 103 (72) 18 (75) 0.876
Smoking status n(%)
Never 93 (42.7) 66 (47.5) 13 (54.2) 0.681
Ex-smoker 87 (39.9) 54 (38.8) 7 (29.2) ’
Current 38 (17.4) 19 (13.7) 4 (16.7)
RA characteristics
General characteristics
RF positive n(%) 165 (75.7) 106 (76.3) 17 (73.9) 0.969
Anti-CCP positive n(%) 146 (68.5) 92 (67.6) 13 4. 0.361
Disease duration (yrs) 10 (4-20) 10.5 (4-16.3) .516-18.8) 0.973
Disease activity
CRP (mg/L) 9 (5-20) 8 (4-21) 9 (5-16.8) 0.879
ESR 21 (10-36) 21 (9-38) 15.5 (7.3-34) 0.445
DAS 28 43+1.4 42+1.4 4.0+15 0.742
Disease severity
HAQ 1.5 (0.5-2.3) 1.6 (1.0-2.1) 1.2 (0.4-1.8) @24
EAD n(%) 149 (67.1) 97 (67.8) 18 (75.0) 0.734
Joint replacement surgery n(%) 67 (30.2) 41 (28.7) 7 (29.2) 0.953
Medication
Methotrexate n(%) 127 (57.2) 79 (55.2) 12 (50.0) 776.
Sulphasalazine n(%) 61 (27.5) 46 (32.2) 9 (37.5) 440.
Hydroxychloroquine n(%) 41 (18.5) 29 (20.3) 8(33.3 0.224
Anti-TNF n(%) 25 (11.3) 18 (12.6) 2(8.3) 0.814
Leflunomide n (%) 11 (5.0) 4 (2.8) 14.2) 0.598
Prednisolone n(%) 71 (32.0) 53 (37.1) 5(20.8) 0.25
NSAIDs/COX Il n(%) 64 (28.9) 40 (28.0) 7 (29.2) 0579
Anti-hypertensives n(%) 98 (44.1) 61 (42.7) 6(25.0 0.196
Statin/fibrate n(%) 46 (20.7) 31 (21.7) 4 (16.7) 8@
Lipid Profile
Total cholesterol (mmol/L) 5.6+1.1 54+£1.2 5.190 0.182
HDL (mmol/L) 1.6 (1.3-1.9) 1.7 (1.3-1.9) 1.7 (1.8} 0.848
LDL (mmol/L) 3.4+1.2 3.1+0.9 3.0+1.13 0.234
Triglycerides (mmol/L) 1.3(1.0-1.8) 1.1 (0.9-1.5) 1.1(0.9-1.4) 0.023
ApoA (g/L) 1.7£0.4 1.6£0.4 1.6+0.5 0.696
ApoB (g/L) 1.0+0.3 1.0£0.3 0.9+0.3 0.083
Comorbidities
Cardiovascular disease n(%) 46 (20.7) 33 (23.1) 4 (16.7) 0.733
Hypertension n(%) 169 (72.1) 103 (72.0) 12 (50.0) 0.071
Insulin resistance n(%) 87 (40.8) 54 (39.1) 2(8.7) 0.010
Obesity (BMI) 26.7 (24.2-30.4) 27.6 (25-31.9) 2@8.6-32.6) 0.753
NCEP defined dyslipidaemia 132 (59.5) 83 (58.0) 9 (37.5) 0.117
n(%) :
Deaths from CVD n(%) 9 (4.1) 5 (3.5) 0 (0) 0.597

Results expressed as percentages, median (2p&istntile values) or mean + SD as appropriate

RF: Rheumatoid factor,

Anti-CCP: Anti-Cyclic Citruléited Peptide,

CRP: C-Reactive Protein, ESR:

Erythrocyte Sedimentation Rate, DAS: Disease Agtidcore, HAQ: Health Assessment Questionnaire,
EAD: Extra-Articular Disease, NSAIDs/COX II: non st@al anti-inflammatory drugs/ cyclooxygenase |l
inhibitors, TNF: Tumor Necrosis Factor, BP: blooggsure, HDL: High Density Lipoprotein, LDL: low

density lipoprotein, ApoA: apolipoprotein A, ApoBpdaipoprotein B, BMI: Body Mass Index,

NCEP:

national cholesterol education programstotal cholesterok6.2 or triglycerides 1.7 mmol/L or LDL>4.13
mmol/L or HDL <1.03 mmol/L or on a statin
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Table 6: Demographic, clinical and laboratory charateristics across the ABCA rs2066715 genotypes

CcC CT TT P
(N=337) (N=55) (N=2) value
General demographics
Age (years) 62.3 (52.7-69.1) 59.8 (50.6-67.2) 60.4 0.593
Sex female n(%) 250 (74.2) 37 (67.3) 2 (100) 0.390
Smoking status n(%)
Never 153 (46.4) 21 (38.9) 1 (50.0) 0.704
Ex-smoker 125 (37.9) 21 (38.9) 1 (50.0) ’
Current 52 (15.8) 12 (22.2) 0 (0)
RA characteristics
General characteristics
RF positive n(%) 243 (74.1) 47 (85.5) 1(50.00 .13%
Anti-CCP positive n(%) 215 (66.2) 40 (76.9) 0 (0) .1@8
Disease duration (yrs) 10 (4-16) 13 (5-20) 11 78.9
Disease activity
CRP (mg/L) 9 (5-20) 8 (4-22.5) 9 0.930
ESR 19 (9-35) 21 (7-40) 18 0.850
DAS 28 42+1.4 43+1.3 4.0 0.749
Disease severity
HAQ 1.5 (0.5-2.1) 1.6 (0.9-1.9) 15 0.642
EAD n(%) 221 (67.4) 35 (63.6) 2 (100) 0.526
f]‘(’;;)t replacement surgery 98 (29.1) 17 (30.9) 0 (0) 0.636
Medication
Methotrexate n(%) 180 (53.4) 37 (67.3) 2 (100) 0.07
Sulphasalazine n(%) 100 (29.7) 17 (30.9) 0 (0) .64
Hydroxychloroquine n(%) 65 (19.3) 12 (20.3) 8(33.3 0.224
Anti-TNF n(%) 25 (11.3) 18 (21.8) 1 (50) 0.510
Leflunomide n (%) 15 (4.5) 1(1.8) 0 (0) 0.629
Prednisolone n(%) 108 (68.0) 22 (40.0) 0 (0) 0.310
NSAIDs/COX Il n(%) 90 (26.7) 19 (34.6) 1 (50.0) 0908
Anti-hypertensives n(%) 141 (41.8) 24 (43.6) 2 (100 0.247
Statin/fibrate n(%) 71 (21.1) 9 (16.4) 1 (50.0) B4
Lipid Profile
Total cholesterol (mmol/L) 5.4+ 1.0 5.7+1.5 5.9 180
HDL (mmol/L) 1.6 (1.3-1.8) 1.7 (1.3-2.0) 1.7 0.779
LDL (mmol/L) 3.2+1.1 3.4+1.3 3.9 0.654
Triglycerides (mmol/L) 1.2 (0.9-1.6) 1.4 (0.9-1.8) 1.2 0.417
ApoA (g/L) 1.6£0.4 1.7£0.5 1.4 0.698
ApoB (g/L) 1.0+0.3 1.0£0.4 1.0 0.301
Comorbidities
Cardiovascular disease n(%) 72 (21.4) 11 (20.0) 1 (50.0) 0.595
Hypertension n(%) 234 (69.4) 42 (76.4) 2 (100) 80.3
Insulin resistance n(%) 120 (36.8) 22 (43.1) 1@0. 0.644
Obesity (BMI) 26.7 (24.2-30.6) 28.5 (24.5-31.9) @8. 0.841
NCEP defined dyslipidaemia 190 (56.4) 34 (61.8) 1(50.0)
n(%) 0.736
Deaths from CVD n(%) 10 (3) 3 (5.5) 1 (50) 0.125

Results expressed as percentages, median (2p&istntile values) or mean + SD as appropriate

RF: Rheumatoid factor, Anti-CCP: Anti-Cyclic Citrullitesl Peptide, CRP: C-Reactive Protein, ESR:
Erythrocyte Sedimentation Rate, DAS: Disease Agtidtore, HAQ: Health Assessment Questionnaire,
EAD: Extra-Articular Disease, NSAIDs/COX II: non stédal anti-inflammatory drugs/ cyclooxygenase |
inhibitors, TNF: Tumor Necrosis Factor, BP: blooggsure, HDL: High Density Lipoprotein, LDL: low
density lipoprotein, ApoA: apolipoprotein A, ApoBpdaipoprotein B, BMI: Body Mass Index, NCEP:
national cholesterol education progranstotal cholesterob6.2 or triglycerides 1.7 mmol/L or LDL
>4.13 mmol/L or HDL <1.03 mmol/L or on a statin
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Table 7: Demographic, clinical and laboratory charateristics across the ABCA rs33918808

genotypes
GG GC CC P
(N=383) (N=14) (N=0) value

General demographics
Age (years) 63.0 (54.4-69.2) 60.4 (47.4-68.9) - 00.3
Sex female n(%) 282 (73.6) 9 (64.3) - 0.438
Smoking status n(%) -

Never 170 (45.2) 5 (38.5) 0.836
Ex-smoker 143 (38.0) 6 (46.2) )
Current 63 (16.8) 2 (15.4)
RA characteristics
General characteristics
RF positive n(%) 283 (75.7) 11 (78.6) - 0.803
Anti-CCP positive n(%) 250 (67.9) 7 (53.8) - 0.287
Disease duration (yrs) 10 (4-17) 7.5 (2-13) 70.2
Disease activity
CRP (mg/L) 8 (5-18) 22 (4.8-29.3) - 0.106
ESR 20 (9-35) 20.5 (7.8-38.3) - 0.943
DAS 28 42+1.4 4.3+1.7 - 0.865

Disease severity
HAQ 1.5 (0.6-2.1) 1.6 (0.5-2.1) - 0.880
EAD n(%) 258 (67.4) 9 (64.3) - 0.810
Joint replacement surgery
n(%) 115 (30.0) 0 (0) - 0.015

Medication
Methotrexate n(%) 216 (56.4) 6 (42.9) - 0.316
Sulphasalazine n(%) 113 (29.5) 5 (35.7) 0.618
Hydroxychloroquine n(%) 74 (19.3) 6 (42.9) - 0.031
Anti-TNF n(%) 45 (11.7) 1(7.2) - 0.597
Leflunomide n (%) 16 (4.2) 0 (0) - 0.435
Prednisolone n(%) 125 (32.6) 5(35.7) - 0.810
NSAIDs/COX Il n(%) 108 (28.2) 3(21.4) - 0.654
Anti-hypertensives n(%) 164 (42.8) 5 (35.7) - 0.597
Statin/fibrate n(%) 77 (20.1) 5 (35.7) - 0.156

Lipid Profile

Total cholesterol (mmol/L) 55+1.1 51+1.1 - 0138
HDL (mmol/L) 1.6 (1.3-1.9) 1.3(1.2-1.7) - 0.162
LDL (mmol/L) 3.3+1.1 2.7+1.2 - 0.160
Triglycerides (mmol/L) 1.2 (0.9-1.6) 1.0 (0.7-1.7) - 0.236
ApoA (g/L) 1.7£0.4 1.4+ 0.4 - 0.085
ApoB (g/L) 1.0£0.3 0.8+0.2 - 0.087

Comorbidities
Cardiovascular disease 79 (20.6) 6 (42.9) -

n(%) 0.046
Hypertension n(%) 270 (70.5) 10 (71.4) - 0.940
Insulin resistance n(%) 138 (37.5) 7 (50.0) .34a
Obesity (BMI) 27.0 (24.0-30.9) 28.0 (26.2-32.2) - 290
NCEP defined 219 (57.2) 7 (50) - 0594
dyslipidaemia n(%) .
Deaths from CVD n(%) 13 (3.4) 1(7.1) - 0.455

Results expressed as percentages, median (2p&istntile values) or mean + SD as appropriate
RF: Rheumatoid factor, Anti-CCP: Anti-Cyclic Citrullirat Peptide, CRP: C-Reactive Protein, ESR:
Erythrocyte Sedimentation Rate, DAS: Disease Agtiitore, HAQ: Health Assessment Questionnaire,
EAD: Extra-Articular Disease, NSAIDs/COX II: non mp&al anti-inflammatory drugs/ cyclooxygenase
Il inhibitors, TNF: Tumor Necrosis Factor, BP: btbpressure, HDL: High Density Lipoprotein, LDL:
low density lipoprotein, ApoA: apolipoprotein A, AB: apolipoprotein B, Lp (a): lipoprotein (a), BMI:

Body Mass Index,

NCEP: national cholesterol edunafwogram,

triglycerides> 1.7 mmol/L or LDL>4.13 mmol/L or HDL <1.03 mmol/L or on a statin

=total cholesterol=6.2 or
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Table 8: Demographic, clinical and laboratory charateristics across the ABCA rs2066718 genotypes

GG GA AA P
(N=372) (N=14) (N=0) value

General demographics

Age (years) 63.0 (54.7-69.3) 61.6 (49.3-68.2) - 80.3
Sex female n(%) 279 (73.2) 10 (71.4) - 0.881
Smoking status n(%)
Never 165 (44.1) 9 (69.2) 0.162
Ex-smoker 147 (39.3) 2 (15.4) ’
Current 62 (16.6) 2 (15.4)
RA characteristics
General characteristics
RF positive n(%) 282 (75.8) 11 (78.6) - 0.812
Anti-CCP positive n(%) 245 (67.1) 10 (71.4) - 0.736
Disease duration (yrs) 10 (4-17) 8 (5.5-16.0) - .920
Disease activity
CRP (mg/L) 8 (5-20) 7 (4.5-14.5) - 0.523
ESR 20 (9-36) 20 (12.5-30.5) - 0.769
DAS 28 42+14 43+1.7 - 0.867
Disease severity
HAQ 1.5 (0.6-2.1) 1.0 (0.6-2.1) - 0.271
EAD n(%) 254 (66.7) 11 (78.6) - 0.352
;]](()O'/rg)t replacement surgery 111 (29.1) 3(21.4) - 0.532
Medication
Methotrexate n(%) 216 (56.7) 5 (35.7) - 0.120
Sulphasalazine n(%) 115 (30.2) 3(21.4) - 0.482
Hydroxychloroquine n(%) 76 (19.9) 4 (28.6) - 0.430
Anti-TNF n(%) 43 (11.3) 2 (14.3) - 0.729
Leflunomide n (%) 16 (4.2) 0 (0) - 0.434
Prednisolone n(%) 127 (33.3) 3(21.4) - 0.352
NSAIDs/COX Il n(%) 107 (28.0) 4 (28.5) - 0.892
Anti-hypertensives n(%) 165 (43.3) 4 (28.6) - 0.274
Statin/fibrate n(%) 80 (21.0) 2 (14.3) - 0.534
Lipid Profile
Total cholesterol (mmol/L) 55+1.1 5.0+ 0.7 - 316
HDL (mmol/L) 1.6 (1.3-1.9) 1.4 (1.3-1.5) - 0.625
LDL (mmol/L) 3.2+1.2 3.1+0.9 - 0.325
Triglycerides (mmol/L) 1.2 (0.9-1.6) 1.1(1.0-1.6) 0.793
ApoA (g/L) 1.7+ 0.4 1.2+0.4 - 0.640
ApoB (g/L) 1.0 £+0.3 0.9+0.2 - 0.187
Comorbidities
Cardiovascular disease n(%) 84 (22.0) 1(7.1) - 0.183
Hypertension n(%) 268 (70.3) 11 (78.6) - 0.507
Insulin resistance 134 (36.5) 9 (69.2) - 0.017
Obesity (BMI) 27.0 (24.4-30.9) 29.0 (26.7-34.9) - .2Tb
NCEP defined dyslipidaemia 220 (57.7) 6 (42.9) -
n(%) 0.269
Deaths from CVD n(%) 14 (3.7) 0 (0) - 0.465

Results expressed as percentages, median (2p&istntile values) or mean + SD as appropriate

RF: Rheumatoid factor, Anti-CCP: Anti-Cyclic Citrulliteal Peptide, CRP: C-Reactive Protein, ESR:
Erythrocyte Sedimentation Rate, DAS: Disease Agtivicore, HAQ: Health Assessment Questionnaire,
EAD: Extra-Articular Disease, NSAIDs/COX II: non stédal anti-inflammatory drugs/ cyclooxygenase Il
inhibitors, TNF: Tumor Necrosis Factor, BP: blooggsure, HDL: High Density Lipoprotein, LDL: low
density lipoprotein, ApoA: apolipoprotein A, ApoBpalipoprotein B, Lp (a): lipoprotein (a), BMI: Body
Mass Index, NCEP: national cholesterol educatimggm,” =total cholesterob6.2 or triglycerides 1.7
mmol/L or LDL 24.13 mmol/L or HDL <1.03 mmol/L or on a statin
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Table 9: Demographic, clinical and laboratory charateristics across the ABCA rs2066714 genotypes

AA AG GG P
(N=303) (N=85) (N=9) value
General demographics
Age (years) 63.6 (56.0-69.3) 61.1 (49.8-69.2) §3173-65.1) 0.151
Sex female n(%) 220 (72.6) 62 (72.9) 9 (100) 0.187
Smoking status n(%) 140 (47.3) 29 (34.5) 6 (66.7)
Never 114 (38.5) 32 (38.1) 3(33.3) 0.019
Ex-smoker 42 (14.2) 23 (27.4) 0 (0) ’
Current
RA characteristics
General characteristics
RF positive n(%) 225 (76.5) 61 (71.8) 8 (88.9) 432
Anti-CCP positive n(%) 195 (66.8) 56 (69.1) 6 (35.0 0.830
Disease duration (yrs) 10 (4-17) 9 (4-17) 2468131.8) 0.047
Disease activity
CRP (mg/L) 9 (5-20) 8 (4.8-18) 7 (5.3-15.5) 0.880
ESR 20 (9-35) 21.5 (9-38) 27 (16-35.8) 0.609
DAS 28 42+14 43+14 48+1.4 0.512
Disease severity
HAQ 1.5 (0.6-2.3) 1.5(0.7-1.9) 1.5(0.2-2.4) B34
EAD n(%) 205 (67.7) 54 (63.5) 8 (88.9) 0.291
Joint replacement surgery n(%) 89 (29.4) 22 (25.9) 4 (44.4) 0.481
Medication
Methotrexate n(%) 166 (54.8) 49 (57.6) 7 (77.8) 6@.3
Sulphasalazine n(%) 94 (31.0) 23 (27.1) 1(11.1) 368.
Hydroxychloroquine n(%) 56 (18.5) 22 (25.9) 2(22.2 0.319
Anti-TNF n(%) 32 (10.6) 14 (16.5) 0 (0) 0.176
Leflunomide n (%) 12 (4.0) 3(3.5) 1(11.1) 0.542
Prednisolone n(%) 97 (32.0) 31 (36.5) 2 (22.6) 8.58
NSAIDs/COX Il n(%) 82 (27.1) 24 (28.3) 5 (55.5) o2
Anti-hypertensives n(%) 131 (43.2) 33 (38.8) 5 5. 0.559
Statin/fibrate n(%) 66 (21.8) 13 (15.3) 3(33.3) 21
Lipid Profile
Total cholesterol (mmol/L) 5410 55+£1.2 6.792 0.011
HDL (mmol/L) 1.6 (1.3-1.9) 1.6 (1.3-1.9) 1.7 (1.8} 0.717
LDL (mmol/L) 3.2+1.1 3.3+1.3 42+24 0.088
Triglycerides (mmol/L) 1.2 (0.9-1.6) 1.3(0.9-1.6) 1.4 (0.9-2.1) 0.677
ApoA (g/L) 1.7£0.5 1.6£0.4 1.6+0.3 0.994
ApoB (mmol/L) 1.0 0.3 1.0+0.3 1.3+0.8 0.007
Comorbidities
Cardiovascular disease 66 (21.8) 16 (18.8) 3(33.3) 0.570
Hypertension n(%) 211 (69.6) 61 (71.8) 8 (88.9) 440
Insulin resistance 110 (37.7) 29 (35.4) 6 (75.0) 0.086
Obesity (BMI) 27.2 (24.6-30.9) 27.3 (24-30.9) 28.233.3) 0.766
NCEP defined dyslipidaemia 176 (58.1) 45 (52.9) 5 (55.6)
n(%) 0.696
Deaths from CVD n(%) 10 (3.3) 3(3.5) 1(11.1) 0.457

Results expressed as percentages, median (2p&istntile values) or mean + SD as appropriate

RF: Rheumatoid factor,

Anti-CCP: Anti-Cyclic Citrulliteal Peptide,

CRP: C-Reactive Protein, ESR:

Erythrocyte Sedimentation Rate, DAS: Disease Agtidcore, HAQ: Health Assessment Questionnaire,
EAD: Extra-Articular Disease, NSAIDs/COX II: non st@al anti-inflammatory drugs/ cyclooxygenase |l
inhibitors, TNF: Tumor Necrosis Factor, BP: blooggsure, HDL: High Density Lipoprotein, LDL: low
density lipoprotein, ApoA: apolipoprotein A, ApoBpdalipoprotein B, Lp (a): lipoprotein (a), BMI: Body
Mass Index, NCEP: national cholesterol educati@ymm,” =total cholesterob6.2 or triglycerides 1.7
mmol/L or LDL >4.13 mmol/L or HDL <1.03 mmol/L or on a statin
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Table 10: Demographic, clinical and laboratory chaacteristics across the CETP taqlB rs708272

genotypes

B1B1
(N=109)

B1B2
(N=175)

B2B2 P
(N=113) value

General demographics
Age (years)

64.1 (57.6-68.5)

62.2 (53.0-69.6)

§338-69.6) 0.578

Sex female n(%) 72 (66.1) 132 (75.4) 87 (77.0) 8.12
Smoking status n(%)
Never 44 (41.5) 81 (47.1) 50 (45.0) 0.894
Ex-smoker 43 (40.6) 62 (36.0) 44 (39.6) ’
Current 19 (17.9) 29 (16.9) 17 (15.3)
RA characteristics
General characteristics
RF positive n(%) 78 (72.9) 137 (80.1) 79 (71.8) 0.204
Anti-CCP positive n(%) 65 (63.1) 120 (71.9) 72 ®A4. 0.259
Disease duration (yrs) 10 (4-20) 10 (4-18) a53- 0.400
Disease activity
CRP (mg/L) 8 (5-17.5) 9 (5-20) 8 (5-17) 0.485
ESR 18 (9-37) 21.5 (10.3-36.5) 20 (8-36) 0.357
DAS 28 42+1.3 43+1.3 42+1.6 0.844
Disease severity
HAQ 1.5 (0.6-2.3) 1.5(0.7-1.9) 1.5(0.2-2.4) @182
EAD n(%) 82 (75.2) 106 (60.6) 79 (69.9) 0.029
f]‘(’;;)t replacement surgery 36 (33.0) 48 (27.4) 31(27.4) 0548
Medication
Methotrexate n(%) 61 (56.0) 103 (58.9) 58 (51.3) 45a.
Sulphasalazine n(%) 32 (29.4) 51 (29.1) 35 (31.0) .94®
Hydroxychloroquine n(%) 25 (22.9) 37 (21.9) 18 @5. 0.380
Anti-TNF n(%) 10 (9.2) 24 (13.7) 12 (10.0) 0.473
Leflunomide n (%) 2(1.8) 9 (5.1) 5(4.4) 0.375
Prednisolone n(%) 46 (42.2) 50 (28.6) 34 (30.1) 0.046
NSAIDs/COX Il n(%) 32 (29.4) 48 (27.4) 31 (27.4) 8™
Anti-hypertensives n(%) 51 (46.8) 68 (38.9) 504. 0.385
Statin/fibrate n(%) 26 (23.9) 35 (20.0) 21 (18.6) .60D
Lipid Profile
Total cholesterol (mmol/L) 5.6+ 1.3 53t1.1 5581 0.302
HDL (mmol/L) 1.5(1.3-1.8) 1.6 (1.3-1.9) 1.7 (1.40)1 0.058
LDL (mmol/L) 3.4+ 1.3 3.2+1.2 3.2+1.0 0.211
Triglycerides (mmol/L) 1.4 (1-2) 1.1 (0.9-1.5) {21.6) 0.033
ApoA (g/L) 1.6£0.5 1.7t 0.4 1.7t 0.4 0.360
ApoB (g/L) 1.0 £0.3 1.0+£0.3 1.0£0.3 0.248
Comorbidities
Cardiovascular disease n(%) 27 (24.8) 38 (21.7) 20 (21.4) 0.435
Hypertension n(%) 85 (78.0) 117 (66.9) 78 (69.0) 0.124
Insulin resistance n(%) 46 (42.2) 63 (37.7) 36@B4. 0.459
Obesity (BMI) 27.0 (24.1-30.3) 27.1 (24.6-30.7) .2R4.3-31.4) 0.943
NCEP defined dyslipidaemia 68 (62.4) 94 (53.7) 64 (56.6)
(%) 0.356
Death from CVD n(%) 6 (5.5) 5 (2.9) 3(2.7) 0.420

Results expressed as percentages, median (2p&istntile values) or mean + SD as appropriate

RF: Rheumatoid factor, Anti-CCP: Anti-Cyclic Citrullieal Peptide, CRP: C-Reactive Protein, ESR:
Erythrocyte Sedimentation Rate, DAS: Disease Agtiditore, HAQ: Health Assessment Questionnaire,
EAD: Extra-Articular Disease, NSAIDs/COX II: non stélal anti-inflammatory drugs/ cyclooxygenase Il
inhibitors, TNF: Tumor Necrosis Factor, BP: blooégsure, HDL: High Density Lipoprotein, LDL: low
density lipoprotein, ApoA: apolipoprotein A, ApoBpalipoprotein B, Lp (a): lipoprotein (a), BMI: Body
Mass Index, NCEP: national cholesterol educatimyymm,” =total cholesterak6.2 or triglycerides 1.7
mmol/L or LDL 24.13 mmol/L or HDL <1.03 mmol/L or on a statin

258



Table 11: Demographic, clinical and laboratory chaacteristics across the LPL rs268 genotypes

AA AG P
(N=384) (N=13) value
General demographics
Age (years) 63.0 (55.2-69.3)  60.3 (52.1-73.0) 0.932
Sex female n(%) 280 (72.9) 10 (76.9) 0.749
Smoking status n(%)
Never 169 (44.9) 6 (46.2) 0.991
Ex-smoker 144 (38.3) 5 (38.5) ’
Current 63 (16.8) 2 (15.4)
RA characteristics
General characteristics
RF positive n(%) 284 (75.7) 9 (69.2) 0.592
Anti-CCP positive n(%) 248 (67.2) 8 (66.7) 0.969
Disease duration (yrs) 10 (4-18) 4 (1-8.5) 0.005
Disease activity
CRP (mg/L) 8 (5-19) 7 (5-24) 0.876
ESR 20 (9-36) 22 (14-45.5) 0.612
DAS 28 42+1.4 3.9+1.3 0.371
Disease severity
HAQ 1.5 (0.6-2.1) 1.0 (0.3-2.1) 0.520
EAD n(%) 262 (68.2) 6 (46.2) 0.095
Joint replacement surgery
n(%) 111 (28.9) 4 (30.8) 0.884
Medication
Methotrexate n(%) 215 (56.0) 8 (61.5) 0.692
Sulphasalazine n(%) 115 (29.9) 2 (15.4) 0.257
Hydroxychloroquine n(%) 78 (20.3) 2 (15.4) 0.663
Anti-TNF n(%) 44 (11.5) 2 (15.4) 0.664
Leflunomide n (%) 16 (4.2) 0 (0) 0.452
Prednisolone n(%) 128 (33.3) 3(23.1) 0.439
NSAIDs/COX Il n(%) 107 (27.9) 3(23.1) 0.704
Anti-hypertensives n(%) 165 (43.0) 5 (38.5) 0.747
Statin/fibrate n(%) 80 (20.8) 3(23.1) 0.845
Lipid Profile
Total cholesterol (mmol/L) 54+1.1 5.6+1.3 0462
HDL (mmol/L) 1.6 (1.3-1.9) 1.4 (1.2-1.7) 0.186
LDL (mmol/L) 3.2+1.1 3.5+1.3 0.484
Triglycerides (mmol/L) 1.2 (0.9-1.6) 1.4(1.1-1.7) 0.261
ApoA (g/L) 1.7+ 0.4 1.6+£0.4 0.922
ApoB (g/L) 1.0 £0.3 1.1+0.3 0.380
Comorbidities
Cardiovascular disease n(%) 83 (21.6) 2 (15.4) 0.590
Hypertension n(%) 272 (70.8) 8 (61.5) 0.470
Insulin resistance n(%) 143 (38.6) 3(25.0) 0.338
Obesity (BMI) 27.0 (24.4-30.8) 28.7 (25.2-32) B2
NCEP defined dyslipidaemia 219 (57.0) 8 (61.5) 0.747
n(%) :
Deaths from CVD n(%) 14 (3.6) 0 (0) 0.483

Results expressed as percentages, median (2p&istntile values) or mean + SD as appropriate

RF: Rheumatoid factor, Anti-CCP: Anti-Cyclic Citrullitesl Peptide, CRP: C-Reactive Protein, ESR:
Erythrocyte Sedimentation Rate, DAS: Disease Agtidtore, HAQ: Health Assessment Questionnaire,
EAD: Extra-Articular Disease, NSAIDs/COX II: non stédal anti-inflammatory drugs/ cyclooxygenase |
inhibitors, TNF: Tumor Necrosis Factor, BP: blooggsure, HDL: High Density Lipoprotein, LDL: low
density lipoprotein, ApoA: apolipoprotein A, ApoBpdalipoprotein B, Lp (a): lipoprotein (a), BMI: Body
Mass Index, NCEP: national cholesterol educatioym, =total cholesterak6.2 or triglycerides 1.7
mmol/L or LDL 24.13 mmol/L or HDL <1.03 mmol/L or on a statin
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Table 12: Demographic, clinical and laboratory chaacteristics across the ApoC3 rs2854116 genotypes

cc
(N=60)

CT
(N=150)

TT P
(N=184) value

General demographics

Age (years) 64.6 (56.0-70.8)  62.4 (52.6-69.2)  §3WM3-69.1) 0.298

Obesity (BMI)

26.4 (24.9-30.3)

27.3 (24.1-31.7)

Sex female n(%) 40 (66.7) 113 (75.3) 137 (74.5) 09.4
Smoking status n(%)
Never 22 (37.3) 70 (47.3) 81 (45.3) 0.661
Ex-smoker 26 (44.1) 52 (35.1) 71 (39.7) ’
Current 11 (18.6) 26 (17.6) 27 (15.1)
RA characteristics
General characteristics
RF positive n(%) 43 (76.8) 110 (74.3) 139 (76.8) 0.859
Anti-CCP positive n(%) 39 (67.2) 93 (66.0) 123 ®8. 0.879
Disease duration (yrs) 11.5 (7-18.8) 9.5 (4-17) 9 (4-17.5) 0.394
Disease activity
CRP (mg/L) 8.5 (5-20) 9.5 (5-21) 8 (4-16) 0.305
ESR 22.5 (10.5-41.8) 21 (10.0-34.0) 19 (9-36) 1B.5
DAS 28 42+1.3 42+14 43+15 0.792
Disease severity
HAQ 1.6 (0.8-2.2) 1.6 (0.5-2.1) 1.5(0.6-2.1) @89
EAD n(%) 45 (75.0) 105 (70.0) 115 (62.5) 0.133
Joint replacement surgery n(%) 20 (33.0) 43 (28.7) 52 (28.3) 0.743
Medication
Methotrexate n(%) 33 (565.0) 76 (50.7) 110 (59.8) 248.
Sulphasalazine n(%) 16 (26.7) 48 (32.0) 53 (28.8) .699
Hydroxychloroquine n(%) 19 (31.7) 24 (16.0) 35@®@9. 0.034
Anti-TNF n(%) 8 (13.3) 16 (10.7) 22 (12.0) 0.851
Leflunomide n (%) 4 (6.7) 7(4.7) 5(2.7) 0.361
Prednisolone n(%) 26 (43.3) 37 (24.7) 67 (36.4) 0.014
NSAIDs/COX Il n(%) 8 (13.3) 43 (28.7) 59 (32.1) 0.019
Anti-hypertensives n(%) 25 (41.7) 61 (40.7) 82®4. 0.763
Statin/fibrate n(%) 12 (20.0) 34 (22.7) 36 (19.6) .71
Lipid Profile
Total cholesterol (mmol/L) 5.3t1.0 55+1.1 5421 0.343
HDL (mmol/L) 1.7 (1.3-1.9) 1.6 (1.3-1.9) 1.6(1.3¥1 0.284
LDL (mmol/L) 29+1.0 3.4+1.1 3.2+1.2 0.123
Triglycerides (mmol/L) 1.2 (1-1.5) 1.1 (0.9-1.6) 2%0.9-1.6) 0.844
ApoA (g/L) 1.7£0.5 1.7+ 0.4 1.6£04 0.013
ApoB (g/L) 0.9 +0.3 1.0£0.3 1.0+£0.3 0.203
Comorbidities
Cardiovascular disease n(%) 13 (21.7) 32 §21.3 38 (20.7) 0.981
Hypertension n(%) 50 (83.3) 103 (69.7) 125 (67.9)0.061
Insulin resistance n(%) 20 (34.5) 56 (38.9) 68438. 0.833

27.0 (24.4-30.7)) 776

NCEP defined dyslipidaemia 29 (48.3) 91 (60.7) 104 (56.5) 0.263
n(%) :
Death from CVD n(%) 4 (6.7) 1(0.7) 9(4.9 0.043

Results expressed as percentages, median (2p&istntile values) or mean + SD as appropriate

RF: Rheumatoid factor, Anti-CCP: Anti-Cyclic Citrulliteal Peptide, CRP: C-Reactive Protein, ESR:
Erythrocyte Sedimentation Rate, DAS: Disease Agtidcore, HAQ: Health Assessment Questionnaire,
EAD: Extra-Articular Disease, NSAIDs/COX II: non st@al anti-inflammatory drugs/ cyclooxygenase |l
inhibitors, TNF: Tumor Necrosis Factor, BP: blooggsure, HDL: High Density Lipoprotein, LDL: low
density lipoprotein, ApoA: apolipoprotein A, ApoBpdalipoprotein B, Lp (a): lipoprotein (a), BMI: Body
Mass Index, NCEP: national cholesterol educatimymm,” =total cholesterob6.2 or triglycerides 1.7
mmol/L or LDL 24.13 mmol/L or HDL <1.03 mmol/L or on a statin
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Table 13: Demographic, clinical and laboratory chaacteristics across the ApoA4 rs675 genotypes

AA AT TT P
(N=13) (N=118) (N=266) value
General demographics
Age (years) 64.2 (53.4-68.6) 62.9 (54.3-69.5) €394-69.2) 0.725
Sex female n(%) 7 (53.8) 91 (77.1) 193 (72.6) 0.177
Smoking status n(%)
Never 5(38.5) 55 (47.4) 115 (44.2) 0.528
Ex-smoker 4 (30.8) 40 (34.5) 105 (40.4) )
Current 4 (30.8) 21 (18.1) 40 (15.4)
RA characteristics
General characteristics
RF positive n(%) 11 (84.6) 83 (72.8) 200 (76.6) 0.548
Anti-CCP positive n(%) 9 (69.2) 71 (64.0) 177 (68.9 0.647
Disease duration (yrs) 8 (5.5-18.5) 10 (5-16) (4-08) 0.950
Disease activity
CRP (mg/L) 8 (6-23) 9 (5-20) 8 (4-18) 0.640
ESR 19 (8.5-70.5) 20 (10.0-33.5) 20 (9-38) 0.599
DAS 28 48+15 41+1.3 43+14 0.129
Disease severity
HAQ 1.8 (0.7-2.2) 1.5(0.4-2.1) 1.6 (0.7-2.3) @20
EAD n(%) 10 (76.9) 82 (69.5) 175 (65.8) 0.583
Joint replacement surgery n(%) 3(23.1) 37 (31.4) 5(2B.2) 0.732
Medication
Methotrexate n(%) 5 (38.5) 67 (56.8) 150 (56.4) 36.4
Sulphasalazine n(%) 5 (38.5) 42 (35.6) 71 (26.7) 166.
Hydroxychloroquine n(%) 5 (38.5) 24 (20.3) 51(99.2 0.238
Anti-TNF n(%) 1(7.7) 11 (9.3) 34 (12.8) 0.562
Leflunomide n (%) 0 (0) 3(2.5) 13 (4.9) 0.422
Prednisolone n(%) 5(38.5) 40 (33.9) 85 (32.0) 0.84
NSAIDs/COX Il n(%) 3(23.1) 28 (23.7) 80 (30.1) 0840
Anti-hypertensives n(%) 6 (46.2) 39 (33.1) 124 ®6. 0.045
Statin/fibrate n(%) 5 (38.5) 20 (16.9) 57 (21.4) 165
Lipid Profile
Total cholesterol (mmol/L) 4.8+0.6 55+1.1 5441 0.176
HDL (mmol/L) 1.6 (1.4-1.8) 1.6 (1.4-1.9) 1.6 (1.8} 0.290
LDL (mmol/L) 29+09 3.3+1.1 3.3+1.2 0.721
Triglycerides (mmol/L) 1.1 0.9-1.5) 1.1 (0.9-1.5) .210.9-1.6) 0.308
ApoA (g/L) 1.7+£0.6 1.8+0.5 1.6+04 0.013
ApoB (g/L) 0.9 0.1 1.0+£0.3 1.0£0.3 0.611
Comorbidities
Cardiovascular disease n(%) 5 (38.5) 21 (17.8) 59 (22.2) 0.196
Hypertension n(%) 11 (84.6) 85 (72.0) 184 (69.2) 0.448
Insulin resistance n(%) 4 (30.8) 40 (36.0) 101139. 0.736
Obesity (BMI) 29.7 (25.3-32.1) 26.7 (24.1-30.9) 27.1(24.4-30.7) 9 561
NCEP defined dyslipidaemia 7 (53.8) 64 (54.2) 155 (58.3) 0.743
n(%) :
Death from CVD n(%) 0 (0) 4 (3.7) 10 (3.8) 0.769

Results expressed as percentages, median (2p&istntile values) or mean + SD as appropriate

RF: Rheumatoid factor, Anti-CCP: Anti-Cyclic Citrulliteal Peptide, CRP: C-Reactive Protein, ESR:
Erythrocyte Sedimentation Rate, DAS: Disease Agtidicore, HAQ: Health Assessment Questionnaire,
EAD: Extra-Articular Disease, NSAIDs/COX II: non s&al anti-inflammatory drugs/ cyclooxygenase I
inhibitors, TNF: Tumor Necrosis Factor, BP: blooggsure, HDL: High Density Lipoprotein, LDL: low
density lipoprotein, ApoA: apolipoprotein A, ApoBpalipoprotein B, Lp (a): lipoprotein (a), BMI: Body
Mass Index, NCEP: national cholesterol educatimymm,” =total cholesterob6.2 or triglycerides 1.7
mmol/L or LDL >4.13 mmol/L or HDL <1.03 mmol/L or on a statin
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Table 14: Demographic, clinical and laboratory chaacteristics across the ApoA5 rs31335006

genotypes
CcC CG GG P
(N=3) (N=42) (N=348) value
General demographics
Age (years) 35.0 61.6 (54.0-69.3) 63.1 (55.1-69.5).450
Sex female n(%) 3 (100) 26 (61.9) 258 (74.1) 0.138
Smoking status n(%)
Never 1(33.3) 21 (52.5) 152 (44.4) 0.702
Ex-smoker 2 (66.7) 13 (32.5) 132 (38.6) )
Current 0 (0) 6 (15.0) 58 (17.0)
RA characteristics
General characteristics
RF positive n(%) 3 (100) 29 (72.5) 258 (75.8) 556
Anti-CCP positive n(%) 3 (100) 27 (64.3) 224 (67.5) 0.441
Disease duration (yrs) 3 (1-5) 9 (4.8-17.3) VR 0.355
Disease activity
CRP (mg/L) 3 (3-5) 7 (5-13.3) 8 (5-20) 0.187
ESR 22 (7-25) 18.5 (8-29.5) 20 (10-37) 0.293
DAS 28 4.1+ 0.7 43+1.4 42+1.4 0.864
Disease severity
HAQ 0.5(0.3-1.3) 1.9 (0.7-2.3) 15(0.6-2.1) @16
EAD n(%) 1(33.3) 30 (71.4) 234 (67.2) 0.387
;’]‘(’(}/:)t replacement surgery 0 (0) 13 (31.0) 100 (28.7)  0.519
Medication
Methotrexate n(%) 3 (100) 25 (59.5) 192 (55.2) a.26
Sulphasalazine n(%) 1(33.3) 15 (35.7) 99 (28.4) 618.
Hydroxychloroquine n(%) 0 (0) 10 (23.8) 69 (19.8) .568
Anti-TNF n(%) 1(3.3) 2 (4.8) 42 (12.1) 0.183
Leflunomide n (%) 0 (0) 0 (0) 15 (4.3) 0.365
Prednisolone n(%) 0 (0) 17 (40.5) 111 (31.9) 0.257
NSAIDs/COX Il n(%) 0 (0) 11 (26.2) 99 (28.4) 0.530
Anti-hypertensives n(%) 1(33.3) 16 (38.1) 150143. 0.783
Statin/fibrate n(%) 0 (0) 6 (14.3) 75 (21.6) 0.369
Lipid Profile
Total cholesterol (mmol/L) 5.7+1.6 55+1.1 5411 0.811
HDL (mmol/L) 1.6 (1.4-1.8) 1.6 (1.4-1.9) 1.6(1.281 0.119
LDL (mmol/L) 39+1.6 3.3%1.2 3.2+1.1 0.524
Triglycerides (mmol/L) 0.8 (0.6-1.0) 1.4 (1.1-2.1) 1.1(0.9-1.6) 0.016
ApoA (g/L) 1.7+£0.3 16+04 1.7+05 0.854
ApoB (g/L) 1.2 +0.6 1.0£0.3 1.0£0.3 0.376
Comorbidities
Cardiovascular disease n(%) 0 (0) 10 (23.8) (2027) 0.601
Hypertension n(%) 2 (66.7) 30 (71.4) 244 (70.1) .976
Insulin resistance n(%) 0 (0) 16 (40.0) 127 (37.9) 0.385
Obesity (BMI) 24.4 (19.8-27.0) 26.1 (23.1-29.6) 27.1 (24.6-30.8)) 169
NCEP defined dyslipidaemia 3 (100) 28 (66.7) 192 (55.2)
n(%) 0.115
Death from CVD n(%) 0 (0) 1(2.4) 13 (3.7) 0.856

Results expressed as percentages, median (2p&istntile values) or mean + SD as appropriate

RF: Rheumatoid factor, Anti-CCP: Anti-Cyclic Citrullireal Peptide, CRP: C-Reactive Protein, ESR:
Erythrocyte Sedimentation Rate, DAS: Disease AgtiSitore, HAQ: Health Assessment Questionnaire,
EAD: Extra-Articular Disease, NSAIDs/COX II: non stéal anti-inflammatory drugs/ cyclooxygenase
Il inhibitors, TNF: Tumor Necrosis Factor, BP: btbpressure, HDL: High Density Lipoprotein, LDL:
low density lipoprotein, ApoA: apolipoprotein A, AB: apolipoprotein B, Lp (a): lipoprotein (a), BMI:

Body Mass Index,

NCEP: national cholesterol edunatwogram,

=total cholesterol=6.2 or

triglycerides> 1.7 mmol/L or LDL>4.13 mmol/L or HDL <1.03 mmol/L or on a statin
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Table 15: Demographic, clinical and laboratory chaacteristics across the ApoE genotypes

E2 allele E3 allele E4 allele P
(E2E2, E2E3) (E3E3) (E3E4, E4EA4) value
(n=48) (n=230) (n=94)
General demographics
Age (years) 63.2 (57-72.6) 62.5(53.8-69.1) 58656.1) 0.061
Female sex n(%) 33(67.3) 175 (74.5) 68 (70.8) D.53
Smoking status n(%)
Never 21 (43.8) 107 (46.5) 39 (41.5) 0.943
Ex-smoker 19 (39.6) 87 (37.8) 38 (40.4)
Current 8 (16.7) 36 (15.7) 17 (18.1)
RA characteristics
General characteristics
RF positive n(%) 40 (87) 168 (72.7) 71 (75.5) 0.124
Anti-CCP positive n(%) 35 (74.5) 150 (66.7) 63 (68.5) 0.578
Disease duration (years) 10 (3.5-17.5) 11 (5-17) (4106) 0.838
Disease Activity
CRP (mg/L) 14 (6.5-23.5) 10 (5-23) 7 (4-11) 0.001
ESR (mm/hour) 19 (10-36.5) 21 (9-37) 13 (5-26) 0.007
DAS 28 43+1.4 4.3+t1.4 3.815 0.023
Disease severity
HAQ (0-3) 1.5(0.3-2.1) 1.5 (0.5-2.1) 1.4 (0.34-2.) 0.502
EAD n(%) 32 (65.3) 153 (65.1) 69 (71.9) 0.480
Joint replacement surgery n(%) 15 (30.6) 72 (30.6) 25 (26.0) 0.695
Medications
Methotrexate n (%) 19 (38.8) 137 (58.3) 57 (59.4) 0.033
Sulphasalazine n(%) 15 (30.6) 68 (28.9) 33(34.4) .62D
Hydroxychloroquine n(%) 12 (24.5) 44 (18.7) 20 @o0. 0.638
Anti-TNF n(%) 5(10.2) 26 (11.1) 12 (12.5) 0.901
Leflunomide n(%) 3(6.1) 6 (2.6) 6 (6.3) 0.206
Prednisolone n(%) 17 (34.7) 76 (32.3) 34 (35.4) 48.8
NSAIDs/COXII n(%) 13 (26.5) 67 (28.5) 28 (29.2) 0594
Anti-hypertensives n(%) 20 (40.8) 101 (43.0) 42.833 0.944
Statin/fibrates n(%) 6 (12.2) 43 (18.3) 28(29.2) 0.027
Lipids
Total cholesterol (mmol/L) 4.8+0.9 5.6+ 1.0 5.6£1.4 <0.001
HDL (mmol/L) 1.6 (1.2-1.9) 1.6 (1.3-1.9) 1.501.8) 0.060
LDL (mmol/L) 2.52+1.0 3.3t1.1 3.6+1.3 <0.001
Triglycerides (mmol/L) 1.2 (1-1.4) 1.2 (0.9-1.6) 311-1.8) 0.278
Apo A (g/L) 1.7+04 1.7£0.5 1.6£0.4 0.397
Apo B (g/L) 0.8+0.2 1.0+£0.3 1.1+0.3 <0.001
Co-morbidities
Cardiovascular disease n(%) 8 (16.3) 48 (20.4) 8712 0.186
Insulin resistance n(%) 15 (33.3) 88 (38.3) 36139. 0.790
Hypertension n(%) 32 (65.3) 170 (72.3) 67 (69.8) 590.
Obesity (BMI) 26.1 (24.1-30.1) 27 (24.2-30.9) 26283.6-29.3) 0.739
NCEP defined dyslipidaemia n(%) 14 (28.6) 134 (57.0) 68 (70.8) <0.001
Deaths from CVD n(%) 2(4.2) 7 (3) 5(5.2) 0.613

Results expressed as percentages, median (25-&S#nfile values) or mean + SD as appropriate

RF: Rheumatoid factor, Anti-CCP: Anti-Cyclic Citrullieal Peptide, CRP: C-Reactive Protein, ESR:
Erythrocyte Sedimentation Rate, DAS: Disease AgtiBtore, HAQ: Health Assessment Questionnaire,
EAD: Extra-Articular Disease, NSAIDs/COX II: non staal anti-inflammatory drugs/ cyclooxygenase Il
inhibitors, TNF: Tumor Necrosis Factor, BP: bloogkgsure, HDL: High Density Lipoprotein, LDL: low
density lipoprotein, ApoA: apolipoprotein A, ApoBpdaipoprotein B, Lp (a): lipoprotein (a), BMI: Body
Mass Index, NCEP: national cholesterol educati@ymm,” =total cholesterob6.2 or triglycerides> 1.7
mmol/L or LDL 24.13 mmol/L or HDL <1.03 mmol/L or on a statin
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Appendix 4: Publications arising from this thesis

Much of the work arising from this thesis has naet published in peer review

journals. These include:

1)

2)

3)

4)

5)

Dyslipidaemia in Rhauematoid Arthritis: the roleimfiammation, drugs,
lifestyle and genetic factors. Toms TE, Symmons KiRys GD. Curr Vasc
Pharmacol. 2010 May 1;8(3):301-26

Statin use in rheumatoid arthritis in relation tébual cardiovascular risk:
evidence for substantial undertreatment of lipiseagated cardiovascular risk?
Toms TE, Panoulas VF, Douglas KM, Griffiths H, &afi, Smith JP, Symmons
DP, Nightingale P, Metsios GS, Kitas GD. Ann Rhdbis. 2010
Apr;69(4):683-8

Are lipid ratios less susceptible to change witstegnic inflammation than
individual lipid components in patients with rheuoid arthritis? Toms TE,
Panoulas VF, Douglas KM, Nightingale P, Smith JRffiths H, Sattar N,
Symmons DP, Kitas GD.Angiology. 2011 Feb;62(2): 7&/-

Rheumatoid arthritis susceptibility genes assoaiatie lipid levels in patients
with rheumatoid arthritis. Toms TE, Panoulas VF,it8rdP, Douglas KM,
Metsios GS, Stavropoulos-Kalinoglou A, Kitas GD.mMARheum Dis. 2011
Jun;70(6):1025-32.

Apolipoprotein E gene polymorphisms are strong jgteds of inflammation
and dyslipidemia in rheumatoid arthritis. Toms Bf)ith JP, Panoulas VF,
Blackmore H, Douglas KM, Kitas GD. J Rheumatol. 26Eb;39(2):218-25

For all papers arising from this thesis pleasetlse€D enclosed inside the back cover

of the thesis.
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