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Abstract

Background Goutis the most commoninflammatoryarthritis worldwide. The hallmarksof

initial gout presentationare acute pain, swelling, erythemaand tendernessin peripheral

jointsbut eventuallyunremittingarthritis, joint deformity andtophusdepositionmaydevelop

with longstanding hyperuricaemia.Patients with gout suffer not only arthritis but also

cardiovascularrenal, metabolicand other comorbidities.Sincegout is the consequenceof

chronic hyperuricaemia,urate fowering treatments (ULT)helps prevent the formation of

urate crystalsand promote dissolutionof existingcrystals.

Methods: Thisthesiscontainedresultsfrom a seriesof observationaktudiesrelatingto gout.

Thedatasourcesncludedthe ClinicalPracticeResearctibatatink in the UKandthe National

Health InsuranceDatabasein Taiwan, both of which are representativeof the general

populationin thesetwo countries.Sixdifferent analysesvere carriedout: (1) epidemiology

of gout in the UK (chapter 3); (2) epidemiologyof gout in Taiwan(chapter4); (3) Nature

history of gout following diagnosisin the UK (chapter 5); (4) familial aggregationand

heritability of gout in Taiwan(chapter 6); (5) risk of comorbiditiesoccurringbefore gout

diagnosigchapter7) and (6) Effectsof allopurinolon all causemortality (chapter8).



Results Thisstudy estimatedthat the prevalenceof gout was2.49%in the UKin 2012and
6.24%in Taiwan.Incidenceof goutwasalsohigherin Taiwan(3.47per 1,000personyearsin
2010)than in the UK(1.77 per 1,000 personyearsin 2012). The prevalenceand incidence
wereincreasingn the UKin the pastdecade however,both of whichremainedstablein the
period20052010in Taiwan.Comparedvith the generalpopulation,individualswith afamily
history of gout had a two fold increasedrisk of the disease.The relative contributions of
heritability, sharedand non sharedenvironmentalfactorsto explainphenotypicvarianceof
gout were 35.1%, 28.1% and 36.8%in men and 17.0%, 18.5% and 64.5%in women,
respectively.Patientswith gout were already at higher risk of multiple comorbidities at
diagnosisfurthermore,goutwasassociatedvith higherall causemortality. In both countries,
the managemenbf gout remainspoor. Most gout patientswere eligiblefor ULTat diagnosis
or shortly after. Allopurinol,the most commonlyprescribedULTin primary carein the UK,
exertedaneutraleffecton all causemortality, whichreassureshe safetyof the drugin terms

of all causemortality.

ConclusionsGoutis the most commoninflammatoryarthritis affectingone in 40 peoplein
the UKand onein 16 peoplein Taiwan. It is influencedby both environmentaland genetic

factors.Bothincidenceandprevalencekeeprisingin the UKwhilstthey remaincomparatively



stablein Taiwan.Themanagemenin the UKremainspoor. Primarycarephysicianshouldbe

encouragedto screenfor possibleexistingcomorbiditiesat diagnosis.Most patients are

eligiblefor ULTat diagnosior shortly after diagnosisand giventhe manybenefitsof ULTfor

gout patients,earlydiscussiorof ULTwith patientsseemseasonableractice. Allopurinolis

not associatedvith heightenedmortality whichshouldreassurepractitionerswho avoidULT

for fear of seriousadverseevents.
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Introduction

Gout is the most common inflammatory joint diseaseswith a wide range of clinical

manifestationslt is a crystaldepositiondiseasehat resultsfrom formation of sodiumurate

crystalswithin and around peripheraljoints.(Choiet al., 2005b) Chronichyperuricaemia,

resulting from inefficient renal excretion or excessproduction of uric acid, is the key

predisposingfactor. Clinically,gout is characterizedby recurrent acute attacksof arthritis,

chronic inflammatory and mechanical joint symptoms, subcutaneous urate crystal

concretions(tophi), urate nephropathyand urolithiasis.(Wortmann2006) Althoughchronic

hyperuricaemias centralto goutit doesnot inevitablycausethe diseaseput manystudies

have reported an increasein prevalenceboth of hyperuricaemiaand gout.(Currie, 1979,

Harriset al., 1995,Klempet al., 1997)

Goutis not only a diseaseof joints. It alsoassociatesvith manydisorderswhich may affect

longevity and well being. Patients with gout suffer not only arthritis but also

cardiovascular,(Abbotét al., 1988, Krishnanet al., 2006, De Veraet al., 2010,Kuoet al.,

2013c,Chenretal.,2007b,Choiand Curhan2007)renal,(Ywet al.,2012)metabolic(Choet al.,

2007,Suppiahet al., 2008)and other comorbidities.(Boffettaet al., 2009, Kuoet al., 2012,



Kuzellet al., 1955, Durward, 1976, Maynardet al., 2014, McAdamsDeMarcoet al., 2012)

Collectivelygout and associateccomorbiditieslead to reducedquality of life(Chandratreet

al., 2013)andreducedoverallsurvival.(Kueet al.,2011,Kuoet al., 2010a,Stacket al., 2013,

Koket al.,2012,Tenget al.,2012,Krishnaret al.,2008,Choiand Curhan 2007)

Theaimsof the presentthesiswereto studyriskfactors,prevalenceincidencemanagement,

comorbiditiesand mortality of gout usingtwo national administrativedatabasesthe UK

Clinical Practice Datat.ink (CPRD)and the Taiwan National Health Insurance Research

DatabasgNHIRD).

This chapter provides an introduction to gout regarding to its historical background,

definitions, prevalenceand incidence,aetiology,risk factors, comorbidities,treatment and

prognosislt mainlyconsistf aliterature reviewof previousstudiesrelevantto the scopeof

thisthesis.



Historicalaspectof gout

Priorto discoveryof uric acid

Goutis a diseaseof antiquity, as demonstratedby fossil evidenceof gout in a castof the
carnivorousdinosaur Tyrannosaurusex(Rothschildet al., 1997) and skeletalremainsof a
pharaohof the fourth dynastyof Egypt,Mycerinus(2620BCto 2480BC).(Smitland Dawson,
1924,Hartung,1957)In addition, typical destructivefeaturesof gout havebeenobservedin
3 maleskeletondrom England AD150)(McWhirret al.,1982)and5.6%of 250skeletonfrom
Guamdatedto AD9504.450.(Rothschiléind Heathcote,1995) Furthermore,gout hasbeen
recognisedand describedin ancienttexts suchasthe EdwinSmithand GeorgeEbersPapyri
(1550BC).(Haag,999)Interestingly the GeorgeEberspapyrusdescribedhe autumncrocus
(Colchicum autumnalg, the plant source of colchicine, as an early treatment for

gout.(Grahamand Roberts,1953)

Themanifestationsof gout havebeendescribedaccuratelyandin detail over the centuries.
Aretaeusthe Cappadociarn the first century describedthe onsetof podagra,whichis very

similarto the famouslater descriptionby Sydenham.(Copemai964).Hippocratesof Kos



andhisfollowerslaid the foundationsfor the theory aboutgout. Hedifferentiatedgout from

rheumatismand coinedthe term "podagra’to describeseverepainand swellingin the foot,

later to be restrictedto the first metatarsophalangeaMTP)joint, and regardedpodagraas

the outcomeof excessiveaccumulationof bodily humoursthat droppeddownwardsto swell

lower limb joints. Galenof Pergamorn(AD129to AD199)in the Romanperiodalsosupported

the humoraltheory for gout. However,he consideredthe localaccumulationof humour as

the cause of gout and describe tophi as local concentrationsof humours.(Porterand

Rousseau] 998)

Theword "gout” (derivedfrom "gutta” whichmeans'drop") wascoinedto describepodagra

by the Dominicanmonk Randolphusof Bocking,the domestic chaplainto the Bishop of

Chichester(1197-1258)asedon the four humour theory of the time. ThomasSydenham

(1624ADto 1689AD),afamousEnglishphysiciamanda gout sufferer,describedwell the gout

symptomsand signsthat he endured.(Clendeningl960)In addition, he describedmost of

the clinical features and associationsof gout we currently acknowledge;for example,

heritability, destruction to joints and the eventual appearanceof tophi and renal

stones.(Hartung1957)



Historicalaspectsof goutin ancientChina

Inthe East,gout hasalsobeendescribedby the Chinesdor alongtime. TheAncientChinese

medicaltext "Suwen"(around400BC)categorizedyoutas"bi" syndromewhichis causedoy

the mixture of wind, coldnessand damp.In AD 150, the great physicianZhangZhongJing

clearly described the symptoms of gout and suggestedtreating it by "strengthening

circulation by improving kidney". Severalterms were used to describegout in Chinese

medicine,suchas "white tiger wind pain" and "joint runningwind”. More recently, gout is

termed "tong feng" which literally meanspain (tong) and wind (feng). Thisterm wascoined

by Zhu Dan Xi (12814.358) who wrote in "Further treatiseson the properties of things r

Treatiseon gout":

"Goutis generallydue to exposureof blood to heat, after which the personwadesin cold

water, is exposedo fanningto keepcoolor is exposedo wind during sleep.Theblood heat

combineswith the coldand congealswith filthy turbidity; hencethere is pain whichworsens

at night (the time of yin). Treatmentrequiresacrid and hot formulasto dissipatecold damp,

openthe intersticesand allow the bloodto movein conformity with gi, therebyleadingto

recovery.'(translatedasin,(Deng2008)by ProfessoDengZhaoZhi).



Monosodiumurate crystal(MSU)depositionasthe causeof gout

Goutisnow recognisedasatrue crystaldepositiondiseasdhat resultsfrom the formation of

monosodiumurate (MSU)crystals,the driving force of crystaldepositionbeing persistently

highlevelsof uric acid. Thediscoveryof uric acidby KarlWilhelmScheelg17424.786)dates

backto 1776.(Scheeland Beddoes 1786) Threeyearslater W. H. Woolaston(17660.828)

demonstratedsodiumurate to be the main content of a tophusfrom his own ear (Stukeley,

1735).SirAlfredGarrod(18194907)wasthe first to postulateuricacidas"the specifianorbid

humourwhichinflamesall joints in whichit enters".In addition, he alsodevisedthe famous

"thread test" asthe first qualitativetest for uric acid.(Mellenet al., 2006)

Laterin 1897GustaveRiehl(18550943)describedVSUcrystalsin the phagocytiacellsin two

skintophi and speculatedthat crystalsmight be the causeof the inflammation. Two years

later, WilhelImHisJr.at the Universityof Leipzignjected syntheticMSUcrystalsinto his skin

and then biopsiedthe site to confirm historical evidenceof an inflammatory response.

Freudweilerlater demonstratedthat MSUcrystalscauseboth inflammationand necrosisby

histologicalstudy of rabbits and chickensinjected with MSU crystals.(Wortmann 2006)

Seegmillein the early 1960salso performeda humanexperiment,injecting sterilizedMSU



crystalinto akneeof avolunteer.Anintenseinflammatoryresponsevasobservedn the joint

andthe aspiratedsynovialfluid showedphagocytosedMSUcrystals.(Buchanaet al., 1965)

Fairesand McCartyin Philadelphiaindependently produced similar results at the same

time.(McCartyet al., 1965) Therefore, MSU crystalsare identified unequivocallyas the

pathogenicagentin gouty arthritis.



Thedefinition of gout

Theconceptof gout hasevolvedover a long period. Only after the discoveryof uric acid by
KarlWilhelm Scheelethe observationby Sir Alfred Garrodof abnormalquantitiesof serum
uricacidasahallmarkof gout,andthe keydemonstrationby GustaveRiehl(andsubsequently
by Wilhelm His Jr., Seegmillerand McCarty)of monosodiumurate (MSU)crystalsas the
aetiologicalagent in gout was gout establishedas a distinct crystal deposition disease.
Nowadaysgout is recognisedo havea rangeof phenotypicexpressiorand characteristics
which include: elevated serum urate concentration(hyperuricaemia)recurrent attacks of
acute arthritis in which monosodiumMSU crystalscan be demonstratedin synovialfluid
(figure 1.1a);compactedaggregate®f MSUcrystals(tophi; figure 1.1b)depositedchieflyin
and around joints, which sometimeslead to joint damageand deformity; renal disease
involving glomerular, tubular, and interstitial tissuesand blood vessels;and uric acid

urolithiasis(Firesteinand Kelley,2009).



(@) (b)

Figurel d (a) Monosodiumurate crystals(MSU;arrows)takenup by monocyticcells,viewedunder polarisinglight microscopy(x400).Thepicture showsMSU
crystalsobtained from a liquefied tophus being co cultured with monocytic cells. Note that MSU crystalspresentwith different colours (blue or yellow)
accordingo the relativeangleof the longaxisof the crystalto the opticalaxis(MSUcrystalsgivea negativesignof birefringence).(b) Liquefiedtophusfrom a

kneeaspirateof a gout patient appearingmacroscopicallas“joint milk”. (Personatollection,with patient consent)



"Gold" standard

The EULARevidencebasedrecommendationgfor gout state that "demonstration of MSU
crystalsin synovialfluid or tophusaspiratespermits a definitive diagnosisof gout”.(Zhanget
al., 2006b)Currently,the standardapproachto crystalidentification follows Hollanderand
McCarty'spreparationof a singlewet drop of synovialfluid.(McCartyand Hollander,1961)
First, the observerslook for cells using 10x or 40x of magnificationunder ordinary light
microscopy Clumpsof MSUcrystalsshouldbe evidentby themselvesUndercompensated
polarizedlight microscopythe MSUcrystalsare longand needleshapedwith alengthup to
30 and are either bright yellow or blue dependingon their relative orientation with the
planesof light. Thefinding of intracellularMSUcrystalssupportsthe diagnosiof acutegouty
arthritis. Isolated clumps of crystals without accompanyinginflammatory cells indicate
resolutionof acutearthritis or aninter critical period of gout. Largeamountsof MSUcrystal

aggregatesndicatethe presenceof tophi, althoughthis often canbe ascertainedyrossly.

Thevalue of synovialfluid examinationfor the diagnosisof gout hasbeenexaminedin two

systematic reviews (Segaland Albert, 1999, Swan et al., 2002). In general, crystal
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identification hasbeenfound to be highly specific,with a specificityof 97%.(Gordoret al.,

1989) However, a comparativelylower sensitivity and inconsistencybetween different

observersn MSUidentification reducesthe certainty of ruling out gout in patientswithout

clear evidence of MSU crystalsin synovial fluid. Despite inter bbserver variability, the

demonstrationof MSUcrystalsin synovialfluid isundoubtedlyacceptedasthe goldstandard

for diagnosisof gout.

Clinicaldiagnosis

Aswith the diagnosiof other diseasesthe clinicaldiagnosisof gout dependson featuresin

the medicalhistory, physicalexamination,laboratorytests and other investigationssuchas

imaging.An acuteattackof gout usuallyinvolvesa singlejoint, with the first MTPjoint being

the most common first affected joint (figure 1.2). Other typical characteristicsinclude

swelling, severe pain that reachesits maximumwithin 12 24 hours, marked tenderness,

rednessand selfresolution over a few days or weeks. Other patients may present with

chronicjoint symptomsrelatedto joint damage,or with clinicallyevidenttophi (figure 1.3).

In those with classidophi and hyperuricaemiahe diagnosiss often explicit. RecentEULAR

evidencebasedrecommendationgor gout found that basedon the populationrisk of gout
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of 1%the compositefindingsof painful joint, swelling,abrupt onsetand remissionwithin 2

weekswasassociatedvith alikelihoodof 3%for gout. Whenthesefindingsfocuson the first

MTPand presentwith the presenceof podagrathe likelihoodof goutrisesto 49%.Certainly,

the findingof atophusisassociatedvith a highconfidenceof goutdiagnosisvith alikelihood

of 99%.(Zhanegt al., 2006b)
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(b)

Figurel 2 Acutegouty arthritis in the right first metatarsophalangegbint (a) medial

side(b) dorsalside (photosprovidedby Dr. KuangHui Yu;with patient consent)
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(a) (b)

(c)

Figurel B Tophusdepositionin (a)feet (b) elbows(olecrenon)and (c) hands.(Photosprovidedby Dr. Kuang iHui Yu;with patient consent)
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Classificatiorcriteria

Threemain classificatiorncriteria are availablefor study purposes:the Rome,(KellgredH,1963)the New

York (Bennett PH, 1968) and the ARA (American RheumatismAssociation,now American College of

RheumatologJyACR]preliminarycriteria.(Wallaceet al., 1977)ACRcriteriaalsoconsiderthe surveysetting,

whichisimportantin primarycarewhenjoint fluid examinationis usuallyimpractical All thesecriteriahave

beenvalidatedwith moderate performancewhen comparedto MSUcrystalsin synovialfluid asthe gold

standard.(Maliket al., 2009) RecentlyJanssent al. provided a gout diagnosingrule basedon clinical

symptomsandsignswhichis easyand modestin validity (Janssenst al., 2010)althoughffurther validation

isneeded.

Casalefinition usedin epidemiology

In many situations,especiallyin population studiesutilising administrationdatabasesthese classification

criteria cannot be applied due to insufficient clinical and laboratory information. In suchsituations,the

identification of gout casesoften dependson patient recall or physiciandiagnosis.For a selfreported

physiciandiagnosiof gout, one recentstudyreports goodreliability and sensitivity.(McAdamst al., 2011)
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The utility and validity of gout diagnosesspecifically within insurance claims data has also been
assessed.(Harroldt al., 2007, Singhet al., 2007) Harrold et al. demonstratedthat a diagnosisof gout
recordedon 2 or more occasion$ada positivepredictivevalueof 61%.(Harrolekt al., 2007)Anotherstudy
found that an ICDB code for gout (274) had a sensitivityof 90%,a specificityof 100%,and positive and
negativepredictivevaluesof 100%and87% respectively.(Singét al.,2007)However sincethe contentsof

administrativedatabasewary,separatevalidationof casedefinitionsmaybe neededfor eachdatabase.
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Clinicalmanifestationsof gout

Thehallmarkof gout is acutearthritis that occursabruptly and resolvesspontaneouslyTheaffectedjoints
may present with pain, swelling, rednessand loss of function, which are all typical features of an
inflammatory arthritis. The first attack of gouty arthritis is usuallyin small joints of the lower limb, in
particularthe first MTPjoint (“podagra”).For a typical gout attack, maximalinflammation usuallyoccurs
within 4 to 12 hoursafter onsetandthe intensityreducesgraduallyto spontaneousesolutionevenwithout

treatment. Constitutionalsymptomssuchasfever mayalsomanifestin severeattacks.

Generally,a mono articular onsetis characteristian 70%to 90%of affectedindividualsand polyarticular
attacksoccurin 11%to 28%of patients.(Nishiokand Mikanagi,1980,Lawryet al.,1988)In three UKseries,
the jointsinvolvedmostcommonlyin descendingrder of frequencyarethe first MTPjoint, ankle/foot, knee
and then other joints.(Grahameand Scott, 1970, Currie, 1978, Roddyet al., 2007a) A small number of

patientsmaypresentwith extra articularmanifestationssuchasbursitisor dischargingubcutaneousophi.

Tophigenerallyare white to yellowsoft or firm lumpsunderthe skin(figure1 8). Themostcommonsitesof
occurrenceare the dorsumof the foot, Achillestendon region, anterior knee, fingersand elbows. If the

overlyingskin breaks,which is quite common,pustike fluid containinggritty white material (MSUcrystal
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aggregatesinaydischargdrom the wound.Figurel.4 showsa gout patient with massiveophusdeposition

underthe skinof both handsandFigurel.5showsthe typicalradiographideaturesof tophi within boneand

joints aswell asunderthe skin,with markedeccentricsoft tissueswelling,severedestructivearthropathy,

“punchedout” cysticlesionsand overhanging’hooks” of bone.

Generallyspeakingthe acutearthritis of goutisrapidlyescalatingandthen resolvedspontaneouslyEpisodic

attacksinterspersedwith longinter criticalasymptomaticperiodsare the norm. Thisis very characteristics

of gout, no other chronicarthritis presentswith suchperiodicity.Rheumatoidarthritis, for instance presents

with insidiousarthritis at first, often with morning stiffnessrather than outright arthritis and followed by

unremitting chronic polyarticular arthritis if not treated. Septicarthritis can occur with explosivejoint

inflammation,often in largejoint. But oncetreated completely,it is thoughtto be cured. Sometimegostr

infectious arthritis can mimic gout. However, these kind of arthritis presents with a more modest

progressionpatientsveryrarelytransitfrom asymptomatido acutearthritis in severahours.Othercrystalr

inducedarthritis, suchas CPPLarthropathy,canalsomimic gout. However,crystalinducedarthritis other

than gout normally affects large joints, often slowly progressesand predominantlyoccursin the elderly.

Certainly only synoviaffluid examinationcansafelydistinguishgout from other mimicswith certainty.
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With evidenttophus, the diagnosisof gout is almost alwayscorrect. Rheumatoidnodules,often seenin
patientswith advancedheumatoidarthritis, alsopresentwith subcutaneousiodules However rheumatoid
nodulesare often rubbery firm and ‘cold’ without marked inflammation. Tophusnormally is hard but
sometimesit canbe soft if the urate crystalsinsideliquefies.Severanflammationcanbe seenwith tophus
but is very uncommonwith rheumatoid nodules. Gout and rheumatoid arthritis tend to be mutually
exclusive;therefore the distinction between tophus and rheumatoid nodules can be obvious with
backgrounddisease.In patients with advancedgouty arthritis, the radiographicmanifestationis very
characteristic.Thisis becausetophus is radiographicallytranslucentand calcificationcan occuralone the

surfaceof tophus.Thereforea hook tike or overhangingappearanceanbe seen.
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(b)

FIGUREL 4 MASSIVHOPHU®EPOSITIO®N BOTHHANDWITHSKINULCERATIOM) DORSAIAND (B)

PALMERSIDERPERSONACOLLECTIOM/ITHPATIENTONSENT).
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FIGUREL5 TYPICARADIOGRAPHEEATURESF TOPHACEOUSESTRUCTIVARTHROPATHPERSONAL

COLLECTIOM/ITHPATIENTONSENT).

The typical natural history of gout is generallyconsideredto progressthrough the following phases:a
prolongedperiod of asymptomatichyperuricaemiaduringwhichMSUcrystalsare first forming and building
in concentration; clinical presentation with acute attacks; asymptomaticinter critical periods between
attacks; chronic symptomaticgout; and eventuallytophaceousgout. However,this order is not always
followed, for example somepeoplepresentdirectlywith tophi without precedingacuteattacks.(Werniclet
al., 1992)Recently a new stagingsystemhasbeenproposed:stageA: hyperuricaemiawithout evidenceof
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MSUcrystaldeposition;stageB: MSUcrystaldepositionwithout signsor symptomsof gout; stageC: MSU
depositionwith prior or current symptomsof acutegout flares;stageD: advancedgout requiringspecialist
intervention.(Dalbethand Stamp,2014) Thisstagingsystemincorporatesour recent understandingthat
MSUcrystalsare alsopresentin peoplewithout any symptomsand signs.(Puigt al., 2008,Howardet al.,
2011, Pinedaet al., 2011, De Miguel et al., 2012) However,further study is still neededto validate this

system.

This new stagingsystemmarksa new era of gout understanding.Sincethe culprit of gout and golden
standard of gout diagnosis— MSU crystalin synovialfluid can be identified in hyperuricaemicpatients
without outright symptoms the so calledpatientswith ‘asymptomatic’hyperuricaemiado not seemto be
asymptomaticanymore. Therefore, if this findings is confirmed, the definition of gout could change
drastically.If we define gout as patientshavingMSUcrystals,one third of current classifiedasymptomatic
hyperuricaemigatientscouldbe reclassifiecasgout. Onthe other hand,the demonstrationof MSUcrystals
maynot be the goldstandardof goutdiagnosisanymoreif we definegoutasa diseaseof acutearthritis. Not
only stagingof gout, the classificationcriteria may need to revise. Thiscould fundamentallychangethe
estimatesof gout prevalenceand incidence.In this study, we still adhereto traditional definition of gout,

that is, acute arthritis secondaryto MSUcrystaldepositionand patientswith sole hyperuricaemiaare not
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includedin the estimationof gout prevalenceandincidence However,we needto bearin mind that gout

prevalenceand incidencemay be grosslyunderestimated,given that prevalenceof hyperuricaemiain

contemporarysocietyis often severalfold that of gout prevalence.
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Epidemiologyof gout

Measuresof occurrenceof diseasesnclude:[1] prevalence-the numberof casesof a givencondition per
populationat a giventime; and[2] incidence-the numberof new casef a givenconditionper population
in a specifiedperiod of time. Estimatesof the prevalenceof gouty arthritis vary betweenstudies,owingto
the differencesin the definition of the condition, geographiclocations, race and method and time of
investigation.Sincethe prevalenceand incidenceof gout vary greatly between countries, the following

sectionsdiscusgrevalenceandincidenceof goutin the UK, Taiwanandin other countries

PREVALENCE

Datafrom the publishedpapersdescribingthe prevalenceof goutin the UKandin Taiwanare summarised
in Tablel.1. Theprevalenceof gout in the UKhasbeen estimatedin severalstudieswith wide variability
dependingon studydesignarea,agerange,diagnosticcriteriaandresearchsettings.Theprevalencen men
rangesfrom 0.53%in the ScottishHighlands(Stever,992)to 1.68%in the Cotswolds.(Badlegt al., 1978)
Forwomen, the prevalencerangedfrom 0.05%in Wales(Currie1979)to 0.29%in England.(Harrigt al.,

1995)Anationwideestimateby Mikulsindicatedanoverallprevalenceof goutat 1.39%.(Mikulgt al.,2005b)
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Theprevalenceof goutin Taiwanis muchhigherthanthat in the UK,especiallyin the aboriginepopulation.

A nationwide surveyfound the prevalenceof selfreported gout to increasesignificantlyfrom the periods

199314996 to 20052008, specifically from 4.74%to 8.21% in men and from 2.19%to 2.33% in

women.(Chuanegt al.,2011)Theprevalenceof goutismuchhigherin aboriginalareas.Changet al. reported

aprevalenceof 15.2%n menin aboriginalareascomparedto 3.4%in menin non eboriginalareas.A similar

pattern wasobservedn women.(Changt al.,1997)

Racial and geographic differences appear to be significant. Early European studies, including the

Netherlands,(DeBlecourt,1954) France,(Zalokaet al., 1974) Finland,(Isomakand Takkunen,1969) and

Denmark(DeMuckadelland Gyntelberg,1976) indicated a generallylow prevalenceof gout. However,a

more recent study found a prevalenceof 1.4%in Germany,usingthe IMS diseaseanalyser,which is

equivalentto the UK prevalencein the same study.(Annemanset al., 2008) Early reports from the

Framinghanstudyin the USfound a prevalenceof 2.85%in menand0.39in women.(Hallet al.,1967)The

NHANEStudyin the USfound a prevalenceof gout of 3.9%in 20072008,whichis higherthan estimatein

the samestudy populationin 198804994(2.7%).(Zhet al.,2011)
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Japanand Chinaboth have a lower prevalenceof gout than in neighbouringTaiwan.An early study in
Nagono,Japan,showeda prevalenceof only 0.27%in men and 0.03%in women.(Akizuki,1982) In the
Huangpudistrict of Shanghaithe prevalenceof gout was0.77%in men and 0.34%in women.(Cheret al.,
1998)In contrastPacificlslanders(Klempt al.,1997,Gibsonet al., 1984,Brauerand Prior,1978,Zimmetet
al.,1978),particularlyMaoris,havethe highestgout prevalenceat 13.9%in menand1.9%in women.(Klemp

etal.,1997)

Althoughthese studieson gout prevalenceare of different designand with varied casedefinition, gout
prevalenceseemsto be increasingon the whole. In generalprevalenceof gout waslower in the studies
conductedin the 1980scomparedto those conductedin 1990s.Studiesconductedin the new millennium
often are of highestprevalence.Sincethere were no major changesin gout definition and classification
criteria (ACRcriteria was releasedin 1977),we could not blame the increasingprevalenceon the more
inclusiveclassificatiorcriteria. Many studiessuggesgoutis poorly managedand patientadherencas worst
of all chronicdiseasesThispattern doesnot seemto changesignificantly Thereforeheightenedawareness
cannot explain suchincreasingprevalence.Therefore,this increaseseemsto be real in many different

countriesin the world. However the causef suchincreasestill needfurther investigationto confirm.
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In addition,gout prevalencevariessignificantlygeographicallyandracially.ln general pacificislandersseem
to have the highestprevalenceof gout in the world. Aboriginalsin Taiwan,cousinsof Polynesiansand
Melanecianalsohaveaveryhighprevalenceof gout. In contrast,CaucasianBavelower prevalenceof gout.
This racially diverse pattern suggeststhe importance of geneticsin the determination of phenotype
expressionHowever,other factorsare alsoimportant. Forinstance prevalenceof goutin AmericanWhite
men s consistentlyhigherthan their Europeancounterparts.Therefore,environmentalfactorsare equally

importantin termsof prevalenceof gout.

Severamethodologicaissueseedto be consideredFirst,the definitionsof gout usedin thesestudiesare
diverse.Thegoldenstandardof goutdiagnosigs basedon the identificationof urate crystals However this
israrelydone becausat is painful. In addition, first few attacksare often in smalljoint suchasjointsin the
bigtoes,technicallyit isdifficult to aspiratesynovialfluid for examination.Thereforethere are classification
criteriato assistdiagnosisWhilethesecriteriaare usefulclinically they are seldomusedin epidemiological
surveys.Thereforefor surveillancestudies,the casedefinition is often selfreported. Recallmay influence
the accuracyof suchreports. Fordatabaseresearchthe casedefinitionsare basedon physiciandiagnosis,
which may be more reliable but patients not under medicalattention at the time of researchcannotbe

identified. ForinstanceElliotet al reported a muchlower prevalencethan estimatesat the sametime. This
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is becausethey only included patients seekingmedical advicein the calendaryear studied. Therefore,

intercritical gout patientswere excluded.In this regard, this measureshouldbe termed consultationrate,

rather than prevalence.

Limitationsof current studieson gout epidemiology

Severalimitations of current availablestudieson gout epidemiologydeservea more detailed discussion.

Firstly,the casedefinitions of gout rarely rely on publishedclassificatiorcriteria. Most surveillancebased

studieswere basedon selfreported gout, which is prone to biasedestimatesdue to inconsistentrecall.

Despitegout is relatively easyto diagnose jdentification of gout casesdependon patients’ willingnessto

seekmedicaladvice whichis notoriouslypoor in gout patients.Secondlythe samplingstrategiesare varied

and not consistent.Many studieshave different age restrictions, therefore compromisingcomparability

acrossstudies.Further,somestudieswere basedon hospitalor clinicrecordsof specificinstitutions,which

could lead to a selectionbiasfor more severecases.Thirdly, sincegout haslong asymptomaticperiods,

definition of observationperiod couldhavebiasedthe estimationof gout epidemiology Forinstance Elliot

et al restrict the casedefinition to patients under medicalattention in the year of interest, resultingin a

grossunderestimationof gout prevalencedue to the exclusionof gout casesn intercrital periods.
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Tablel d Prevalenceof goutin the UKand Taiwan

Authors Year Area Number Age  Datasource Case Prevalence
limit definition (%; M/F)
UnitedKingdom
(Badley et al., 1971r Cotswolds 3892 35+ Survey Selfreported  1.68/0.28
1978) 1972
(Currie,1979) 1975 England 259000 15+ GP Physician 0.73/0.13
Wales 40500 diagnosis 0.52/0.05
(Gardneret al., 1982 3 English 10539 45+ Survey Selfreported  4.33/r
1982) towns
(Steven,1992) 1987 Scottish 35251 nil GP Physician 0.53/0.15
Highlands diagnosis
(Harris et al.,, 1992r England 300376 nil GP Physician 1.64/0.29
1995) 1993 diagnosis
(Mikuls et al., 1990r Nationwide 1716276 nil Database Physician Overall:1.39
2005b) 1999 diagnosis M/F  ratio:
3.6:1
(Annemans et 2000r Nationwide N/A nil Database Physician Overall:1.4
al.,2008) 2005 diagnosis
(Elliot et al., 2001r Nationwide N/A 45+ Surveillance  Physician 0.76/0.18
2009) 2007 diagnosis
Taiwan
(Chou et al, 1994 HenfSan 8998 20+ Survey Selfreported 0.16
1994) (rural) 0.67
SienDien 0.67
(suburban)
CuiTien
(urban)
(Chang et al., 1995  Aboriginal, 396 40+ Survey Selfreported  15.2/4.8
1997) Nonr 648 3.4/2.8
aboriginal
(Chou and Lai, 1994 HoPing 342 18+ Survey Selfreported  26.2/1.0
1998) county
(Lin et al, 1991r Kinmen 3185 30+ Survey Selfreported  11.5/3.0
2000) 1992  county
(Chang et al.,, 1993r Nationwide 5707 20+ Survey Selfreported  3.3/1.1
2001) 1996
(Laietal.,2009) 2000r Taichung 3397 20+ Hospital Physician 5.0/0.6
2002 diagnosis
(Kuo et al., 2000r Taoyuan 67769  Allage Nationwide  Physician 5.17/1.64
2010b) 2006 diagnosis
(Chuanget al., 1993r Nationwide 20+ Survey Selfreported  4.74/2.19
2011) 1996 8.21/2.33
2005r
2008
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Incidence

Farfewer studieshaveaddressedhe incidenceof gout. Thelargestpopulationbasedstudy

was conductedin RochesterMinnesota,which estimatedan annualincidenceof 0.45 per

1000 and 0.62 per 1000 persongears during the periods 19774978 and 1995r

1996.(Arromdeeet al., 2002) TheFraminghanstudy estimatedan averageannualincidence

of 1.6and 0.2 per 1000personyearsfor menandwomen, respectively.(Abbotet al., 1988)

Usingdatafrom the UKSecondand ThirdNationalStudiesof Morbidity in GeneralPracticein

the UK, overall gout incidence was estimated to be 1.4 per 1000 persongears in

1981.(Stewartand Silman,1990) More recently Mikuls usedthe GeneralPracticeResearch

Databasg GPRDand estimatedthe UKall ageincidenceof goutto be 1.31 casesper 1000

persongearsin 1999.(Mikulset al., 2005b)

Manyconsiderationsare neededto correctlyinterpret estimatesof goutincidence First,gout

is generallyregardedas a benigndiseaseand affected patients often do not seekmedical

advice.Thiscouldpotentiallyunderestimatencidenceof goutirrespectiveof casedefinitions,

since these patients do not report to general practitioners resulting in a lack of formal

physiciandiagnosisSecondgout is an episodicdiseasewith potentially longasymptomatic
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period. Therefore,different observationperiodsin different physicianbasedstudies may

hinder comparability of these estimates. For survey based studies, estimates of gout

incidenceis subjectto the length of recallof the respondents Patientswith remote attacks

may thus being classifiedas incident cases resultingin overestimationof gout incidence.

Basedon these considerationsthe Rochesterstudy may be the only study in which their

incidenceestimation can be compared.Thisstudy found an increasingincidenceof gout.

Mikuls study, despite basedon physiciandiagnosisdid not considerobservationperiods.

Thereforetheir earlier estimationis probablyoverestimateddue to insufficientobservation

time to distinguishprevalentfrom incidentcasesand prevalentcases.
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Riskfactorsfor gout

The primary driving force for predispositionto MSUformation is hyperuricaemiaSeveral
conditions may induce hyperuricaemiaand therefore increasethe risk of gout. However,
hyperuricaemialoneis not a sufficientfactor for developmentof gout. Severabther factors
influencethe propensityto MSUdepositionin joint tissues.Theserisk factorsare discussed

in the followingsection.

Hyperuricaemia

That hyperuricaemiais a genuine risk factor for gout which has been demonstrated
epidemiologicallyin both the Framinghamstudy(Hallet al., 1967) and Normative Aging
study.(Campioret al., 1987) A clear doseresponserelationshipexistsbetween serumuric
acid(SUA)evelsand cumulativeincidenceof gout. In addition,in the NormativeAgingstudy
hyperuricaemiaalone renders other predictors of gout, including age, body massindex,
hypertension,and cholesterollevel, and alcoholintake, non influential in a Coxregression

model.(Campioret al.,1987)

33



Genetics

A geneticcomponentto developmentof gout is supportedby clinicaland epidemiological

evidenceaswell asrecentadvancesn geneticstudies.Thevaryingprevalenceof gout, from

2.6%to 47.2%in different populations,suggestsacialand geneticdifferences.(Currie1979,

Klempet al., 1997) SUAlevelsin the UK(Popertand Hewitt, 1962) and in North American

Caucasians(O'Sullivah972) are similar whereas US mixed racial studies demonstrate a

greater prevalenceof hyperuricaemian AfricanAmericanghan Caucasians.(Agamat al.,

1991) The Pacificlslanders,includingMaoris, CooklIslandersand Micronesianswere long

knownto havea high prevalenceof gout and hyperuricaemigRose ,1975,Prioret al., 1987,

Reedet al., 1972).In Taiwan,a significantlyhigher prevalenceof gout and hyperuricaemia

wasdemonstratedamongaborigineghanin Hanor HakkeTaiwanese.(Charegf al., 1997)All

thesestudiesclearlydemonstratea racialdifferencein goutandhyperuricaemia.

Early genetic studies of gout focused on rare monogenicdisordersthat cause marked

hyperuricaemiaand premature gout, for example, deficiency of hypoxanthineguanine

phosphoribosyl transferase (LeschNyan syndrome), overactivity of phosphoribosyt r

pyrophosphate synthetase, and hereditary renal disease (familial hyperuricaemia
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nephropathy, medullary cystic kidney disease).(Choget al., 2010) More recently different

specificgeneticassociationsparticularlypolymorphismsof genesinvolvedin renalclearance

of urate by urate transporter1 (URATL), havebeenidentified that maybe more relevantto

the heritability of commongout.(Vitartet al., 2008, Kolzet al., 2009) Limited data, mainly

from caseseriesof patientswith goutlendsupportfor familialaggregatiorof gout.(Mituszova

etal.,1992,Blumberg,1965,Emmerson;1960,Haugeand Harvald,1955)

Ageandgender

Epidemiologicastudieshave confirmedthe long recognisedpredispositionof male sexand

olderageasgenuineriskfactorsfor hyperuricaemiaand gout.(Arromdeeet al.,2002,Mikuls

and Saag2006)A recentlarge study basedon the health improvementnetwork (THIN)UK

primary caredatabasefound a roughly2 fold increasedncidenceof goutin mencompared

to women.Therewasalsoa positivelinearrelationshipbetweenincidenceof goutandagein

both genders.(Ce&oriancet al.,2011)
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Other socioeconomidactors

SeveralEuropeanstudiesreport rural residentsto have lower risk of gout,(Isomakiand
Takkunen1969,PopertandHewitt, 1962)afindingalsosupportedby astudyin Taiwanwhich
found a lower gout prevalencen rural (0.16%)han suburbanand urbanareas(0.67).(Chou
et al., 1994) Areaswith higher socioeconomicstatus seemto have a lower prevalenceof
gout.(Gardneret al., 1982) The UK morbidity statistics from general practice (197071)
reported that people with non manual skilled occupations had the highest whereas
professionalbccupationshad the lowest standardisecconsultingratio for gout (133vs.79),
comparedwith the overallfrequencyof consultations.(GreaBritain. Office of Populationet

al., 1982)

Diet and alcoholconsumption

It haslong beenrecognisedhat diet and alcoholconsumptionplay animportant role in the
developmentof gout.(Zollnerand Griebsch,1974,Gordonand Kannel,1983)However,only
recently has robust evidence emergedto support this notion. Numerous studies have

demonstratedthat a purinerich diet increaseghe risk of gout. The most robust evidence
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linkingpurine rich diet with gout camefrom the HealthProfessionaFollowup Study(HPFS),

whichenrolled51,529maledentists,optometrists,osteopaths pharmacistspodiatrists,and

veterinariansaged40 to 75 yearsof agein 1986. The HPFSassessedlietary intake using

guestionson 13 foods and beverages,(Rimmet al., 1992) to enquire about the diet of

enrolees.(Choet al.,2004b,Choiet al.,2004a)

The HPFSeported a relative risk of incident gout of 1.41 for the highestquintile of meat

intakeand 1.51for thosewith the highestquintile of seafoodintake. Intriguingly,purine rich

vegetablesdid not result in an excessrisk of gout.(Choiet al., 2004b) A dose response

relationshipwasfound between alcoholconsumptionand risk of gout. Choiet al. report a

relative risk of 1.71 for every 10g increasein daily alcohol consumption.Among various

alcoholicbeveragesbeer confersthe greatestrisk, with a relative risk of 1.49 for each

additionaldaily unit of beer.(Choet al.,2004a)

Leadexposure

Historically two epidemicsof gout, one in the Romanperiod andthe other in the European

Renaissanceayrelinkedto leadintoxication.(Ball1971)Recentvidencefrom Taiwanshowed
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that gout patientshada highertotal bodyleadburdenthan healthycontrols.(Liret al.,2002)

Bloodleadlevelsalsocorrelatewith SUAevels.(Shadickt al.,2000) Theexactmechanisnof

lead induced hyperuricaemiais not clear but low tevel environmentallead exposuremay

accelerateprogressivaenalinsufficiencyand hencecausehyperuricaemia.(Liet al., 2003a)

An earlier study suggestedthat lead may predisposeto MSU crystal deposition under

physiological conditions by enhancement of nucleation.(Taket al., 1981) All these

mechanismgpredisposepeoplewith higherleadlevelsto developgout.
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Comorbiditiesand health outcomesof gout

Accumulatingevidence suggeststhat comorbidity is epidemicin gout.(Zhuet al., 2012,
Annemanst al.,2008,Richetteet al.,2013)Forinstance arecentlargestudyfoundthat only
12%of prevalentcaseswere consideredto be isolatedgout without significantassociated
comorbidities.(Richettet al.,2013).Thesecomorbiditiesmaycausesevereproblemsbut are
often clinicallyoccult,especiallyin their earlystages.Theseconditionsinclude:(1) conditions
associateavith metabolicsyndrome diabetesmellitus, hypertensionanddyslipidaemia(2)
renal conditionssuchas chronickidney diseaseand urolithiasis;(3) cardiovasculadisease

suchasmyocardialinfarction, strokeandheartfailure; (4) cancer;and (5) osteoarthritis.

However the relationshipsbetweengout and comorbiditiesseemto be bidirectional.Some
categories,particularly cardiovascularand renal diseases,can serve as risk factors and
adverseoutcomesof gout, suggestingntertwined causalitypathway. Riskfactors of gout
havebeendiscussedn the previoussection.Thefollowingsectionsfocuson comorbiditiesas

outcomes.
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Metabolic syndrome

Insulinresistanceglucoseintolerance,obesity,hypertensionand dyslipidaemiaconstitute a

clusterof disordersthat characterizeéhe so calledmetabolicsyndrome Metabolicsyndrome

isamajorriskfactor for adversecardiovasculaoutcomes.(Wilsoret al.,2005,Bonora,2006,

de Zeeuwand Bakker,2008)

Hyperuricaemiais the hallmark of gout. It is also a common component of metabolic

syndrome. Choi et al. reported a progressiveincreasein the prevalenceof metabolic

syndromewith increasinguric acid levels.(Choand Ford, 2007) A recent study from Korea

foundthe prevalenceof metabolicsyndromeamonggoutpatientsto be almost5 timeshigher

than in controls.(Yooet al., 2011) Choi et al. reported a 62.8%prevalenceof metabolic

syndromeamonggout patients,comparedto 25.4%in controlsin the third NationalHealth

and Nutrition ExaminationSurvey.(Choet al., 2007) In addition, presentationwith gout

precededthe occurrenceof metabolicsyndromefeatures.(Hernande€uevast al.,2009)
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Diabetesmellitus (DM)

Recentevidencehaslinkedhyperuricaemiawith anincreasedisk of DM. In the Framingham

heartstudy,hyperuricaemiavasassociatedvith a multivariablerelativeriskof 1.20and 1.15

for incidenttype 2 DM in the originaland offspringcohort, respectively.(Bholet al., 2010a)

Another study showedthe multivariate hazardratios for incident DM to be 1.08,1.12 and

1.68for the second third andfourth quartile of SUAcomparedwith the first quartile of SUA

levels.(Dehghaet al., 2008b)Goutis alsoassociatedvith a higherrisk for DM. TheMultiple

RiskFactorIntervention Trial (MRFIT)yeported a relative risk of 1.34for type 2 DM in gout

comparedto non gout participants.(Choet al.,2008)

Hypertension

Many studieshaveinvestigatedthe relationshipbetweenhyperuricaemiaand hypertension.

A recent meta analysis,incorporating results from 18 prospectivestudieswith a total of

55,607 participants,reported that hyperuricaemiavasassociatedvith an adjustedrelative

risk of 1.41 for incident hypertension.(Graysomt al., 2011) However, recent trials with

41



febuxostat, a xanthine oxidaseinhibitor, did not find beneficial blood pressurelowering

effectsdespitesignificanturate loweringeffects.(Beckeet al.,2010,Schumacheet al.,2008)

The associationbetween gout and hypertensionhas long been observed.(Wallacel975,

Rapado,1974, Breckenridge,1966) In the Normative Aging Study,gout was 3 times more

common among hypertensivethan non hypertensiveparticipants.(Campioret al., 1987)

Riedelet al.foundthe prevalenceof hypertensionin 9,482patientsto be 60.9%.(Riededt al.,

2004)InalargeUScohortwith 5,942gout patients,the prevalenceof hypertensionvas36.2%

in newly diagnosedgout patientsand 45.7%in previousdiagnosedjout patients.(Sarawate

et al.,2006)

Kidneydiseases

Chronickidney disease(CKD)is a condition with progressiveossof renal function over a

period of months or years.Continueddeterioration of renal function in patients with CKD

eventuallyleadsto the developmentof end stagerenal disease(ESRD)Studiesin humans

haveprovidedlimited evidenceof the link betweenhyperuricaemiaanddeteriorationof renal

function.(Avramand Krishnan2008,Chonchokt al., 2007,0bermayret al., 2008,Seeet al.,
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2011,lIsekiet al.,2004)Asshownin Figurel.6,annualrenalfunction acceleratedn patients

with higher SUAlevels.In one study, the risk for CKDincreasedl1.69fold for every2 mg/dl

increasein SUAlevels.(Obermayret al., 2008) In addition, hyperuricaemiais strongly

associated with  CKD, independent of the presence or absence of the metabolic

syndrome.(Seeet al., 2011) Moreover, subjectswith hyperuricaemiaare more likely to

developESRDIEhan thosewithout.(Isekiet al.,2004)
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Figurel 6 Relationshipbetween serumuric acid levelsand annualeGFRdecline
(men: solid line; women: dashedline; figure adapted from Hyperuricaemiaand
acceleratedreductionin renal function. ScandJ Rheumatol.2011 Mar;40(2):116r

21.With author’'sapproval).
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Traditionally, DM andhypertensionrhavebeenconsideredhe mostimportantriskfactorsfor
CKD.(Brancatit al., 1997 Keaneet al.,2003,Valderrabancet al., 1998)Sincegoutfrequently
coexistswith both DM(Choiet al., 2008) and hypertension,(Melleret al., 2006)it is often
overlookedasa separateriskfactor for CKDandsubsequenESRD.(Yand Berger,1982)The
prevalenceof CKDn gout patientswas71%,asreported from the NHANEZ0072008.(Zhu
et al.,2012)A nationwidestudyin Taiwanfound that goutwasassociatedvith a hazardratio
of 1.57for ESRD.(Yet al.,2012)In conclusionpoth hyperuricaemiaandgout are associated

with a highriskof CKDandESRD.

Urolithiasis

Uric acid crystalsmay deposit in the renal tubules and causekidney stones. The risk of
common calciumcontaining stonesis also increasedin people with hyperuricaemia.The
Health Professionafollow up study found that the diagnosisof gout wasassociatedwvith a
relative risk of 2.12 for incident kidney stone.(Krametet al., 2003) However,it should be
notedthat the prevalenceof urolithiasismaybe underestimatedbecauseananypatientshave
no symptoms.(Shimizand Hori, 2009)Figurel.7 showstypicalfindingsof ‘gouty' kidneyon

ultrasonographyandretrogradepyelogram.
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(@)

(b)

Figurel i7 (a) Ultrasonographidinding of a ‘gouty’ kidney',which showsmedullary
nephrocalcinosigblackarrow), kidneystone (red arrow) and hydronephrosigblue
arrow). (b) Retrogradepyelogramof the samepatients,which showsfilling defects
of contrast(redarrow), hydronephrosigbluearrow)andhydroureter(blackarrow)

(personalcollection;with patient consent).
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Cardiovasculadiseases

The Framinghamstudy found a 60% excessrisk for coronary heart diseaseamong gout

patients.(Abbottet al., 1988)A highrisk of acutemyocardialnfarction (AMI)in gout patients

has been observedin other studies,includingthe MRFITKrishnanet al., 2006) and a study

utilisingthe BritishColumbiaLinkedHealthDatabase.(D&eraet al., 2010) The MRFITstudy

focusedon highrisk patientsrequiringa Framinghanrisk scorein the upper 15%bandof the

score,so the findingsof that study were representativeof highrisk patients. Similarly,De

Veraet al. selectedpatients older than 65 years,who were presumedto be at higherrisk.

Otherevidencealsosupportedhigherrisk of cardiovasculadiseasesn gout patients.(Kucet

al.,2013c,Chenet al.,2007b,Choiand Curhan 2007)

Whether SUAlevelsare neuro protective or neurotoxic has long been debated. A recent

cohort study found no significant associationbetween SUAlevels and ischemic stroke

outcomes.(Seett al.,2010)However,a meta analysifound that hyperuricaemiaassociated

with a significantlyhigherriskboth of strokeincidence(relativerisk[RR],1.41)and mortality

(RR1.36).(Kimet al., 2009) Another more recent meta analysisfocusingon prospective

studiesalsodocumentedthat hyperuricaemiavasassociatedvith a modestincreasen the
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riskof stroke.(Liet al.,2014)In patientswith acutestroke,acutegout attacksassociatedvith

amore prolongedstayin the acuteward.(Linet al., 2009)

A greater risk for incident heart failure was recently demonstrated in hyperuricaemic

patients.(Ekundayet al., 2010, Krishnan,2009) In addition, higher SUAassociatedwith a

poorer prognosisin patients with systolic heart failure.(Wu et al., 2010) Whether

hyperuricaemias a risk factor or a bystanderbiomarkeris still under debate. While earlier

studiessuggestedower mortality in heart failure patients receivinglong term allopurinol

treatment,amorerecentstudyfound no changesn brainnatriuretic peptide,left ventricular

ejection fraction, and dimensionson echocardiographicassessmentafter therapy with

benzbromarongaurate toweringagent).(Ogineet al.,2010)

Cancer

Onlya few studieshaveexaminedthe risk of cancerin gout patients.Onecasecontrol study

found no associationbetween gout and haematopoieticmalignancies.(Doodgt al., 1992)

Becauséhyperuricaemias a hallmarkof gout, severalstudieshaveexaminedthe association

betweencancerand SUAevels.However the resultsare contradictory.Criquiet al. reported
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that cancerrisk wasnot associatedvith SUA.(Criguet al., 1991) However,Peterssoret al.

found significantassociationdbetween SUAand cancerdeaths(Peterssomet al., 1984)and

Strasalet alfounda1.41fold increasediskof cancerdeathin patientswith the highestSUA

levels.(Strasakt al., 2007)More recently,in a Swedishstudy, Boffetta et al. linked hospital

admissionrecordsfor the period from 1965to 1995to cancerregistrydata and found that

gout was associatedwith a standardisedncidenceratio for cancerof 1.25.(Boffettaet al.,

2009)

Arecentstudyfound the annualincidenceof cancerin gout patientsto be more than double

that of the nationalpopulationof Taiwan.(Kuet al.,2012)After adjustmentfor ageandsex,

cancerrisk wasstill higherin gout patients (agerand sexadjustedHR,1.15).Of the various

typesof cancer the riskfor prostatecancerwasl.7 timesthat of controls.Converselythere

wasatrend toward a negativeassociatiorbetweengout and breastcancer.

Osteoarthritis(OA)

Limited evidence supports an associationbetween gout and OA. Severalcase reports

suggestedhe coexistenceof gout and OA.(Simkiret al., 1983,Foldeset al., 1996)A recent
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study found that the sitesof acute attacksof gout were highly likely to be affected by OA,
with an adjustedoddsratio of 7.94.(Roddyet al., 2007a)However,aslater reported by the
samegroup,nodalOAis not more commonin goutsufferersthancontrols.(Roddgt al.,2008)

Furtherstudyis neededto confirmthe associatiorbetweengoutand OA.

Neurodegenerativalisorders

Severakpidemiologicaktudiessuggesthat uric acid may be protective againstParkinson's
disease(DeVeraet al., 2008, Alonsoet al., 2007) presumablydue to its potent antioxidant
property.(Alonsoand Sovell,2010) Alonsoet al. reported that a prior history of gout was
associatedvith an oddsratio (OR)of 0.69for Parkinson'sliseasethis negativeassociation
beingapparentin men (OR0.60)but not in women (OR1.26).(Alonseet al., 2007)Usingthe
British ColumbiaLinked Health Databaseand PharmaCarelata, De Veraet al. identified
11,258 gout patients and 56,199 controls. After an 8 year median follow up, gout was
associatedvith a 30%reducedrisk of Parkinson'slisease.(D&eraet al., 2008) In contrast

to Alonso'sstudy, both sexeswvere equallyprotected by a history of gout.
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Death

Theoverallrisk of death amongindividualswith gout, especiallywomen, hasseldombeen

investigated.Two recent studies, the MRFIT(Krishnanet al., 2008) and HPFSChoiand

Curhan,2007) studies,both confinedto men, reported excesscardiovasculamortality in

peoplewith gout. Althougha recentstudy found womenwith goutto havea relative risk of

1.39 for acute myocardialinfarction,(DeVeraet al., 2010) the survivalimpact of gout in

womenis still uncertain.

Kuoet al. reportedthat individualswith a history of gout havea higherrisk of deathfrom all

causesand from cardiovasculardiseases,independent of age, sex, smoking, metabolic

syndromeand proteinuria.(Kucet al.,2010a)A more recentstudyinvestigatedthe mortality

risk of gout patients in a cohort from the outpatient department of a single centre, in

comparisorwith the generalpopulationof Taiwan.(Kuet al.,2011)Thisstudyincluded6,631

gout patients,of whom 1412were women. Theall causestandardizedmnortality ratio (95%

confidencenterval)was1.29(1.21-1.37jor menand1.70(1.53—-1.89jor women,the excess

mortality risk being particularly evident for renal, endocrine,metabolicand cardiovascular

diseases.
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Treatmentof gout

Severatrugsare effectivefor acuteattacks,includingoral colchicine pral non steroidalanti r
inflammatory drugs (NSAIDs)gcorticosteroids (intra articular, intramuscularor oral) and
intramuscularadrenalcorticotrophinhormone (ACTH).(TerkeltauRB010)Ice packsalsohelp

reducepainandinflammation.(Schlesingeat al., 2002)

For longterm managementthe treatment priority is to reduce SUAto below the critical
saturationpoint at which crystalsmay form, thus preventingfurther MSUcrystalformation
and dissolvingaway existingcrystals.(Terkeltaub2010) Onceall crystalsare removedthe
personwill have no further attacksand the risk of further joint damagedue to crystalsis
removed. Thereare two categoriesof effective urate lowering therapy (ULT),specifically
xanthine oxidase inhibitors and uricosuric drugs. The two xanthine oxidase inhibitors
allopurinolandfebuxostatarethe mainULT<o be usedin the UK the three uricosuricagents,
probenecid,benzbromaroneand sulphinpyrazonesuffering from only limited availability

whichrestrictstheir use.
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Acute attacksfrequently occur after initiation of ULTpossiblydue to partial dissolutionof

MSU crystals which encouragestheir “shedding” from cartilage into the joint cavity.

Prophylactictherapy with regular low dose colchicineor NSAIDfor the first few months

followinginitiation of ULTmayreducethe risk of acuteattacks.Thisapproachis effectivein

prevention of acute arthritis in 85% of patients.(Yuand Gutman, 1961) However, the

treatmentof patientswith goutis often suboptimalasevidentby the factthat only aminority

of patients(<25%pecomefree of goutattacks.(Mikulet al.,2005a Neogiet al.,2006,Roddy

etal.,2007c)

Inadditionto drugtreatment, other factorsarealsoimportantin managementThesdnclude

avoidanceof excessntake of alcohol (especiallybeer) and fructose containingbeverages.

Measuredo keepidealbodyweight,suchasdietarycaloricrestrictionandadequateexercise,

shouldbe encouragedLiberalwater consumptionmay enhancerenal urate clearanceand

prevent calculi. Effective treatment of comorbid hypertension, insulin resistance and

dyslipidaemiaalsoincreasesenalurate excretionandreducesSUA.

In 2006, EULARpublishedrecommendationsfor treatment of gout, (Zhanget al., 2006a)

which proposed12 recommendationsin brief, the recommendationssuggestedhat gout

53



should be treated by both nonpharmacologicand pharmacologicmeans, and patient

educationandlifestyleadviceare coreconceptsof individualisednanagementin additionto

goutitself, comorbiditiesassociatedvith gout shouldalsobe managedForacutetreatment,

colchicine,NSAIDand joint aspirationwith corticosteroidinjection are effective measures.

Allopurinolis the appropriatefirst fine urate toweringtreatment while uricosuricagentscan

serveasan alternative. Thetreatment goalis to maintainthe SUAlevelsbelow 360 umol/L.

Colchicineand NSAIDcan be usedasa prophylaxisand if possible,stop diuretic treatment

anduselosartan,whichhasa modesturicosuricaction,to treat hypertensioninstead.
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Epidemiologicatesearchbasedon administrative databases

Administrativedatabasescontain secondarydata derivedfrom the runningof a health care
system. Theyrecord the "activities" incurred when enroleesseek medical care, such as
registration, diagnosestreatments, medication dispensing paying claims,reimbursement
andsurveillanceTherefore,administrativedatabaseoffer a unique opportunity for medical

research.

Thereareseveraimportantadvantage®f researchbasedon anadministrativedatabaseThe
most obvious one is the large number of people available for study. Indeed, some
administrativedatabasessuchasthe NationalHealthinsuranceResearcibatabasen Taiwan
alongwith linked health and socialcare databaseswvhich link the entire populationof some
Scandinaviarountries,containdata on the entire populationof a country. In addition, the
data are obtained in a "natural" environment, rather than in specialisedsettingsso avoid
selection bias. Sincethe data accumulateover time, longitudinal tracking of people is
possible Linkingof the databaseo other resourcessuchasmortality registration,enrichthe

dataset.Finally,accesso the datafor researchisrelativelyinexpensive.(lezzorn2003)
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However there arealsoseveralimitations.Firstly the contentsof anadministrativedatabase

are limited to the population and medical servicescovered. Secondly,the accuracy,

completenesa&ndclinicalinterpretation of diagnosticcodesare often questionable Sincethe

diagnosisis often coded accordingto an existing scheme, such as the International

Classificatiomf Disease$lCD)ystemor the Readsystem rare or noveldiseasesnaynot be

correctly classified.Many administrative databasesare created to facilitate claims and

reimbursementbasedon certain diagnosesThereforethe diagnosesmay be influencedby

the financial incentive. As the data are enormous in most administrative databases,

specialisedexpertise is required to interrogate the database and derive meaningful

results.(lezzonk003)
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Summary

Goutisthe mostcommonform of inflammatoryarthritis andwith the agingof the population
the prevalenceandincidenceof gout are expectedto rise.Increasingvidencedemonstrates
that gout is not limited to joint manifestations,but also associateswith many medical
conditionsthat may affect generalhealth and longevity. Thisstudy aimedto investigatethe
epidemiologyof gout, specifically:;prevalenceand incidence;risk factors, includingfamilial
risk; and associationsand consequence®f comorbiditiesusingtwo health care databases
representativeof the generalpopulation in the UK and Taiwan:the UK GeneralPractice
ResearctDatabasg GPRDnow ClinicalPracticeResearciDatalink CPRDand the National

HealthInsuranceDatabasgNHID)n Taiwan.

Structureof this thesis

Thisthesisdiscusseshe epidemiologyof gout in the UKand Taiwan.The contentsof each

chapterare briefly summarisedn the following paragraphs.

Chapter 2 describesmethods common to all chapters, including more details of both

databasescasedefinitionsof gout and other diseasestudiedin this thesis,identification of
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medications, risk measures,incidence and prevalenceand methods of standardisation.

Specifianethodsare describedn relevantchapters.

Chapter3 reportsthe useof the CPRo investigateprevalencejncidenceand management

of gout in primary carein the UK. Thisstudy presentsdetailed estimatesin 2012 and also

trendsof estimatesfrom 1997to 2012.

Chapter 4 reports the use of the NHIRDto study the epidemiology of gout and its

managementin Taiwanfrom 2005to 2010. Thisstudy reports prevalence,incidenceand

managemenbf goutin Taiwan.

Chapter5 investigatesthe nature history of gout after the diagnosisof the diseaseand

estimatesthe cumulativeprobability of fulfilling eligibility for ULT.

Chapter6 investigatesthe nature of familial aggregationof gout and the partitioning of

phenotypicvariation.Thisstudyisthe first to estimateheritability of gout,andenvironmental

contributionto gout susceptibilityon a nationwidebasis.

58



Chapter7 estimatesthe burden of comorbiditiesin incident gout patients at diagnosisand

alsoestimatesthe relativerisk of all causemortality in gout patientscomparedto non gout

controls.

Chapter8 investigateghe effectsof allopurinolon all causemortality usingthe CPRD.

Chapter9 isthe generaldiscussiorsummarisinghis thesiswith implicationsof findingsand

future researchquestions.
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Methods

Ethicalapproval

Thestudywasapprovedby the Institutional ReviewBoardof ChangGungMemorialHospital
(CGMH,approval number: 97 4564C)and the National Health Researchinstitute (NHRI;
approvalnumber: 10092),the data holder of the NationalHealthInsurance(NHI)Research
DatabaséNHIRD)Theapprovalgrantlegitimacyandaccess$o researchbasedonthe NHIRD.
Currently,accesgo datafrom the NHIROs permitted to estimateprevalenceandincidence
of goutin Taiwan,to identify risk factorsand comorbiditiesassociatedvith gout, to explore
the relationshipsbetween gout and comorbidities,and to construct a user friendly risk
assessmergcoringsystemto assisigeneralpractitionersandspecialistsn earlyidentification

of thoseat risk of poor prognosisn an easyand straightforwardfashion.

Approvalwasalsoobtained from the IndependentScientificAdvisoryCommittee (ISACJor
conductingresearchusingthe UKCPROprotocolnumber: 11 021). Theapprovalgrantsthe
legitimacyto conductresearchusingthe CPRDo comparethe differencesbetweenthe UK
and Taiwanin terms of incidence,outcomesand associatedrisk factors, to develop and

validate risk prediction modelsof gout and its adverseoutcomes,includingcardiovascular
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diseaseqCV)and chronickidneydisease(CKD)}nd to examinewhether gout is negatively
relatedto neurodegenerativeonditionssuchasParkinson'sliseasedementiaand multiple
sclerosisEthicalapprovalfor the useof the CPRIvasobtainedthroughthe TentMulti centre

ResearclithicsCommittee(Referencenumber05/MRE04/87).

Funding

The study of this thesis is jointly funded by two projects: Prediction of cardiovascular
outcomesamonggout patients:a populationstudybasedon the NationallnsuranceResearch
Databaseand General Practice ResearchDatabase,which is sponsoredby ChangGung
Memorial Hospital (CGMH)and Constructionof predictive model for prognosisof gout
patients:usingthe NationalHealthInsurancedatabaseandthe UKCPRDQvhichis sponsored
by the National ScienceCouncil (NSC)of Taiwan. The original protocols of the ethical
approvalsand submissiongo IndependentScientificAdvisoryCommittee (ISAC)National

HealthResearchnstitute (NHRI)CGMHand NSGare availableuponrequest.
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Datasources

ClinicalPracticeResearctDatalink

TheCPRUDs one of the largestelectronichealth caredatabasesand probablythe mostcited.
Initially calledthe ValueAddedMedicalProducty VAMPYesearchdatabank t wasstartedin
1987 for researchbasedon data generatedby general practitioners using an electronic
medicalrecord. Almostthe entire UK populationis coveredby the NationalHealth Service
(NHS)and generalpractitionersare the primary gatekeeperdo the whole medicalservice.

Datawithin the CPRDhereforeis representativeof the UKpopulation.

The CPRIxoversthe population of the UK, with the primary care componentof the data
previouslyrecognisedsthe GeneraPracticeResearciDatabas€ GPRD)However currently
only patients from selectedpracticeshave data linked to externalsources.The name was
changedio CPRDo reflect linkageof data from other health caredomainsnot containedin
the original GPRDTherefore the CPR[providesaccesgo multi tinkedlongitudinaldatathat

mayenhancehealth careresearch(website:www.cprd.con).
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Contentsof CPRD

CPR[xontainsdata includingdiagnosessymptoms life style factors, prescribingreferrals,

tests, immunisations, information on medical staffs, health promotion activities,

managementand quality outcome framework indicators. Vision software is an electronic

systemfor generalpractitionersto managepatients,whichrecordsinformation primarily as

"events". After collection of data, internal checks are performed to ensure internal

consistencyof patient data, completelongitudinalrecords,completepracticeleveldataand

compliancewith CPRDecordingguidelines.The CPRIprovidesa web basedportal to the

databaseanddedicatedresearchtoolsto facilitate extractionof datafor research.

In September2011the CPRIZontaineddataon 13,071,713atientsand for 88.1%of these

the data were consideredacceptablefor researchfollowing internal quality control. There

were 5,119,066peopleregisteredin the CPRDN 2010who fulfilled standardquality criteria

(8.21%0f the UKpopulation).Overl.1billion recordsof consultationdrom 632 practicesare

available.With sucha large amount of patient data and good representationof the UK

population,the CPRprovidesan excellentopportunity for researchin areassuchasclinical

researchplanning, drug utilization, studies of treatment patterns, clinical epidemiology,
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diseasepatterns, diseasemanagement,outcomesresearch,drug safety, health outcomes,

pharmacoeconomicsand healthserviceplanning.

ExternalLinkages

In additionto its core databasethe CPRRlsoprovidesexternallinkageto other databases,

including Hospital EpisodeStatistic (HES) CancerRegistry,Myocardial IschaemiaNational

Audit Project(MINAP) mother baby link, national joint registry, socioeconomicstatusand

Office for National Statistics(ONS)mortality data, which greatly extendsthe scope for

potential researchimportantly,theselinkagesare not availablefor all enroleesof the CPRD.

Forinstance,ONSmortality dataand HESare only availablefor Englistpractices.

Structureof CPRD

The structure of the CPRDis roughly divided into registration data, which records

demographicsof enrolees, medical staffs and practices,and clinical data, which records

extensiveclinicalinformation on consultation,diagnoseslaboratorytest/examinationdata,

referral details,immunisationand therapy.Descriptionsof the CPRDBtructure are shownin

the followingtable.

64



Table2 1 Contentsof datafilesin CPRD

Datafiles Contents

Registratiorfiles

Patient Patientidentifier, birth yearand month, marital status,family number, Childhealth registrationdetails,socioeconomictatus,registrationdetails,death
date

Practice Practiceidentifier, region,datacollectiondetails

Staff Staffidentifier, staff gender,staff role

Clinicaldatafiles

Consultation Patientidentifier, eventdate, consultationtype, consultationidentifier

Clinical Patientidentifier, eventdate, consultationidentifier, medicalcode.additionalidentifier

Additional Patient identifier, additional detail identifier, additional data including life styles, diseaseregisters, maternity, asthma data, elderly, Child health
surveillancecardiovasculaand diabetesdata, diagnostidmaging

Referral Patientidentifier, consultationidentifier, medicalcode,referraltype, urgency

Immunisation Patientidentifier, eventdate, medicalcode,immunisationdetails

Tests Patientidentifier, eventdate, medicalcode,test data

Therapy Patientidentifier, eventdate, consultationidentifier, detailsof prescription
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Diagnosticcodesand validations

Initially, diagnosesvere basedon the OxfordMedicallnformation system(OXMIShut after
1995thiswasreplacedby the Readcodingsystem.Thevalidityandcompletenes®fthe CPRD
havebeenevaluatedbefore,with satisfactoryresults.(Herrettet al., 2010,Lewiset al., 2002,
Khanet al., 2010a,Jicket al., 2003) A recent systematicreview reported that the median

percentageof casesconfirmedby validationwas89%(334.00%).(Herretet al., 2010)

HESecordeddataregardinghospitaladmissionsThecodingsystemfor diagnosishowever,
is ICDA.0, rather than Readcodingsystem.Proceduresand operationsare codedby OPCS
Classificatiomf Interventionsand Procedures/ersion4. Importantly, 87%of diagnosegrom

secondarycarespecialistsvere captured.(Herrettet al., 2010)

Strengthandlimitations

The CPRDs broadlyrepresentativeof the generalpopulation of UKand makespopulationr
basedstudiesfeasible Internalauditsthat excludepatientswith non continuousfollow up or
poorrecordingthat questionghe validity of the patient’'srecord,maintainsdataquality. With
approval,investigatorscan obtain accessto original medicalrecordsand contact GPsfor
additional questionnairesurveysof enrolled individuals. The CPRDs a powerful tool to
investigate epidemiology. Other strengths include the availability of laboratory and
examinationresultsdata, multiple externallinkage andhighrecordingrate of secondarycare

eventsin GPrecords.
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TheCPRDasseveralimitations. Socioeconomicdata, suchasoccupationandemployment,
are generallylimited. However,recent externallinkageto a Townsendscore,an index of
deprivation,helpsto compensatefor this. The CPRDecordseventswithin GeneralPractice
but informationon hospitaleventsmaynot be socomplete. Theadditionof HESelps,though
thisislimited to datafrom EnglandandWalesIn addition,test resultsmayalsobeincomplete
prior to 2002.With the HESinked practicesthere are accuratedatesof hospitaladmission
anddischargeThesizeand complexityof the CPRDequirestechnicalexpertise.Thecostof

the databasas alsoaburdenfor researchers.(Strorand Kimmel,2006)

NationalHealth Insurance(NHI)ResearciDatabasgNHIRD)

Sincel995, Taiwanhasa singlepayernationwidehealthinsuranceschemethat aimsto cover
the entire population.At the endof 2010,there were 23,074,48itizensenrolledin the NHI,
whichisequivalentto over99.7%of the populationin Taiwan(basedonthe report from BNHI,
Bureauof NationalHealthInsurancewebsite:http://www.nhi.gov.tw/). TheNHIRDcontains
registration information and data on original claims for reimbursement, including
comprehensiveinformation on demographics,dates of clinical visits, diagnostic codes,

medicalexpenditure, anddetailsof prescriptions examinationsand procedures.

Contentsof NHIRD

BNHicollectdata from the NHIeveryyear, which are then anonymisedo form the original

filesof the NHIRDThedataare organisednto registrationfilesandoriginalclaimsdata. The
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registrationfiles containdemographiadata of beneficiariesa registryof catastrophidllness

and details of medicalfacilities, medicalpersonneland drug prescriptions.Originalclaims

data includeclaimssummariedor inpatient and ambulatorycare,expenditurespordersand

dispensingdetails. The contentsof eachfile is summarisedn Table2 2. (Datadescriptions

andcodesare availablefrom the NHIRDwvebsite:http://nhird.nhri.org.tw/en/index.htm).

Table2 2 Contentsof datafilesin NHIRD

Datafiles  Description Keyvariables
Registratiorfiles
BED Registryfor contractedbeds Hosp_idFacilityidentification
Bed_typeggradingandtypesof beds
uUdd_levelgradingof intensivecareunit
DETA Registryfor contractedspecialty Hosp_id:Facilityidentification
services Func_typesubspecialtiegprovided
HOSB Registryfor contractedmedical  Hosp_id:Facilityidentification
facilities Hosp_type_idcontracttype
Hosp_grad_idgradingtype
HOSX Supplementaryegistryfor Hosp_idFacilityidentification
contractedmedicalfacilities X01:haveoutpatient service
X02:haveinpatientservice
X03:havehaemodialysiservice
DOC Registryfor board certified Prsn_id:Specialistdentification
specialists Prov_type_idsubspecialty
PER Registryfor medicalpersonnel Prsn_id:Specialistdentification
Work_statuscurrentworkingcondition
Work_placeworkingplace
Prsn_typetypesof medicalpersonnel
HV Registryfor catastrophidllness  Id: Holderidentification
patients Dise_desadiagnose®f catastrophidllness
Id_birthday:birthday
Id_sexgender
HOX Registryfor medicalservices Hosp_idFacilityidentification
Hosp_servisce_codservicesprovided
DRUG Registryfor drug prescriptions Drug_id:drugidentification
Drug_namegenericname
Drcon_namesubstancename
Dose_namedosetype, packaging
ID Registryfor beneficiaries Id: Beneficiaryjidentification

Ins_id:insurantidentification
Id_birthday:date of birth
Id_sexgender
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Ins_relationrelationshipto insurant
Reg_zip_codelaceof residence(postcode)
Unit_ins_typeunit of insurance(work place)
Ins_amtiinsuranceamount

Originalclaimsdata

DT Monthly claimsummaryfor Facility identification, summariesof hospitalisedcases
inpatientclaims andamountof paymentby typesof reimbursement
CT Monthly claimsummaryfor Facility identification, summariesof outpatient cases
ambulatorycareclaims andamountof paymentby typesof reimbursement
DD Inpatientexpendituresby Id: patientidentification
admissions Hosp_idfacility identification
Func_typesubspecialty
In_date/out_date:date of admissioranddischarge
Prsn_idresponsiblephysiciaridentification
Tran_codeputcomecode
Icd9cm_coddcd9cm_code_1/2/3/4diagnosisode
Icd_op_coddcd_op_code_1/2/3/4pperationcode
* amt: varioustypesof feesincurred
DO Detailsof inpatientorders Seq_noinpatientvisitidentification
Order_type:ordertype
Order_codeprocedurecode
CD Ambulatorycareexpenditures Id: identification
by visits Cure_item_nol/2/3/4treatment code
Func_typesubspecialty
Acode_icd_1/2/3diagnosis
* amt: varioustypesof feesincurred
(o]e] Detailsof ambulatorycare Seq_nobputpatient visitidentification
orders Order_type:ordertype
Drug_no:drugcode
Drug_usedosinginformation
GD Expendituredor prescriptions Id: Patientidentification
dispensedat contracted Hosp_idfacility identification
pharmacies Prsn_id:orderingphysicianidentification
Phar_id:dispensingpharmacistidentification
Drug_amt:amountof reimbursement
GO Detailsof prescriptions Seq_noSequencaumberof prescription

dispensedat contracted
pharmacies

Drug_no:drugcode
Drug_usedosingfrequency
Total_gty:quantity

Linkageof NHIRD

Forclinicalresearchthe mostimportant datafiles are ambulatoryexpendituredy visits(CD)
and Inpatient expendituresby admissions(DD), which record data on ambulatory and

inpatient care.Both data files contain medicaldiagnosticand surgicalcodesof ambulatory
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visitsor hospitalisationHowever specificprescriptionsn outpatientclinicsandtreatmentin
hospitalarerecordedin OOand DOfiles, respectively Therefore linkingCDto OOand DDto

DOfilesis necessaryor treatment prientated studies.

Thesdfilesarelinkedby a setof variables AsDOand OCOfilesarerecordedin arow per event
format, no personalidentificationis availablefor linking. Therefore a setof 6 variableqtable
2 B) are necessaryo link CDto OO,DDto DOor GDto GOfiles. Otherthan these 3 setsof
lineagesJinkagebetweenother datasetsonly require personalor hospitalidentification. To
obtain complete demographicdata, linking to an ID file is required, using personal

identificationassolelinkingvariable.
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Table2 8 Contentsof datafilesin NHIRD

Linking Description
variables
LinkingCDto OO,DDto DOor GDto GO

Fee ym Feeoccurringyearand month of the outpatient, inpatientor pharmacy
events

Hosp_id Hospitalidentification

Appl_type Applicationtype

Appl_date Applicationdate

Case_type Classificatiorof the outpatient, inpatient or pharmacyeventsfor
administrativepurpose

Seq_no Sequencenaumberfor successiveecordsbelongingto the sameevents

Otherlinkage
Hosp_id Hospitalidentification
ID Personaldentification
Otherspecialdatasets

Other data files are briefly discussed.GD and GO files contain details of prescriptions
dispensedat pharmacies.DT and CTfiles contain monthly summariesof ambulatory and
inpatient claimsfor eachmedicalfacility. Variousregistrationfiles (HOSBHOSXHOX,and
DETA)xontaininformation regardingsubspecialtiesmedicalservices gradingand contract
status of medical facilities. Registriesof medical personnel and subspecialistscontain

information of the licencepracticestatusof medicalprofessionals.

UnderNHI,insuredcitizenswho sufferfrom major diseasewill receivea catastrophidliness
certificate,whichwaivesoutpatient and inpatient co payments.Theissuanceof a certificate
requiresa formal review by the Bureauof NationalHealthInsuranceln situ carcinomawas

not included as these diseasesdo not qualify for a catastrophicillness certificate. The
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catastrophicilinessesdefined by NHI include cancers,congenitaldiseasesand congenital
anomalies such as haemophilia, chronic kidney disease requiring renal replacement
treatment, systemicautoimmune disease,chronic psychiatricdiseasesmetabolic, those
receiving organ transplantation, paralytic syndromes, major trauma, respiratory failure
requiring mechanicalventilation, severemalnutrition due to enterectomy,decompression
sickness, immunodeficiencies, several occupational diseases such as coal workers'
pneumoconiosis, cerebrovascular diseases, leprosy, decompensated liver cirrhosis,
complicationdueto prematurity,arsenidantoxication,motor neurondiseaseand Creutzfeldtr

Jakohdiseases.

Differentsetsof data: samplingfilesand packagesf specialinterests

Becausef the extremelylargevolumeof datacollected,the authoritiesthat administerthe
NHIRDhave releasedrandomly sampleddatasets,referred to as the longitudinal health
insurancedatabase(LHID){o reducethe complexityfor research.Thesamplingwasinitially
performedin year 2000 and then every 5 yearssamplingwas done to build a new cohort.

Currently there arethree LHIDsbasedon the samplingyear2000,2005and 2010.

LHIDscontain all the original claimsdata from 1,000,000beneficiariesvho were randomly
sampledfrom the respectiveyear Registryof Beneficiarieof the NHIRDwhere registration
data of everyonewho was a beneficiaryof the NHI during the period of Januarylst to

Decembei31% of the year.Allthe registrationandclaimsdatafor these1,000,000ndividuals

for the period from 1996to 2010were collectedand enteredinto the LHID.Therewere no
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significantdifferencesin the ageor sexdistributionsof patientsincludedin the LHIDandthe

originaINHIRCbasedon aninternalassessment.

In addition to three LHIDs there are also packagesof data retrieved from the original
databasebasedon specifictopics, for instance,cancer,Chineseherbal medicine,trauma,
catastrophidlinessanddiabetesmellitus. Thesepackage®f datamostlyretrieveddatafrom
CDfiles basedon specificdiagnosticcodes.Forspecialisedesearchneeds,investigatorscan

alsoprovidespecificcriteriafor bespokedatasets.

Strengthand limitations

The NHIRDhas severalstrengths.As the NHI coversthe entire population of Taiwan,the
NHIRDis a genuine nationwide databaseand the information recordedin the database
reflectsrealworld practicesin Taiwan.With dataof more than 27 million peoplesincel1996,
evena cohort of a rare diseasecan be establishedreadily. Also,diseasecharacteristicsaare
based on physiciandiagnosisrather than patient selfreport, thus improving diagnostic

validity.

There are also limitations to the NHIRD.The anonymisationof personal and hospital
identification makesexternal linkage to other databasesdifficult, if not impossible.The
databaseis basedon reimbursementfrom the NHI,therefore it doesnot containresultsof
specificlaboratory tests or examinations.n addition, only limited socioeconomidata are

availablewithin the database.Finally,the logisticsof researchutilisingthe NHIRDrequires
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experienceandvastcomputationalpower due to the hugeamountof dataandthe complex

structure.

Comparisorbetween CPR@xNd NHIRD

The CPRIand NHIRDcontaindata from millions of patients, both beingamongthe biggest
and most cited health researchdatabasesin the world. They are representativeof the
national populationsof the UK and Taiwan.However,there are key differencesthat are

importantwheninterpretingresultsfrom thesedatabases.

Firstly,the samplingunits are different. The CPRIxontainsdata from patientsin practices
which agreeto participate in. In the February2014 version of the CPRDthere are 680
participatingpractices.Table2 A showsthe numbersof participatingpracticesin 13 areasin
the UK.It is obviousthat the distribution of practicesis not evenacrosshe country.in 2012,
registered patients residingin England,Scotland,Walesand Northern Ireland comprised
78.71%,9.59%,8.81%and 2.89%r respectively.As shown in Table2 6, Englandis slightly
underrepresentedand Walesis overrepresentedcomparingwith mid year censusin 2012
accordingto Office of National Statistics.In addition, practicescanjoin or leavethe CPRD,
therefore the number of practicesin CPRDs not stableovertime. Briefly,the datain CPRD
reflect the geographicaldistribution of general practices.The samplingunit therefore is
“practice”. Onthe contrary,the NHIRDxontainsdatafrom nearlyall residentsin Taiwan(over

99%coveragerate). In the main databasethe datareflect essentiallythe entire population.
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Severabamplingdfiles are available gachcontainsone million peoplesampledin 2000,2005

and2010.Therefore thesesamplingunit in this instanceis “individual beneficiary”.

Table2 4 Numberof participatingpracticesand CPRDegisteredpatientsin 13 areasin the

UKin 2012.

Areas Number (%)of practices Number(%)of patients
North East 8(1.47) 106,345(1.65)
North West 67(12.29) 681,526(10.60)
Yorkshire& TheHumber 6(1.10) 64,159(1.00)
EastMidlands 5(0.92) 61,562(0.96)
WestMidlands 44(8.07) 549,184(8.54)
Eastof England 33(6.06) 450,858(7.01)
SouthWest 48(8.81) 663,119(10.31)
SouthCentral 52(9.54) 844,78%513.14)
London 80(14.68) 883,760(13.74)
SouthEastCoast 60(11.01) 718,161(11.17)
Northernlreland 21(3.85) 191,699(2.98)
Scotland 71(13.03) 633,869(9.86)
Wales 50(9.17) 581,301(9.04)
Total 545(100) 6,430,328100)
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Table2 5 Numberof participatingpracticesand CPRIregisteredpatientsin 13 areas

in the UKin 2013.

Number (%) of patients in  Number (%) of mid-year

Countries

CPRD in 2012 population in 2012
England 5165256 (78.71) 53107200 (83.97)
Scotland 629110 (9.59) 5299900 (8.34)
Wales 578232 (8.81) 3063800 (4.83)
Northern Ireland 189809 (2.89) 1814300 (2.86)
Total 6562407 (100) 63285200 (100)

Secondlythe primarypurposesof thesedatabasesre different, reflectingin the contentsof
the databasesTheCPRZontainsdatarecordedby the generalpractitioners,whichis more
clinically oriented and containslaboratory and examinationresults data. No data on fee
incurringduring a consultationis available.Thedatain the NHIRDare more administrative
oriented. The information on various kinds of incurred fees generated by medical staff
(physicians hurses, pharmacists,physicaltherapists and radiologistsetc.) as a result of
consultationsprocedurespperations Jaboratorytests,examinationandmedicationgsvery
detailed. Dataon diagnosispperationand medicationsare alsovery detailed becausethey
are an essentialpart of fee reimbursement.However,no data on resultsof laboratorytests

andexaminationsare available.
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Thirdly, the scopeof these databasess different. The CPRDOs essentiallya primary care
databasewith externallinkages.Thecoverageof the maindatabaseand linkageddiffer, with
the linkagesbeing more limited in coverage.For example, ONSmortality data, HESand
socioeconomicdata are limited to Englishpracticesconsentingto linkages.The NHIRD
containsdata from the entire health servicein Taiwan.Thisis becausethe NationalHealth
Insuranceis a singlepayersystemwith a mandatoryenrolment. Privatehealth servicesare
very limited in Taiwan.Therefore,the NHIRDcontainsdata in both primary and secondary
care.However,externallinkageto other databasesds difficult becausethe NationalHealth
Researchnstitute, the dataholder of the NHIRDdoesnot provideaccesdo other databases

andthe personalidentificationhasbeenencryptedto ensureconfidentiality.

Casdadefinition of gout

Theprimary casedefinition of gout usedin this thesisis occurrenceof at leastone physician
recordeddiagnosisof gout (NHIRDinternational Classificatiorof DiseasesNinth Revision
[ICDB8] code:274.x;CPRDxeferto Table2 6).In CPRDReadcordswere usedto identify gout
patients.SincesomeReadcodesapparentlyindicateprevalentgout (suchashistory of gout),
only 18 codesfor incidentgout identificationwere usedin additionto 39 codesfor prevalent
gout identification (see table 2 8). The casedefinition has been validated in a previous
study.(Meierand Jick,1997) Meier et al reviewedmedicalrecordsand laboratoryresultsof
10 confirmed gout patients (with recorded diagnosis,elevated serum urate and drug

treatment)and28 probablegout patients(with recordeddiagnosesnddrugtreatment) gout
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patientsandascertainedLOout of 10 confirmedcasesand 24 out of probablecasedo betrue

gout patients(overallpositivepredictivevalue90%).

Theprimary casedefinitionsusedin this studyare basedon physiciandiagnosisyhichmay
leadto misclassificatiofbias.Despitegoutisrelativelyeasyto diagnosedueto its very
characteristiaclinicalpresentation the confirmationof gout diagnosisstill rely on the
demonstrationof MSUcrystalsin the synovialfluid of patients.Alternatively,there are two
setsof classificatiorcriteriathat havebeenvalidatedbefore.(Wallaceet al., 1977)(Kellgren
JH,1963)However,both CPR2NdNHIRDIo not containnecessarynformationto apply
suchclassificatiorcriteria. Therefore two alternativedefinitionswere used:(1) physician
diagnosigplusthe receiptof non steroid anti nflammatorydrugs,corticosteroidor goutr
specifictreatment (colchicine penzbromaroneallopurinol,probenecid sulphinpyrazonepr
(2) gout specificdrugsat either an outpatient or emergencydepartment. Thesetwo
alternativecasedefinitionsare more conservativahan primarydiagnosisThereforea lower
prevalenceandincidenceof gout basedon alternativecasedefinitionsis expected.
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Table2 6 Readcodesto identify prevalentandincidentcasesof gout

Readcodes  Description Prevalent ineident
definition definition

1443 H/O: gout +

6691 Initial gout assessment +

6692 Followup goutassessment +

6693 Jointsgout affected + +
6695 Dategouttreatment started +

6696 Dateof lastgoutattack +

6697 Goutassociategroblems +

6698 Goutdrugsideeffects +

6699 Gouttreatment changed +

669..00 Goutmonitoring +

669A.00 Dategouttreatment stopped +

669Z.00 GoutmonitoringNOS +

C34..00 Gout + +
C340.00 Goutyarthropathy + +
C341.00 Goutynephropathy + +
C341z00 GoutynephropathyNOS + +
C342.00 Idiopathicgout + +
C345.00 Goutdueto impairmentof renalfunction + +
C34y.00 Otherspecifiedgouty manifestation + +
C34y000 Goutytophi of ear + +
C34y100 Goutytophi of heart + +
C34y200 Goutytophi of other sites + +
C34y300 Goutyiritis + +
C34y400 Goutyneuritis + +
C34y500 Goutytophi of hand + +
C34yz00 Otherspecifiedgouty manifestationNOS + +
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C34z.00 GoutNOS + +

G557300 Goutytophi of heart + +
N023.00 Goutyarthritis + +
N023100 Goutyarthritis of the shoulderregion + +
N023200 Goutyarthritis of the upperarm + +
N023300 Goutyarthritis of the forearm + +
N023400 Goutyarthritis of the hand + +
N023600 Goutyarthritis of the lower leg + +
N023700 Goutyarthritis of the ankleandfoot + +
NO023800 Goutyarthritis of toe + +
N023x00 Goutyarthritis of multiple sites + +
NO023y00 Goutyarthritis of other specifiedsite + +
N023z00 Goutyarthritis NOS + +

Casdadefinition of comorbidities

Thedefinition of comorbiditieswill be statedon anindividualstudybasis Herel providecase

definitionsfor cardiovascularelated comorbidities.

Forthe NHIRDthe complete outpatient recordsdatabasewas screenedfor patients who
required2 or more treatmentsfor DM (ICD® code:250),hypertension(ICDcode: 401 A05),
coronaryheart disease(CHD;ICD® code:411A14), or stroke (ICD® code: 430#438). Since
end stagerenal disease(ESRDjequiring renal replacementtherapy necessitateghat the
patient is issueda catastrophicillnesscertificate in Taiwan,ESRpatients were defined by
linkingthe maindatabaseo catastrophidllnessregistry.Thespecificcodelistis shownin the

table 2 4.
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Table2 i7 Specificcodelist for cardiovasculacomorbiditiesin NHIRD

ICDB code Category Description

Ischemicstroke
433 Cerebrovasculadisease Occlusiorandstenosisof pre cerebralarteries
434 (430438) Occlusiorof cerebralarteries
435 Transientcerebralischemia
436 Acute,but ill defined, cerebrovasculadisease
437 Otherandill definedcerebrovasculadisease
438 Lateeffectsof cerebrovasculadisease

Coronanheartdisease

410 Ischemicheartdiseasg410r Acutemyocardialinfarction

411 414) Otheracuteand subacuteformsof ischemicheart disease
412 Oldmyocardiaiinfarction

413 Anginapectoris

414 Otherformsof chronicischemicheart disease

Hypertension

401 Hypertensivadiseasg401r Essentiahypertension
402 405) Hypertensiveheart disease
403 Hypertensivechronickidneydisease
404 Hypertensiveneart and chronickidneydisease
405 Secondanhypertension
Diabeteamellitus
250 Diseasesf otherendocrine  Diabeteamellitus
glands(249£59)
Hyperlipidaemia
2720 Disordersof lipoid Purehypercholesterolemia
2721 metabolism(272) Purehyperglyceridaemia
2722 Mixed hyperlipidaemia
2723 Hyperchylomicronaemia
2724 Otherandunspecifiedhyperlipideamia
Chronickidneydisease/ESRD
585 Nepbhritis,nephrotic ChronickidneydiseasgCKD)
syndromeandnephrosis Endstage renal disease (if with catastrophic illness
(580689) certificate)
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Forthe CPRDthe codelist for important comorbiditiesis obtainedusingthe medicalbrowser
providedby the CPRDnterface.A further refinementis necessarynda consultationof code
list from previouslypublishedCPRIbasedpaperis undertakenif possible. Someimportant
comorbiditycodelist basedon the resultsfrom the medicalbrowserislistedin table 2 8. Full

codelistsusedin the subsequenthaptersare availableon request.

Table2 B Specificcodelist for cardiovasculacomorbiditiesin CPRD

Medcode Readcode Readterm

Ischemicstroke

28753 90mO0.00 Stroke/transientischaemiattackmonitoringfirst letter
34245 90m1.00 Stroke/transientischaemiattackmonitoring secondetter
13707 8HBJ.00 Stroke/ transientischaemiattackreferral

34375 90m2.00 Stroke/transientischaemiattackmonitoringthird letter
31218 90m..00 Stroke/transientischaemiattackmonitoringadministration
51465 90m3.00 Stroke/transientischaemiattackmonitoring verbalinvitation

89913 90m4.00 Stroke/transientischaemiattackmonitoringtelephoneinvitation

Coronaryheart disease(includingAMI)

240 G3...00 Ischaemideartdisease

241 G30..00 Acutemyocardialinfarction

1792 G3...13 IHD fschaemideartdisease

14658 G30z.00 AcutemyocardialinfarctionNOS

1677 G30..15 MI ecutemyocardialinfarction

10562 G307100 Acutenon STsegmentelevationmyocardialinfarction
1676 G3z..00 IschaemiheartdiseaseNOS

1678 G308.00 Inferior myocardialinfarctionNOS

4017 G32..00 Oldmyocardiaiinfarction

12229 G30X000 AcuteSTsegmentelevationmyocardialinfarction
14897 G301z00 AnteriormyocardialinfarctionNOS

5387 G301.00 Otherspecifiedanterior myocardialinfarction
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28138 G34..00 Otherchronicischaemiceartdisease
22383 G3y..00 Otherspecifiedischaemideart disease
23892 G304.00 PosteriormyocardialinfarctionNOS
14898 G305.00 LateralmyocardialinfarctionNOS
15754 G34z.00 OtherchronicischaemideartdiseaseNOS
Hypertension
799 G20..00 Essentiahypertension
Diabetes
711 90L..00 Diabetesmellitus
Hyperlipidemia
637 C324.00 HyperlipidaemiadNOS
5791 C322.00 Mixed hyperlipidaemia
95952 (C328.00 Dyslipidaemia
26019 C320200 HyperlipidaemiagroupA
Chronickidneydisease
12566 1Z12.00 Chronickidneydiseasestage3
12586 1711.00 Chronickidneydiseasestage2
12479 1713.00 Chronickidneydiseasestage4
29013 1Z710.00 Chronickidneydiseasestagel
95123 171C.00 Chronickidneydiseasestage3 without proteinuria
94965 1715.00 Chronickidneydiseasestage3A
12585 1714.00 Chronickidneydiseasestageb
95175 1Z1E.00 Chronickidneydiseasestage3Awithout proteinuria
95179 1716.00 Chronickidneydiseasestage3B
95177 1Z1G.00 Chronickidneydiseasestage3Bwithout proteinuria
94793 1Z1B.00 Chronickidneydiseasestage3 with proteinuria
95121 171A.00 Chronickidneydiseasestage? without proteinuria
95406 121J.00 Chronickidneydiseasestage4 without proteinuria
95408 1Z1D.00 Chronickidneydiseasestage3Awith proteinuria
95122 171H.00 Chronickidneydiseasestage4 with proteinuria
95178 1Z1F.00 Chronickidneydiseasestage3Bwith proteinuria
95146 1219.00 Chronickidneydiseasestage?2 with proteinuria
95508 1Z1K.00 Chronickidneydiseasestageb with proteinuria
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95572 1718.00 Chronickidneydiseasestagel without proteinuria
94789 1717.00 Chronickidneydiseasestagel with proteinuria
95405 171L.00 Chronickidneydiseasestageb without proteinuria
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Medicationidentification in the CPRENd NHIRD

The most important medicationsused by gout patients are ULT (allopurinol, febuxostat,
benzbromarone,sulphinpyrazone and probenecid)and colchicine.The specific codes of

thesedrugsare listedin the appendix.

Identification of kinshipsand ascertainmentof family

The definition of a family in this study was a cluster of individualswho were first degree
relatives (father, mother, son, daughter, brother, and sister) or who have at least one
common relative linked to their first degree relatives. The NHIRDprovides relationship
identification betweenthe insuredand their dependents.Thedirect relationshipsrecorded
in the NHIRDnNncludespouse parent, offspring,paternaland maternalgrand parents,grandr
children,greatgrandparentand greatgrandchildren.Forsimplicity,spouse parent, grandr

parent, offspringandgrandchildrenwere usedto identify the linksbetweenindividuals.

It is important to note that the relationshipbetweenthe insuredand the dependentsmay
changeovertime. Forinstance childrenmayregisterindependentlyafter they havejobsand
they may also serveasthe insuredoncethey are married and have children. Theregistry
updatesannually. Tomaximisethe possibilityof relationshipidentification,all the relationship
recordedin the NHIRDbetween1996and 2010were utilised. Duringthe period, there were
28,402,865individualsregisteredwith the NHI. The registry recorded 16,761,602pairs of

directrelationships.
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Thefirst step in the identification of kinshipis to ascertainparent offspring relationships.
Direct parenthoodwas recordedin the registry. Indirect identification of parentoffspring
relationshipisalsopossible Aparent offspringrelationshipexistsbetweengrandparentsand
parentsif paternal/maternalgrandparents and father/mother of an individual registered
with him/herselftogether. Offspringwere alsorecordedin the registry.If one’sspouseand
offspring registeredwith him/her, a parentpffspring relationshipalso exist between one’s
spouseand offspring.If anindividualmarriedmore than once,the registrationtime of one’s
spouseand offspring should be in the sameperiod in order to establishparentoffspring
relationship. Grandparents of an individual were identified as parents of the individual's
parents. Grandchildren of an individual were identified as children of the individual's
children. After considerationof all the aforementionedscenariosthere were 18,695,180

pairsof parentpffspringrelationships.

Thenextstepisto ascertainsiblingsof anindividual. Theidentificationof siblingswasbased
on sharingone or more common parents. In this study half siblingswere not examined
although identification of half siblingsis possible.Only spousesfrom first marriageswere
used to construct a family. Cousinsof an individual were identified as children of the
individual'ssibling.If a coupledid not have offspring,they were not assignedo the same

family becausethey were not relatedbasedon a commonbloodrelative.

Toassignrelated individualsinto one family, everyonewastreated asthe probandto build

the core family. The definition of a core family included parents, offspring, siblings,grandr
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parents,grandchildrenand cousins All the individualidentificationswere linkedtogetherto
form arecord. Forsiblingsanddescendantsyp to 5 memberswereincludedas99.9%of the

Taiwanesdamily hadlessthan or equalto 5 children.

Next, a temporary family numberwas givento eachrecord (one to around 28 million). All
personalidentificationswith the sametemporaryfamily numberwere extractedandformed
a 2 variabledataset(personalidentification and temporary family number). Oneindividual
mayhavemultiple temporaryfamily numbersbecauseone mayservemanydifferent rolesin
relationto other people.Fora givenindividualwith multiple temporaryfamily numbers,the
smallesttemporary family number was chosen. This processwas iterated until all the
individualshad only one temporaryfamily number.Afinal family identificationwasassigned

to eachrecordbasedon the lasttemporaryfamily number.

Among28,402,865ndividualscontainedin the registryof beneficiaries8,186,06Yegistered
with themselvesover a spanof 15 years. The remaining20,216,796were classifiedinto
4,229,301families. Themeanfamily sizewas4.8 personsand the largestfamiliescontained

1l44members.Therewere 2 to 5 generationsn thesefamilies.

Populationstructuresin the UKand Taiwan

Thisthesis investigatedgout epidemiologyin the UK and Taiwan.To make epidemiology
estimatesmore relevant, a brief understandingof the population structure is needed.The

populationpyramidrepresentshe breakdownof the populationby genderandageat agiven
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point in time. In Figure2 4., population pyramids,usingthe sourcepopulationsof the CPRD
and NHIRDare shownin 4 time points. It is obviousthat the population structure is more

stablein the UK,while the populationstructurein Taiwanis rapidlyaging.
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Figure2 1 Comparisonof population structure in absolutenumber between UK and Taiwanduring 1995to 2010 (a) 1995in UKand 1996 in

Taiwan;(b) 2000;(c) 2005;(d) 2010in UKand 2009in Taiwan.
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Risingburden of gout in the UKbut continuingsuboptimal

management:a nationwide population study

Introduction

Gout is the most common inflammatory arthritis with a diverse spectrum of clinical
manifestations.In addition to recurrent acute arthritis, subcutaneoustophi and chronic
painfularthritis, (Zhanget al., 2006b)it alsohasanimpacton morbidity (Abbottet al., 1988,
Krishnaret al.,2006,Sheaneand Cunnane2007)andprematuremortality.(Choiand Curhan,
2007, Krishnanet al., 2008, Kuo et al., 2010a) Gout results from the deposition of
monosodiumurate (MSU) crystal in peripheral joints and soft issuesdue to persistent
elevationof uric acidlevelsabovethe saturationpoint for crystaldeposition.Effectiveurate r
loweringtreatment (ULTYhat maintainsuric acidbelowthis criticallevelwill preventfurther
MSUcrystalformation anddissolveawayexistingcrystals,(Terkeltaul2010)makinggout the
only chronicarthritis that canbe ‘cured’. However studiesshowthat only a minority of gout
patientsreceiveeffective treatment, the majority continuingto experiencerecurrentacute
attacks,further joint damageand other complications.(Chiet al.,1999,Mikulset al.,2005a,

Neogiet al.,2006,Roddyet al.,2007c)

In the United Kingdom,severalstudies have estimated the prevalenceof gout sincethe
1970’s.(Badlegt al.,1978,Currie,1979,Gardneret al.,1982,Steven, 1992 Harriset al., 1995,

Mikuls et al., 2005b, Annemanset al., 2008, Elliot et al., 2009) Two of these both report a
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prevalenceof 1.4%onwardfrom 1999(Mikulset al., 2005b)to 2005(Annemanst al., 2008)
suggestinga plateauof prevalencewhereasthree studiesusingdifferent populationbased
databaseshavereported a rise in the incidenceof gout in the past decade.(Mikulset al.,
2005b,Elliotet al.,2009,CeaSoriancet al.,2011) In addition, only approximatelya quarter
of gout patientsin the UKreceiveULTwithin one year from diagnosis(CeaSorianoet al.,

2011)whichshouldcontribute substantiallyto the elevatedprevalence.

Currently,UK data from the current millennium exploringgout incidenceand prevalence,
assessedt multiple time pointsin the samepopulation,are sparseTherefore this studywas
undertaken to examine the prevalence and incidence of gout and patterns of gout

managemenusingthe CPRDBrom 19972012.
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Methods

The study was approvedby the Trent Multi centre ResearclEthicsCommittee (reference

number:05/MRE04/87andthe IndependentScientificAdvisoryCommittee(11 021R).

Sourceof data

Pleasaeferto section2.3.1.

Studypopulation

Thisstudy comprisedall participantswho contributed datato the CPRbetween1st January
1997 and 31th December2012. The denominator for prevalence estimation (eligible
population) for each calendaryear included all individualsregisteredon 15t July of each
calendaryearwith the generalpracticeswhichwere up to standardfor CPRDesearch. For
incidenceof gout, at risk cohortswere constructedfor eachcalendaryearwhich comprised
all individualsregisteredwith up to standardpracticesduringthe yearspecifiedwho hadno

history of gout diagnosiseforethe latestof currentregistrationdate plus365daysor 15t Jan
of the calendaryearspecified Persongearsof follow up werethen calculatedrom the latest

of 15t Janor the date of registrationplus365daysto the earliestdate of transferput, incident

goutdiagnosisdeathor 315t Decemberof the specifiedyear.
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Casalefinition of gout

Prevalenttase®f goutwere definedasparticipantswho hadgouton 15t Julyof eachcalendar
year,whereasncidentcase®f goutwerethosewho hadno goutprior to the latestof current
registrationdate plus365daysor 15t Januarnof eachcalendaryearbut developedgoutduring
the year. To be eligible as an incident case, participants had to have at least one year
registration prior to the first date of gout diagnosis.(Ce&orianoet al., 2011) Gout was
definedaccordingo Readcoding.Detailswerediscussedn Chapter2. Inadditionto physician
diagnosiswe alsousedtwo different definitionsto identify gout patients: 1. Goutdiagnosis
plus use of non steroid anti inflammatorydrug, corticosteroid,colchicineor ULTor 2. Gout

diagnosigplususeof colchicineor ULT.

Estimationof prevalenceandincidence

Prevalencavascalculatedusingthe numberof peoplediagnosedvith goutat anytime before
the mid point of a calendaryear as the numerator and the number of all individuals
contributingCPRDIataat the sametime point asthe denominator.Incidencewascalculated
usingthe numberof incidentgoutcasesluringacalendaryearasthe numeratorandthe total

persongearsoccurringduringthe sameyearasthe denominator.

Prevalenceand incidencewere calculatedfor 13 regionsin the UK:North East,North West,
Yorkshireandthe Humber,EastMidlands,WestMidlands,Eastof EnglandSouthWest,South

Central,London,South EastCoast,Northern Ireland, Scotland,and Wales.To remove the
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effect of different ageandgenderstructuresin theseregions prevalenceandincidencewere
standardisedwith the overallpopulationstructure using2012asthe reference. Choropleth

mapswere usedto representgeographiosariationsof goutin the UK.(Inc.2009)

Pattern of treatment

Theproportion of prevalentgout patientswho were beingconsultedspecificallyfor goutand
beingtreated by ULT(allopurinol,febuxostat,benzbromaroneprobenecidor sulfinpyrazone)
wasestimatedin eachcalendaryearduringthe period 19972012.Theproportion of incident
patients who were treated by ULTwithin 6 months and 12 months of diagnosiswas also

calculated.

Adherenceto ULT

Adherenceto ULTamongprevalentgout patients was measuredusing proportion of days
covered(PDCjo representthe degreeof prescriptionfilling in a giveninterval specified PDC
was calculatedasthe proportion of dayson which a patient had availableprescriptionsfor
ULTin eachinterval, whichwasdefinedasthe period from the latest of registrationdate or
15t Janto the earliestof transferput, deathdate or 31 Decof the calendaryearspecified For
overlappingprescriptions,the later prescriptionwas assumedo start from the end of the
prior prescription;this wasto avoiddoublecountingof dayscovered.Thegout patientswere
then divided into 4 groupsaccordingto status of being treated and adherenceat each

calendaryear:not treated,non edherent(thosewith aPDQdessthan 20%) partiallyadherent
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(those with a PDCof 20%to 79%)and adherent (those with a PDCof at least 80%).The
managementof incident gout patients was assessedy the percentageof incident gout

patientstreated with ULTat 6 monthsandone yearafter diagnosis.

Trendsof prevalencejncidenceand managementof gout

To determine the trends of prevalence,incidenceand managementof gout the following
were calculated:the ager sexrand length of data contribution standardisedprevalence,
incidenceof gout and pattern of ULTin eachcalendaryear from 1997 to 2012 with the
population structure in year 2012 as reference. The length of data contribution of each
patient was defined asthe period from the current date of registrationto 1st Julyof each
calendaryearfor prevalencepr to 1st Janof the calendaryear specifiedfor incidence.The
reasondo includelengthof datacontributionto standardisgorevalencejncidenceand PDC
were that incidenceand especiallyprevalencewere found to be higherfor participantswho
contributed more follow up prior to the year of interest (Figure4 d). Asthis length of data
contribution was longer for more recent years (Figure4 r2) this naturally neededto be

accountedfor whencomparingincidenceand prevalenceacrossyears
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(b)

Figure 3 The relationshipsbetween length of data contribution and (a) crude
prevalenceand (b) crudeincidenceof gout during 1997to 2012.(Blue:0 3; red: 4r

6; green:7 B; purple: H)yearsof data contribution).
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(b)

Figure 32 Proportions of (a) eligible population for prevalenceand (b) at risk
populationfor incidenceby length of datacontribution (blue: 1 8;red: 4 6; green:7r

9; purple: H)yearsof datacontribution)
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Statisticalanalysis

The95%confidenceintervals(Cls¥or prevalenceandincidencewere derivedon the basisof
the assumptionof a Poissondistribution for the observedprevalentcases. The Joinpoint
RegressioProgram(version4.0.4)wasusedto estimatetrendsof prevalenceandincidence
of gout. The programusesBayesiarinformation Criterionto generatedifferent numbersof
‘join points’in time whenthe trend of prevalenceand incidenceof gout changesignificantly
and to determine the bestfit data series.(Kinmet al., 2000) Initially modelscontainedzero
joinpoints(i.e. a straightline fitted to the data)with joinpointsaddedwhenevera changein
trend overtime is statisticallysignificant,with the userspecifyingthe maximumnumber of
allowablejoinpoints. Usinga Bayesiarninformation criterion approach,a maximumof three
joinpoints was selected.Annual percentagechanges(APC)Yor eachsegmentand average
annualpercentagechangeq AAPCjor the entire study period of prevalenceand incidence
were calculated.Thesignificancdevelwassetat 0.05.All statisticalanalysesvere performed

by usingSAStatisticalsoftware,version9.3.
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Results

Prevalenceandincidencein 2012

Of 4,634,974eligible individualsin 2012,115,608prevalentcasesof gout were identified,
giving a prevalenceof 2.49% (95% ClI, 2.48%%.51%). Men had a significantly higher
prevalenceof gout(3.97%95%ClI,3.96%%.00%Yhanwomen(1.05%95%CI,1.04%3..06%).
Thisgenderdifferencewasobservedn allageswith amaleto femaleratio of 1.5in individuals
youngerthan 20 years,peakingat 11.2in thoseaged35 B89 yearsbandsandthen decreasing
to 2.5 for those older than 90 years.Gout wasrare in people youngerthan 20 years(5.11
caseer 100,000individuals)andit increasedwith agethereafter. In both menandwomen,
the prevalencereacheda plateau after the age of 80 years (figure 4 8a). In the adult
populationaged20yearsof more,the prevalenceof gout (95%CIl)was3.22%(3.20%633.23%)

in the overallpopulation,5.17%(5.14%%.20%)n menand 1.34%(1.33%8..36%)n women.

Therewere a total of 4,159,043personyearsof follow up in this year during which 7,343
incident casesof gout were identified (overallincidencel.77 [95%Cl,1.733..81] per 1000
persongears)Men hadahigherincidenceof gout(2.58[95%CI,2.51%2.65]per 1000personr
year)thanwomen(0.99[95%CI,0.953..04])per 1000personyear).Asshownin figure 4 8b,
the incidenceof gout wasgreatestin peopleaged80 B4 yearsin both menandwomen.The
maleto femaleratio widenedfrom the lowestin individualsyoungerthan 20 years(1.2)to
the a peakof 15.4in those aged30 B4 yearsand thereafter the differencenarroweddown.

Inthe adult population,the incidenceof gout (95%Cl)was2.26(2.21%.31)per 1,000personr
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yearsin the adult populationoverall,being3.50(3.263.44) per 1,000persongearsin men

and1.25(1.208.31)per 1,000persongearsin women.

(@)

(b)

Figure3 B Agespecificprevalence(a) andincidence(b) of goutin 2012 (Blue:men;

red: women;green:total; dotted linesshow 95%confidencebounds).

103



Prevalenceandincidenceof gout between 1997and 2012

Tablel showsthe temporaltrendsin prevalenceandincidenceof goutfrom 1997to 2012.In
general,both crude and standardisedestimatesincreasedover time duringthis period. The
standardisedestimateswere slightlyhigherthan the crudeones,accountingfor the factthat

the averagdengthof datacontributionwashigherin 2012than 1997.

Thestandardisegrevalenceof goutincreasedb3.9%over the studyperiod. Onaveragethe
standardisedprevalenceincreased4.2% (95% ClI, 3.9%%.5%) per year, suggestingthe
prevalenceof goutin UKwasincreasingoverthe studyperiod. Furthermore there were two
joinpointsat 2000and 2008with respectiveAPC®f 1.3(0.52.1),4.6(4.3%.9)and3.3(2.85
3.8)for segment19973000,200052008and 2008201 2respectively AsFigure4 Aashows,
the temporaltrend of prevalencan menandwomenwasnot parallel(p <0.001) Onaverage,
prevalencen womenincreased.6%(95%Cl,4.3%%.0%))andwasslightlyhigherthanin men
(4.1%[95%Cl, 3.7%51.4%]).However,the maleto femaleratio wasonly slightly narrowed

from 4.8fold in 1997to 4.3fold in 2012.

The standardisedncidencealsoincreasedsignificantly(29.6%)during the study period. On
averagethe incidenceof gout increasedl.5%(95%CI,1.1%83..9%)per year and there was
only one joinpoint (2003). The annual changeof incidenceincreased3.8%(95%Cl, 2.7%5
4.9%)eryearduringthe periodbetween1997and2003but the incidencereachedaplateau
afterwards,with an annualchangeof 0.2 (95%CI, G.4to 0.9;p =0.45).Figure4 &b showsa

very similartrend of gout incidencein men and women (p = 0.171),albeit a slightly higher
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averageannualchangein women (2.0%.95%Cl,1.3%%.7%)thanin men (1.5%,95%CI,0.95

2.0%).Themaleto femaleratio in incidenceslightlyreducedfrom 3.4in 1997to 3.0in 2012.

Table3 1 Crudeand standardisedprevalenceand incidenceof gout from 1997 to

2012
Prevalence Incidence
Year (%) e (per 1000 person-years)
N Crude Standardised years Crude Standardised

1997 2209057 1.412. g.)m& 1.512. éi.)so& 2069698 1.315. L%.)szoi\ 1.3{5. 4(111531A
1098 2592984 1.4;3. L(é.)452\ 1.515. S.)szv& 2430671 1.23 gl.)zs& 1.312. g.)zw&
1099 3138413 1.417. ‘(1;.)452\ 1.515. é%szv& 2937813 1.3;9. L(é.)352\ 1.411. L(é.):%?/&
2000 3554201 1.4;3. ‘(13.)47/& 1.517. éé.)55£\ 3318520 1.412- &.)382\ 1.4{1- 4%)40&
2001 3929216 1.513. éfls.)Sz& 1.63 6(3:13.)6#\ 3668822 1.5{1' %.)50& 1.516' 6%.)52/&
2002 4209993 1.53 éi.)sa& 1.617. E(}:g.)66& 3912097 1.5;3. é;')54A 1.6;). éi.)sa&
2003 4375751 1.617. éé')%& 1.7;1. %)73& 4060357 1.6;5. éé.)GlA 1.6{5. %.)62/&
2004 4516966 1.7;3. %)74/& 1.812. éé')sl& 4202095 1.617. ;11.)632\ 1.6;3. %.)64/&
2005 4605171 1.8&%.)85& 1.913&.)91,& 4299261 1.7{1.%.)702\ 1.7;3-%.)71/&
2006 4684243 1.93 S5213.)9511\ 2.022. (():23.)00& 4334086 1.73 ;i.)G?A 1.711' %.)67A
2007 4736672 2.0;1 (()é.)oz/& 2.03 (()g.)o#\ 4374944 1.617' 7(11.)63& 1.617' %}63&
2008 4729771 2.1;3. S.)w& 2.1;9. é(z).)ls& 4384072 1.7;5. %)nﬁ\ 1.7;3. %)71/&
2009 4727886 2.2;3. éé.)zmi 2.227. éé.)za& J— 1.73 7(%69& 1.713. %)69&
2010 4741179 2.321. éé.)so& 2.323. é%f?A e 1.6;3. %.)65& 1.63 %.)65&
2011 4624055 2.4;).‘(5.)39& 2.422.‘%)40& 4235444 1.73%.)712\ 1.73%)71/1\
2012 4507059 2.43 Egzl.)481\ 2.429. éi.)48& 4159043 1.717' éll.)732\ 1.717' éll.)73&
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(b)

Figure 3@ Gender differencesin the trends of standardisedprevalence(a) and
incidence(b) of goutbetween1997and 2012 (blue: men;red: women;greenoverall;

dotted line: 95%confidencebounds).
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Geographiovariation in 2012

Boththe prevalenceandincidenceof goutwere not uniform throughoutthe UK.Asshownin
Figured b, the standardiserevalencg95%Cl)of goutwashighestin the North East(3.11%
[3.00%53.23%])and Wales(2.98%]2.93 3.02]). Regionswith the lowest prevalenceof gout
were Scotland(2.02%1.98%%.06%])and Northernireland(2.15%42.07 2.22]). TheEastof
Englandand NorthernIrelandwere the regionswith the loweststandardisedncidence(95%
Cl)of gout (1.50[1.373..65], 1.57 [1.455..69] per 1000 patient yearsrespectively)while
Walesandthe North Easthadthe highestincidence(2.28[95%Cl,2.13%.43]and2.17[95%

Cl1,1.852.54]per 1,000patient yearsrespectively).
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Figure3 6 Geographicvariationsin the prevalence(a) and incidence(b) of goutin

the United Kingdomin 2012.
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Managementof gout between 1997and 2012

Amongprevalentgout patientsin 2012,approximatelyhalf were beingconsultedspecifically
for gout or beingtreated by ULT(48.48%95%CIl,48.08%%18.89%)and only one third were
being treated with ULT(37.63%,95% Cl, 37.28%88.99%).As shown in Figure4 6a, the
percentageof patientsbeingconsultedfor gout or treated by ULTremainedpoor andalmost
constantduringthe studyperiod, with a APQ95%Cl)of 0.3%( 0.4%to 0.2%).Similarlythe
percentageof patientsbeingtreated by ULThasnot changedwith an APCof 0.1%( 0.2%to

0.1%).

In 2012, 0nly 18.6%(95%CI,17.6%3.9.6%)of incidentgout patientsreceivedULTwithin 6
months and approximatelyone in four were treated within 12 months of diagnosig27.3%;
95%Cl,26.1%28.5%) AsFigure4 6b shows the percentageof patientsreceivingULTwithin
6 and 12 monthschangedonly marginallyduringthe studyperiodwith APC$95%Cl)of 1.0%
(2.1t0 0.2;p =0.100)and (.8 (d.6to 0.1;p =0.07),suggestinghat the managementof

incidentgout patientshasremainedessentialljthe sameoverthe past16years.
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(b)

Figure3 6 Managementof gout (a) standardisedpercentageof prevalent patients
under medicalattention (blueline), and treated by urate fowering agents(red line)
and (b) standardised percentage of incident patients receiving urate towering

treatment at 6 months(red line) and 12 months(blueline).
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Adherenceto urate fowering treatment

Among ULTtreated patientsin 2012 (n = 49395),39.66%(95%ClI, 39.11%0.22%)were
adherentto treatment. Partiallyadherentandnon adherentpatientscomprised42.84%{95%
Cl,42.27Y813.42%)and 17.50 (95%Cl, 17.13%8.7.87%),respectively.In contrastto the
percentageof patientsreceivingULT patientadherenceo ULTimprovedin the past16years
(figure 4 7). Overall,the percentageof adherentpatientsimproved from 28.28%(95%Cl,
27.33%29.26%)n 1997to 39.66%(95%CI,39.11%510.22%)n 2012. TheaverageAPCwas
2.0(95%Cl,1.52.5).Joinpointswere attributed to 2002and 2008,with APC£95%Cls)f 4.5
(2.6%.4)for 19972002,2.2 (1.058.4) for 2002%2008and 0.0 ( A..3to 1.4)for 2008%012.In
contrast,the percentageof partiallyadherentandnon adherentpatientsreduced13.0%and

22.0%respectively.

Figure3 i7 Secularnrends of adherenceof ULTtreated patients(blue: adherent;red:

partiallyadherent;green:non adherentpatients)
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Estimatesof prevalenceand incidencebasedon alternative casedefinitions

Next, estimatesof prevalenceand incidencebasedon alternative case definitions were
examined.Thefirst alternative casedefinition was a gout diagnosisplus the use of NSAID,
corticosteroidor gout specificdrugs(colchicineand ULT)after the diagnosisof goutandthe
secondwasa gout diagnosigplus gout specificdrugs.In 2012,the prevalenceof gout based
on primary definition, alternative definition one and alternative definition 2 were 2.49%
(2.48%32.51%),2.27%(2.26%2.29%)and 1.39% (1.38%5L.40%),respectively(table 4 ).
Prevalencebasedon alternative definition one and two were approximately91%and 56%
that of estimatebasedon primary casedefinition, respectively Thispattern is consistentin
estimatesacrossperiod 19972012. Male to female ratio was slightly higher in estimates
basedon alternativedefinitions;4.4for definition 1 and3.9for definition 2. Figure4 8 shows
agespecificprevalenceof goutin 2012basedon different casedefinitions. It isapparentthat
the trends are similar. Estimatesbasedon primary casedefinition showsnearly identical
pattern with alternative case definition one, while estimatesbasedon alternative case

definition two showsa proportionallylower estimatesacrossages.

In 2012, the incidenceof gout basedon primary definition, alternative definition one and
alternative definition 2 were 1.77 (1.733..81),1.70 (1.665..74) and 0.85 (0.83%.88) per
1,000personyears respectivelylncidencebasedon alternativedefinition oneandtwo were
approximately97%and 54%that of estimatebasedon primary casedefinition, respectively.

Thispattern is consistentin estimatesacrossperiod 19972012. Male to female ratio was
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slightly lower in estimatesbasedon alternative definitions; 2.4 for definition 1 and 2.2 for
definition 2. Fig 4 Bb compare agespecificincidencebasedon different definitions. The
pattern is very similar between estimatesbasedon primary casedefinition and alternative
casedefinition one. The estimatesbasedon alternative casedefinition 2 was significantly

lower.

Table4 2 comparesthe crude prevalenceand incidenceof gout basedon different case
definitionsin calendaryearsfrom 1997to 2012.Ingeneralthe estimatesbasedon alternative
casedefinition oneis very closeto estimatedbasedon primary casedefinition. However,as
only a minority of gout patientsreceivedULT therefore estimatesbasedon alternativecase
definition two were significantlylower in all years.However,the generalpattern is similar.
Both prevalenceand incidenceof gout increasedovertime from 1997to 2012, irrespective

of which casedefinition used.
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Table3 2 Crude prevalenceand incidenceof gout from 1997 to 2012 basedon primary definition: a gout diagnosisalong, on

alternative definition 1: a gout diagnosisplusreceipt of NSAIDcorticosteroidand gout specificdrugs(colchicineand ULT)and on

alternativedefinition 2: a gout diagnosisand receipt of gout specificdrugs.

Year

Prevalence (%)

Incidence
(per 1000 person-years)

N

Primary
definition

Alternative
definition 1

Alternative
definition 2

Person-years

Primary
definition

Alternative
definition 1

Alternative
definition 2

1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007

2209057
2592984
3138413
3554201
3929216
4209993
4375751
4516966
4605171
4684243
4736672

1.42 (1.404.43)
1.46 (1.454.48)
1.47 (1.454.48)
1.48 (1.47A.49)
1.53 (1.524.55)
1.59 (1.584.61)
1.67 (1.664.69)
1.76 (1.744.77)
1.86 (1.854.87)
1.96 (1.954.98)
2.03 (2.02%.05)

1.22 (1.204.23)
1.20 (1.184.21)
1.19 (1.184.20)
1.30 (1.294.31)
1.33 (1.324.34)
1.42 (1.414.43)
1.50 (1.494.51)
1.60 (1.594.62)
1.71 (1.704.73)
1.79(1.77A.80)
1.87 (1.864.88)

0.78 (0.774.80)
0.77 (0.75A.78)
0.77 (0.76K.78)
0.84 (0.830.85)
0.86 (0.850.87)
0.92 (0.918.93)
0.97 (0.960.98)
1.04 (1.034.05)
1.10 (1.094.11)
1.14 (1.134.15)
1.19 (1.184.20)

2069698
2430671
2937813
3318520
3668822
3912097
4060357
4202025
4299261
4334086
4374944

1.35 (1.304.40)
1.29 (1.254.34)
1.39 (1.354.43)
1.42 (1.384.46)
1.54 (1.504.58)
1.58 (1.544.62)
1.65 (1.614.69)
1.67 (1.634.71)
1.74 (1.704.78)
1.70 (1.674.74)
1.67 (1.634.71)

1.31 (1.264.36)
1.25 (1.214.30)
1.34 (1.304.39)
1.38 (1.344.42)
1.50 (1.464.54)
1.55(1.514.58)
1.61 (1.57A..65)
1.63 (1.594.66)
1.70 (1.664.74)
1.66 (1.624.70)
1.62 (1.584.66)

0.70 (0.668.73)
0.69 (0.668.73)
0.76 (0.73%.79)
0.79 (0.768.82)
0.85 (0.820.88)
0.88 (0.850.91)
0.90 (0.87K.93)
0.93 (0.900.96)
0.96 (0.938.99)
0.92 (0.908.95)
0.91 (0.88%0.94)
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2008
2009
2010
2011
2012

4729771
4727886
4741179
4624055
4507059

2.16 (2.148.17)
2.25 (2.24R.26)
2.31 (2.30R.33)
2.40 (2.39%.42)
2.49 (2.48R.51)

1.97 (1.964.98)
2.06 (2.04R.07)
2.10 (2.098.11)
2.19 (2.18%.20)
2.27 (2.26R.29)

1.25 (1.244.27)
1.30 (1.294.31)
1.31 (1.304.32)
1.35 (1.344.36)
1.39 (1.384.40)

4384072
4384787
4351414
4235444
4159043

1.75 (1.714.79)
1.73 (1.694.77)
1.68 (1.654.72)
1.75 (1.714.79)
1.77 (1.734.81)

1.70 (1.674.74)
1.67 (1.644.71)
1.63 (1.594.67)
1.69 (1.654.73)
1.70 (1.664.74)

0.95 (0.924.98)
0.90 (0.874.93)
0.83 (0.800.86)
0.85 (0.824.88)
0.85 (0.83%.88)
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Figure3 8 Agespecificprevalenceof gout basedon primary casedefinition (blue),
alternativecasedefinition one (green)andalternativecasedefinition two (red).




Discussion

Thisstudydemonstrateghat the burdenof goutin the UKis higherthan previouslythought,
with approximatelyone in 40 adultsbeingaffected.Furthermorethe prevalenceof gout has
continuedto increasdrom 1997to 2012despitea stabilisedncidenceafter 2005.Goutisnot
distributed uniformly within the UK, the highestprevalenceand incidenceof gout beingin
the North Eastand Wales.Unfortunately,despitethis risingprevalenceand the publication
of European(Zhanget al.,2006a,Zhanget al., 2006b)and UK(Jordaret al., 2007)guidelines
in 2006and 2007respectivelythe managemenof goutappearso be morethan suboptimal
with only onein three prevalentpatientsreceivinguLTand only onein four newlydiagnosed
patientsreceivedULTwithin one year of diagnosisAlthoughpatient adherenceto ULThas

improvedin the pastdecadethis still remainspoor.

Early studies showed an increasein gout prevalencein the UK up until 1999, when a
nationwide study by Mikuls et al. using the GPRDreported an overall prevalence of
1.39%.(Mikulset al., 2005b)Usingthe IMD analyserin the period 200032005,Annemanset
al. reported an identical prevalenceof 1.4% suggestingthat gout prevalencemay have
reachedaplateau.(Annemanst al.,2008)In contrast,the prevalenceestimateswere slightly
higherduringthe period 1999%005and continuedto increasethroughoutthe studyperiod.
It is possiblethat this disparity primarily resultsfrom different degreesof identification of
clinicallysilentpatients,whoseidentificationdependson a period of datacontributionthat is

long enoughto includea prior gout event. However,it is difficult to determine how many
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yearsof observationare sufficientto excludethis biassincedataon length of asymptomatic
inter criticalgout period are sparse Onlyone caseseriesin 1961 reportedthat the length of
inter critical periodswaslessthan 1 yearin 62%,1 6 yearsin 27%,6 4.0 yearsin 4%andover
10 yearsin 7% of 614 patients.(Yuand Gutman,1961) Therefore,rather than requiring a
minimallengthof datacontribution, direct standardisatiorconsideringage,sexandlength of
data contribution was utilised to circumventthe incompleteidentification of inter critical
gout patients. Studies that have not examined prior data contribution will have
underestimatedthe prevalenceof gout in the UK. Whenthis biasis avoidedit is apparent
that the standardisedorevalenceof gout hasrisensince1997.1n addition, the prevalenceof
goutin the UKis higherthan recentestimatesin other Europeancountries,specificallyl.4%

in Germany(Annemanst al.,2008)and0.91%in Italy.(Trifiroet al.,2013)

Veryfew studieshaveaddressedhe incidenceof gout. Usingdata from the UKSecondand
ThirdNational Studiesof Morbidity in GeneralPracticein the UK,overallgoutincidencewas
estimatedto be 1.4 per 1000 persongearsin 1981.(Stewartand Silman,1990) A previous
CPRDBtudyreportedanincreasedncidenceper 1,000personiearsfrom 1.19in 1990to 1.80
in 1999(Mikulset al.,2005b)whilstthe RoyalCollegeof GeneraPractitionersWeeklyReturns
ServicfWRSjeportedratesincreasingrom 1.12to 1.35per 1,000populationbetween1994
and 2007.Another study usingthe THINdatabasereported an incidenceof 2.68 per 1,000
persongears in the adult population in the period 20002007.(Elliotet al., 2009) The
estimatesof incidencein the presentstudy in generalfall within these previousreported

ranges.However,the incidenceof gout was found to have increasedby more than one
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guarter during the study period. Althoughit reacheda plateauafter 2004,it hasshownno
signs of subsequentreduction, a finding echoed by the observationsof an increasing
prevalenceThereforegoutwill remainacommonlyencountereddisorderandthe prevalence

mayevencontinueto risein the nearfuture.

In additionto temporalchangedhere wasclearevidencefor regionalvariationsin gout. The
patternsfor prevalenceandincidencewere similar,with the North Eastand Waleshavingthe
highestestimatesfor both. Regional/ariationwithin the UKhasbeennoted previouslyin just
two studies.In a surveyin 1975Currieet al. reported a higherprevalenceof goutin England
thanin Wales(Currie1l979)andin 2982Gardneret al. reported alower prevalencg3.9%)in
adultsover age45 in Ipswichin Suffolkthan in the two more northern towns of Wakefield
(4.5%)xandPreston(4.9%).(Gardnest al.,1982)No previousreportsof geographicavariation
inincidenceof goutin the UKcouldbeidentified. Thereasondor currentgeographieariation
in gout most likely relate to differencesin socioeconomictatus,life style and nutrition and
althoughgout historicallywas considereda diseaseof affluence,the conversemay now be
true. TheUKmorbidity statisticsfrom generalpractice(1970i71) reported that peoplewith
non manualskilled occupationshad the highestwhereasprofessionaloccupationshad the
lowest standardisedcconsultingratio for gout (133 vs. 79)(GreatBritain. Office of Population
et al.,1982)and Gardner’'sstudyfound alower prevalenceof goutin the town with the most
favourablesocioeconomicstatus.(Gardneeet al., 1982) In addition, a recent New Zealand

study alsofound that the leastdeprivedpeople had the lowestrisk of gout.(Jacksomt al.,
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2012) However further studiesare neededto explorethe reasonsfor current variation by

socioeconomigroupandregion.

Regardlessf the increasingprevalenceandincidenceof goutin the UK,the managemenof
the diseaseremainspoor. Throughout1997%012 only around one third of people with
prevalent gout were prescribed ULT. The managementfor incident gout patients also
remainedunchangedwvith only a quarterto athird of patientsbeingtreated with ULTwithin
one yearof diagnosisThisshowsno significantchangein overallusageof ULTfrom Mikuls’
estimates of 25.3%29.5%from 1990 to 1999(Mikulset al., 2005b). Apart from underr
prescribingof ULT Mikuls et al identified inappropriateprescribingof ULTin one quarterto
one half of those peoplein whom quality indicatorscould be assessed(Mikulst al., 2005a)
and a more recent study also demonstrated suboptimal care in many aspectsof gout
management.(Roddyet al., 2010) Collectivelythese results reflect widespread lack of
knowledgeof goutandpoor alignmentwith currentrecommendation®f bestpracticewithin
the UK.(Spenceet al.,2012,Reeset al., 2013,Dohertyet al., 2012) Althoughguidelinesdo
not explicitlyadvisediscussiorof ULTwith everygout patient aroundthe time of diagnosis,
the majority of patientswill haverecommendedspecificindications(e.g.Furtherattacks,(Yu
andGutman,1961)renalimpairment,(Choet al.,2012)requiredchronicdiureticuse,(Choet
al., 2012) nephrolithiasis,(Krameet al., 2003) peripheraljoint damageor tophi(McGilland
Dieppe,1991))at diagnosisor within 6 42 months. Furthermore,increasinglythe trend is
towards early treatment with ULTto prevent people developingfurther crystaldeposition

and complicationssuchassubcutaneougophi andjoint damage.(Dohertget al., 2012) Best
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practice requiresfull patient information concerninggout and its treatment (Zhanget al.,
2006a,Zhanget al., 2006b,Jordanet al., 2007,Dohertyet al., 2012)and in one recent UK
study,whenpatientsreceivedthis 100%wishedto receiveULT.(Reest al.,2013,Dohertyet
al.,2012)Beingthat goutisthe only chronicarthritis for whichthere is “curative” treatment,

the useof ULTwould seema usefulindicatorof standardof care.(Dohertyet al.,2012)

Thisstudyalsofoundthat only approximately40%of treated patientsin 2012adheredto ULT.
Thisaccordswith a recent review of six studieswhich reported that only 18%to 44% of
patientswith gout adhereto ULT.(Reacl2011)Suchpoor adherenceto ULThaslongbeen
recognisedpne reviewfinding adherencein gout patientsto be the worst of sevenchronic
diseasegequiring chronic medication.(Briesacheet al., 2008) Neverthelessthere was an
encouragingsignalof a 40%improvementin percentageof adherentpatientsfrom 1997to
2012. Although previousstudieslargely blame patients for poor adherence,(React2011,
Solomonet al., 2008) a recent study indicated that appropriate patient education can
effectivelymaintainhighadherenceto ULTand achievetherapeutictargetin nine out of ten
gout patients.(Ree®t al., 2013) Therefore,aswith low ratesof ULTprescription,it is likely
that the fault lies more with the health practitionersthan with the patients.(Dohertyet al.,
2012)Thereare manyrecognisedarriersto careof gout, both in patientsand practitioners,

but practitionereducationseemsthe first prerequisiteto addressheseproblems.

Estimatesof gout prevalenceand incidencemay vary accordingto casedefinitionsusedto

identify patients. Theprimarycasedefinition of this studywasbasedon aphysiciardiagnosis.
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There are severallimitations to the study. Firstly, this study basedthe casedefinition on
diagnosisby the general practitioners, rather than accordingto American College of
Rheumatology(Wallacet al.,1977)or Rome(KellgredH,1963)classificatiorcriteriaor to the
'gold standard' of urate crystal identification and this may lead to misclassificatiorbias.
However,the validity of gout diagnosisn the CPRIhasbeeninvestigatedand found to be
high.(Meierand Jick,1997) | also usedtwo stricter casedefinitions to see whether the
estimateschangea lot. Firstkind of alternative casedefinition is the sameasthat had been
validatedby Meier et al.,(Meierand Jick,1997)which requiresa gout diagnosigplus NSAID,
corticosteroidand gout specificdrugs (ULTand colchicine).Estimatesbasedon this tighter
definition were lower than estimatesbasedon physiciandiagnosisalone. However, the
estimates were very close, hardly having any statistical significance.Alternative case
definition two, which requiresa gout diagnosisand gout specificdrugs. Theestimateswere
approximatelyhalf that of estimatesbasedon physiciandiagnosisalone, which estimates
werelikelyto be underestimatedsinceonly afraction of gout patientsreceivedcolchicineor

ULT.

Secondlythis study basedthe adherenceestimationon PDCwhichis generallybelievedto
be more conservativedhanthe more commonlyusedmeasureof medicationpossessiomatio.
It wasassumedhat patientstook all prescribedpills sincecalculationof PDCeliesonrecords
of prescription refills, but this assumptionmay not hold true and may have led to an

overestimationof adherence.
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In conclusionpoth the prevalenceand incidenceof gout haverisenin the past16 yearsand
are the highest reported within Europe. However, despite being the commonest
inflammatoryarthritis the suboptimalmanagemenif gout continuesunchangedwith only
a minority of patientsreceivingULTand new patientsnot beingtreated in a timely fashion.
Althoughsomewhatimproved patient adherenceto ULTremainspoor. It is apparentthat
educationalinitiativesto improve practitioner knowledge,interest and standardof care of

the only “curable” form of inflammatoryarthritis are urgentlyrequired.
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Epidemiologyof goutin Taiwan:a nationwide population

study

Introduction

The prevalence and incidence of gout have a distinct geographical and racial
distribution.{Roddy2007#70} Taiwanis one of the countrieswith the highestprevalenceof
gout.{Chou1994#91;Changl997#364;Choul1998#338;Lin2000#28;Chang2001#27;Lai,
2009#93;Kuo2010#29;Chuang2011#76}Arecentnationwidesurvey(Nutrition andHealth
Surveyin Taiwanyeportedagoutprevalenceof 8.2%in menand2.3%in womenin the period
20052008(Chuanget al.,2011),whichiscloseto the estimatesn 2004basedon the National
Health InsuranceResearchDatabase(NHIRD).(Kuet al., 2013b) In particular, Taiwanese
aborigineshaveaveryhighprevalenceof gout (Changet al.,1997,ChouandLai,1998),which
issharedwith their geneticallyrelated Polynesiartousinsthe MaoriandindigenousOceania
Pacificlslanders.(Klemgt al., 1997) Incidenceof gout has not been estimatedin Taiwan
previouslyand the current standardof care in Taiwanas reflected by the use of urater

loweringtherapyhasnot beenexamined.

Thereforethis study wasundertakento examinethe prevalenceand incidenceof gout and
the patterns of gout managementbetween 2005 and 2010 using the National Health
Insurance ResearchDatabase (NHIRD),which contains comprehensiveinformation on

diagnosisprescriptionand hospitalisationf essentiallythe entire populationin Taiwan.
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Methods

Thestudywasapprovedby the Institutional ReviewBoardof ChangGungMemorialHospital

(approvalnumber101£2178C).

Sourceof data and study population

Thisstudy useddata from the NHIRDwhich containedregistrationfiles and original claims
datafrom approximately28.75million (livinganddeceasedpeneficiariegegisteredwith the
NHI between March 1995 and the end of 2010. This study comprisedall beneficiaries

registeredcontinuouslybetween1st January2005and 31th December2010.

Casalefinition of gout

Datawere obtainedfrom the NationalHealthResearchnstitute, the data holder of NHIRD,
on all patientswith gout by searchinghe entire databaserrom 1995to 2010for thosewith a
least one outpatient record containing a gout diagnosis(based on the International

Classificatiorof Disease$lCD]version9 codesof 274).

Estimationof prevalenceandincidence

Prevalentcasesf gout were definedasindividualswho had at leastone recordof a primary
diagnosisof gout in primary carewithin the 10 year period before 1% Julyof eachcalendar

year.Thedenominatorfor prevalenceestimation(eligiblepopulation)for eachcalendaryear
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includedallindividualsregisteredon 1%t Julyof eachcalendaryear.Prevalencavascalculated
usingthe numberof prevalentcasesf goutdividedby the eligiblepopulationin the specified

calendaryear.

Incidentcasesof gout were thosewho had no evidenceof gout or useof ULTwithin the 10r
year period prior to 15t Januaryof eachcalendaryear but who developedgout during that
year. Anobservationaperiod of 10 yearswaschosenfor two reasons2.the NHIRDloesnot
havedatagoingbackfurther than 10years;2. Themajority of prevalentgout patientscanbe
identified with a 10 yearobservationaccordingto a previouscohort study.(Yuand Gutman,
1961) Tobeeligibleto be consideredncidentgout patients,beneficiariehadto haveat least
one yearregistrationprior to 15t Januaryof eachcalendaryear.Forthe incidenceof gout, at r
risk cohorts were constructed for each calendar year which comprised all individuals
registeredduringthe givencalendaryearwho hadno history of gout diagnosisefore 15t Jan
of the year. Incidencewas calculatedusing the number of incident gout casesduring a
calendaryear asthe numerator and the total persongearsat risk populationaccumulated

duringthat yearasthe denominator.

Prevalenceand incidencewere calculatedfor 21 cities/countiesin Taiwan(subsequently
termed regions):Taipeicity, Taipeicounty, Keelungcity, Taoyuancounty, Hsinchucity and
county, Yilancounty,Miaoli county, Taichungeity, Taichungcounty, Changhuaounty, Yunlin
county, Nantou county, Chiayicity and county, Tainancity, Tainancounty, Kaohsiungity,

Kaohsiungcounty, Pingtung county, Hualien county Taitung county and offshore islets
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(PenghuKinmenandLienchiangounties).Toremovethe effect of different ageandgender
structuresin theseregions,the prevalenceandincidencewere standardisedvith respectto
the overallpopulationstructureof 2010.Choroplethmapswere usedto representgeographic

variationsin goutincidenceand prevalencebetweendifferent regionsof Taiwan.(Inc.,2009)

Pattern of medicationuse

This study ascertainedthe proportion of prevalent gout patients who received ULT
(allopurinol,benzbromaroneprobenecidor sulfinpyrazonejn eachcalendaryearfrom 2005

to 2010.

Trendsof prevalence,ncidenceand managementof gout

To determine the trends in prevalence,incidenceand managementof gout the following
were calculated:agerand sexstandardisedrevalencejncidenceof gout and pattern of ULT
prescribingin eachcalendaryear from 2005to 2010 with the population structure in year

2010asthe reference.

Statisticalanalysis

The95%confidenceintervals(Cls¥or prevalenceandincidencewere derivedon the basisof
the assumptionof a Poissordistribution for the observednumberof prevalentandincident
cases.The Joinpoint RegressiorProgram (version 4.0.4) was used to estimate trends in

prevalenceand incidence of gout. The program used Bayesianinformation Criterion to
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generatedifferent numbersof ‘join points’in time whenthe linear trend of prevalenceand
incidenceof gout changesignificantlyand to determinethe bestfit data series(Kimet al.,
2000).Amaximumof two joint pointswasusedto determinestatisticalsignificancdor trend.
AnnualpercentagechangeqAPCYor eachsegmentwere calculated.The significancdevel
was set at 0.05. All statisticalanalyseswere performed by using SASstatistical software,

version9.3.
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Results

Prevalenceandincidenceof goutin 2010

Of 23,371,362beneficiaries(men: 49.56%)included within the NHI in 2010, 1,458,569
prevalentcasesof gout (men:74.17%)wereidentified, givinga prevalenceof 6.24%(95%Cl,
6.23%%.25%).Men had a significantlyhigher prevalenceof gout (9.34%;95%Cl,9.32%5
9.36%)than women (3.20%;:95%CI,3.19%3.21%) Overall the prevalenceof goutwas2.9r
fold higherthan in women. Thisgenderdifferencewas observedin all ageswith a maleto
femaleratio of 4.5in individualsyoungerthan 20 years,peakingat 7.3 in those aged30 84
yearsandthen decreasinghereafter. Goutwasrare in peopleyoungerthan 20 yearsandit

increasedwith agereachinga peakin the 80 B4 yearageband(figure5 da).

Therewere a total 21,241,996persongearsof follow up in this year during which 73,706
incidentcasesof gout were identified (overallincidence3.47[95%Cl,3.4453.50] per 1,000
persongears)Men hada higherincidenceof gout(5.13[95%CI,5.095%.18]per 1000personr
year)thanwomen (1.32[95%CI,1.925..98])per 1000personyear).Asshownin figure5 d.b,
incidenceof goutin menwaslow in those youngerthan 20 yearsbut increasedrapidly until
ages35 B9years.After arelativeplateauin goutincidenceduringmiddle age,goutincidence
againshoweda sharpincrease reachinga peakbetweenages70 and 74 years.In women,
the incidenceof gout remainedlow before the ageof 40 but thereafter startedto increase

rapidly,reachinga peakincidenceat the agebandof 80 84 years.Thegreatestmaleto female
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ratio (6.7)wasinthoseaged20 P4 yearsandthereafterthe relativedifferencebetweenmales

andfemalesdiminishedwith age.
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women)
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Prevalenceandincidenceof gout between 2005and 2010

Table5 i showsthe temporaltrendsin prevalenceandincidenceof gout from 2005to 2010.
In generalthe standardisedestimateswere slightly higherthan the crude ones,accounting
for the factthat the populationwasagingovertime. Crudeprevalenceof goutincreasedb.6%
but standardisedprevalencefluctuated throughout the study period. The standardised
prevalenceof gout in contrast decreasedjust 3.1% over the study period. The annual
percentagechangewas .7 (95%Cl, .7 to 0.3)but this wasnot statisticallysignificant(p =

0.14),suggestinghat the prevalenceof gout wasessentiallythe samethroughoutthe study

periodafter adjustingfor age.AsFigure5 Rashows the temporaltrend of prevalencen men

andwomenwasnot parallel(p <0.001). Theannualpercentagechangewas1.0(95%CI,0.15
1.9)in men and 4t0 (95%Cl, 5t4to 2c7) in women. The maleto female ratio increased

slightlyfrom 2.3in 2005to 2.9in 2010.

Both the crude and standardisedncidenceof gout reducedover time duringthis period;in
particularthe standardisedncidencereducedby 33.3%over this period. The standardised
incidencedecreasedsignificantlyduring the study period (figure 5 2b). On average,the
annualpercentagechangeof goutincidencewas #.9 (95%CI, 10.7to 5.0)andthere was
onejoinpoint (2007).Theannualpercentagechangeof incidencewas 13.4(95%ClI, 16.1to

.0.6) during the period between 2005and 2007 and 3.5 (95%ClI, 5.3to 1r.6) duringthe
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period 2007to 2010.Figure2b showsa similartrend in gout incidencefor men andwomen

(p =0.04),with an annualpercentagechangeof #.4(95%CI, 10.7to 3.9)in menand 8.8

(95%Cl, 11.9to 5.7)in women.Themaleto femaleratio in incidenceslightlyincreasedrom

2.4in 2005t0 2.7in 2010.

Table4 1 Crudeand standardisedprevalenceand incidenceof gout from 2005 to

2010

Year

Prevalence (%)

Incidence (per 1000 person-years)

N

Crude

Standardised

Person-years Crude

Standardised

Overall
2005
2006
2007
2008
2009
2010
Men
2005
2006
2007
2008
2009
2010
Women
2005
2006
2007
2008
2009
2010

23,000,521
23,127,946
23,221,905
23,315,001
23,344,259
23,371,362

11,550,180
11,579,907
11,598,597
11,615,445
11,597,439
11,583,208

11,450,341
11,548,039
11,623,308
11,699,556
11,746,820
11,788,157

5.91 (5.90%.92)
6.14 (6.13%.15)
6.22 (6.214.23)
6.27 (6.26%.28)
6.30 (6.29%.31)
6.24 (6.23%.25)

8.35 (8.338.36)
8.74 (8.728.76)
8.98 (8.968.99)
9.16 (9.148.18)
9.32 (9.308.34)
9.34 (9.328.36)

3.46 (3.458.47)
3.54 (3.538.55)
3.48 (3.478.49)
3.40 (3.398.41)
3.31 (3.308.32)
3.20 (3.198.21)

6.44 (6.43%.45)
6.58 (6.574.59)
6.55 (6.54%.56)
6.49 (6.48%.50)
6.41 (6.4086.42)
6.24 (6.23%.25)

9.01 (8.99%.02)
9.28 (9.27A.30)
9.40 (9.38%.41)
9.45 (9.438.47)
9.47 (9.458.48)
9.34 (9.324.36)

3.92 (3.918.93)
3.92 (3.918.93)
3.76 (3.758.77)
3.59 (3.578.60)
3.41 (3.408.42)
3.20(3.198.21)

20,675,205
20,502,927
20,569,401
20,616,155
20,633,487
20,633,895

10,021,292
9,974,293
9,952,078
9,926,917
9,889,211
9,845,586

10,468,285
10,528,634
10,617,323
10,689,238
10,744,276
10,788,309

3.89 (3.868.92)
3.29 (3.278.32)
2.97 (2.958.99)
2.95 (2.93%.98)
2.83 (2.80R.85)
2.73 (2.71R.75)

5.67 (5.625.71)
4.78 (4.734.82)
4.37 (4.33%.42)
4.34 (4.304.38)
4.18 (4.14%4.22)
4.06 (4.024.10)

2.22 (2.19%.25)
1.89 (1.864.91)
1.65 (1.634.68)
1.67 (1.644.69)
1.58 (1.564.61)
1.52 (1.494.54)

4.09 (4.06%.11)
3.43 (3.418.46)
3.06 (3.048.09)
3.01 (2.998.04)
2.86 (2.85.88)
2.73 (2.71R.75)

5.94 (5.89%.98)
4.93 (4.89%.98)
4.48 (4.444.53)
4.41 (4.374.45)
4.21 (4.174.25)
4.06 (4.024.10)

2.46 (2.43R.49)
2.06 (2.03%.09)
1.76 (1.744.79)
1.74 (1.724.77)
1.62 (1.594.64)
1.52 (1.494.54)
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Geographiovariationin 2010

Both prevalenceand incidenceof gout were not uniform throughout Taiwan.Asshown
in Figure5 B, the standardisedprevalence(95%CI)of gout was highestin the eastern
coastcountiesand offshoreislets. Theregionswith the lowest prevalenceof gout were
mostlyin the urbanareas(Taipeicity, Taichungeity, Tainancity and Kaohsiungity). The
regional pattern of gout incidenceresembledthat of gout prevalence,with a higher
incidencein the easterncoastcountiesand offshoreisletsand a lower incidencein the

urbanareas.
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Figure4 B8 Geographicvariationsin the prevalence(a) and incidence(b) of gout

Taiwanin 2010
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Managementof gout between2005and 2010

Ofthe 1,458,56%revalentgout patientsin 2010,approximatelyone third hadconsulted
for gout or been treated with ULT(n = 515,004;35.31%[95% ClI, 35.23%35.39%)).
However,only one in five prevalentgout patientsin 2010 were treated with ULT(n=

334,51822.93%495%CI,22.87%323.00%]) AmongUL Ttreated patients60.08%{95%ClI,
59.91%%0.25%)received uricosuric agents alone, 28.54%(95% Cl, 28.39%28.69%)
receiveda xanthine oxidaseinhibitor, and 11.38%(95%¢ClI, 11.27%8.1.49%)received
both. Asshownin Figure5 #a, the proportion of prevalentpatients who consultedfor

gout or were treated by ULTremainedlow during the study period, with an annual
percentagechangg95%Cl)of 0.9( 6.2to 4.7).Similarlythe proportionof patientsbeing

treated by ULTdid not change with an APCof 0.0 ( B.8to 4.0).
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Figure4 &4 Treatmentof gout in Taiwanin 2010. Proportion of prevalent gout
patients havingconsultedfor gout or receivingurate lowering treatment (black
line), receivingurate lowering treatment (black dotted line), uricosuricagents

(redline) xanthineoxidaseinhibitor (blueline) or both (greenline).
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Comparisorof gout epidemiologybetweenthe UKand Taiwan

In generalthere is a consistentlyhigherprevalenceandincidenceof goutin Taiwanthan
in the UK.Figure5 b6 showsa comparisonof gout prevalencein men and women and
Figure5 6 showsa comparisonof gout incidencebetween genders.It is obviousthat
prevalenceof goutis consistenthigherin Taiwanthan in the UKin both menandwomen
acrossall agebands.A similartrend wasfound in the incidenceof gout, only in people
older than 90 yearswere the estimateswere similarin both countries(figure 56). As
figure 5 7a shows,the prevalenceof gout remainsrelatively stablein both countriesin
the period between2005and 2010,despitea slightincreasein prevalenceof gout from
1.93%to 2.33%.Figure5 i7b showsthat incidenceof gout decreasedduring the period
20052010in Taiwanbut wasstablein the UK.In general this proportion remainsstable
in both countriesduringthe period20052010.A higherproportion of prevalentpatients

were prescribedULTin the UKthanin Taiwan.

Figure5 B compareghe proportion of prevalentpatientsbeingprescribedULTin the UK
and Taiwan.Thetreatment pattern is difficult to comparedirectly asthe availabilityof
ULTwas more limited in the UK, where only allopurinol is routinely availablefor GP

prescription. While allopurinol is almost exclusivelyprescribedin the UK, uricosuric
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agentsaremore commonlyprescribedhanallopurinol. Thereisanotherxanthineoxidase
inhibitor, febuxostat, which has been approvedin both countries. The utilisation of
febuxostatis not discussedhere becauset isapprovedin 2011,whichyearisbeyondthe
studyperiod. In general,both countriessufferlow ULTprescriptionrate andthe pattern
did not changein recent years. In addition, this proportion remains stable in both
countriesduring the period 20052010. A higher proportion of prevalentpatientswere
prescribedULTin the UK than in Taiwan.Theseresults suggestthat the treatment

patternsof goutin the UKand Taiwanare essentiallyno changeduring study period.

Asshownin Chapter2, in generalthe UKpopulationis older than the Taiwanpopulation
in the study period. However,it seemsthat the UKpopulationstructure remainssimilar
intermsof ageandgenderdistributionbut the Taiwanpopulationisrapidlyaging,despite
the differencebetween2005and 2010seemsto be small. Thereforethe current study
probablycannotdepict populationchangein Taiwanin yearsprior to 2005.In terms of
socioeconomistatus,the UKis atraditionallydevelopedcountryfor decadeut Taiwan
can be classifiedas developingor emergingdevelopedcountry dependingon national

matricesused.

142



(@)

(b)

Figure4 5 A comparisonof prevalenceof gout in men (a) and women (b) in the

UK(orangeline) and Taiwan(greenline).

(@)
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(b)

Figured4 6 A comparisonof incidenceof goutin men (a)andwomen(b) in the UK

(orangeline) and Taiwan(greenline).
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Figure4 i7 A comparisonof seculartrend in prevalence(a) and incidence(b) of
goutininthe UK(orangeline) and Taiwan(greenline) duringthe period between

2005and 2010.
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Figure4 B8 A comparisonof seculartrend in prevalence(a) and incidence(b) of gout
in in the UK (orangeline) and Taiwan(greenline) during the period between 2005

and 2010.
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Discussion

In this nationwide population study coveringthe entire population of Taiwana substantial
prevalenceand incidence of gout was observed.In a population of 23 million people,
approximatelyone in 16 residentsof Taiwanis affected by gout. Despitea trend toward
decreasingncidence the prevalenceof gout wasfairly stableoverthe period between2005
and 2010. Despitethe small size of Taiwan (only 36,193 kn¥) both the prevalenceand
incidenceof gout showed marked geographicalvariation. This regional variation in gout
generallycoincideswith the distribution of aboriginalpeoplein Taiwanwho primarily reside
in eastern counties and rural areas.Although gout is one of the most common chronic
diseasesn Taiwanit seemsthat the managemenof gout remainspoor, with only one third

of prevalentpatients being under medicalattention and only one fifth being givenULTin

2010.Unfortunately,this suboptimalcarehasnot changedverthe studyperiod,despitethe

publicationof nationalandinternationalguidelineson gout managemenduringthis period.

The trends of gout prevalencein Taiwanhave not been robustly examineduntil now. In
general,surveysconductedin the 1990s(Chouet al., 1994,Changet al., 1997,Chouand Lai,
1998, Linet al., 2000, Changet al., 2001)reported a lower prevalenceof gout than those
conductedin the 2000s.(Laét al., 2009,Kuoet al.,2010b,Chuanget al.,2011) TheNational
Nutrition and Health surveyin Taiwan(NAHSITyndertakenin the period 19934996 found

the prevalenceof goutto be 4.74%n menand2.19%n women,(Changt al.,2001)whereas
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the later surveyconductedin 20052008 found a prevalenceof gout of 8.21%in men and
2.33%in women.(Chuangt al.,2011)However theseestimateswere basedon selfreported
gout and were not standardisedfor age structure, despite using a stratified probability
samplingconsideringage, gender,geographicategionsand ethnicitiesin respectivestudy
periods.Thisstudyfoundthat the crudeprevalenceof goutincreasecdvertime but agerand
genderstandardisedprevalenceremained stable between 2005 and 2010. However,men
and women seemedto exhibit different trends in gout prevalence the prevalencein men
reachinga plateauafter 2007 but the prevalencein women continuingto reduceduringthe
study period. Severakaveatsshouldbe consideredbefore drawingconclusiorabout trends
in gout prevalencen Taiwan.First,most previousstudieswere basedon selfreported gout
(Chouet al., 1994,Changet al., 1997,ChouandLai,1998,Linet al., 2000,Changet al., 2001,
Laiet al.,2009,Kuoet al.,2010b,Chuancget al., 2011)which hasinherent bias.Forexample
in the AtherosclerosifRiskin CommunitiefARICrohorts(McAdamset al.,2011)only 73%of
gout patients diagnosedby this means in 2000 also reported gout in the follow up
guestionnairein 2003 and only 65%in the 2003 and 2007 questionnaires Another Dutch
studyfound that only 64%o0f gout patientsself reported gout after just 6 monthsof follow r
up (Picavetand Hazes,2003). Furthermorean earlier study found that only 44% of selfr
reported gout caseshad this confirmed by medical chart review and physicianinterview
(O'Sullivan,1972). Thesestudies confirm significantrecall bias for selfreported gout. A
previousstudy conductedin 2004,alsousingthe NHIRDasthe primary data source,found a

muchlower prevalenceof gout (4.62%Yhan the estimatein 2005in this study (5.91%).1t is
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likelythat this disparityprimarily resultsfrom different lengthsof observation(5 yearsin the
previous study and 10 yearsin the current study) and therefore different degreesof
identification of clinicallysilent patients.lIt is difficult to determineto what extent a shorter
observationmight lead to underestimationof prevalence.Only one caseseriesin 1961
reportedthat the lengthof inter criticalperiodswaslessthan 1 yearin 62%,1 6 yearsin 27%,
6 .0 yearsin 4%andover 10 yearsin 7%of 614 patients.(Yuand Gutman,1961) Therefore,
the previousestimateof gout prevalencen 2004couldhavebeenanunderestimatebecause
the length of observationperiod wastoo short. Collectively these varioussourcesof data

suggesthat the prevalenceof goutin Taiwanhasreacheda plateauin recentyears.

Theincidenceof gout hasnot beenestimatedpreviouslyin Taiwanand dataon incidencein

other countriesalsoare relativelyscarce Thelargestpopulation basedstudywasconducted
in RochesterMinnesota,whichestimatedanannualincidenceof 0.45per 1,000and0.62per
1,000persongearsduringthe periods197778 and 199586 periodsrespectively(Arromdee
et al.,2002).TheFraminghanstudyestimatedanaverageannualincidenceof 1.6and0.2per
1,000personygearsfor men and women, respectivelyduring the period between1948and
1980 (Abbott et al., 1988)which was similarto that reported for men in the JohnHopkins
PrecursorsStudy which found an incidenceof 1.73 per 1,000 personyearsin 1,216 male
medicalstudentsover a medianof 29 years.(Hochbergt al., 1995)Usingdata from the UK
Secondand Third National Studiesof Morbidity in GeneralPractice,overallgout incidence

was estimatedto be 1.4 per 1000 persongearsin 1981 (Stewartand Silman,1990).More
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recentlyMikuls usedthe GeneralPracticeResearctiDatabasg GPRDand estimatedthe UK
all ageincidenceof goutto be 1.31caseger 1000personyearsin 1999, (Mikulset al.,2005b)
while the more recentestimateof UKgoutincidencein 2012,usingthe samedatabasewas
1.77 per 1000 persongears.(Kuoet al., 2014) However, all these estimates relate to
Caucasiansnd gout incidencehas rarely been estimated in people of other ethnicities.
Hochberget al. reported that the incidenceof goutin the period between1958and 1965in
AfricanAmericansvas 3.11 per 1,000personyears,whichwas 1.7 fold higherthan that of
Caucasians.(Hochbeegal.,1995) Similarlythe ARIGtudyreportedthat the goutincidence

inthe period1987F 2012was1.55and0.94per 1,000personyearsfor AfricanAmericarmen

and white Americanmen, respectively.(Maynaret al., 2014) Thisstudy appearsto be the
first to report gout incidencein Asians.Gout incidencein Taiwanwas much higher than
previousreportsin other countries,suggestingsignificantracialand geographicvariationin

goutincidence.

Theagespecifiadncidenceof goutisrarelyreported. Datafrom both the UKSecondand Third
National Studies of Morbidity in General Practice and the Framinghamstudy, each
undertakenin the 1980s foundthat goutincidencepeakedaroundthe 50sageband.(Abbott
et al.,1988,Stewartand Silman,1990)More recently,Mikulset al usingthe GeneralPractice
ResearchDatabasefound that gout incidence peaked later between the age of 6584
years(Mikulset al.,2005b)andthe estimatesconductedin 2012alsofound a similarlater age

of peakincidence.(Kuet al.,2014) In Taiwangoutincidencepeakedlater betweenthe age
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of 70 and 85 years.However,there was a significantdifference in agespecificincidence
betweenmenandwomen.In men,there wasabimodaldistribution of agespecificancidence
of gout, where a markedincreasein gout incidenceoccurredin the two agebandsof 20 89
and 50 69 yearsof age.In contrast,in women agespecificincidencedemonstrateda nearr
linearincreasein the incidenceof gout with ageup to the peakincidencebetweenages80
and 84 years. This appears unique compared with previous studies on agespecific
incidence,(Abbotet al.,1988,Stewartand Silman,1990,Mikulset al.,2005b)whichreport a
linear increasein the incidenceof gout with ageup to the peakand then a levellingoff or
slight decreasein both men and women. However,the findings of this study echo one
previousstudy by Yuet al. indicatingthe onsetof gout beingearlierin Taiwan(Ywand Luo,
2003)than in Caucasians(Hadt al., 1967)and Japanese.(Nishiokand Mikanagi,1980) The
very high prevalenceandincidencein Taiwancomparedto that in China(Let al.,2012)and
Japan(Hosoyat al., 2011)and the unique agespecificdistribution of incidencemay partly
reflect the compositionof Taiwaneseaesidents a mixture of Han Chineseand indigenous
people,who areknownto be veryproneto gout(Changet al., 1997,Koet al.,2002)and who
are genetically related to goutstricken Polynesians and Oceanic Pacific
Islanders.(Friedlaendest al., 2008) Thispopulationstratification wasalsodemonstratedby
the regional variation in gout prevalenceand incidence since the areas with highest
prevalenceand incidence were placeswith the highest density of indigenouspeople.
However,geneticfactorsaccountfor just one third of phenotypicvariation of goutin men

andonlyone fifth inwomen(Kucet al.,2013b)soenvironmentalfactorscouldalsocontribute
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to the variablegeographicabistribution of gout in Taiwan.Further studiesare required to

addresshisissue.

Regardlessf the highprevalenceof goutin Taiwan the managemenbf the diseaseemains
poor. Onlyaroundone third of peoplewith prevalentgout were consultedabout their gout
or for prescriptionof ULTin primarycareandonly one quarterwere actuallyprescribedULT.
Therewasno significantchangein the pattern of ULT prescriptionpattern duringthe study
period despite the publication of Taiwaneseguidelinesfor the managementof gout and
hyperuricaemian 2007.(Association2007) The poor managementfor gout seemsto be a
commonproblem globally.(Dohertyet al., 2012, Mikuls et al., 2005b, Mikuls et al., 2005a,
Roddyet al., 2010,Kuoet al., 2014,Neogiet al., 2006,Barberet al., 2009, Sarawateet al.,
2006,ReavesandArroll, 2014,Dalbethet al., 2012) Takingthe UKasan example the overall
usageof ULTin primarycarehasnot changedn the pasttwo decadeswith only a quarterto
one third of peoplewith gout beinggivenULT.(Mikulset al., 2005b,Kuoet al., 2014)Other
deviationsfrom recommendedstandardof care are alsoreported in the UK.(Mikulset al.,
2005a,Roddyet al.,2007c,Roddyet al.,2010)Thesdinesof evidenceunderscorethe lackof
knowledgeand interest in gout among primary care physicianswhich in turn reflects a
numberof variedbarriersto optimal careof gout patients.(Dohertyet al., 2012,Spenceret
al., 2012, Reach,2011, Solomonet al., 2008) However,a recent proof of principle study
conductedin UKfound that all gout patientswere willing to take longterm ULToncethey

were givenfull information on gout and its treatment.(Reest al., 2013)In addition, these
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well informed patientsexhibitedexcellentadherenceand nine out of ten patientsachieved
the therapeutictarget at one year. Therefore,the essentialpart to optimisingcare of gout

patientsis physicianeducationto improveknowledgeand promote interestin gout.

Thereare severallimitations to this study. Firstly, this study basedthe casedefinition on
physicianrecorded diagnosis, rather than according to American College of
Rheumatology(Wallacet al., 1977),Rome(KellgreldH,1963)classificatiorcriteria or urate
crystalidentification. Secondlythis study reported 10 gear period prevalence rather than
life time prevalencewhichtheoreticallywould be higher. Thisis becauseof the inability to
identify clinically silent patients who had no outpatient record of gout over the 10 year
period. It is difficult to determine how manygout patientswere not includedsincedata on
the length of asymptomatianter critical gout periodsare sparse Basedon estimatesof the
length of theseinter critical gout periodsfrom the caseseriesreported by Yuet al.,(Yuand
Gutman, 1961) an underestimationof 7% s probable. In addition to underestimationof
prevalenceincidencewould alsobe overestimatedassomeincidentgout patientscouldhave

gout attacksbeyond10 yearsof observation.

In conclusionthe prevalenceof gout hasbeenstableand the incidencehasreducedin the
past6 yearsin Taiwan.However,both the prevalenceandincidencewere very highandare
probablysomeof the highestreported in the world. Despitethis, the managemenif gout

remainspoor with only one quarter of patientsreceivingUL Twhichcanpotentiallycuregout.
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An initiative to raisethe profile of gout and to improve knowledgeand interest of primary

carephysicianss urgentlyneededto optimisethe careof gout.
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Nature history of gout and eligibility for urate towering

treatment following diagnosisin the UK

Introduction

Current guidelines and recommendationsendorsed by the European League against
Rheumatism{(EULAR),(Zharg al., 2006a)AmericanCollegeof RheumatologfACR)(Khanna
et al., 2012a) and British Society of Rheumatology(BSR)(Jordaet al., 2007) concur in
recommendingdiet control and life style changesfor all gout patients. ULTwith xanthine
oxidaseinhibitors or uricosuricagentsare generallyrecommendedby these guidelinesonly
for patientswith more severediseasdgsuchasthe presenceof tophi or radiographiacchanges)
or with other concomitant conditions (such as the presenceof urolithiasis, poor kidney
function and useof diuretics)that merit earlier ULT. Thereis agreementthat management
should alwaysbe individualisedto the patient and involve full information about gout, its
consequenceandits treatment options. However,whenin the courseof gout ULTshould
be initiated is not explicitlydiscussednd currentlythere isno suggestiorthat ULTshouldbe
consideredand discussedvith the patient whenthey first receiveinformation on gout at or

closeto the time of first diagnosis.

In addition, currentevidenceregardingnature history of goutis outdated. Theonly evidence
describingthe risk of further acute attacksatfter first diagnosisdated backto 1960s.Higher

risk of chronic kidney diseasein gout patients has been reported but the timing of its
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occurrencerelative to the diagnosisof gout hasnot beeninvestigated.Thereforethis study
wasundertakento investigateboth the cumulativeprobability of further acute attacksand
the timing of eligibilityfor ULTaccordingo currentguidelinedollowingfirst diagnosisof gout

usingthe UKClinicalPracticeResearctDatatink (CPRD).
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Methods

Sourceof data

Pleasaeferto section2.3.1.

Studypopulation

In this study, | only usedCPRDRata from patientsregisteredin practicesin England Among
these patients, | identified all incident gout patients residingin Englandduring the period
between1997and2010.Goutwasdefinedaccordinglo Readcodes(pleaserefer to table 2 r
3). Tobe eligibleasan incidentcase,participantshad to haveat leastone yearregistration
prior to the first date of goutdiagnosis.(Ce&oriancet al.,2011)Thiscasedefinition hasbeen
validatedin a previousstudy.(Meierand Jick,1997) Somepatientswere givenULTprior to
date of first diagnosiof gout. Thispracticemayreflect UL Tfor asymptomatidhyperuricaemia
or failure to record a formal diagnosisof gout by the general practitioners. To prevent

ambiguity,thesepatientswere excludedfrom analysis.

Studyoutcomes

Themainoutcomesusedwere the recurrenceof acuteattacks,whichwasdefinedasone or
more consultationsfor gout with prescription of non steroid anti inflammatory drugs
(NSAID)colchicineor corticosteroidat leastthree months apart after the first diagnosisof

gout. The occurrenceof tophi, CKDand urolithiasis were main complicationsafter the
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diagnosiof gout. We further estimatethe proportion of patientsindicatedfor ULTbasedon
the British Societyfor Rheumatologyand British Health Professionalsn Rheumatology
Guidelinefor the Managementof Gout,(Jordaret al., 2007)whichinclude (1) recurrenceof
acutearthritis; (2) the presenceof tophi accordingto Readcodes(pleaserefer to appendix);
(3)the presenceof urolithiasis(pleaserefer to appendix)y(4) chronickidneydiseasq CKDas
defined by Read codes (appendix)or by renal function impairment with an estimated
glomerularfiltration rate estimatedby the abbreviatedModificationof Dietin RenalDisease
(MDRD)ormulae (NationalKidney,2002)lessthan 60 ml/min per minuteson two separate
occasionsand (5) prescriptionsof diuretics. If tophi, urolithiasisand CKDoccurredearlier
than gout diagnosisdate plus 3 months, these conditions were defined as occurring at
diagnosiof gout. Onlypatientsreceivingdiureticswithin 3 monthsof diagnosisvere defined

asadiureticsuserat diagnosisof gout.

Statisticalanalysis

All patients were followed from the date of first gout diagnosisuntil the outcome under
considerationdeath, transferout of practice,lastdata collectiondate of the practiceor the
endof follow up at 315 August2013,whicheveroccurredfirst. Kaplan—Meieplotswere used
to estimatethe cumulativeprobability of ULTprescriptionor fulfilling ULTindicationsover
time from the first diagnosisof gout. Separateanalyseswere performed for eachspecific

indicationfor ULT.
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Prescriptionrates of ULT,calculatedasthe number of ULTtreated patients divided by the
total numberof incidentgout patientsduringthe studyperiod,were estimatedin eachof 486
(642in the entire database)practicesincludedin the CPRDThe proportion of prescription
varianceexplained(Rsquared)by patient tevel factors (ageat diagnosisgender,ethnicity,
quintiles of 2004 Index of Multiple deprivation [IMD], year of gout diagnosis,Charlson
comorbidityindex[validatedversionfor the usewith Readcodeddata (Khanet al., 2010b)]
and specificindicationsfor ULT)and practicetevel factors (total number of patients, total
numberof gout patients,practicemedianfor patient yearof birth, sexratio, practiceregion,
practicelocation IMD quintiles,and percentagesf patientshavingeachof the 17 Charlson
morbidity groups)were estimatedusinga two tevellinear model (Recchia2010)To assess
factorsthat affect the prescriptionof ULT,Coxproportional hazardmodelswere usedto
estimatehazardratios (HRswith 95%confidenceintervals(Cls)usingyearssincethe date of
first gout diagnosisas the time to event outcome. Similaritiesof patients within practices
were consideredby using a marginal model with robust sandwich estimate(Lin, 1994)
Covariateswere the aforementionedpatient rand practicetevel factors. Age and fulfilling
specificindicationsfor ULTwere time dependentcovariateswhich were modelledusinga
counting processmethod.(Therneauand Grambsch,2000) A 2 sided p value 0.05 was
consideredstatisticallysignificant.All analysesvere performedusingSAS®.3 (SASnstitute,

Cary,NC).
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Results

Demographiaccharacteristics

Atotal of 52,164incidentgout patientsresidingin Englandwvere identified from the CPRDnN
the periodbetween1997and2010. Ofthese38,272weremen(73.37%pnd 13,892(26.63%)
were women.Womentendedto be older at the time of gout diagnosighan men (meanage
at diagnosis69.2 + 14.2 yearsand 60.1 + 14.9 yearsrespectively;p<0.01).Overall 20,144
patients(44.18%had a scoreof one or more on the Charlsorco morbidity indexwith more
women (55.15%)than men (40.19%)havinga scoreof one or more. The characteristicof

incidentgout patientsare presentedin Table6 d..
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Table5 1. Patientcharacteristicsat the time of first gout diagnosis

Overall Men Women
(n=52,164) (n=38,272) (n=13,892)
Ageat diagnosiqyears) 62.5+15.2 60.1+£14.9 69.2+14.2
Agedistribution (n, %)
<35years 1,855(3.56) 1,585(4.14) 270(1.94)
35%9years 9,482(18.18) 8,404(21.96) 1,078(7.76)
5064 years 15,906(30.49) 12,629(33.00) 3,277(23.59)
5 years 24,921(47.77) 15,654(40.90) 9,267(66.71)

Yearof follow up (median,interquartile range)
Ethnicity(n, %)
Caucasians
Black
Asian
Other
Unknown
Socioeconomic
Quintile1 (leastdeprived)
Quintile2
Quintile3
Quintile4
Quintile5 (mostdeprived)
Unknown
Charlsorcomorbidityindex(n, %)
0
12
35
5%
6
Yearof diagnosis
19975998
19992000
20012002
20032004
20052006
20072008
20092010

6 (4 3)

25,629(49.13)
406(0.78)
190(0.36)

5,925(11.36)

20,014(38.37)

10,390(19.92)
9,357(17.94)
8,109(15.55)
6,647(12.74)
4,427(8.49)
13,234(25.37)

29,120(55.82)
1,676(3.21)
16,573(31.77)
3,806(7.30)
989(1.90)

4,006(7.68)
5,717(10.96)
7,443(14.27)
8,382(16.07)
8,941(17.14)
8,890(17.04)
8,785(16.84)

6 (4 3)

17,909(46.79)
300(0.78)
135(0.35)

4,314(11.27)

15,614(40.80)

7,885(20.60)
6,960(18.19)
5,939(15.52)
4,673(12.21)
3,100(8.10)
9,702(25.38)

22,890(59.81)
1,008(2.63)
11,327(29.60)
2,426(6.34)
621(1.62)

2,951(7.71)
4,199(10.97)
5,478(14.31)
6,119(15.99)
6,520(17.04)
6,522(17.04)
6,483(16.94)

5(3B)

7,720(55.57)
106(0.76)
55(0.40)

1,611(11.60)

4,400(31.67)

2,505(18.03)
2,397(17.25)
2,170(15.62)
1,974(14.21)
1,327(9.55)
3,519(25.33)

6,230(44.85)
668(4.81)

5,246(37.76)

1,380(9.93)
368(2.65)

1,055(7.59)
1,518(10.93)
1,965(14.14)
2,263(16.29)
2,421(17.43)
2,368(17.05)
2,302(16.57)
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Timingof recurrenceof acuteattacksand the occurrenceof complications

KaplanMeier analysisvasusedto estimatecumulativeprobabilitiesof gout recurrenceand
occurrenceof complicationgTable6 B8). Thecumulativeprobabilitiesof consultingfor further
attacks were 29.16%in the first year and 46.46%in the secondyear from diagnosis.
Eventually,83.74%of all incident gout patients were consultingfor acute attacks. The
percentagesf patientshavingtophi and urolithiasiswere smallbut steadilyincreasedover

time. After one yearfollow up from first diagnosisof gout, 25.85%of patientshad CKD.
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Table 52 Cumulative probability of ULT prescription or fulfilling specific

indicationsfor ULTby gender

All patients Male patients Femalepatienté
At 1 2 3 5 10 At 1 2 3 5 10 At 1 2 3
diagnosis year year years year Yyear diagnosis year year years Yyear Yyear diagnosis year year years 'y

Further 0 29.16 46.46 57.05 70.02 83.74 0 28.00 45.74 56.87 70.52 84.63 0 32.34 48.45 57.52 6¢
attacks

Tophi 0.46 051 057 063 074 109 0.27 031 035 339 048 0.75 0.98 1.09 117 128 1
Urolithiasis 1.72 180 191 199 215 264 1.93 202 214 223 241 293 1.15 120 128 132 1
CKD 22.98 25.85 29.09 31.98 37.53 47.11 17.30 19.68 22.36 24.79 29.75 39.15 38.62 42.84 47.66 51.81 5¢

Percentage®f patients fulfilling ULTat diagnosisand the end of the study

Asshownin Table6 2, approximatelytwo thirds of women (67.10%)and one third of
men(36.19%)with goutfulfilled indicationsfor UL Tat the time of first diagnosisThemost
commonindicationsfor ULTat first diagnosiswere use of diuretics (36.83%)and CKD
(23.12%), whereas the presence of tophi (0.47%) and urolithiasis (1.73%) were
uncommonat first presentation.Thevastmajority of patients(87.49%)were eligiblefor
ULTat the end of follow up (medianof 5 yearsduration) and women becameeligible
soonerthan men. The most commonindicationsfor ULTwere multiple acute attacks

(70.15%)useof diuretics(49.11%pnd CKI(40.47%).
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Despitea majority of patientsfulfilling indicationsby the end of the study,only 32.78%of
all patientsreceivedULTeventually.Comparedo men, a higher percentageof women

with gout were eligiblefor ULTbut a lower percentagehad receivedULTby the end of

the study.
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Table5 B. The percentageof patients being eligible for or treated with ULTat

diagnosisand at the end of the study

Treatmentor eligibility criteria

Overall

(n=52,164)

Men

(n=38,272)

Women

(n=13,892)

Eligibilityandtreatmentat diagnosis
UL Teligiblepatients(n, %)
Eligibledueto tophi (n, %)
Eligibledueto urolithiasis(n, %)
Eligibledueto chronickidneydiseasgn, %)
Eligibledueto diureticuse(n, %)
Eligibilityandtreatmentat the endof study
UL Teligiblepatients(n, %)
Eligibledueto further attacks(n, %)
Eligibledueto tophi (n, %)
Eligibledue to urolithiasis(n, %)
Eligibledueto chronickidneydiseasdn, %)
Eligibledueto diureticuse(n, %)

UL Tireated patients(n, %)

23,172(44.42)
246(0.47)
902(1.73)

12,062(23.12)

19,212(36.83)

45,637(87.49)
36,593(70.15)
444(0.85)
1,204(2.31)
21,111(40.47)
25,617(49.11)

1,101(32.78)

13,851(36.19)
106(0.28)
742(1.94)

6,663(17.41)

11,119(29.05)

32,775(85.64)
27,158(70.96)
223(0.58)
991(2.59)
12,540(32.77)
15,872(41.47)

12,940(33.81)

9,321(67.10)
140(1.01)
160(1.15)

5,399(38.86)

8,093(58.26)

12,862(92.59)
9,435(67.92)
221(1.59)
213(1.53)
8,571(61.70)
9,745(70.15)

4,161(29.95)




Cumulativeprobability of fulfilling ULTindications

Figure6 dashowsthe cumulativeprobabilitiesof fulfilling ULTindicationsovertime since
the date of first gout diagnosisn menandwomen.Overall the mediantime to first ULT
indicationwas 5.00 (95%Cl,4.70to 5.30) months and the cumulative probabilities of
fulfilling ULTindicationswere 44.26%61.02%,/2.11%,/8.87%86.81%and 94.27%at 0,
1, 2, 3,5, and 10 yearsfrom diagnosisrespectively Womenwere more likely to fulfil
indicationsfor ULTin the initial yearsfollowing gout diagnosisbut men subsequently
caughtup quite quickly.Overallthe probability of fulfilling ULTindicationswashigherin
womenthan menovertime (logranktest p <0.001).Cumulativeprobability of receiving

ULTprescription

Therewere large discrepanciesn the cumulativeprobability of fulfilling indicationsand
receivingprescriptionsfor ULTin both genders(figure 6 b). Thecumulativeprobability
of receivingULTat the end of follow up (201 months)was 49.50%and the cumulative
probabilities for ULT prescriptionwere much lower at 0%, 16.90%,21.14%,24.52%,

30.39%and40.52%at 0, 1, 2, 3, 5 and 10 yearsfrom diagnosisrespectively.
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Ageand cumulative probability of fulfilling ULTindications

Figure6 2 showsthe cumulativeprobability of ULTeligibility and UL Tprescriptionacross
different age groups. Despite younger patients tending to have lower likelihood of
fulfilling ULTindicationsat diagnosisor in the first few yearsfollowing diagnosisthe
percentageof youngpatientswho fulfilled criteria caughtup quicklyandthe difference

in the percentagewith indicationswere small.
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Figure5 d The cumulativeprobability of ULTeligibility in male (blue line) and female gout

patients(greenline).
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Figureb 2 Thecumulativeprobabilityof ULTeligibilityin gout patientsaged<35years(blue),

35 %19 years(green),50 64 years(yellow)and 6byears(purple).
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Discussion

Overall,this studyin a large cohort representativeof generalpracticein the UKfound that
the majority of gout patientssufferfurther attacksin 5 yearsfrom the first diagnosisof gout.
Theriskof CKOsveryhigh,overonethird of patienthad CKDwithin 5 yearsof from diagnosis.
Approximatelyone third of men and two thirds of women with incident gout fulfilled ULT
indicationsat the time of first diagnosis.Themajority (87%)of patientswith goutfulfilled the
indicationswithin 5 year from diagnosisand the mediantime to ULTindicationwasonly 5
months.Femalepatientstend to fulfil eligibilitycriteriaearlierin the courseof goutthan male
patients.Youngpatientstend to havelower probability for fulfilling ULTindicationsbut after
5 yearsof diseasecourse the differencebetweenagegroupsdiminished.Thisstudyprovides
the first populationbased study of the timing of when people with incident gout fulfil

acceptedndicationsfor ULT.

Despitethe nature history of gout seemswell known, direct evidenceon the timing of acute
attack recurrenceand occurrenceof complicationsis rare. Previousonly on paperin 1961
reported the risk of acute attack recurrenceafter initial diagnosisof gout.(Yuand Gutman,
1961)Theirresultssuggestedhat only 7%of patient did not haveanyacuteattacksafter 10
yearsof observationwhichis consistentwith our data. Previousstudiesalsofound highrisk
of CKD(Choiet al.,2012,Yuet al.,2012,Richetteet al.,2013)and urolithiasis(Krameret al.,
2003)in gout patients. However,this study reported the timing of suchoccurrencerelative

to the diagnosiof goutfor the first time. Theriskof comorbidityat the time of diagnosisvas
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alreadyhigh and the risk continuesto be elevatedafterwards.At only 5 yearsof diagnosis,

one quarter of patientsalreadyhad CKDwhichis alarminglyhigh.

Although existing guidelinesprovide specific indications for ULT in patients with gout,
currently there is no explicit evidencebasedadviceconcerningwhen in the courseof gout
patients should be consideredfor ULT,particularlyaround the time of diagnosis. Current
trends increasinglyfavour early treatment with ULTto prevent people developingfurther
crystaldepositionandlong term complicationssuchassubcutaneousophi andjoint damage
ratherthanwait until thesehaveoccurred.(Dohertget al.,2012) Sincerequentattacks,CKD,
urolithiasis, diuretic use and tophi(McGill and Dieppe, 1991) are specificindications for
ULT,(Zhangt al., 2006a,Jordanet al., 2007,Khannaet al., 2012a,Siveraet al., 2014)it is
conceivabldhat the majority of gout patientsshouldbe treated early.Balancedgainstearly
rather than late ULT are the concerns over rare but serious side effects from
allopurinol,(GutierreaMaciaset al., 2005) the inconvenienceof daily medicationand the
documentedcommonpoor adherenceo chronicULT.(Briesacheat al.,2008) However the
data of this study arguein favour of early treatment with ULTsincemanypeoplewith gout
fulfil currently recommendedndicationsfor ULTat the time of diagnosisor within just one
or a few yearsof diagnosisManagementshould alwaysbe individualisedand involve full
informationto the patient concerningthe nature, causesand consequencesf goutandthe

treatment strategiesthat are available.
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Currently the three majorprofessionabodies,European_eagueagainstRheumatism,(Zhang
et al.,, 2006a) British Society for Rheumatologyand British Health Professionalsin
Rheumatology(Jordaet al., 2007) and AmericanCollegeof Rheumatology(Khannat al.,
2012a)generallyadvisedietary and lifestyle modificationasthe initial stepto managegout.
ULTis indicated for patients showing evidence of uncontrolled arthritis, joint damage,
excessivaurate load (suchastophi or urolithiasis)or havingconditionsthat may promote
long standinghyperuricaemiarenal diseaseor use of diuretics).However,gout patientsin
modern societytend to be older and often have multiple co morbidities. For instance,a
recent clusteranalysisof comorbidityin gout found that only 12%of gout patients can be
classifiedas'‘isolatedgout with few comorbidities’.(Richettet al., 2013)Similarly this study
found 23.12%and 36.83%0f patients havingCKDand hypertensionrequiring diuretic use,
resultingin almosthalf of incidentgout patientsbeingeligiblefor ULTat the time of diagnosis.
Evenif patients are not eligible at diagnosisthey often fulfil the ULTindicationsdue to
frequent attacks, higherrisk for renal impairment and need for diuretics shortly following
diagnosisThisis especiallytrue for older patientsandin this cohort three quartersof gout
patients were diagnosedafter the age of 50. However,althoughlessthan 10%of younger
patientsfulfilled indicationsfor ULTat diagnosisapproximatelyhalf of thesebecameeligible
within 2 yearsfrom diagnosiswhich canstill be consideredo be earlyin the courseof their
life tong gout. Overall, therefore, early discussionand possibleinitiation of ULT seems

warrantedregardlesof the ageof onset.
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Thereare severalimitationsto the study.Firstly,gout patientswere not identified according
to AmericanCollegeof Rheumatology(Wallacet al., 1977) or Rome(KellgrenJH, 1963)
classificatiorcriteria or to the 'gold standard'of urate crystalidentification, but by recorded
physiciardiagnosidor casedefinition somisclassificatiotriasmayoccur. However sincethe
validity of gout diagnosisn the CPRIhasbeeninvestigatedandfoundto be high,(Meierand
Jick,1997)this biasshouldhavea minimal effect on the results.Secondlythe identification
of fulfilled patientindicationswasbasedon the recordingin the CPRDyhichmaybe liableto
different degreesof certainty. Thevalidity of prescriptiondatain CRPhasbeenreported,
suggestinga high accuracyto identify diuretic user basedon prescriptiondata.(Jicket al.,
2003) The casedefinition of CKDhas been validatedin a similar databasewhere medical
eventswererecordedusingReadcodes.(Denburgt al.,2011) Amore conservativadefinition
for acuteattackswasusedin this studyto improvespecificity requiringa gout diagnosisand
the prescriptionof anti mflammatoryagentsin the sameconsultationto fulfil the definition
for an ‘acute attack’. Thereforethe estimatesof cumulative probability of further attacks
were lower in this study than a previouslarge series,which found 62%of untreated gout
patients had attack within one year.(Yuand Gutman,1961) Furthermorethe prevalenceof
urolithiasisand tophi was lower than other reported rates.(Krameret al., 2003, Alvarezr
Nemegyekt al., 2005,Khannaet al., 2012b,Richetteet al., 2013) Thereforecollectivelythe
cumulativeprobability of fulfilling ULTindicationis more likely to be under rather than over

estimatedin this studyandthe estimatemaybe consideredconservative.
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In conclusion,the majority of gout patients are eligible for ULTat or shortly after initial
diagnosis. A discussionconcerningULTwith patientsin the very early courseof gout is

therefore warrantedaspart of the recommendedull explanationof gout, its outcomesand

its management.
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Familialaggregationof gout andrelative geneticand

environmentalcontributions: a nationwide population study in Taiwan

Introduction

Goutis the most commoninflammatoryjoint disease(Choiet al., 2005b,Annemanset al.,
2008,Zhuet al.,2011,Winnardet al.,2012)with animpacton morbidity (Abbottet al., 1988,
Krishnaret al.,2006,Sheaneand Cunnane2007)andprematuremortality.(Choiand Curhan,
2007 Krishnaret al.,2008,Kuoet al.,2010a)Thediseasds heritable,assuggestedy familial
clusteringof the disease;(Mituszovat al., 1992, Blumberg,1965,Emmerson,1960,Hauge
and Harvald, 1955, Smythet al., 1948a,Smythet al., 1948b, Grahameand Scott, 1970,
Copeman,1964,Cobb,1971,Reginatoet al., 2012)however,the existenceof manyknown
risk factors, suchas male gender,increasingage,(Arromdeeet al., 2002, Mikuls and Saag,
2006) obesity,(Choi et al., 2005a) chronic renal impairment,(Edwards, 2008),
hypertension,(Bholet al., 2010b,Choiet al., 2005a)long term use of diuretics(Hueskest
al.,2012)and certaindietswith high purine(Choiand Curhan,2005)andalcohol,(Choet al.,
2004a)alsosupportsa strong environmentalcontribution. Currently,the balancebetween

geneticand environmentalcontributionsis unclear.

High heritability of hyperuricaemia,(Wilk et al., 2000) the main driver of urate crystal
depositionandthe developmentof gout, hasled to efforts to identify susceptibilitygenes A

large familial segregation study has demonstrated significant heritability for
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hyperuricaemia(Wilket al., 2000) and specific genetic associations,particularly genes
involvedin renal urate clearance have been identified that mechanisticallymight explain
geneticsusceptibilityto hyperuricaemia.(Vitaret al., 2008,Kolzet al., 2009,Dehgharet al.,
2008a Kottgenet al.,2013)Despitethe strongevidencesupportinga geneticcontributionto
hyperuricaemiastudiesconcerningthe relative contributionsof geneticand environmental
factorsto gout are rare. A complexsegregationanalysisconductedin aboriginesin Taiwan
showeda substantialgeneticcomponentfor gout(Wanget al.,2004)but arecentclassidwin
study, with 514 all male twin pairsin the US,paradoxicallyfound significantheritability for
hyperuricaemidut not for clinicalgout.(Krishnaret al.,2012)In addition, efforts havelargely
failed to identify susceptibility genesto gout beyond genes controlling serum urate

concentration thus questioningthe role of geneticfactorsin gout.(Kottgeret al., 2013)

Thereforefor this thesisthe first nationwide populationbased study was undertakento
estimatethe degreeof familialaggregatiorof goutandthe extentto which heritability anda
common familial environment might each account for familial aggregation. This was
undertakenin Taiwanbecausefirstly, Taiwanhas the one of the highestreported gout
prevalenceworldwide(Linet al., 2000) and secondly,there is an establishednationwide
health insurancedatabasecontaining sufficient demographic,family history, and medical

dataon the entire Taiwanesgopulationto allowthesequestionsto be addressed.
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Methods

Thestudywasapprovedby the Institutional ReviewBoardof ChangGungMemorialHospital

(approvalnumber101£2178C).

Sourceof data

Theprimary data sourcecamefrom NationalHealthInsuranceResearctDatabasg NHIRD),
which containedregistrationinformation and original claimsdata on all beneficiariesof NHI
in Taiwansinceits establishmentn 1995.All entriesfor an individualare linked by a unique
personalidentifier assignedio each Taiwaneseresident, which allows accuratelinkage of
records from the registration files and from the original claims data. Before releasefor

researchpersonalidentifiersare de identified to ensureconfidentiality.

Theregistryof beneficiariespne of the registrationfiles, containsdetailsof demographics,
residence, kinship relationships, occupation categories, insurance status and insurance
amount of all beneficiariesof NHI. Claimsdata on all outpatient visits, inpatient care and
pharmacydispensingwere recordedin specificdatasetswith information suchas dates of
events, medical diagnosesmedical expenditure,and details of prescriptions,operations,

examinationsand procedures.
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Studypopulation and classification

Thestudypopulationconsistedof all NHIbeneficiarieq11,360,576nen;11,283,172vomen)
in 2004, representingd9.8%of the total populationof Taiwanat the endof 2004.(Directorate
Generalof Budget)Enrolledindividualswere classifiedaccordingto the affection status of

goutof their first rand seconddegreerelativeswho were registeredin the NHIbefore 2004.

Identification of caseswith gout

The primary case definition of gout was having a physicianrecorded diagnosisof gout
(InternationalClassificatiorof DiseasesNinth Revisio{ICDB] code:274.x)togetherwith at
least one prescription containing gout specific medications (colchicine,benzbromarone,
allopurinol, probenecid,sulfinpyrazone)at either an outpatient or emergencyvisit during
2000-2004Analternativedefinition, usedfor sensitivityanalysisywashavingtwo outpatient
or emergencyvisits with a physicianrecorded diagnosisof gout during 2000—2004.An

identicalcasedefinition of gout wasusedfor all individualsandtheir relatives.

Identification of first rand seconddegreerelativesand family ascertainment

Theregistryof beneficiariespecifiegelationshipsbetweenthe insuredpersonwho paysthe
fee and his/her dependents,allowing parent offspring relationshipsand spousesto be
identified directly. Among28,402,865individualsregisteredwith the NHI during 1996 to

2010, 21,009,551pairs of parentoffspring relationshipswere identified. Full siblingswere
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identified asindividualswho sharedthe sameparents.Twinswere full siblingswho havethe
same date of birth (x1 day). Seconddegree relatives were ascertainedbased on the
aforementionedrelationships.Theselinks allowed the identification of 4,191,274families

spanning2—5generations.

Demographicsand socioeconomidnformation

Socioeconomidactors were also examined,including residence,occupationsand income
levels, to reflect population stratification with the aboriginals(with significantly higher

prevalenceof gout (LiuCY 2006))andHanpeoplein Taiwan.

Theresidencefor eachindividualwas assignedas one of 369 towns or districtsin Taiwan,
each classifiedas urban, suburbanor rural. Becauseof the high prevalenceof gout in
Taiwaneseaborigines{ChouandLai,1998)55 towns/districtswith a predominantaboriginal
population (accordingto the Councilof IndigenousPeople)were categorisedas aboriginal
areasregardlesof the correspondingurbanisationlevels.Occupationsvere classifiednto 5
categories:(1) civil servants,teachers, military personneland veterans;(2) non manual
workers and professionals; (3) manual workers; (4) other and (5) the
unemployed/dependentsincome levels were approximatedbasedon the payrollrelated
amount, which was determinedby the payroll of the employeesand civil servantsand the
businessincome of employers.Income levels were categorisedinto sexspecificincome

guartiles.
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Thresholdliability model

Thismodelassumes normallydistributed liability of diseaseresultingfrom alargenumber
of unspecifiedgenesandenvironmentalfactors,eachwith smallandadditiveinfluences.The
liability of the affectedindividualsis greaterthan a criticalthreshold, the value of which can
be determinedwith the information of the diseaseprevalencen the affectedandthe general
population. Thefamilialtransmissioris the function of the differenceof normaldeviationof

the thresholdfrom the meanliability betweenindividualswith affectedrelatives(T1)andthe

normal population (T0). Since the environmental factors such as diet and alcohol
consumptionmay be sharedby family members,a commonenvironmentalcomponentmay
substantiallycontribute to familial transmissionjn addition to heritability. To separatethe

effectsof genesand commonenvironment,individualswith affectedspouseswvere usedas
controlssincea spousesharesthe family environmentbut not the geneswith their partner
and his/her biologicalrelatives.Assuminghat there is no inbreedingor assortativemating
effects,the magnitudeof the spouserelativerisk(RRprovidesanestimateof the importance
of the familial environment. (Rice,2008) Therefore,the heritability is the function of the

differenceof normal deviationof the thresholdfrom the meanliability betweenindividuals

with affectedrelatives(T1)andindividualswith affectedspousegTs).
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Statisticalanalysis

Theprevalenceof goutwascalculatedor the generalpopulationandfor individualswho had
an affected spouseand/or affectedrelatives.Anyindividualfulfilling the casedefinitions of
goutwasdefinedasa prevalentcase Forprevalenceof goutin individualswith affectedfirst r
and seconddegree relatives, age and sex were taken into account and ager and sexr
standardisedprevalence (95% confidence interval [CI]) was determined. The standard

populationusedwasthe generalpopulationof Taiwanin 2004.

Thedegreeof familialaggregatiorof gout wasestimatedusingthe RR whichwascalculated
asthe adjustedprevalenceratio between individualswith affectedrelativesand the entire
populationof Taiwanin 2004.(Risch1990)ThemarginalCoxproportionalhazardmodelwith
an equalfollow wp time for all subjectswith robust sandwichestimate, (Lin,1994,Leeand
Chia,1993)adjustedfor age,placeof residencejncome,occupationandfamilysize wasused
to optimisethe estimate of the RR.Becausecaseclusteringwithin a family may occur,the
robust sandwichestimatewasusedwhen calculatingconfidencebounds.(Lin1994) TheRR
wasestimatedfor individualswith different familyrelativesaffectedwith gout,includingfirst r
and seconddegreerelativesaffected and for the number of affectedfirst degreerelatives

(father, mother, son,daughter,brother, sister).
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ThestandardACEnodelwasusedto examinethe influencesof additivegenetic(A),common
environmentalfactorssharedby family members(C)and non sharedenvironmentalfactors

(E)accountingfor variancein a phenotype(P).Thismodelcanbe expresseds:

8 L o8E BE 4

where & L PKP=H LDAJKPULE? RENEW@EPERA CAJAPE? &ENE=J?A

?KITKJ AJRENKJIAJP s HnR &N BenkRgkedenvironmentalvariance.

Theheritability wasdefinedasthe proportion of phenotypicvariancethat is attributable to

enetic factors and can be expressedas~* and the familial transmissionwas expressed
€
L

as— whichisthe sumof heritability and commonenvironmentalvariances.

Thepolygenicliability modelwasusedto calculateboth measuregFalconer1967,Reichet
al., 1972,Reichet al., 1979)andthe siblingRR spouseRRand the prevalenceof goutin the
generalpopulation (p) were usedto calculatethe familial transmissionand the heritability,

whichwere expresseds:
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where TO=L"(d)(1p); Ts= 18(4)(1spouseRRxp)T1= I2(d)(1siblingRRxp)p =prevalenceof
gout in the normal population); aR:the additive geneticrelationshipbetweenthe relatives,for full
sibling,aR=0.5;i =z/p; z, the heightof the standardnormalcurvepertainingto gout prevalenceand

, standardnormalcumulativedistribution function.(Wrayand Gottesman 2012)

Therefore the common environmental component was the difference between familial
transmissiorandheritability. Sincethe epidemiologi@ndclinicalfeaturesof goutare sexually
dimorphicand henceequalgeneticvariancedn both sexesmay not hold true, (Oberet al.,
2008)Sexspecificfamilial transmissiorand heritability were estimatedusingrespectivesexr

specificpopulations.

All analysesvere performedfor both primary and alternative casedefinitionsof gout. A2 r
sidedp value0.05wasconsideredstatisticallysignificant.All analysesvere performedusing

SAD.3(SASnstitute, Cary,NC).
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Results

Gout prevalencein individuals with affected family membersversusthe general

population

The study identified 802,765men and 242,294women with gout in 2004 givinga crude
prevalenceof goutof 4.62%(95%ClI,4.61%—4.63%)rable3 4.). Men hada significantlyhigher
prevalence(7.07%,95%Cl,7.05%—7.08j}han women (2.15%,95%CIl,2.14%—2.16%)l here
were 1,663,904individualswith at least one affected first degree relative and 604,468
individualswith at leastone affectedseconddegreerelative. Thestandardisegrevalenceof

gout in individualswith affected first rand seconddegreerelativeswere 13.37%(95%Cl,
13.35%-13.39%nd 10.05%(95%Cl, 10.03%—10.06%h men and 4.16%(95%Cl,4.15%—
4.18%)and 3.01%(95%CIl,3.00%—-3.02%n womenrespectivelyFigure3 daand 3 db show
agerand sexspecificprevalenceof gout in men and women which at all agesis higherin

individualswith affectedfirst degreerelativesthan in thosewith seconddegreerelativesand

the generalpopulation.
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Table6 1 Demographicharacteristiceand gout prevalenceof the study populationby genderand relatives’affected statusof gout

Men Women
H affectedrelatives Generalpopulation H affectedrelatives Generalpopulation
(n=879,852) (n=11,360,576) (n=784,052) (n=11,283,172)

Age(years)meanz standarddeviation) 29.8+18.4 34.9+20.8 30.0+19.8 35.2+20.5
Gout(%) 10.79 7.07 3.13 2.15
Placeof residencg%)

Urban 60.16 57.53 61.39 59.40

Suburban 30.86 32.15 29.39 30.39

Rural 5.75 7.49 5.75 7.40

Aboriginal 3.23 2.83 3.47 281
Incomelevels(%)

Quartilel 24.27 27.68 24.49 27.77

Quartile2 25.37 27.52 26.44 30.18

Quartile3 22.20 19.60 18.79 16.84

Quartile4 28.16 25.20 30.28 25.21
Occupation(%)

Dependentf the insuredindividuals 41.07 34.49 49.97 42.39

Civilservantsteachers military personnelandveterans 5.25 4.39 4.09 3.04

Nonmanualworkersand professionals 30.53 29.33 27.17 25.81

Manualworkers 14.50 20.28 12.52 21.57

Other 8.65 11.51 6.25 7.19

Footnote: Incomelevels(in new Taiwandollars[NTD]):Quartile1,0 to 16500NTD(both genders)Quartile2, 16,501to 19,200NTD(both genders)Quartile3, 19,201to 33,300NTD(men)
and19,201to 28,800NTD(women);Quartile4, higherthan 33,301NTD(men)and higherthan 28,801NTD(women).
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(b)

Figure6 i Agespecifigprevalenceof goutin men(a)andwomen(b)accordingo the affectionstatusof relatives
(red, individualswith affectedfirst degreerelatives;green,individualswith affected seconddegreerelatives;

blue,the generalpopulation).
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Familyexposureand risk of gout

Therisk of gout wassignificantlyhigherin individualswith affectedfirst degreerelativesthanin
the generalpopulation,the RR9eing1.91(95%CIl,1.90-1.93)n menand 1.97 (95%Cl,1.94—
1.99) in women (Table 3 2). Individualswith affected seconddegree relatives also had an
increasedrisk of gout, albeit significantlylower than those with affectedfirst degreerelatives,
with RRsof 1.27 (95%CI,1.23-1.31)in men and 1.40 (95%Cl,1.35-1.46)n women. Figure2
showsthat individualswith anaffectedtwin hadthe highestrisk,followed by individualswith an
affectedsibling thenindividualswith anaffectedoffspringandfinallyindividualswith anaffected
parent. Samesextwins hadthe highestRR beinghigherin female femaletwin pairsthan maler
male twin pairs. The RRsfor gout in individualswith any categoryof affected seconddegree
relative (Table3 B8) werelower than RRsn thosewith affectedfirst degreerelatives(Figure3 ).
The RRsalsoincreasedwith the number of affectedfirst degreerelatives.Comparedwith the
generalpopulation,individualswith one,two or three or more categorief affectedfirst degree
relatives had RRs(95% Cls) of 1.87 (1.86-1.89),3.22 (3.15-3.29)and 4.96 (4.64-5.30),

respectively Thistrend wasmore prominentin women (figure 3 8).

Familialaggregatiorof goutwasevidentnot only in individualswith affectedbiologicalrelatives,
but alsoin thosewith affectedspousesTheRRsvere 1.66(1.65—1.68)n menwith an affected

wife and 1.65(95%Cl,1.64—-1.67)n womenwith an affectedhusband.
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Table6 2 Sensitivityanalysison the relativerisk of goutamongindividualswith affected

first rand seconddegreerelativesusingalternative casedefinition for gout

Affected first- and second- Men at risk Women at risk
degree relatives RR 95% ClI RR 95% CI
Parent

Father 1.77 1.75-1.79 2.15 2.13-2.18

Mother 1.83 1.81-1.85 1.94 1.85-2.03
Offspring

Son 1.83 1.82-1.85 1.87 1.84-1.89

Daughter 1.79 1.73-1.85 2.34 2.24-2.44
Sibling

Brother 2.43 2.38-2.47 2.03 1.93-2.14

Sister 2.35 2.23-2.47 3.82 3.19-4.57
Twins

Twin brothers 6.60 5.72-7.62 2.90 0.73-11.62

Twin sisters 3.66 1.2-10.69 38.23 14.81-98.72
Grandparent

Grandfather 1.08 1.03-1.14 1.08 0.92-1.27

Grandmother 1.20 1.14-1.27 1.21 1.04-1.41
Grandchild

Grandson 1.22 1.16-1.28 1.39 1.33-1.46

Granddaughter 1.35 1.17-1.55 1.47 1.27-1.70
Uncle or aunt

Uncle 1.21 1.13-1.29 1.00 0.80-1.26

Aunt 1.11 0.90-1.36 0.76 0.34-1.70
Nephew or Niece

Nephew 1.34 1.26-1.42 1.04 0.85-1.28

Niece 1.34 1.09-1.64 0.81 0.36-1.80
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Table6 B Relativerisk of gout amongindividualswith affectedseconddegreerelatives

in comparisonwith the generalpopulationin Taiwanin 2004

Affected seconddegree Men at risk Womenat risk
relatives RR 95%ClI RR 95%ClI
Grandparent

Grandfather 1.18 1.12-1.25 1.29 1.10-1.51

Grandmother 1.31 1.25-1.37 1.45 1.24-1.68
Grandchild

Grandson 1.25 1.20-1.31 1.45 1.39-1.52

Granddaughter 1.39 1.21-1.59 1.54 1.33-1.78
Uncleor aunt

Uncle 1.32 1.24-1.40 1.19 0.96-1.45

Aunt 1.21 0.98-1.48 0.91 0.41-2.03
Nephewor Niece

Nephew 1.42 1.34-1.51 1.16 0.95-1.41

Niece 1.42 1.16-1.74 0.90 0.41-2.00
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(b)

Figure6 2 Relativerisks(95%confidenceinterval) of goutamong(a) menand(b) women
with affectedfirst degreerelatives(square,male;circle,female)in comparisonwith the

generalpopulationin Taiwanin 2004.
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Figure6 B The “doseresponse”relationship between the numbers of affected firstr
degreerelativesandrelativerisk of gout (blue: one; red: two; green:three first degree

relatives).
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Relativecontributions of genetic,commonand non sharedenvironmentalfactors

Toseparatethe influencesof genesand environment,heritability and familialtransmissiorwere
calculated.In men, heritability was 35.1%(95%CI,34.1%-36.0%@nd familial transmissiorwas
63.2%(95%CIl,61.8%—64.7%)vhereasin women,they were 17.0%(95%Cl,15.0%-19.0%gnd
35.5%(95%Cl,33.1%—37.8%kspectivelyFigure3 ¢ showsthe relativecontributionsof genetic
(heritability), common environmental and non shared environmental componentsto the

phenotypicvariancesf gout.
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Figure6 # Relativecontributionsof heritability (blue),commonenvironmental(red) and

specificenvironmentalfactors(green)to phenotypicvariation of gout.

Sensitivityanalysis

Thealternativecasedefinition of goutwasusedfor the sensitivityanalysisTheresultswere very

similarto thoseof the primaryanalysigpleaseseetable 3 &, Figure3 b, 3 6).
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Table6 4 Sensitivityanalysisof adjustedrelativerisksof gout accordingto family exposure age,
place of residence,income levels and occupations,using primary and alternative gout case

definition.
Adjustedrelativerisks(95%confidence
Riskfactors interval)
Men Women
Agerdjustedmodel
Affectedrelativesof gout
Norelativeaffected 1 1

H affectedrelatives

1.92(1.91-1.93)

1.91(1.89-1.93)

Multivariate adjustedmodel

Affectedrelativesof gout
Norelativeaffected
H affectedrelatives
Placeof residence
Urban
Suburban
Rural
Aboriginal
Incomelevels
Quartilel
Quartile2
Quartile3
Quatrtile4
Occupation
Dependent
Civil
servicemen

Nonmanualworkersand professionalg%o)

Manualworkers(%)
Other (%)

servants, teachers and military

1
1.91(1.90-1.93)

1
1.00(1.00-1.01)
1.03(1.02-1.04)
1.34(1.33-1.36)

1
1.14(1.13-1.16)
0.98(0.97-0.99)
1.10(1.09-1.11)

1

1.14(1.13-1.16)

0.98(0.97-0.99)
1.13(1.13-1.14)
1.10(1.09-1.11)

1
1.97(1.94-1.99)

1
1.05(1.04—1.05)
1.10(1.09-1.12)
1.58(1.55-1.61)

1
1.03(1.02—1.05)
1.05(1.03-1.07)
0.95(0.94-0.97)

1

0.64(0.62-0.66)

0.73(0.72-0.74)
1.08(1.07—1.09)
1.01(0.99-1.02)

Footnote:adjustedfor ageandfamily size All RRestimateswere statisticallysignificant(p<0.01).
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Figure6 5 The “doseresponse”relationship between the numbers of affected firstr

degreerelativesandrelativerisk of gout usingalternative casedefinition of gout.
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Figure6 6 Relativecontribution of heritability (blue),commonenvironmental(red) and
specificenvironmentalfactors(green)to phenotypicvariationof gout, usingalternative

casedefinition of gout.
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Discussion

Thisnationwidepopulationstudyhasconfirmedfamilialaggregatiorof gout by demonstratinga
greaterprevalenceand RRof goutfor individualswith affectedfamilymemberscomparedto the
generalpopulation. Therisk of gout is increasedmore by havingaffectedfirst degreerelatives
than havingaffected seconddegreerelativesand appears“dose dependent”in that the risk
increasewwith the number of affectedrelatives.Theseresultsconfirmthe long held belief that
gout clusterswithin familiesand supportsanimportant contribution of commonfamilialfactors

in predisposingo the developmentof gout.

However,biologicalrelativestend to share similar environmentaland lifestyle risk factorsin
additionto genesandboth maycontributeto familialaggregationThereforethe riskassociated
with havinga spousewho hasgoutwasexaminedon the assumptiorthat anyincreasediskfrom
this predominantlyreflects predispositionfrom environmentaland lifestyle factorscommonto
family members. Therelative contributionsfrom this were found to differ betweenmen and
women, but overallit appearsthat geneticfactorsplay a smaller,but still substantial role than
environmentalfactorsin the aetiology of gout. The findings are consistentwith the relative
paucityof gout susceptibilitygenesdentified by genomewvide associatiorstudiesin comparison
with greater number of genesassociatedwith risk of hyperuricaemia,which had a greater

heritability.(Vitartet al., 2008,Kolzet al.,2009,Dehgharet al., 2008a,Kottgenet al.,2013)
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Consistentwith previousstudies,the findingsof this study provide strong evidenceto support
the existenceof familialaggregatiorof gout.(Mituszovaet al.,1992,Blumberg,1965,Emmerson,
1960,Haugeand Harvald,1955, Smythet al., 1948a,Smythet al., 1948b,Grahameand Scott,
1970, Copeman, 1964, Cobb, 1971) However, current evidence concerning the relative
contributionsof geneticandenvironmentalexposurego goutsusceptibilityislimited. Acomplex
segregatiorstudyconductedin the aboriginesof Taiwansupportedthe existenceof a substantial
geneticpredispositionto gout but no heritability estimatewasreported.(Wanget al., 2004)In
contrast,onerecentstudyof 253monozygotiand261dizygoticNorth Americanmaletwin pairs
found a significantheritability for hyperuricaemia(49.6%)but surprisingly,giventhat chronic
hyperuricaemiasthe keymechanisnfor urate crystalformation, no heritability (0%;95%CI,0%—
61.8%Yor gout.(Krishnaret al.,2012)Neverthelessthe currentwhole populationstudyprovides
severallinesof evidenceto supportthe existenceof geneticpredispositionto gout. Firstly,the
data on twin pairsshowedsignificantlydifferent risk profilesin samesextwin comparedto the
oppositesex twins. Although lack of information on zygosity prevented the calculation of
heritability basedon twin data, the higher RRsharedby samesex (partly monozygotic)twins
compared with oppositesex (exclusivelydizygotic) twins supports a genetic contribution.
Secondlyusingthe spouseasanindicatorof sharedenvironmentalrisk,the heritability estimate

was35.1%in menand17.0%in women.Therefore althoughnot the soleexplanationfor familial
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aggregation,genetic factors, in addition to environmental influences,do contribute to the

developmentof gout.

It haslong beenobservedthat men are significantlymore likelyto havegout than women.(Cea
Sorianoet al., 2011,Mikulset al., 2005b)In addition, onsetof goutis later in women.(DeSouza
et al., 2005) The causeof this sexualdimorphismis not clear.One explanationis the uricosuric
effect of oestrogen which results in lower serum urate levels in premenopausal
women.(Adamopouloset al., 1977) Therefore, prevalence of gout is generally low in
premenopausalwomen and increasesdramatically after the menopause.(Halet al., 2010)
Differentexposurego environmentalrisk factorsmayalsocontribute to the sexdifference.For
instance dietarycalorieintakeandalcoholconsumptionarelower in womenthanmenin Taiwan
accordingto a national nutrition survey.(Liret al., 2003b,Wu et al., 2011) Thiscurrent study
showsthat familial transmissionand heritability are both significantlyhigherin men. These
findings suggestthat geneticand common environmentalfactors are the main predisposing
factorsto goutin men, but not in women. Therefore the sexdifferencecanbe partly attributed

to different contributionsfrom family factors.Furtherstudyis neededto confirmthis finding.

Thereare severallimitations to this study. Firstly,it wasconfinedto Taiwanso resultsmay not
be generalisabldo other settings.Secondlythe NHIRDs primarily a healthinsurancedatabase

that containslimited information on criteria for clinical diagnosis.There were no data on
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potential confoundingfactorssothe interactionsbetweenfamily historyand other confounders
and their independentcontributionsto the risk of gout could not be examined.Further, the
analysisof relative geneticand environmentalcontributions was basedon the multifactorial
liability modelandthe resultsare subjectto assumptionso shouldbe interpreted with caution.
However,the publisheddata on other diseasesuch as schizophreniaWray and Gottesman,
2012) support the validity of this model. Finallyit was not possibleto examinethe effects of
assortativemating, whereby spousesare more similar for a phenotypethan they would be if
mating occurred at random in the population. If this assortmentis not negligible,a biased
estimationof relative geneticand environmentalcontributionsmay The main strengthsof this
studyincludethe useof datafrom the entire populationof approximately23 million individuals
andsystematianethodsto identify andascertairfirst randseconddegreerelatives,whichallow
very preciseestimationof prevalenceand RR=f gout with minimal selectionbias. Thevirtually
completeidentificationof gout casesandthe useof consistentcasedefinitionsfor individualsat
risk and their relativesensuredthe absenceof information bias. Furthermore, prospectively
recordeddatafor diagnosisfor constructionof family relationshipsand for ascertainingsocior
economidnformationwere utilised,thus minimisingrecallbiasand other errorsassociatedvith

selfreporting.
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Thepresentstudy providesquantitative estimatesboth of familial RRand heritability for goutin
an entire population of Taiwan.The results of this study confirm the clinicalbelief that gout
clusterswithin familiesand that both geneticand environmentalcomponentscontribute to its
aetiology. Studies of familial risk in other populations are required to determine the

generalisabilityof thesefindingsto other populations.
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Burdenof comorbiditiesand all causemortality in patients

with incidentgout: a nationwide population studyin the UK

Introduction

Current clinical guidelinesand recommendationsendorsedby the EuropeanLeagueagainst
Rheumatism(EULAR),(Zharg al., 2006a)AmericanCollegeof RheumatologfACR)(Khannet
al., 2012a) and British Society of Rheumatology(BSR)(Jordamet al., 2007) agree on the
importanceof comorbidityon gout managementout only discusdiseaseghat are recognised
to be pathophysiologicallyelated to gout. In addition, the indicationsfor ULTare generally
recommendednlyfor patientswith highurate load(suchasthe presenceof tophi or urolithiasis)
or with other comorbiditiessuchaspoor kidneyfunction. Althougha focuson comorbiditiesthat
arecausallyelatedto or areseenascomplicationsf goutisunderstandablemnanygout patients
are ‘complicated’by multiple comorbiditiesthat mayor maynot be relateddirectlyto goutand
assuchmanagementdecisionsare often difficult sincetheserecommendationsand guidelines

do not giveanyspecificguidancein thesescenarios.

Accumulatingevidencesuggestshat comorbidityisepidemidn gout.(Zhwet al.,2012,Annemans
et al., 2008, Richetteet al., 2013) For instance,a recent large study found that only 12% of

prevalent cases were considered to be isolated gout without significant associated
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comorbidities.(Richetteet al., 2013) However, previous studies have only included limited
categorief comorbiditiesandhavenot examinedhe timing of comorbidityoccurrenceelative
to gout diagnosisIf many or most gout patients suffer comorbidity at diagnosisand the risk
continuesto increaseafterwards, current managementparadigmsshould be changed,for
example,strategicallytreating gout and comorbidity as a singleentity, rather than managing
them separately.Therefore by usingdata representativeof the generalpopulationof UKfrom
the CPRDthis studyaimedto examinethe burdenof comorbidityat the time of first diagnosisof
gout andthe subsequentaccumulationof comorbiditiesafter diagnosisandto comparethis to

the riskof new comorbiditiesin non gout controls.
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Methods

Thisstudywasa casecontrol studywith both retrospectiveand prospectiveobservationausing
data from the CPRDIt was hypothesisedhat gout hasa higher burden of comorbidity at the
time of first diagnosisandthat the risk of comorbiditywould continueto rise after the diagnosis

of the disease.

Datasource

Pleaseaeferto section2.3.1

Definition of incident gout

Readcodeswere usedto identify incidentgout patientsfrom the CPRbetween1997and 2005.
Tobe eligibleasanincidentgout patient, participantshad to haveno evidenceof gout and no
prescriptionfor ULT(mostlyallopurinol)prior to the time of diagnosigindexdate) andto have
at least a three year registration prior to the index date.(CeaSorianoet al., 2011) The case
definition was basedon physiciandiagnosisusing 18 Readcodesindicative of incident gout
(pleaserefer to table 2 B8). Thevalidity of gout diagnosisin the CPRDhasbeenvalidatedin a

previousstudy.(Meierand Jick,1997)
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Selectionof controls

Froma basepopulationof CPRparticipantswho had an activeregistrationfrom 1997to 2005,
onecontrol perincidentcasewho hadno recordof goutandno prescriptionsof ULTin the CPRD
wasselected.Controlpatientswere matchedto incidentgout patientson a 1:1 basisby year of
birth, gender,generalpracticesand year of first continuousregistrationat this CPRpractice.
Thesameindexdatewasassignedo eachof the matchedcontrols.Aswith incidentgout patients

the matchedcontrolshadat leastthree yearsof registrationprior to the indexdate.

Studyperiod

Threeperiodsweredefinedto assessomorbidity:onefrom 10yearsprior to diagnosispnefrom
one year prior to diagnosisand one from diagnosisto the earliest date of occurrenceof
comorbidity, death, transfer out or end of study (31 December2013), whichevercamefirst.
Prevalenceof comorbidity assessedn the 10 year and 1 year periods prior to diagnosiswas
estimated.The Charlsonrcomorbidityindexat diagnosisvas basedon resultsfrom the 10 year
period. Cumulativeprobability of all causemortality wasestimatedusingthe indexdate asthe

originandthe diseasecoursein yearsafter diagnosisastime scale.
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Comorbidityof interest and mortality

Goutwasdefined asthe index diseasein this study and Feinstein’sdefinition was utilised for
comorbidity,specifically’Any distinct additionalentity that hasexistedor mayoccurduringthe
clinicalcourseof a patient who hasthe index diseaseunder study”.(Feinstein,1970) General
health status was measuredby the Charlsonco morbidity index. Thisindex summarisesl?
diagnostic categories (myocardial infarction, congestive heart failure, peripheral vascular
diseasegcerebrovasculadiseasedementia,chronicpulmonarydiseaserheumatologicdisease,
pepticulcerdiseasemild liver diseasemoderateor severeliver diseasediabetesmellitus[DM],
DM with chronic complications,renal diseases,any malignancy[including leukaemia and
lymphoma], metastatic solid tumour and human immunodeficiencyvirus [HIV] infection) to
representone’shealthstatusandhasbeenshownto be ausefulpredictorfor mortality.(Charlson
etal.,1994) Deyoet al producedavalidatedversionfor usewith the ICDB baseddatabase,(Deyo
et al., 1992) which was the basisof the validated Readcode version.(Kharet al., 2010b) |
calculatedhe Charlsorscorefor eachstudypersonat baselineby addingscoresassignedo each
specifiadiagnosislinaddition,other comorbiditieswereincorporated,includinganaemiacardiac
arrhythmias, depression, hypertension, hypothyroidism, multiple sclerosis, neurological

diseasespsoriasis,psychosisurolithiasisand valvular heart disease.The definitions of these
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conditions were also based on physiciandiagnosisrecorded as Read codes. The Charlson

comorbidityindexwascategorisedas(1)0,1 2,34 and B scoresand(2)0and H score.

Mortality was based on the recording in the main database.The CPRDhas developedan
algorithmto identify deathand date of deathfor deceasedarticipants.In order to validatethe
recordeddeath and death date in CPRDgata were requestedfrom the deathregistrationfrom
the Office of National Statisticsfor all patients registeredbetween 2004 and 2006 who had
consentedto participatein the linkagescheme which coveredthe period between 1%t January
1998and 10" January2012.Overall,there were 3,522,601participantsfrom practiceswho had
consentedo the linkageschemein this period. Dataon causeof deathwere only availablefrom
these practices.Of these, 209,154 participantswere identified as deceasedby the CPRIbut
accordingto death registration, 197,139 participants had died. As shown in table 7 4, the
sensitivity specificity positivepredictivevalueand negativepredictivevalueof a CPRDecorded
deathwere0.99,0.99,0.93and1.00,respectivelyTheCPRDecordeddeathdateswereidentical
to that recordedin deathregistrationin 89.0%of deceasegatientsidentified by both CPR2nd
deathregistration. Thedifferencebetweenrecordeddatesof death waslessthan 3 monthsin
98.5%o0f deceasedpatients. Thereforethe recordingof death and death date in the CPRDs

generallyconsistentwith deathregistration.
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Table7 1 Performanceof CPRDecordeddeath

Death registration
Total PPV NPV

CPRD recorded Not recorded

Recorded 195,047 14,107 209,154 93.3%

Not recorded 2,092 3,311,355 3,313,447 99.9%
Total 197,139 3,325,462 3,522,601

Sensitivity 98.94%

Specificity 99.6%

Footnote: PPV, positive predictive value; NPV, negative predictive value.

Statisticalanalysis

Theprevalenceof a specificcomorbiditywas calculatedusingthe number of peoplediagnosed
with agivencomorbidityduringthe past10 yearor one yearperiod beforethe indexdate asthe
numeratorandthe numberof incidentgout patientsor matchedcontrolsasdenominators Odds
ratios(OR)and95%confidencantervals(Cl)were usedto estimatethe associatiorbetweengout
and eachco existingmedicalcondition. Conditionallogisticregressiorwas usedto adjustfor

age,gender,ndexyear,BMIcategoriessmokingstatusandalcoholconsumption Kaplan—Meier
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plots were used to estimate the cumulative probability of each comorbidity and all cause
mortality for people with incident gout and those without. Only people at risk for a given
comorbiditywere consideredfor the prospectiveanalysis. Hazardratio (HR)and 95%Clwere
calculatedfor mortality by Coxproportional hazardsmodel. The HRswere adjusted by age,
gender, index year, BMI categories,smoking status and alcohol consumption.For all cause
mortality all comorbiditieswere adjustedat indexdate. All statisticalanalysesvere performed

usingSAStatisticalsoftware,version9.3.
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Results

During1997to 2005,31,138incidentgout patients were identified with a meanageof 60.5+
14.5 yearsand approximatelythree quarters being men. Theywere 1:1 matchedto 31,138
controlswith the sameageandsexstructure (Table7 ). Theoddsof developinggoutincreased
significantly with  BMI, alcohol consumption and smoking. Both unadjusted and adjusted

estimatesgavesimilarresults.

Table7 2 Characteristicof incidentgout patientsand controls. Valuesare numbers(percentagesunlessstated

otherwise.
Incident gout Controls Unadjusted Adjusted
(n=31,138) (n=31,138) odds ratios (95% CI) odds ratios (95% C%)
Age (years)
<50 years 7,560 (24.28) 7,581 (24.35) NA NA
50-59 years 6,842 (21.97) 6,891 (22.13) NA NA
60-69 years 7,194 (23.10) 7,135 (22.91) NA NA
70 years 9,542 (30.64) 9,531 (30.61) NA NA
Gender
Men 22,803 (73.23) 22,803 (73.23) NA NA
Women 8,335 (26.77) 8,335 (26.77) NA NA
BMI (kg/m 2
<185 171 (0.55) 427 (1.37) 0.63 (0.534.76) 0.62 (0.52K.75)
18.5-24.9 6,013 (19.31) 9,505 (30.53) Reference Reference
25.0-29.9 12,474 (40.06) 10,624 (34.12) 1.86 (1.784.93) 1.88 (1.80%.00)
30 10,385 (33.35) 5,247 (16.85)  3.13 (2.99%8.28) 3.20 (3.058.35)
Unknown 2,095 (6.73) 5,335(17.13)  0.62 (0.59%.66) 0.62 (0.58%.66)
Smoking
Non-smoker 8,454 (23.01) 7,165 (23.01) Reference Reference
Current smoker 4,517 (14.51) 3,402 (10.93) 1.13 (1.07A4.19) 1.14 (1.084.20)
Ex-smoker 14,331 (46.02) 13,665 (43.89) 0.90 (0.864.92) 0.85 (0.824.89)
Unknown 3,836 (12.32) 6,906 (22.18)  0.47 (0.45%.50) 0.45 (0.438.47)

Alcohol consumption (units/week)

Never/ Ex-drinker 2,951 (9.48) 3,307 (10.62) Reference Reference

Current 1-9 13,776 (13776) 13,872 (44.55)  1.11 (1.0548) 1.15 (1.094.21)
Current «10 8,551 (27.46) 4,712 (15.13)  2.03 (1.91%.16) 2.17 (2.04%.31)
Unknown 5,860 (18.82) 9,247 (29.70)  0.71 (0.708.75) 0.74 (0.708.79)

Footnote: a. adjusted by age, gender and index year
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Retrospectiveobservation

Atindexdate, the proportion of peoplehavingno comorbidityin the Charlsorcomorbidityindex
wassignificantlylower in the incidentgout patientsthanin the controls.In a multivariatelogistic
regressionmodel adjusted for age, sex, index year, BMI class,smoking status and alcohol
consumptionin the 10 year period before the indexdate, ORH95%ClIs)were 1.34(1.283..40),
1.72(1.579.88)and 1.99(1.6653.39)for Charlsorcomorbidityindexcategoriesl 2,34 and §
scoreqprend <0.001) respectivelyTheanalysigestrictedto diagnosesecordedin the one year

period prior to the indexdate hada similarpattern of ORs.

As shown in Table 7 B, all diseasesin the cardiovascularand genitourinary systemswere
associatedwith a higher risk of incident gout. Amongthem, renal diseases(OR,5.41) and
congestiveheart disease(OR,3.99) were associatedwvith the greatestrisk of incidentgout. In
addition, solid malignancy,leukaemiaand lymphoma (OR 1.21), hyperlipidaemia(OR1.74),
hypothyroidism(OR1.42),chronicpulmonarydisease$OR1.23),0steoarthritis(oddsratio 1.20),
anaemia(oddsratio 1.32) and psoriasis(oddsratio 1.22)were also positivelyassociatedwith
incidentgout in adjustedmodelsin both the 10 yearand one year periods,while only multiple

sclerosis(odds ratio 0.53) was negatively associatedwith incident gout. Interestingly, both
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uncomplicatedand complicatedDM were not significantrisk factorsfor incidentgout and even

showeda slightnegativeassociatiorin the logisticregressiommodelin the 10 yearperiod.
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Table7 B Comorbiditiespresent10 yearsand 1 yearbeforeindexdate. Figuresare number (percentage)f subjectsand oddsratios (95%

confidenceintervals).

10 year period before index date

1 year period before index date

Unadjusted OR

Adjusted OR

Cases

Controls

Unadjusted OR

Adjusted OR

Cases Controls
Charlson comorbidity index categories
0 20,597 (66.15) 23,382 (75.09)
1-2 8,436 (27.09) 6,536 (20.99)
3-4 1,680 (5.40) 1,008 (3.24)
5 425 (1.36) 212 (0.68)
Neoplasms
Solid malignancy, leukemia and lymphoma 1,391 (4.47) 1,127 (3.62)
Metastatic solid tumors 22 (0.07) 21 (0.07)
Circulatory system
Hypertension 10,820 (34.75) 5,563 (17.87)
Cardiac arrhythmias 2,200 (7.07) 938 (3.01)
Cerebrovascular disease 1,471 (4.72) 960 (3.08)
Congestive heart failure 1,709 (5.49) 458 (1.47)
Myocardial infarction 1,420 (4.56) 726 (2.33)
Peripheral vascular disease 921 (2.96) 583 (1.87)
Valvular heart disease 559 (1.80) 230 (0.74)
Genitourinary systems
Urolithiasis 295 (0.95) 224 (0.72)
Renal diseases 715 (2.30) 133 (0.43)
Metabolic/endocrine disease
Uncomplicated dibetes mellitus 1,926 (6.19) 1,631 (5.24)
Diabetes mellitus with complications 329 (1.06) 319 (1.02)
Hyperlipidaemia 3,172 (10.19) 1,676 (5.38)
Hypothyroidism 1,045 (3.36) 669 (2.15)
Gastrointestinal and hepatic diseases
Peptic ulcer disease 577 (1.85) 522 (1.68)
Mild liver disease 115 (0.37) 68 (0.22)
Moderate to severe liver disease 22 (0.07) 20 (0.06)
Chronic pulmonary diseases 3,830 (12.30) 2,886 (9.27)
Musculoskeletal & connective tissue diseases
Osteoarthritis 3,184 (10.23) 2,337 (7.51)
Rheumatologic disease 1,981 (6.36) 1,751 (5.62)
Neurological and mental disorders
Dementia 37 (0.12) 74 (0.24)
Hemiplegia 101 (0.32) 83 (0.27)
Multiple sclerosis 27 (0.09) 51 (0.16)
Other neurological diseases 482 (1.55) 566 (1.82)
Psychosis 100 (0.32) 143 (0.46)
Depression 3,680 (11.82) 3,135 (10.07)
Other comorbidities
Anaemia 2,608 (8.38) 1,786 (5.74)
Psoriasis 1,002 (3.22) 728 (2.34)
HIV infection 7 (0.02) 3(0.01)

Reference
1.55 (1.47A.63)*
1.94 (1.63R.31)*
2.28 (1.338.90)*

1.25 (1.154.36)*
1.08 (0.584.91)

2.78 (2.67R.90)*
2.58 (2.38%.80)*
1.58 (1.454.72)*
4.38 (3.914.91)
2.04 (1.86%.24)*
1.62 (1.468.81)*
2.50 (2.13R.92)*

1.32 (1.108.57)*
5.51 (4.57%.65)*

1.20 (1.124.28)*
1.03 (0.884.21)
2.10 (1.87R.24)*
1.61 (1.464.78)*

1.11 (0.984.25)*
1.69 (1.258.28)*
1.10 (0.60%.02)*
1.39 (1.324.46)*

1.46 (1.37A.55)*
1.15 (1.07A4.23)*

0.50 (0.34K0.74)*
1.22 (0.914.63)
0.53 (0.33%.84)*
0.85 (0.750.96)*
0.70 (0.54%.90)*
1.21 (1.154.27)*

1.54 (1.454.65)*
1.39 (1.264.53)*
2.33 (0.608.02)

Reference
1.29 (1.224.36)*
1.53 (1.27A4.85)*
2.01 (1.118.61)*

1.21 (1.104.32)*
1.00 (0.524.92)

2.17 (2.07R.27)*
2.47 (2.27R.62)*
1.43 (1.314.57)*
3.99 (3.544.49)*
1.79 (1.624.98)*
1.51 (1.344.69)*
2.50 (2.11R.95)*

1.22 (1.014.48)*
5.41 (4.44%.58)*

0.87 (0.814.94)*
0.77 (0.650.92)*
1.74 (1.624.87)*
1.42 (1.27A4.58)*

1.08 (0.954.23)
1.41 (1.024.96)*
1.05 (0.56%.00)
1.23 (1.168.30)*

1.20 (1.134.28)*
0.92 (0.860.99)*

0.56 (0.374.86)*
1.19 (0.864.64)
0.53 (0.324.88)*
0.84 (0.740.96)*
0.70 (0.530.92)*
1.12 (1.064.18)*

1.32 (1.238.41)*
1.22 (1.094.35)*
1.42 (0.29%.82)

26,414 (84.83) 27,888 (89.56)

4,318 (13.87)
365 (1.17)
41(0.13)

351 (1.13)
4(0.01)

4,229 (13.58)
637 (2.05)
323 (1.04)
482 (1.55)
183 (0.59)
211 (0.68)
132 (0.42)

59 (0.19)
302 (0.97)

1,275 (4.09)
141 (0.45)
805 (2.59)
273 (0.88)

60 (0.19)

29 (0.09)

5 (0.02)
1,708 (5.49)

771 (2.48)
909 (2.92)

13 (0.04)
16 (0.05)
6 (0.02)
117 (0.38)
23 (0.07)
919 (2.95)

503 (1.62)
288 (0.92)
2 (<0.01)

3,024 (9.71)
206 (0.66)
20 (0.06)

272 (0.87)
8 (0.03)

2,107 (6.77)
259 (0.83)
209 (0.67)
118 (0.38)
120 (0.39)
124 (0.40)
45 (0.14)

34 (0.11)
42 (0.13)

1,011 (3.25)
126 (0.40)
391 (1.26)
163 (0.52)

43 (0.14)

15 (0.05)

7(0.02)
1,201 (3.86)

490 (1.57)
740 (2.38)

29 (0.09)
14 (0.04)
18 (0.06)
146 (0.47)
26 (0.08)
745 (2.39)

286 (0.92)
178 (0.57)
1 (<0.01)

Reference
1.54 (1.484.60)*
2.07 (1.90R.25)*
2.56 (1.168.03)*

1.30 (1.11A4.52)*
0.50 (0.154..66)

2.35 (2.21R.49)*
2.54 (2.19R.94)*
1.56 (1.314.86)*
4.43 (3.595.47)*
1.53 (1.224.93)*
1.72 (1.37R.15)*
3.02 (2.144.27)*

1.74 (1.14R .65)*
7.34 (5.3040.17)*

1.28 (1.184.40)*
1.12 (0.884.43)
2.15(1.90R.44)*
1.69 (1.39%.06)*

1.11 (0.984.25)
1.69 (1.25%.28)*
1.10 (0.60%.02)
1.39 (1.324.46)*

1.61 (1.434.80)*
1.25 (1.134.38)*

0.45 (0.23%.86)*
1.14 (0.56%.34)
0.33 (0.13%.84)*
0.80 (0.634.02)
0.89 (0.514.55)
1.24 (1.134.37)

1.80 (1.55%.09)*
1.63 (1.354.97)*
2.00 (0.18%2.05)

Reference
1.34 (1.284.40)
1.72 (1.57A.88)*
1.99 (1.668.39)*

1.26 (1.064.49)*
0.70 (0.87R.68)

1.83 (1.724.95)*
2.28 (1.95R.67)*
1.39 (1.154.68)*
4.00 (3.20%.00)*
1.34 (1.044.73)*
1.55 (1.224.98)*
2.63 (1.828.80)*

1.74 (1.09R.76)*
7.50 (5.3340.55)*

0.91 (0.834.00)
0.80 (0.624.04)
1.88 (1.65%.16)*
1.51 (1.224.87)*

1.08 (0.954.23)
1.41 (1.024.96)*
1.05 (0.56%.00)
1.23 (1.164.30)*

1.35 (1.194.54)*
0.95 (0.854.06)

0.56 (0.284.13)
1.05 (0.48%.31)
0.26 (0.100.69)*
0.84 (0.654.10)
0.90 (0.494.65)
1.12 (1.004.25)

1.58 (1.344.85)*
1.48 (1.204.81)*
0.90 (0.07A.1.09)

Footnote: a. adjusted for age, gender, index year, BMI class, smoking status and alcohol consumption. * p<0.05
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All causemortality of gout after diagnosis

After diagnosismortality at 5 yearand 10 years(95%CIs)from any causewas 5.28%(5.02%5
5.53%)and 18.49%(18.0198.8.97%)respectivelyin incident gout patients, comparedwith
4.45% (4.22%031.68%; log rank test, p<0.001) and 15.29% (14.85%8.5.73%;logrank test,
p<0.001)n matchedcontrols.Onaverage21%excessleathswere observedn peoplewith gout
comparedto thosewithout gout (HR1.24,95%CIL.183..30).After the adjustmentfor age,sex,
indexyear,BMIclasssmokingstatus,alcoholconsumptiorandall comorbiditiesat baseline gout
associatedwith a HRof 1.15 (95%Cl, 1.09 1522).In a model additionally adjustingfor all
comorbidityat diagnosisgout wasassociatedvith a HR(95%Cl)for all causemortality of 1.11

(1.058..17;p<0.001).
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Table7 A Cumulativeprobability of comorbidity after diagnosisof gout. Figuresare probability of incidentcomorbidity (percentage).

Cases Controls

Atdiagnosis 1year 2years 5year 10year At diagnosis 1year 2years 5year 10 year
Charlson comorbidity index >0 33.85 37.43 4051 4950 62.84 24.91 2724 29.64 37.20 48.74
Any increase in Charlson comorbidity index 0 3.57 6.66 15.46  26.05 0 2.33 4.73 12.09 21.01
Neoplasms
Solid malignancy, leukemia and lymphoma 4.47 5.20 6.09 9.80 17.39 3.62 4.19 4.93 8.42 15.21
Metastatic solid tumors 0.07 0.09 0.13 0.52 1.48 0.07 0.08 0.11 0.50 1.49
Circulatory system
Hypertension 34.75 38.41 4157 4959 5957 17.87 20.29 2289 2995 3871
Cardiac arrhythmias 7.07 8.02 8.95 11.88  16.94 3.01 3.46 4.10 6.10 9.62
Cerebrovascular disease 4.72 5.46 6.16 8.58 12.62 3.08 3.63 4.20 61.3 9.48
Congestive heart failure 5.49 6.04 6.63 8.25 10.84 1.47 1.73 1.99 3.08 4.87
Myocardial infarction 4.56 4.98 5.33 6.72 9.08 2.33 2.61 2.89 4.04 571
Peripheral vascular disease 2.96 3.41 3.80 5.03 7.10 1.87 2.16 2.44 3.31 4.80
Valvular heart disease 1.80 2.07 2.38 3.34 5.05 0.74 0.88 1.04 1.60 2.79
Genitourinary system
Urolithiasis 0.95 1.04 1.13 1.42 1.99 0.72 0.81 0.89 1.11 1.48
Renal diseases 2.30 3.02 3.88 6.93 10.78 0.43 0.56 0.76 1.67 3.32
Metabolic/endocrine disease
Uncomplicated diabetes mellitus 6.19 7.48 8.75 13.00 20.05 5.24 5.92 6.63 8.70 12.27
Diabetes mellitus with complications 1.06 1.33 1.68 3.27 13.57 1.02 1.26 1.57 2.67 8.67
Hyperlipidaemia 10.19 11.86 1334 17.22 22.16 5.38 6.32 7.27 10.04 13.78
Hypothyroidism 3.36 3.85 4.35 5.88 7.92 2.15 2.43 2.79 3.97 5.40
Digestive system
Peptic ulcer disease 1.85 2.10 2.27 2.77 3.54 1.68 1.81 1.94 2.25 2.85
Mild liver disease 0.37 0.47 0.58 1.07 1.96 0.22 0.27 0.32 0.49 0.94
Moderate to severe liver disease 0.07 0.08 0.09 0.19 0.42 0.066 0.08 0.09 0.16 0.33
Chronic pulmonary diseases 12.30 1332 1419 16.73 20.62 9.27 10.00 10.68 12.76 16.30
Musculoskeletal & connective tissue diseases
Osteoarthritis 10.23 1196 1350 17.54 23.27 7.51 8.39 9.25 12.01 15.86
Rheumatologic disease 6.36 7.62 8.82 12.06 17.89 5.62 6.35 7.06 8.93 12.02
Nervous system and mental disorders
Dementia 0.12 0.20 0.32 0.89 2.52 0.24 0.32 0.50 1.31 2.97
Hemiplegia 0.32 0.40 0.45 0.6 0.92 0.27 0.31 0.34 0.47 0.66
Multiple sclerosis 0.08 0.10 - 0.12 0.4 0.16 0.18 0.19 2.03 2.49
Other neurological diseases 1.55 1.84 2.14 3.18 4.84 1.82 2.09 2.42 3.39 5.04
Psychosis 0.32 0.39 0.43 0.62 1.03 0.46 0.50 0.55 0.76 1.15
Depression 11.82 13.13 1440 18.24 24.05 10.07 1116 1226 1534 20.14
Other comorbidities
Anaemia 7.97 9.26 10.42 1463 21.88 5.57 6.28 7.02 9.96 14.76
Psoriasis 3.22 3.55 3.84 4.67 5.86 2.34 2.60 2.86 3.41 4.12
HIV infection 0.02 0..03 0.04 0.04 - <0.001 - - 0.02 -

Footnote: a. adjusted for age, gender, index year, BMI class, smoking status and alcohol consumption.
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Discussion

Usinga large primary care databasein the UK, the risk of existingcomorbidityat diagnosisand
all causemortality following initial diagnosisvasexaminedin incidentgout patientscompared
to matchedcontrols. Overall,a third of newly diagnosedgout patients alreadyhad a Charlson
comorbidityscore H,comparedto aquarterof matchedcontrols.Thisisthe first studythat has
attempted to examinea full range of comorbiditiesincludingthose not listed in the Charlson
comorbidityindex. Theprevalenceof hypertension cardiacarrhythmias valvularheartdisease,
urolithiasis, hyperlipidaemia, hypothyroidism, chronic pulmonary disease, osteoarthritis,
depression,anaemiaand psoriasiswere all significantlyhigher in incident gout patients than
controls. Despiteother diseaseahich affect longevity,gout itself causesan additional 11%of
deathsin the UKgeneralpopulation.Overall the burdenof comorbidityis veryhighat diagnosis
of gout and the risk of all causemortality is also higherin incident gout patients than in the

generalpopulationindependentof comorbiditiesat diagnosis.

Therelationshipshetweenindexdiseaseandcomorbidityareverycomplex(Valderast al.,2009)
but broadly can be classifiedinto three models: direct causation,associatedrisk factors and
heterogeneity.(Rheet al., 2004) Theassociatiorbetweengout and metabolicsyndrome,(Choi
et al., 2007, Rho et al., 2005) as well as to the individual components of metabolic

syndrome,(Chert al., 2007a)for instanceis consistentlyreported. Althoughthe relationships
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between gout and metabolic syndrome were not measured directly, there were close
relationships between gout and the individual metabolic syndrome components such as
hypertension,hyperlipidaemiaand obesity (increasedBMI). The coexistenceof gout and the
components of metabolic syndrome probably is the result of the close links between
hyperuricaemia and insulin resistance, the main driver of gout and metabolic
syndrome.(Rathmanet al., 1998, VuorinenMarkkolaand Ykidarvinen,1994) Thisis a typical
modelof associatedisk factors.(Rheeet al., 2004) Theassociationdbetweengout and diabetes
mellitusare more complex.Bothhyperuricaemiaandgout areindependentriskfactorsto type 2
diabetesmellitus, (Bholeet al., 2010a,Choiet al., 2008) however, diabetesprotects against
future risk of gout.(Rodrigueet al., 2010) Thisstudyfound that the prevalenceof diabeteswas
notincreasedn goutpatientsat diagnosicomparedo the general.(Rodriguezt al.,2010)These
findingscollectivelysuggest heterogeneitycomorbiditymodelfor the associatiorbetweengout
anddiabetesmellitus,(Rheeet al.,2004)implyingthat the effectsof riskfactors(hyperuricaemia
and hyperglycaemiagre in different directionsto the risk of indexdiseasesA direct causation
model is more difficult to ascertain(Rheeet al., 2004)butthe associationbetween gout and
osteoarthritismayrepresentone suchexample.ln accordwith one previousstudythat reported
the co tocationof sitesof acuteattacksof goutandosteoarthritis,(Roddyet al.,2007a)this study
found a higher prevalenceof osteoarthritisin gout patients at diagnosis.Currentmechanistic

explanationdor osteoarthritisasa risk factor for gout generallyfocuson heightenedpropensity
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of damagedcartilagein facilitating monosodiumurate crystal nucleation.(Wilcoxand Khalaf,
1975, Perriconeand Brandt, 1978, Pascuabnd Ordonez,1998, Simkin,1977) Converselyrate
crystalsinhibit the viability of chondrocytegChhanaet al.,2013)and osteoblasts(Chhaneet al.,
2011)therefore contributingto the developmentof osteoarthritis.Furthermore,a recentstudy
found that uric acid concentration in synovial fluid strongly correlates with synovial
concentrationof pro inflammatorycytokines(suchasinterleukinsl and 18) andis a markerfor
osteoarthritis severity.(Denoblest al., 2011) Thesefindings support the reciprocalcausation

betweengout and osteoarthritis.

Themechanisnfor a positiveassociatiorbetweengout and someother comorbiditiesare less
obvious.Forexample hypothyroidismwasfound to be more commonin incidentgout patients
at diagnosisThesedataare consistentwith somepreviouslimited evidence(Kuze#t al., 1955,
Durward,1976,Ericksoret al., 1994)andit is of interest that thyroxin replacementis reported
to reversehyperuricaemiasecondaryto hypothyroidism.(Giordant al., 2001, Mooraki and
Bastani, 1998) Furthermore reduced glomerular filtration rate is reduced in patients with
hypothyroidism(Marianiand Berns,2012) suggestingan influenceof thyroxine on renal urate
clearance.(Marianand Berns,2012) Anotherexampleis anaemiawhichwasfound to be more
prevalentin incident gout patients in this study, asit wasin the AtherosclerosiRiskin the
Communitiesstudy.(Maynardet al., 2014) Currently, there is no clear explanationfor the

associatiorbetween gout and anaemia,althoughit may be pertinent that a previousstudy of
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sicklecell anaemia speculated that increased synthesis of nucleic acids as a result of
erythropoieticresponsecould lead to hyperuricaemia.(Reynold4983) Further studiesshould
be undertakento confirmthesemechanistiexplanationdor positiveassociationdetweengout

andcomorbidities.

Despite the complexity of aetiologicalassociationsclinical implications of comorbidity are
simple.We could regard comorbidity as part of the diagnosticprocess,as a considerationfor
managementdecisionsand as a flag for prognosis.(Feinsteir,970) Giventhat there is a gold
standardof gout diagnosis(the recognitionof synovialmonosodiumurate crystals)and that
clinicaldiagnosidgs reasonablystraightforward,(Zhangt al., 2006b)comorbiditywould neither
simplifynor complicatethe diagnosisof gout. Usingcomorbidityasa flag of prognosisis widely
usedclinically,regardles®f the indexdiseaseForinstance the Charlsorcomorbidityindexis a
widely usedindexto estimateoverallcomorbidityburdenandto predict mortality.(Charlsoret
al., 1994)Theexistenceof comorbidity,however,greatlycomplicateshe managemenif gout
and requires special attention in managing gout patients. Currently, EULAR
recommendations,(Zhanet al., 2006a)BSRJordanet al., 2007)and ACRyuidelines(Khannat
al., 2012a) have consideredcomorbidity as part of initial assessmenbf gout patients and
generallyadvisecliniciansto considercomorbidity that may contribute to, or associatewith
hyperuricaemia.The comorbidity ‘checklist’ included obesity, metabolic syndrome, diabetes

mellitus, hyperlipidaemiaprolithiasisand chronickidneydiseasesln addition, the management

220



of chronichyperuricaemiaalsopartly dependson the existenceof comorbidities.Forexample,
currentconsensusupportsthe prescriptionof ULTfor patientswith evidenceof excessiveirate

load(suchasurolithiasis)or with comorbiditythat promoteslong standinghyperuricaemigsuch
asrenal disease)However,asthe data show, comorbiditieswith higherabsoluteand relative
riskswerenot limited to the ‘comorbiditychecklistrecommendedy guidelinesHypothyroidism
and anaemiaare two exampleghat were more commonin incidentgout patientsat diagnosis.
Yetscreeningfor thyroid function is not mentionedin any of the guidelinesand only the ACR
guidelinerecommendscompletebloodcellcountfor goutpatients,(Khannat al.,2012awhich

is mainly to look for myeloproliferative diseaserather than anaemia. Therefore, this study
supportsthe casefor a comprehensivenvestigationfor comorbidities,includingbut not limited

to ‘checklists’asanintegralpart of initial assessmentfor gout patientsat diagnosis.

Thereare severalimitationsto this study.Firstly,there maybe somemisclassificatioiassince
the identificationof gout patientswasbasedon diagnosesnadeby generalpractitioners,rather
than accordingo AmericanCollegeof Rheumatology(Wallacet al., 1977)or Rome(KellgredH,
1963)classificatiorcriteria or to the 'gold standard'of urate crystalidentification. Againstthis,
however,isthat the validity of goutdiagnosisn the CPRasbeeninvestigatedandfoundto be
high.(Meier and Jick, 1997) Similarly there may have been some misclassificationof
comorbidities, although again most of the comorbiditiesin this study have been validated

previously.(Herrettet al., 2010) In addition, there is no reasonto suspecta differential
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misclassificatioletweengout and non gout patients. Secondlydifferential ascertainmenbias
between incident gout patients and controls cannot be excludedentirely, even though the
estimatesbasedon different length of previousobservationproducedsimilarresults.Third,the
modelsdid not adjustfor all potential risk factorsfor gouty arthritis, suchasdiet and physical
activity, both of which are not routinely recordedin the CPRDHowever,this study aimedto
provide estimatesof diseaseburden of gout patients both at diagnosisand subsequentto
diagnosisrather than to define causesof gout. Fourthly,the problem associatedvith multiple
testingmayarisein this study.However the mainfocusof this analysisvasto identify exposures
and outcomesthat are more closely associatedwith gout. Also, most of the results were
interpretedin the light of existingresearchsothe conclusionsre unlikelyto havebeenaffected
unduly by false positive findings. In addition, the samplesize of this study is about 62,000
including casesand controls. Evenwhen a Bonferroni correction is applied, which is very
conservativewhen the multiple outcome measuresunder considerationare not independent,

the majority of previouslysignificantresultsremainso.

In conclusion,the majority of gout patientsin the UK already have comorbidity at. All cause
mortality washigherin gout patientsandthe increasediskwascontributedto by both goutitself
and by comorbiditiesto approximatelythe samedegree.Thisstudy suggestghat a thorough

searchfor comorbidity,includingboth pathophysiologicallyelatedand unrelatedconditions.
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Effectof allopurinol on all causemortality in adultswith

incident gout: population basedretrospectivecohort study in the UK

Introduction

The prevalenceof gout is rising worldwide(Roddyet al., 2007b) with a recent estimated
prevalenceof 2.49%in the UK.(Kucet al., 2013b)The hallmarksof initial gout presentationare
acute pain, swelling,erythemaand tendernessin peripheraljoints but eventuallyunremitting
arthritis, joint deformity and tophus deposition may develop with longstanding
hyperuricaemia.(Zhangt al., 2006b) Patients with gout suffer not only arthritis but also
cardiovascular,(Abbottt al., 1988,Krishnaret al., 2006,Choiand Curhan 2007,De Veraet al.,
2010,Kuoet al., 2013c,Chenet al., 2007b) renal,(Yuet al., 2012) metabolic(Choet al., 2007,
Suppiaket al.,2008)and other comorbidities.(Boffettaet al.,2009,Kuoet al.,2012,Kuzellet al.,
1955, Durward, 1976, McAdamsDeMarco et al., 2012) Collectively gout and associated
comorbidities lead to reduced quality of life(Chandratreet al., 2013) and reduced overall
survival.(Kueet al.,2011,Kuoet al.,2010a,Stacket al.,2013,Koket al., 2012, Tenget al., 2012,

Krishnaret al.,2008,Choiand Curhan2007)

Sincegoutresultsfrom chronichyperuricaemiandthe depositionof monosodiunmurate crystals
in peripheraljoints andsurroundingtissuesthe useof ULTwhichis capableof preventingcrystal

formation and dissolvingexistingcrystaldepositsmay potentially ‘cure’ gout.(Terkeltaub2010)

223



Allopurinolwith its primary mechanisnof inhibiting the activity of xanthineoxidaseis currently
the first ine ULTrecommendedby the National Institute for Health and ClinicalExcellence,
(Excellence, 2008)he EuropeanLeagueagainstRheumatism(EULAR)ecommendationsfor
gout(Zhanget al., 2006a) and American College of Rheumatology (ACR)guidelines for
managementof gout(Khanneet al., 2012a).However,only around one third of gout patients
receiveallopurinolin the UK, (Kueet al.,2013b)mainlyat afixeddoseof 300mgwhichisprobably
insufficientfor mostpatients.Thisisdespiteits reasonablesafetyprofile(Schumachest al.,2008,
Reinderst al.,2009)and probableadditionalbeneficialeffectson hypertension,(Agarwadt al.,
2013) IgA nephropathy,(Shiet al., 2012) diabetic nephropathy,(Maahset al., 2013) heart

failure,(Harzanekt al., 2012)and stroke.(Muiret al.,2008)

Oneof the barriersto prescriptionof allopurinolfor gout patientsisthe fear of the potentiallife r
threateningdrug reactionsor rashwith eosinophilisaand systemicsymptoms(DRESyreviously
termed allopurinolhypersensitivitysyndrome).(Kinret al., 2013) Whether the balanceof these
potential benefitsand riskscantranslateto any influenceon survivalin gout patientsremains
unclear. Therefore, the present study was undertakento assessthe associationbetween

allopurinoluseandlong term mortality in patientswith goutusingCPRD.
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Methods

The study was approved by the Trent Multi centre ResearchEthics Committee (reference
number: 05/MREO04/87)and the IndependentScientificAdvisoryCommittee (11 021R). This
study wasa propensityscorematchedlandmarkstudy comparingall causemortality between
patients treated with at least 6 months of allopurinol and those who are not treated with

allopurinolor other ULT.

Datasource

Pleasaeferto section2.3.1/

Definition of incident gout

Readcodeswere usedto identify incidentgout patientsin the CPRbetween1995and1999.To
be eligibleasincidentgout patients, participantshadto be older than 20 yearsof age,haveno
evidenceof goutor prescriptionfor ULT(mostlyallopurinol)prior to the time of diagnosigindex
date) and haveat leastone gearregistrationprior to their indexdate.(Ce&Sorianoet al., 2011)
Thecasedefinition wasbasedon physiciandiagnosisusing18 Readcodesindicativeof incident
gout (pleaserefer to Table2 r3 for relevantReadcodes).Thevalidity of a gout diagnosign the

CPRhasbeenvalidatedin a previousstudy.(Meierand Jick,1997)

225



Treatmentgroup assignments

Patients were classifiedby exposureto allopurinol. A minimal of 6 months prescription of
allopurinolwasrequiredfor assignmenbf allopurinolexposure.The prescriptionof allopurinol
asthe first fine ULT ,however, largelylagsbehind the time of first diagnosisand is givento a
minority of people with currently recommendedindicationsfor ULT.(Chapte6;(Roddyet al.,
2010)Therefore the date of completingé monthsof allopurinolusewasnot necessarilyelated
to the date of diagnosigcohortentry). In this study, alandmarkanalysisvasusedto examine
the effect of allopurinolexposureon all causemortality.(Dafni,2011)In a landmarkanalysisa
fixed time after cohort entry is selecteda priori for conductingsurvivalanalysis Only patients
aliveat the date of the landmarkare includedin the analysisandtreatment assignments based
on exposureon landmark date. Exposuresare only evaluated between cohort entry and
landmarktime point (exposurenindow)and outcomeis then evaluatedfrom this landmarktime
point. Patientswith outcomesoccurringduringexposureare excludedfrom subsequentnalysis

to avoidimmortal time bias.(Beyersmanat al.,2008)

In this study, the date of initial gout diagnosisvasthe cohort entry. Two landmarktime points
were determineda priori in this study, specificallyat one and at three yearsafter initial gout
diagnosig(figure 8 A.a). Exposurestatuswas assignedor patients who were alive at landmark
dates.Thosewho had at least6 monthsof allopurinol prescriptionwere defined asexposedto

allopurinolandthosewho did not were the unexposedPatientswere followed up until the date
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of death, transferout from a participatingCPR[practice,or the 31 December2013,whichever

wasearliest(figure8 db).
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(b)

Figure8 i Diagramof one year and three year landmarkanalysis(a) decompositionof study population. (b) Detailsof

timeline.
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Covariates

Covariatesncludedpatient characteristicgage,gender,registeredgeneralpractices pody mass
index[BMI]), lifestylefactors(smokingstatusand alcoholconsumption) comorbiditiesand drug
treatment. Only GPrecordsoccurringwithin the 5 year period before initial diagnosisof gout
were usedto evaluatecomorbiditiesand drug treatment. Comorbiditieswvere groupedinto 17
diagnostic categories (myocardial infarction, congestive heart failure, peripheral vascular
diseasegcerebrovasculadiseasedementia,chronicpulmonarydiseaserheumatologicdisease,
pepticulcerdiseasemild liver diseasemoderateor severeliver diseasediabetesmellitus[DM],
DM with chronic complications,renal diseases,any malignancy|[including leukaemia and
lymphoma], metastatic solid tumour and human immunodeficiencyvirus [HIV] infection) for
calculationof the Charlsoncomorbidity index(Deycet al., 1992, Khanet al., 2010b)and other
comorbidities (alcohol abuse, anaemia, cardiac arrhythmias, depression, drug abuse, hip
fracture, hypertension, hypothyroidism, multiple sclerosis,neurological diseases,psoriasis,
psychosisurolithiasisand valvularheart disease) Thedefinitions of these conditionswere also
basedon physiciandiagnosesecordedas Readcodes.The specificcode lists are availableon
request. Medicationsevaluatedinclude aspirin,anticoagulantsanticonvulsantslipid lowering
agents (statin, fibrate and other), antihypertensives (angiotensin converting enzyme
inhibitor/angiotensinreceptorantagonistbetablockers calciumchannelblockersdiureticsand

other), nitrates, other cardiovasculamedications, insulin, other hypoglycaemiagents,antir
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inflammatoryagents(non steroidanti inflammatorydrugs[NSAIDs]¢olchicine corticosteroids),

bisphosphonateandvitaminD.

Outcomes

Mortality and date of death were basedon the recordingin the main CPRDdatabase.The
validation of all cause mortality in CPRDcompared with the ONSdeath registry has been

addressedn Chapter7.

Statisticalanalysis

Baselinecharacteristicsaand event rates were summarizedfor allopurinol exposuregroupsas
number (percentage)for categorical variables and as median (inter guartile range) for
continuousvariables.Generalhealth statuswas measuredby the Charlsonco morbidity index.
TheCharlsorscorefor eachstudy subjectwascalculatedat diagnosidy addingscoresassigned
to eachspecificdiagnosisPatientcharacteristicavere comparedfor patientsincludedin each
landmarkanalysisand those excludedbecausethey died during the exposurewindow. Binary
variableswere comparedacrossexposuregroupsusingthe Pearson 2test and continuousand

ordinal categoricalariablesvere comparedusingthe Wilcoxonrank sumtest.

Thepropensityscorematchingmethodswere usedto accountfor confoundingoyindication.The

propensityscorefor allopurinol use representsthe probability that a patient is prescribed(6 r
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month) allopurinoltreatment. Logisticregressiormodelswere usedto determinea propensity
scorefor receivingat least6 monthsof allopurinolprescriptionduringthe exposurewindow. The
covariatesincluded were patient characteristics,life style factors, comorbidities and the
medications already listed. In the primary analysisthe allopurinol exposed patients were
matchedto unexposedpatientsin a ratio of 1 to 1 basedon the logit of the propensityscore
using calipersof width equalto 0.2 of the standarddeviation of the logit of the propensity
score.(Austin2011b,Austin,2011a)Asa sensitivityanalysisthe entire cohortwasincludedand

adjustedfor raw propensityscore.

Kaplan—Meieplotswere usedto estimatethe cumulativeprobabilityof survival Thehazardratio
for occurrenceof mortality was determined using Cox proportional hazards,accountingfor
propensityscorematchingand usingrobust varianceestimationfor potential caseclusteringin
practices.Separateanalysesvere undertakenfor different landmarksto examinethe effect of
different sizeof exposurewindow on risk estimates.Also, propensityscoreadjustmentfor the
entire includedcohort wasundertakento comparethe mortality risksbetweenusersand nonr
usersof allopurinol.All statisticalanalysesvere performedusingSAStatisticalsoftware,version

9.8.
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Results

Studypopulation

BetweenJanuary1995 and December1999 there were 23,332incident gout patients (men:
17,197[73.91%]) Dueto transferringout or death, 1,385patientswere excludedfrom the oner
yearlandmarkanalysisand 3,783patientswere excludedfrom the three yearlandmarkanalysis
(figure8 dLa).Table8 & summarisesindcomparedaselinecharacteristicbetweenincludedand
excludedpatientsin the one yearandthree yearlandmarkanalysesin general thoseexcluded
were older and had a higher Charlsoncomorbidity index. Thesedifferenceswere similarin the

one yearandthree yearlandmarkanalyses.
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Table8 i1 Characteristico®f cohort at cohort entry (initial diagnosisof gout. Valuesare

numbers(percentage)
Entire cohort One-year Landmark cohort Three-year landmark cohort
(n=23,332) Included Excluded P value Included Excluded P
patients patients patients patients value
(n=21,947) (n=1,385) (n=19,549) (n=3,783)

Age (years)

Median  (interquartile 62 (50% 73) 62 (491 73) 73 (60182) <0.001 61 (491 71) 72 (58+81)  <0.001

range)

Gender

Men 17,197 16276 (74.16) 921 (66.50) <0.001 14628 (74.83) 2569 (67.91) <0.001
(73.71)

Women 6135 (26.29) 5671 (25.84) 464 (33.50) 4921 (25.17) 1214 (32.09)

BMI (kg/m2)

<18.5 162 (0.69) 146 (0.67) 16 (1.16) <0.001 123 (0.63) 39 (1.03) <0.001

18.5-24.9 4975 (21.32) 4678 (21.31) 297 (21.44) 4142 (21.19) 833 (22.02)

25.0-29.9 8910 (38.19) 8536 (38.89) 374 (27.00) 7846 (40.14) 1064 (28.13)

30 6119 (26.23) 5889 (26.83) 230 (16.61) 5466 (27.96) 653 (17.26)

Unknown 3166 (13.57) 2698 (12.29) 468 (33.79) 1972 (10.09) 1194 (31.56)

Smoking

Non-smoker 2688 (11.52) 2523 (11.50) 165(11.91) 0.80 2307 (11.80) 381 (10.07) 0.03

Current smoker 1910 (8.19) 1804 (8.22) 106 (7.65) 1588 (8.12) 322 (8.51)

Ex-smoker 13889 13059 (59.50) 830 (59.93) 11543 (59.05) 2346 (62.01)
(59.53)

Unknown 4845 (20.77) 4561 (20.78) 284 (20.51) 4111 (21.03) 734 (19.40)

Alcohol consumption

(units/week)

Never/ Ex-drinker 2525 (10.82) 2299 (10.48) 226 (16.32) 0.07 1992 (10.19) 533 (14.09) 0.35

Current 1-9 8957 (38.39) 8421 (38.37) 536 (38.70) 7461 (38.17) 1496 (39.55)

Current «10 5496 (23.56) 5281 (24.06) 215 (15.52) 4799 (24.55) 697 (18.42)

Unknown 6354 (27.23) 5946 (27.09) 408 (29.46) 5297 (27.10) 1057 (27.94)

Charlson comorbidity

index

0 16211 15575 (70.97) 636 (45.92) <0.001 14365 (73.48) 1846 (48.80) <0.001
(69.48)

1-2 5916 (25.36) 5384 (24.53) 532 (38.41) 4476 (22.90) 1440 (38.07)

3-4 1141 (4.89) 947 (4.31) 194 (14.01) 687 (3.51) 454 (12.00)

4 64 (0.27) 41 (0.19) 23 (1.66) 21(0.11) 43 (1.14)

Medications

Aspirin 4188 (17.95) 3750 (17.09) 438 (31.62) <0.001 3047 (15.59) 1141 (30.16) <0.001

Statin 105 (4.52) 986 (4.49) 69 (4.98) 0.40) 883 (4.52) 172 (4.55) 0.94

Diuretics 8878 (38.05) 8023 (36.56) 855 (61.73) <0.001) 6687 (34.21) 2191 (57.92) <0.001

Insulin 122 (0.52) 103 (0.47) 19 (1.37) <0.001) 84 (0.43) 38 (1.00) <0.001
17024 16045 (73.11) 979 (70.69)  0.50 14324 (73.27) 2700 (71.37) 0.02

NSAID (72.96)
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Matching

Forthe one yearlandmarkanalysighere were 21,94 7patientswho were aliveat one yearfrom
initial diagnosiof gout. Ofthesel,016patientshadat least6 monthsof allopurinolprescription.
Asshownin table 8 2 there were no significantdifferencesn variablesncludedin the propensity
scorecalculationbetweenallopurinolusersandnon usersafter matching ,confirmingthe success
of the matching. Forthe three yearlandmarkanalysisthere were 9,549patientswho were alive
three yearsafter their initial diagnosisof gout. Therewere 3,540allopurinolusersat the threer
yearlandmark.After matching,no significantdifferenceswere found in variablesfor propensity
scores (table 8 8). Note that all the aforementioned variableswere included to construct
propensityscoremodels.Onlythe selectedvariableswere shownto indicate proper matching
for both the one year and three year landmarkanalysesWhen comparedto all incidentgout
patients,patientswho were prescribedallopurinoltendedto be older,havemore comorbidities

andbe on more other medications.

235



Table8 2 Comparisornof patientsexposedor unexposedto allopurinolwithin one year
from initial diagnosis of gout before and after matching. Values are numbers

(percentagelunlessdescribedotherwise.

Exposure groups before matching Exposure groups after matching
Allopurinol Allopurinol P Allopurinol Allopurinol P
users nonusers value users nonusers value
(n=1,016) (n =20,931) (n=1,016) (n=1,016)

Age (years)

Median (interquartile 66 (56% 74) 61 (491 73) <0.001 66 (55% 75) 66 (561 74) 0.87

range)

Gender

Men 665 (65.45) 15611 (74.58)  <0.001 665 (65.45) 655 (64.47) 0.64

Women 351 (34.55) 5320 (25.42) 351 (34.55) 361 (35.53)

BMI (kg/m2)

<18.5 2(0.20) 144 (0.69) <0.001 2 (0.20) 2 (0.20) 0.89

185-24.9 206 (20.28) 4472 (21.37) 206 (20.28) 223 (21.95)

25.0-29.9 375 (36.97) 8161 (38.99) 375 (36.97) 351 (34.55)

30 352 (34.65) 5537 (26.45) 352 (34.65) 357 (35.14)

Unknown 81 (7.97) 2617 (12.50 81 (7.97) 83 (8.17)

Smoking

Non-smoker 132 (12.99) 2391 (11.42) <0.001 132 (12.99) 135 (13.29( 0.72

Current smoker 96 (9.45) 1708 (8.16) 96 (9.45) 112 (11.02)

Ex-smoker 638 (62.80) 12421( 59.34) 638 (62.80) 613 (60.33)

Unknown 150 (14.76 4411 (21.07) 150 (14.76 156 (15.35)

Alcohol  consumption

(units/week)

Never/ Ex-drinker 158 (15.55) 2141 (10.23) <0.001 158 (15.55) 167 (16.44) 0.80

Current 1-9 435 (42.81) 7986 (38.15) 435 (42.81) 444 (43.70)

Current #10 211 (20.77) 5070 (24.22) 211 (20.77) 188 (18.50)

Unknown 212 (20.87) 5734 (27.39) 212 (20.87) 217 (21.36)

Charlson comorbidity

index

0 600 (59.06) 14975 (71.54)  <0.001 600 (59.06) 591 (58.17) 0.84

1-2 330 (32.48) 5054 (24.15) 330 (32.48) 341 (33.56)

3-4 82 (8.07) 865 (4.13) 82 (8.07) 81 (7.97)

o4 4 (0.39) 37 (0.18) 4 (0.39) 3(0.30)

Medications

Aspirin 295 (29.04) 3455 (16.51) <0.001 295 (29.04) 296 (29.13) 0.96

Statin 94 (9.25) 892 (4.23) <0.001 94 (9.25) 86 (8.46) 0.53

Diuretics 622 (61.22) 7401 (35.36) <0.001 622 (61.22) 617 (60.73) 0.82

Insulin 10 (0.98) 93 (0.44) 0.01 10 (0.98) 15 (1.48) 0.31

NSAID 773 (76.08) 15272 (72.96) 0.03 773 (76.08) 789 (77.36) 0.50
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Table8 B8 Comparisorof patientsexposedor unexposedo allopurinolwithin three year

from initial diagnosis of gout before and after matching. Values are numbers

(percentagelunlessdescribedotherwise.

Exposure groups before matching

Exposure groups after matching

Allopurinol Allopurinol P Allopurinol Allopurinol P
users nonusers value users nonusers value
(n=3,540) (n =16,009) (n=3519) (n=3,519)
Age (years)
Median (interquartile 64 (521 73) 60 (48%71) <0.001 64 (52+73) 63 (511 73) 0.69
range)
Gender
Men 2530 (71.90) 12085 (75.49) <0.001 2530 (71.90) 2542 (72.24) 0.75
Women 989 (28.10) 3924 (24.51) 989 (28.10) 977 (27.76)
BMI (kg/m2)
<185 14 (0.40) 109 (0.68) 0.009 14 (0.40) 16 (0.5) 0.93
18.5-24.9 633 (17.99) 3508 (21.91) 633 (17.99) 642 (18.24)
25.0-29.9 1357 (38.56) 6482 (40.49) 1357 (38.56) 1351 (38.39)
30 1205 (34.24) 4248 (26.54) 1205 (34.24) 1202 (34.16)
Unknown 310 (8.81) 1662 (10.38) 310 (8.81) 308 (8.78)
Smoking
Non-smoker 427 (12.13) 1877 (11.72) 0.006 427 (12.13) 426 (12.11) 0.93
Current smoker 273 (7.716) 1312 (8.21) 273 (7.716) 290 (8.24)
Ex-smoker 2136 (60.70) 9392 (58.62) 2136 (60.70) 2117 (60.16)
Unknown 683 (19.41) 3426 (21.40) 683 (19.41) 686 (19.49)
Alcohol
consumption
(units/week)
Never/ Ex-drinker 419 (11.91) 1567 (9.79) 0.004 419 (11.91) 425 (12.08) 0.79
Current 1-9 1391 (39.53) 6058 (37.84) 1391 (39.53) 1369 (38.90)
Current «10 820 (23.30) 3979 (24.85) 820 (23.30) 846 (24.04)
Unknown 889 (25.26) 4405 (27.52) 889 (25.26) 879 (24.98)
Charlson
comorbidity index
0 2330 (66.82) 12035 (75.18) <0.001 2329 (66.18) 2341 (66.52) 0.75
1-2 1017 (28.73) 3459 (21.61) 1008 (28.64) 999 (28.39)
34 187 (5.28) 500 (3.12) 176 (5.00) 174 (4.49)
o4 6 (0.17) 15 (0.09) 6 (0.17) 5(0.14)
Medications
Aspirin 799 (22.57) 2248 (14.04) <0.001 785 (22.31) 796 (22.62) 0.75
Statin 263 (7.43) 620 (3.87) <0.001 255 (7.25) 248 (7.05) 0.75
Diuretics 1778 (50.23) 4909 (30.66) <0.001 1757 (49.93) 1778 (50.53) 0.62
Insulin 18 (0.51) 66 (0.41) 0.43 18 (0.51) 14 (0.40) 0.48
NSAID 2560 (72.32) 11764 (73.48) 0.16 2544 (72.29) 2549 (72.44) 0.89
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Outcomesafter matching

Themedianfollow up was10yearsfor both the one yearandthree yearlandmarkanalyses.As
shownintable 8 A, there wereatotal of 880patientsin the one yearlandmarkanalysisand2,546
patientsin the three yearlandmarkanalysisvho died duringthe follow up period. No significant
differencesverefoundfor overallmortality rate betweenallopurinolusersandnon usersin both

the one yearandthree yearlandmarkanalysisAsfigure 8 2 shows there were no differencesn

KaplanMeier survivalcurvesbetweenallopurinolusersandnon usersin both the one ear(logr
ranktest p = 0.84)andthree yearlandmarkanalysiglogranktest p =0.94).Hazardratios (95%
confidenceinterval) for all causemortality were 0.99 (0.87F 1.12) in the one year landmark

analysisand1.01(0.921% 1.09)in the three yearlandmarkanalysis.
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(b)

Figure8 2 KaplanMeier survival plot for all cause mortality in (a) oneyear and (b)
three year landmark analysis.Blue line representsallopurinol users and green line

representnonusers.
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Propensityscoreadjustmentanalysis

Similar results to the main analysiswere obtained when propensity score adjustment was
undertakenfor all includedpatientsin both the one yearand three yearlandmarkanalysisin
the one yearlandmarkanalysisallopurinolwasassociatedvith an unadjustedhazardratio (95%
confidenceinterval) of 1.49 (1.32F 1.67) and a propensity score adjusted hazardratio (95%
confidenceinterval of 1.02(0.95% 1.09)for all causemortality. In the three year analysisthe
unadjustedand propensity scoreadjusted hazardratios (95%confidenceinterval) were 1.35

(1.26% 1.44)and 1.05(0.93% 1.20),respectively
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Discussion

Thispopulationbasedstudy of peoplewith incidentgoutin the UKfound that havingat least6 r
months use of allopurinol within either one year or three yearsfrom initial diagnosiswas
associatedvith neither a beneficialnor adverseeffect on long term risk of all causemortality in
patientswho survivedto the date of the landmarktime point. Thisstudy confirmsthat concern
over an increased mortality risk from serious side effects associatedwith allopurinol is
unfounded.Thisreal world studyin primarycarein the UKprovidesreassurancéhat prescription
of allopurinolfor at least6 monthsasearly asone year after diagnosisseemssafein terms of
long term risk of death. Giventhe manyestablishedclinicalbenefitsof allopurinolsuchneutral
effectsonall causemortality supportsthe useof allopurinolearlyin the courseof goutto prevent

long term complicationssecondaryto chronichyperuricaemia.

In this study a well defined population of incident gout patients was examinedto determine
whether allopurinoltreatment influencesall causemortality. Thisstudyis an observationstudy
basedon primary caredatain whichthe date of allopurinolprescriptionlargelylagsbehindthe
initial diagnosisof gout, with approximatelyone in four being treated within 12 months of
diagnosis.(Chaptefsand6; (Kuoet al.,2013a)Usingdiagnosigiate asan indexdate to startthe
follow up for a delayedtreatmentin a cohort studyis prone to immortal time bias.(Weis®t al.,

1983) Immortal time is defined as a period of follow up in which the study outcome cannot
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occur,(Levesquet al., 2010)which in this study is the period from the initial diagnosigto the
date of completingé monthsof allopurinol.Thisperioddoesnot existin the non exposuregroup.
If this issueis not considered,jmmortal time could confer a spurioussurvivaladvantageto the
treatmentgroup.Severamethodshavebeendevisedo avoidthis,includingusingatime warying
model or a landmark analysisas in this study.(Dafni,2011) With prior knowledgethat the
cumulativeprobabilitiesfor ULTprescriptionin UKprimary carewere 16.90%,21.14%.24.52%
and 30.39%at 0, 1, 2, 3 and 5 yearsfrom diagnosigunpublisheddata from Chapter6), it was
determined a priori that an exposurewindow of three years could capture over 80% of
allopurinolusersto preventmisclassificatiomt longerterm follow up. However,becauseof the
landmarkanalysisdesignpatientswho died within the exposurewindow were not consideredn
subsequentanalysis.As a result 3,783 incident gout patients who died within the three year
exposurewindow were excluded.Theseexcludedpatientswere older, had more comorbidities
andweretakingmore prescriptionsfor other chronicconditions.Theinclusionof thesepatients
potentially could havebiasedthe estimates.An analysisbasedon a shorter period of exposure
window (one year), which excludedonly onethird of patients comparedto the three year
analysiswasalsoperformedand found consistentresults. Therefore the findingsof this study

are not influencedby the length of the chosenexposurewindow.

Anotherimportant factor that couldinfluencecomparisorof survivalfunction betweenpatients

exposedand unexposedo allopurinolis ‘confoundingby indication’,whichis the resultof nonr
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random allocationof treatment assignment.(Grobbeand Hoes,1997) Asshownin this study
(Table2 and Table3) generalpractitionerstendedto prescribeallopurinolfor patientswith more
advancedage, more comorbidity and more polypharmacy.Thesepatientsalsotendedto have
higher mortality. Therefore,an unadjustedmodel demonstrateda higher mortality risk in the
allopurinol exposuregroup. Propensityscore matchingto balancethe probability of being
prescribedallopurinolin the exposurewindow wasusedto minimisethis bias. Propensityscore
adjustment,asa singlevariable wasalsousedfor the entire populationto examineriskof death
between patients exposedand unexposedto allopurinol. Analysesbasedon both methods
producedthe same neutral influence of allopurinol on long term risk of all causemortality.
Therefore the findingsof this study suggesthe importanceof consideringooth immortal time

biasand confoundingby indicationto demonstratetreatment effectsin an observationaktudy.

Severapreviousstudieshave attempted to measurethe influenceof allopurinoltreatment on
mortality but havereported conflictingresults.(Maleket al., 2012,Wu et al., 2010, Wei et al.,
2009, Luk et al., 2009, Strutherset al., 2002, Dubreuil et al., 2014) Thesestudiesin general
ignoredor only in part consideredmmortal time biasand confoundingby indication.Immortal
time biasgenerallycausespuriousinflation of beneficiatreatmenteffectdueto the guaranteed
period of survivalin the treatment group by design.Converselyconfoundingby indicationin
generalfavoursthe unexposedyroupbecausdreated patientstend to havea poorer prognosis.

Forexample Maleket al. reported poorer survivalin allopurinoltreated patientsin a cohort of
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acuteheartfailure patientshospitalisedn tertiary careheart centresbut noted that allopurinol
wasan identifier of highrisk patientswho obviouslyhad a particularlybad prognosis.(Malelet
al.,2012)SimilarlyWu et al. found allopurinolusershada poorer prognosisut their survivalwas
no different from untreatedpatientswhoseSUAevelswere in the highestquintile,implyingthat

allopurinoluseservesasa ‘surrogatemarker’ of severehyperuricaemia.(Wet al., 2010)

Immortal time biasis more difficult to identify than confoundingby indication.Forexample Luk
et al. reported that allopurinol use was associatedwith a beneficial effect on mortality in a
hyperuricaemicpopulation by comparing survival between users and non users. However,
allopurinoluserscommencedollow up from the time of incidentallopurinoluse(indexdate),at
whichtime they had survivedfrom the date of first documentationof hyperuricaemiawhereas
the follow up of nonuserscould have been as early as the date of first documentation of
hyperuricaemiaAlthoughthey matchedthe indexdate betweenusersand non users,it did not
mean that they matched the time from the diagnosisof hyperuricaemiato the index date
betweenthe two groups. Allopurinol userswere still more likely to have spurioussurvival
advantagebecauseby designthey hadto surviveto the date of incidentallopurinolusein order
to beassigneds‘cases’ Themorerecentstudyby Dubreuilet al, usingTheHealthimprovement
Network (THIN)atabasen the UK ,alsoreported beneficialsurvivaleffect relatedto allopurinol
use.(Dubreuiet al.,2014)Theirconclusionshowever,possiblysufferedfrom immortal time bias

becausehe necessityof allopurinolusersto survivefrom cohort entry (date of hyperuricaemia)
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to allopurinolprescriptionwasnot requiredfor non users.Theauthorsusedthe Greedymatching
approachto randomly select a date from the same accrualblock (6 months per block) to
approximatelymatchthe indexdate betweenusersandnon users. Again,the time to the index
datewasnot matchedandthe immortaltime periodis morelikelyto be longerin the usergroup
due to the delayedallopurinol prescription. In sucha situation, the allopurinol usershave a
survivaladvantagewhich has nothing to do with the allopurinol exposure.Thereforewithout
tacklingimmortaltime biasby design(suchasusinglandmarkanalysispr explicittymodellingthe
timing of exposure(suchas usingtime dependentmethods) biased estimate can inevitably
occur.(Beyersmanat al., 2008) Thisis a very commonbiasin cohort studies.Forexample the
finding suggested4 year survival advantagefor Oscarwinners over their less recognised
peers(Redelmeieand Singh,2001)waslargelydue to immortal time biasandthat there wasno
statistical difference between winners and their peers once this bias was taken into
consideration.(Sylvestret al., 2006)In order to control immortal time biasin the current study
alandmarkanalysisvasundertakenwhichby designimplementedafixed ‘exposurewindow’ for
both allopurinol usersand non usersand therefore avoidedinadvertent survivalbenefits for
allopurinol users.(Dafni,2011) The use of landmark analysisand propensity scoreshelped
mitigate immortal time biasand confoundingby indicationin this study. Sincethis study was

basedon a well definedcohort of incidentgout patients,the resultsare more applicableto the
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full spectrumof gout patientsin the primary care setting. Further study shouldbe undertaken

for allopurinolusein other settings.

Thereare potential limitations to this study. Firstly,there is possiblemisclassificatiomiassince
the identificationof gout patientswasbasedon diagnosesnadeby generalpractitioners,rather
than accordingo AmericanCollegeof Rheumatology(Wallacet al.,1977)or Rome(KellgredH,
1963)classificatiorcriteriaor to the 'gold standard'of urate crystalidentification.However the

validity of goutdiagnosisn the CPRasbeeninvestigatedandfoundto be high.(MeierandJick,
1997) Secondlythe useof landmarksat one yearandthree yearsmeansthat the findingsthat

allopurinolconfersa neutral effect on all causemortality only appliesto patientswho are alive
atthesetwo landmarkdime points.In addition,the casedefinition of allopurinoluseisaminimal
of 6 month prescriptionof allopurinol. Whetherlongerallopurinoluse confersdifferent effects
on all cause death requires further study. Also, although many factors were included for

estimationof propensityscore,there maybe other unaccountedactorsthat mayinfluencethe
probabilityof a patientwith goutbeingprescribedallopurinol.Onepossiblefactorthat ishardto

measureis the practitioners’knowledgeand attitude towardsgout managementHowever this
study did considergeneralpracticevariationin the model, which mayin part reflect individual

practitionerpreferences.
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In conclusionthis propensityscorematchedlandmarkanalysisn a populationof incidentgout
patientsin the UKprimary care setting found a neutral effect on the risk of all causemortality
from a minimal 6 month allopurinoluseat one yearand at three yearsafter initial diagnosisof
gout on the risk of all causemortality. This study provides reassurancefor prescription of
allopurinolin gout patientsearlyin their diseasecourseto preventuntoward consequencesf
chronicuncontrolledhyperuricaemiaFurtherstudiesshouldbe undertakenfor potential effects

of allopurinolon mortality in selectedpatientssuchasthosewith chronicheartfailure.
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OverallDiscussion

Thisthesisfocusedon the epidemiologyof gout in the UKand Taiwan.Basedon two
nationallyrepresentativedatabasessixdifferent studieswere conductedto understand
and compare various aspectsof gout epidemiology,including ascertainmentof gout
prevalenceandincidenceriskfactors,comorbidities prognosismortality andmedication

use,all of whichare of clinicalrelevance Themainfindingsare asfollows:

1. Goutaffectslin 40 peoplein the UK,and1in 16 in Taiwan;

2. Thediseasds more commonin menthanin womenin both nations;
3. It increaseswith age,startingfrom age20in the UKandearlierin Taiwan;
4, Althoughthe recentprevalencein the UKhasincreasedapidly,it hasremained

unchangedn Taiwan;

5. Althoughthe recentincidencein the UKhasremainedunchangedit hasreduced
in Taiwan;
6. Managemenibf goutremainsconsistentlypoor in both countries;
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7. Goutclustersin familiesin Taiwanwhichisrelatedto both geneticpredisposition

andsharedenvironment;

8. Goutisasignalof manyother conditionssuchascoronaryheartdiseasesgiabetes

andrenalfailure;

9. While goutis associatedwvith increasedmortality, allopurinolhasa neutral effect

on longevity.

Both prevalenceand incidenceare higherin Taiwanthan in the UK. Althoughit is very
difficult to compareprevalencebetweencountriesdirectly, this thesistries to usesimilar
case definitions and methodology to facilitate comparison. There are still some
differencesin casedefinition of gout in the UKand Taiwanstudiesin this thesis.Among
them, the mostimportant oneisthat the UKstudydid not restrictlength of observation
periodbut the Taiwanstudyrestrictedthe lengthto 10years.Thedifferencein restriction
isdue to the different databasestructure betweenthe CPRnd NHIRDTherefore the

prevalenceestimatein Taiwancould be slightly underestimatedbecausepatients with

gout records10 yearsbefore the indexyearwere not included.Onthe other hand, this
thesisconsidersgout asa chronicdisease.Thereforethere is no “exit” of existinggout

patientsfrom the prevalentpatient pool but asChapter4 shows,there is still 16.26%of
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gout patientswho had no further acute attacks10 yearsafter initial diagnosisWhether
to includepatientswith long term “remission”in prevalenceandincidenceestimationis
a matter of debate.Neverthelessgout is still the most commoninflammatoryarthritis

evenwhenthesepatientswere excludedfrom analysis.

Both populationsin the UKand Taiwandemonstratethat gout increaseswith ageandis
more commonin men. In addition, the onsetof gout is earlierin men than in women.
Goutis veryrare in those under the ageof 20 years,then increaseswith agebut starts
reducingafter the age of 80 years. Thereis no significantrise in gout prevalencein
women until 50 yearsof age, coincidingwith the age of the menopause.ln men the
prevalenceof goutincreasedinearly with ageuntil the ageof 80 years.Thispattern is
consistentin the UK and Taiwan.However,in Taiwangout incidencein young men
increasegapidly with ageuntil the ageof 40, whichis in contrastto the pattern in the
UK.t isclearthat the onsetageof goutis similarin womenin the UKand Taiwanbut that

the onsetageis muchearlierin gout patientsin Taiwanthan in the UK(chapter5).

Theepidemiologyof goutshowsa substantiakegionalvariationboth betweenandwithin
countries.Forexample the prevalenceof goutwas?2.5fold higherin Taiwanthanin the

UK. Several potential factors may account for the obvious differences in gout
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epidemiology.Firstly,the ethnic compositionis clearly different. The UK population is
primarily composedof Europeandescendant@andthe Taiwanpopulationis a mixture of
Han Chinesedescendantsand indigenouspeople who are geneticallyrelated to goutr
laden Pacificlslanders.Secondly,Taiwan has become increasinglysocioeconomically
westernisedin recentyears,includingmarkedchangesn diet, which could explainthe
lower prevalenceof gout in the 1990sthan estimatesin the 2000s. Therefore, an
increasingly westernised diet in a population with a genetic background that is
particularlyproneto hyperuricaemiacouldleadto the currenthighprevalenceof goutin

Taiwan.

AlthoughTaiwanhasa higherprevalencethan the UK the prevalencen Taiwanappears
not to have changedin the past decade. This may be becauseof the reduction in
incidence(lessinputs),or improvementof managemenimore cures). Thelatter isless
likelyasthere wasno clearevidencethat the carefor goutin Taiwanhasbeenimproving,
whereasthe incidenceclearlyhasreduced.In contrast,althoughthe prevalencen the UK
islower, it keepsrisingat arate of 4%annually. Thismaybe dueto both the increasen
incidence (inputs) and poor management(less cures). This study found that the

managemenbf goutin the UKremainspoor.

252



Within eachcountry, the distribution of gout was alsonot uniform. The causesof this
unevendistribution of gout reflect the regionaldifferencesin both genetic/racialand
environmentafactors.Assuggestedn Chapter3, both geneticandenvironmentafactors
contribute to the variationin gout occurrenceat a populationlevelsbut geneticfactors
account for less than onethird of such variations. Previous genetic studies have
documentedthat the differencein susceptibilityto gout is partly controlled by genetic
differences.For instance,genetic variation in the ABCG2gene, encodinga uric acid
transporter, is a strong factor in determininggout susceptibilityin New ZealandPacific
Islandersand Caucasiandyut not in the M ori population.(PhippgGreenet al., 2010)
Converselypolymorphismof SLC2Agenehavebeenfoundto playanimportantrole in
the developmentof goutin M ori, Pacificlslandand Caucasiapeople(HolligVioffatt et
al., 2009) but not in Han Chinese,Solomon Island(Tuet al., 2010) and Japanese
people.(Urancet al., 2010) Giventhat the indigenouspeoplein Taiwanare genetically
relatedto gout strickenPolynesianaind OceanidPacifidslandersit is not surprisingthat
gout prevalenceandincidencewere highestin regionswhere indigenouspeoplecluster.
In addition, the prevalenceand incidenceof alcoholismwere very high in indigenous
peoplein Taiwan,(ChengandChen,1995,Leeet al.,2013,Chenand Cheng,1997)which

further increasesthe risk of gout in these people. Therefore, both genetic and
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environmentalfactors may accountfor differencesin gout epidemiologybetweenHan

Chineseandindigenouspeoplein Taiwan.

Despitediffering preferencedor individualULT with uricosuricagentsbeingfavouredin
Taiwanandallopurinolbeingalmostthe exclusivaJLTin the UK the managemenbf gout
andprescriptionof ULTappeardo be equallypoorin both countries.In general lessthan
one third of prevalentgout patientswere prescribedJLT Themessagehat goutpatients
aremanagedooorlyisreinforcedby the findingthat mostincidentgout patientwould be
eligiblefor ULTshortly after their diagnosis An initiative to improve gout management
therefore appearswarranted. The publication of gout managementguidelinesis not
sufficient,asisevidentfrom the stationarypattern of goutmanagementn both countries
despite the publication of national and international guidelinesof gout management.
Sincethe prescriptionof ULTin primary carein the UKappearsto be generallyrandom
rather than strategic (Chapter6) strategiesfocusingon more active GPeducationto
improve interest and quality of gout patient care seem appropriate. One of the
practitionerbarriersto optimalgoutmanagementhroughuseof ULTisthe concernover
rare but potentially seriousadversedrug reactionassociatedwvith allopurinol.However,
the data presentedin Chapter8 suggestghat sucha concernis not warranted since

allopurinolhasa neutral effect on all causemortality (Chapter8).
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Comorbiditiesare commonlypresentat the time of diagnosisf. Thesefindingssupport
comprehensivescreeningor comorbiditiesaspart of the routine assessmenof incident
goutpatients. Treatmentdecisionshouldtake into accountsuchcomorbiditiesfor three

reasons:

1. Goutspecificdrugsmaybe beneficialor deleteriousfor patientswith comorbidities.
Allopurinol has been reported to be beneficial for some cardiovasculardiseases,
includingheartfailure,stroke,hypertensionrandischemicheartdiseases.(Kelkat al.,
2011)However thesebeneficialeffectsneedmore rigorousclinicalscrutiny.Someof
the adverseeffectsof gout specificdrugsare especiallytoxic to patientswith certain
comorbidities. NSAIDsfor instance, should be avoided in patients with peptic
ulcers,(Lana2010)renal(Gooctet al.,2007)andcardiovasculadiseases(Trellet al.,
2011) and uriscourics are relatively contraindicated in patients at risk of
urolithiasis.(PereRuizet al.,2010)

2. Goutspecificdrugsmayneeddoseadjustmentin patientswith certaincomorbidities.
For example,adjustmentof allopurinol dose accordingto renal function should be

consideredn patientswith chronickidneydiseases.(Thurstoet al.,2013)

255



3. Goutspecifiedrugsmayhaveaninteractionwith other medicationsForexample the
doseof azathioprineshouldbe reducedone third in patientsreceivingallopurinolto

preventsevereimmunosuppression.(Gearet al.,2010)

A comprehensivescreeningfor comorbidities at diagnosisin gout patients seem
warranted. It should be noted that the majority of gout patients have one or more
comorbiditiesat diagnosis.Therefore,treatment decisionsshouldbe basednot just on

the statusof the patient’'sgout but alsoon the presenceof comorbidities.

This thesis explored the utility of the CPRDand NHIRDfor researchinto gout and
demonstratedthat both databasesare an ideal resourcefor epidemiologicakesearch,
especiallyin terms of providingdata on real fife clinicalpracticesin primary care.Both
databasesrefurther strengthenedoy linkageto other sourcesf information. TheCPRD,
for instance,hasmultiple linkagesto externaldata sources suchasthe cancerregistry
and myocardialinfarction audit (MINAP).More detailed researchon the associations
betweengoutandcanceror myocardiainfarctioncanbe performedusingtheselinkages.
Similarly,the NHIRDas a claims based databasecontains extensiveinformation for

pharmacoeconomicresearchandin additioncomprehensivelataon secondarycareare
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availablefor all beneficiariesThereforehospitaltreatment and proceduressuchastotal

joint replacementcanbe studiedreliablyusingthe NHIRD.

Neverthelessa more detailedvalidationof both the Readand ICD® codesfor gout could
greatlyimprove the reliability of both the CPRand NHIRDn gout research.The CPRD
hasbeenvalidatedfor gout diagnosisput the only previousstudyon this wassmalland
involvedjust38goutpatientswhowere prescribedanti ulcerdrugs.(MeieandJick,1997)
Inaddition, that studydid not examinethe accuracyof incidentgoutdiagnosisValidation
of the diagnosisof gout hasnot beenundertakenin the NHIRD. Thereforestudiesthat
provide better information on the validity of the entered diagnosisof gout in these

databasesvould be welcomed.

Someimportant questionshavebeenaddressedn this thesisbut othersstill remain.For
comorbidities, this study documentedbroadly that gout patients have higher risk of
comorbidities at diagnosisand risk of some comorbidities also increasedafter gout
diagnosisMore detailedstudiesto confirmandto further exploretheseassociationgre
required. Forexample the associatiorbetweengout and hypothyroidismis interesting

andmeritsfurther research Alsogoutis associatedvith a higherriskof osteoarthritisbut
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whethergoutisassociatedvith a higherriskof total kneejoint replacementandwhether

implantsurvivalis shorterin patientswith gouthasnot yet beenexplored.

The effects of ULTon variousoutcomesshouldalso be exploredfurther. Forexample,
whether allopurinol decreasedhe risk of kidney stonesin gout patients hasnot been
examined.Also, uricosuricagentsincreasekidney excretion of urate and theoretically
shouldincreasethe risk of urolithiasisbut there is no firm evidenceregardingULTand
urolithiasis. Although allopurinol was found to have a neutral effect on all cause
mortality, whether the relative compositionof the causef mortality changesfter the

useof ULTin gout patientsis unknown.

There are severalstrengthsto the work in this thesis. Firstly, this thesis used large
databaseghat are representativeof the generalpopulation of the UKand Taiwan,so
selectionbiasis controlled to a minimum. Secondlythe data sourcesare recordedby
general practitioners directly and therefore the results derived reflect the real world
medicalpractice. The adviceand recommendationghat follow from the study results
could be readily implemented in the first fine care of gout patients. Thirdly, the
representativenesf both databasesand the similarity of methods used facilitate

international comparisonof epidemiologicalparameters.Fourthly, this thesis contains
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severalnovel methodologies,ncludingthe use of an administrativedatabaseto study
populationgeneticghat couldpotentiallyfacilitate the conductof similarstudiesin other

diseases.

Severalimitations shouldbe noted. Firstly,the casedefinition of goutin this studyis not
basedon publishedclassificationcriteria but upon physiciandiagnosisPrevalenceand
incidenceestimatescould potentially be affected by misclassificationHowever,several
studieshavevalidatedthe diagnosticcodesof gout or the documentedaccuracyof gout
diagnosign primary care.Neverthelessn generalthe estimatesof gout prevalenceand
incidencecould be slightly overestimated.Misclassificationcould also affect relative
measuredo a lesserdegreesinceextensivedifferential misclassifications lesslikely to
occur.Secondlypoth databasesare limited by their respectiveinherentfactorssuchas
samplingunits, coverageyearsandthe extentof availabledata. Forinstance despitethe
NHIRDcontainingdata from the entire population of Taiwan,only data in the period
between 1995 and 2010 are available.The CPRDis limited by the mobility of the
participating patients who can move in and out of registered practicesthus limiting
availabledatato periodsof activeregistration.Theestimatesof prevalenceandincidence
of both databasestherefore are “period” estimates,rather than life time estimates.

Thirdly, all the results are conditional on the pattern of medical practicesin both
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countries.For example,the vast majority of gout patients were under treated by ULT.
Therefore putcomeestimatessuchassurvivalreflectalow UL Tprescriptionrate. It would

be difficult to extrapolatethe resultsto patientswho receiveoptimal medicalcare.

In conclusion,the CPRDand NHIRDhave been usedto successfullyaddressseveral
important epidemiologicabnd clinicalresearchquestions.Thisthesisprovidesevidence
for the current epidemiologyof gout in the UKand Taiwanaswell as other important
aspectdancludingfamilialaggregationcomorbidities treatment and mortality of goutall
of whichaddres<clinicallyrelevantquestions.Themethodologiesstablishedduringthis
thesis lay the foundation for future researchin gout using both these electronic

databases.
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