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ABSTRACT

BackgroundisMetropolitanvs. nonmetropolitanstatusandareamediarincomemay

independenthaffectthe careand outcomesf acute coronary syndromes (ACS8Ve sought to

determine whether location of care modifies the association betweein@wese, recept of

cardiac catheterizaticand mortality followingan ACS in a universal healthcare system.
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Methods and Results: We studied a cohort of 14,012CS patientsadmittedto cardiology
services between April 18, 2004 amdecember 312011 in Southern Albeat CanadawWe used
multivariable logistic regression tteterminethe odds otardiac catheterizationithin 1 and 7
daysof admissiorand the odds of 30-day and/éar mortality according tareamedian
household_ inecome quintile for patients presenting to metropolitan anchetopolitan
hospitals.

In modelstadjustinfpr areaincome patientsvho presentedo nonmetropolitan facilities had a
lower adjusted odds of receivirggardiac catheterizationithin 1 day of admission (OR: 0.22;
95% CI: 0.11, 0.46; p<0.001). Among non-metropolitan patients, when examistygach
incremental decrease in income quintilas associated with 10% lower adjusted odds of
receiving cardiac catheterization withird@dys (p<0.001) and a 24% higher adjusted odds of 30-
day mortality (p=0.008), but reignificantdifferencefor 1-year mortality (p=0.12 There were
no differencesn adjusted mortalitamong metropolitan patients.

Conclusion=Within a universal healthcare systéime association betweaneaincomeand
receipt ofcardiaccatheterization and 3@ay mortality differeddepending on the location of
initial medical cardor ACS. Care protocolare required timprove access to care and outcomes

in patientdrom low-income, non-metropolitan communities.

Keywords:Acute Coronary Syndromglledian income, Angiographyortality/Survival
GeographyRural/UrbanQuality and Outcomes
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INTRODUCTION

CardioVascular disease is a leading cause of morbidity and moitaliyrth America’?
An excess ri&.of death has been linked to lower neighborhoodased median household
income in the setting of acute coronary syndro(&S),>® in partbecause obarriers tatimely
medical car@nd proven evidendeasednterventions.® Severaktudies have showincome-

relateddisparities in theiseof evidence-baseitherapies such asvasivecardiac procedures®
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These disparities may lead to worse outcomes betiausly receipt of these procedures
improves outcomes in the setting of &8S for appropriate patient§*?

The geographic location of care for A@Bohas been linketb barriers to timely access
to evidencebased medicalare cardiac catheterizaticandincreased mortality****This may
be partially.due to concentration gfexialty services and cardieatheterization facilitieg
metropolitancenters* Additionally, with wealth concentratiin metropolitan areas the
associatiorof'area mediamcomewith access to care and outcooféACS maybe modified by
geographiclocation. Further, theceipt of cardiac catheterization and specialty care for patients
presenting to non-metropolitdnospitalswithout these services often requires transfer to centres
located in metropolitan arsafinancial barriers®, intrinsic physician bid§ and other factors
may resultin differentialeceipt of these services based on area méutame. few studies
have examinedpecificallyif location of care modifies the association between raexian
income andaccess taardiac catheterizaticamd outcomes of AC3It remainsunclear whether
differencesexistin the association @ireaincomeand cardiac outcomes betweaartropolitan
and non-metropolitarites— the presence of which may have important impheet for health
policy and‘planning’*®

Wessought to determine whettibe associationbetween areacome andhe receipt of
cardiac_catheterizaticandmortality following an ACS were modified by initial care in a
metropolitan versus nometropolitan siteOf relevance ttealthpolicy, we examined this
relationship in Canadwhere aystem otuniversal healthcarexigs for access to physician and
hospital servicesThus, healthinsurance status not an explanatory variable in our evaluation

of areamedianfincome and geograplféctorsas determinants of care and outcomes
METHODS
Study Setting.and Data Sour ces

This*eehort study was conducted in two Southern Health Zones of the province of
Alberta, Canadawith a catchment population of approximately 1.7 million pedpéawere

obtained through thalberta Provincial Project for Outcome Assessment in Coronary Heart
Disease (APPROACHjatabasea provinciaklinical registry thatontinuously collects data
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with completecaptureof all patientsadmitted to a cardiac service or receivaagonary
angiography since 2004 As APPROACH is a standing cardiac registry, the data used in this
study were not collected in a targeted way solely for this this specific research question, but
rather were collected in a generic manner for a variety of potentiause®f theegistry’s
principal strengthss thatdemographicglinical, and proceduralata are prospectively collected
using standardized definitiom&th trained data abstractoasd validated methodolodyg ensure

a rich colleetior of accurate, clinical ddf&or areaincome and mortality data, we performed
linkageswith'the 2006Canadian Census and the Alberta Bureau of Vital Statesiggeviously
described?? Intotal, 33acute care facilitiegincluding hospitals, cardiologigcilities, and

urgent care centersvere includedn our studyFacility address location information was

obtained from 'Alberta Health Servicgdtp://www.albertahealthservices.ca).

Study Population
Ourcohort includedlberta residentsl8 to 99ears of ageadmtted to any cardiac

servicein the twosouthern balthzonesbetweerApril 18, 2004 anddecember 312011with a

principaldiagnosis of an ACET-segment—elevation myocardial infarction, non-ST-

segment-—elevation myocardial infarction, and unstable angina) at the time of discharge or

admission(if discharge diagnosis was missjnyital statistics and catheterization data were
complete feipatients from Albertahuspatients were followed from admissiantil death or a
maximumgof 1'year wvihh a stug¢t end date of December 31, 20T2. maintain the independence
of individualpatient observations, orilye first admission was includéar patients with

multiple ACS admissions during the study peridle excluded patients if census data were
unavailable(N=1618).Patientgesidingoutside of the two Southern Alberta health zones were
also exclude@N=1449)

Study Variables

Arealevel median household incom&s determinedsingpostal codénformation
linked to the 2006 Canadian census as in previous stid%é&Study subjects were then
divided evenly into area-level median income quintiles with the lowest incomeglggoded as

quintile 1 and the highest area-income quintile as quintile 5 as per previous $titfiédve
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used Canadiacensus “disseminaticereas” (DA) which are the smallest publically available
standardyeographic units of measuneith populationgieneraly between 400-700 peopféin

the Canadian censusABare designed to represent a smaller subdivisions of census tracts which
are designed to_be as homogenous as possible in terms of socioeconomic cham&ecistis
similar econemic status and social living conditi6hBatientsgeographic location of the
medical facility.ofpresentation was determined by the locatiofirsf recorded contact for ACS
admission."Btientspresentingo any ofthe 7 urbarcentersof which 1 tertiary care facility
providesprimarycardiac catheterizatiopmwere classifiedasmetropolitan patients preseimtg to

any of the other 26enters were classifiesnon-metropolitan Metropolitan status was
determined usinthe Stattics Canadaefinition?® Overland distances to the cardiac
catheterization‘facility were calculated in kilometers by geocoding medical facility addresses
using Google Maps, an online geographic information systems program (Ghddtmintain
View, CA).**%

Our.study outcomes included the receiptafdiac catheterizatiammediately before
admissionstorindagfter (defined agmergent)andwithin 7 days of presentatiqaefined as
urgent). Patients who received cardiac catheterization in the 12ihmouesliately prior to
admissionawere considered to have received emergent angiography to akowjéatssent
immediatelyto the catheterization laboratory upon arrival and admitted afterWéediefined
urgent cardiac catheterizations as those received within 7 days of admission bezauwsgerity
of primary catheterizations performed during index admissiagre performedithin 7 days of
admissionFhewther outcomes of interest welleause mortality within 30 days and 1 year of
admission:.

Data were collected fage, sextype of ACS(ST-segment elevation myocardial
infarction[STEMI], nonST-segment elevation myocaatlinfarction[NSTEMI] or unstable
anginaUA]),.prior diagnosis oforonary artery disease (CAD)ypertension, dyslipidemia,
diabetes, family history of CAD, current and former smoking staticy, ACS, priorcoronary
revascularization, congestive heart failure, chronic lung disease, peripheral vascular disease,
chronic renal disease, dialysis, cerebrovascular disease, cancer, gastrointestinabdd diase
diseas&?’. Missing dataon comorbiditiesverefilled-in using a validated data merging method

that draws on the Canadiaational Dischargébstract Databases previously describé&d.

This article is protected by copyright. All rights reserved



Statistical Analysis

Descriptive statistics were reported accordingreamedian household income quintiles
for both metropolitan and non-metropolitan patieBti$ferencesn demographic, clinical
characteristics and unadjusted outcomes between metropolitan antetropelitan patients
were compared using the Chi squeastfor categorical variablesndthe Student-test for
continuous,variables. Likewise, differences acrossiapsane quintiles for metropolitan and
non-metropolitan patients were compared using the Chi square test for trenddoricake
variables andANOVA or the nonparametric Kruskslfallis test (where appropriatéyr
continuous variables

We dirsticompared the adjusted oddto of the outcomes of interest for non-
metropolitan versus metropolitan patients by using logistic regression modblaregincome
and all demographic and clinical characteristics included as covariates in the models (Table 1).
To examine thénteractionbetweergeographic location ahitial care andarea incomgwe
adopted an additive interaction modeling framework in oungaty analysis and categorized
patients intepd=of 10 mutually exclusive subgroups defined by initial facility totatdarea
income quintile. We compared the adjusted adtis of catheterization or mortality for each
subgroupwersus the higheseaincome patients who presented to metropolitan facilities
(referencergroup) using logistic regression models, adjusting for all tlamdademographic
covariate$® We used this strategy to examine for interactions between geographioriafat
presentation and area level income quintile on an additive scale in our matelstwiaking
any a priograssumptions about how risk would be distributed across incoméequirgi linear
vS. non-linear)‘and care location on the predefined outcomes of inteeeassessed for
collinearity (defined as a change in the SE by >10%); when present, these variables were
excluded from the final model unless there was statistiwdérce for confounding (defined by a
change in th@-coefficientfor the variables of interest by >20%)nly the variabléor ‘family
history of CAD’wasexcluded from the adjusted modgds collinearity.

To_ allow for another interpretation of the datad formally test for effect modification by
location of eare on the outcomes of interestussl areaincome quintile modelelinearly as a
continuous predictoaind tested for effect modification by metropolitan vs. non-metropolitan
statuson a multiplcative scaldi.e. twoway interaction testing)lhis dual analysis approach (i.e.
interaction analysis on additive and multiplicative scales) allowed us td thedessociation of
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each incremental decrease in area income quintile for metropolitan amdetiapolitan patients
compared with metropolitan patients of the corresponding highest area incomie guiriie
receipt of catheterization and mortalifyhis approach allowed us to formally test for effect
modificationby location of care in two complementary waysthe multiplicative interaction
analysis, the.two variables of interest were modeled as A*B in the model specification (where A
is area level ineome quintile and B is metropolitan vs. metropolitan location)This approach

of duallypresenting interactions on both additive and multiplicative scales allows the reader
more complete‘information to draw conclusions about the size and significancaiohetlips

in question between the tvexposures of intere&t**We accounted for clustering at the facility
level in ourlogistic regression models and unadjusted comparisons of the outcomesesf i
using generalized estimating equations with a working correlation matrixlyngeguming
independence.In addition, we accounted for temporal trends by adding indicator vaoialbles
models for each calendgear of the study from 2004 to 2011 inclusively.

All analyses were performed using SAS statistical software, version 9.3 (SAS Institute, Inc.,
Cary, Northe€arolina)We reporédtwo-tailed P valuegwith a predefined threshold for

statistical significane of <0.05) or 95% confidence intervé@@s) when appropriateApproval

for this study was received from both the University of Calgary Corliteaith Research Ethics
Board and-the Harvard Medical School Institutional Review BaasdAPPROACH is a

provincial cardiacregistry,the University of Calgary Conjoint Health Research Board granted a

waiver of individualpatientconsent for this study.

RESULTS

Baseline Characteristics

During.the study period, widentified21,028 admissions for ACS among adult patients
in the two Southern Albertaealthzones. Among these admissions 5398 episodes were excluded
as repeaACSadmissions. A further 1618 (10.3%atients were excluddzecause ofmissing
areaincomerdataof which 384 (23.%) were normetropolitan patientd'hefinal study cohort
of 14,012 adult patients included 3165 wiresented initiallfo a nonmetropolitanhospital,
and 10,847 to a metropolitan hospital.
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Baselinedemographic andlinical characteristicare presnted in Table 1. Mediaarea
incomes ranged from $38,587 CAD in the lowest income quifilatile 1)to $103,190 CAD
in the highest income quintile (quintile )hose presenting twon-metropolitan hospitals, on
averagewere fromlower incomeareascompared to those presenting to metropoldamters
($49,799 CAD.vs. $67,760 CAD; p<0.001). Consistent with this finding, the distribution of
metropolitan and nometropolitanpatients byareaincome quintiles revealed a larger proportion
of non-metropolianversus metropolitan patients in lower income area®{@¥ersus 15% in
the lowestareaincome quintile; P<0.001) and alternatively more metropolitan patients in higher
income areas (25.3% versus 6.4% in the highesincome quintile; P<0.001).

Compared with metropolitgmatients non-metropolitan patientseretypically olderand
had higherrates of hypertension, dyslipidemia, and smoking. In additiarger proportion of
non-metropolitarpatients haa history of common medical comorbidities such as congestive
heart failurechronic kidney disease, peripheral vascular disease and liver or gastrointestinal
disease (Table 1Moreover,although non-metropolitan patients and metropolitan patients had
similar ratesyofipreviously diagnosed ACS, moatropolitan patientsadlower rates ofprior
percutaneousscoronary interventid’.4% vs23%, p<0.001) but similar rates ofrrior coronary
artery bypass gfng (8.3% vs. 7.86, p=0.41).Norn-metropolitan ptientswere more likely to
present wittSTEMI andNSTEMI, whereas unstabsngina was most common among
metropolitan patients'he meandistance from the initial facility of presentation to a major
academic'facility with orsite catheterization capability for nometropolitan patientwas209.1
km and 4.9«kmifor metropolitan patients (p<0.001).

Acrosssareancome quintiles for both metropolitan and noetropolitan patients,
subjects in lower income quintiles compared with those in higher income quirgiiegypically
older, more likely to be ale, and had higher rates of medical comorbidities such as
hypertension, diabetes mellitus, congestive heart failure, cerebrovascular disease, peripheral
vascular disease and chronic lung disease; a larger proportion of these patients had a history of
previous ACS(Table 1). Also, for both metropolitan and m@tropolitanpatients subjects
weresimilarlylikely to present with an STEMI, NSTEMI or unstable angina regardless of their
respective area income quintile. There were no differences in the median distance from the initial
facility of presentation to a facility with esite catheterization capability across the ameame
quintiles for either metropolitan or nanetropolitan patients.

This article is protected by copyright. All rights reserved



11

Unadjusted Rates of Cardiac Catheterization and Mortality

Table 2 presents unadjusted rates for cardiac catheterization and mortality for
metropolitan and nometropolitan patientand also for eaceographic grouptratified byarea
income quintile. Among both metropolitan and maatropolitan patienfshose from lower
income areas_had higher rates ofd2y mortality (tests for trend: p<0.001 and p<0.001,
respectively; Table 2) and 1-year mortality (tests for trend: p=0.002 and p=0.002tivespe
Table2) than“patients residing in higher income arageneralregardless of location of
presentation, patients residing in loveeea income quintiles had lower rates of receiving cardiac
catheterizatiomboth within 1 and 7 days of presentation. However, among metropolgatspati
alone, there"were no differences detected acrossnaaae quintiles for receipt of cardiac

catheterization within 1 day of presentation (Table 2).

Patients fromdwerincomeareasalso had higher mortality at both 30 days and 1 year of
presentationseempared to those in higlneraincome quintiles regardless of location of hospital
of presentation’(Table 2). On average, non-metropolitan patients had lower ratesvaigec
cardiac catheterizatiomithin 1 day of presentation compared to metropolitan patients (24.5% vs.
41.6%, p<0:001) butigher rates ofatheterizationvithin 7 days of presentation (67.8% vs.

64.9%, p=0.003)0verall mortality rates were higher amamgn-imetropolitan patientdhan
metropolitan patients at 30 da§B2% vs. 1.9%p<0.001) and at one yed.6% vs. 5.6%
p=0.02).

Norrmetropolitan patients had lower unadjusted odds of receiving cardiac cathieteriza
compared to metropolitan patients within 1 day (odds ratio [OR]: 0.40; 95% CI: 0.19, 0.86) but
not within /-days of presentation with an ACS (OR: 1.13; 95% CI: 0.84, 1.53). In addition, non-
metropolitan patients had higher unadjusted odds of 30@Ry1.66; 95% CI: 1.04, 2.65) but
not 1-year. mortality when compared to metropolitan patients (OR: 1.21; 95% CI: 0.90, 1.61).

Tabler8 summarizes the unadjusted and adjustechctionanalyseshatdescribethe
relationshipsbetweeareaincome quintile and the odds of receiving cardiac catheterizatidn
mortality. For non-metropolitan subjects, when compared with patients from the highest income
areas, each decreasanmeaincome quintile was associated with a lower unadjusted odds of
receiving bottemergent (within dday) and urgeniwithin 7-days)cardiac catheterizian (Table
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3). For metropolitan patients however, each decream@@mincome quintile was associated with
a lower unadjusted odds of receiving cardiac catheterization within 7 days only 8).ab
Regardless of the geographic location of first presemtatach incremental decreasearea
income quintile was associated with a higher unadjusted odds of both 30-dayeard 1-

mortality after,ACSfor all subjects (Table 3).

Adjusted Analysis of Cardiac Catheterization

Afteradjustentfor clinical covariates and area incopmmonmetropolitan patientead
significantly lower odds of receiving cardiac catheterization thatropolitan patients, within 1
day(OR: 0:22;95% CI: 0.11, 0.4®ut not 7 days of presentation (OR: 1.04; 95% CI: 0.84,
1.29). In adjusted analyses of catheterization and mortality stratifiacebincome quintile and
location of initial caremetropolitan patients the highesareaincome quintile (quintile 5)
served as the reference groGpbjectdn each of the area income categopessenting to non-
metropolitan facilities, were significantly less likely to receive cardiac catheterization wighin th
first day ofspresentation (Figure 1, Panel A). Alternatively, among metropolitem{saino
differences'were detectedtiveen any of tharea income categori@sthe receipt of
catheterization within 1 dalternatively, for the receipt afardiaccatheterization within-7
days of presentation among patients presenting tamedropolitan facilitiesonly patients from
the highest incomareashad a higher adjusted odds compared to metropolitan patients from the
highestincame areafOR: 1.40; 95% CI: 1.04, 1.88) (Figure 1, PaB&lMoreover, only lowest
area income metropolitan patients had a lower adjusted odds ofimgasardiac catheterization
within 7 days.eompared to metropolitan patients from the highestne areafOR: 0.81; 95%
Cl: 0.66, 0.99).

Table 3 summarizes the adjustetéractionanalyses between aremome quintile the
initial location.of careandthe odds of receiving cardiac catheterization. Therensabservable
linear trend. acrossreaincome quintiles in the odds of receipt of cardiac catheterization within
1-dayfor either nonmetropolitan or metropolitapatientg(Table 3). Moreover, we found the
relationshipsbetween the receipt of cardiac catheterization wittlaylandarea incomeavas not
modified by the initial location of care (p=0.€3t interaction termyy Conversely, w observed
that among patients presenting to non-metropolit@s shere was an incremental decrease in the
odds of catheterization within 7 days of presentatidh lowerareaincome quintiles; with each
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decrease in areacome quintile, the odds of receiving catheterization dgys likewise
decreased by 10¥©R: 0.90; 95% CI: 0.85, 0.95%imilarly, for metropolitan patients a similar
but less promineritend was observedhereby each incremental decrease in area income
quintile was associated with a 3% decrease in the od@seiliing catheterization by 7-days
(OR: 0.97; 95% CI: 0.95, 1.00When we testedf the presence affed modification on the
odds of receipt/of cardiac catheterization withidags by location of care, a significant
interaction'wasletectedp=0.03) Thisindicaedthat the associatidmetweerarea incomend

7-daycatheterizationwas modified byhe initial location of car€Table 3).

Adjusted Analysis of Mortality

In modelsadjusting for clinical covariates arda incomgon average when compared to
metropolitan patients, nometropolitan patients did not experience higher adjusted odds of
mortality at30 days (OR: 1.28; 95% CI: 0.93, 1.78) orelar(OR: 0.94; 95% CI: 0.77, 1.14,
respectively).In the adjusted analysis exploring the additive associatitcation of initial
careandarearincomen mortality,no income category for either non-metropolitan or
metropolitan ‘patients were found to have a significantly different odds of 30-dayear 1-
mortality'eempared to metropolitan patients of the highestincome quintile (Figure ,2Panels
A and B).

In modelsinvestigating the interactidoetween areamcome location of initial
presentatiomnd mortality(summarized in Table 3), each decrease iniamane quintile was
associatedwith, a 24%=0.008) increase in the odds of 30-day mortality for non-metropolitan
patientsIn‘eentrastareaincome was not a significant predictor of 30-aagrtality for
metropolitan patientsAn interaction term was used to test for effect modification on the odds of
30-day mortality by geographic location of initial care. This term was signiffjpaft02), thus
indicatinga.differential association @frea incomand 30-day mortality by location of cafiéhe
relationship betweeareaincome quintile and Year mortalityfor nonimetropolitan patients had
a similar pattern to that of aflay mortality, but the test of linear trend no longeched
statistical sighificancepE0.12). Further, idjusted interaction models between aneame,
location of careand mortality area income was not a significant predictor-gear mortality for

metropolitan patientTable 3.
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DISCUSSION

In our cohort study, we found that tredationshipof area incomavith receipt of cardiac
catheterizatiomnd mortalityafter ACS was not uniform, but was modified lmgation of initial
care We found that decreasirgyeaincomewas associated with lower likelihood of receiving
urgentcardiae,catheterizatiomithin 7 daysand higher likelihood of 30-dayortality for ACS
patients presenting toon-metropolitanfacilities only. In addition, we confirmed that non-
metropolitan‘patients are less likely than metropolitan patients to underggeetneardiac
catheterizationin the setting of ACS despite having higher rates of b&ISand NSTEMI
than metropolitan patients, even after adjusting for ACS typelandal characteristics.
Moreover @spitenon-metropolitanand metropolitapatientsbeingsimilarly likely to receive
cardiac catheterization within one week of an A8 decreasedse ofemergentardiac
catheterization anthcreasedhortterm mortality appearedosely associatetb decreasing
medianareahousehold income for nametropolitan patientd hese findingswere evident in a
universal health insurance system designed to eliminate cost barriers to medical care, especially
in the settingrof acute medical conditions such as ACS.

Oursstudy is novel in its exploration of the interplay between geographic location of
initial caresfor ACS an@rea incomePrevious studies in the context of universal health
insurance-have produced conflicting findirggh respect to equitable access to cardiac
catheerization andrevascularization procedures afterADS. Earlierstudiesshowedhatarea
income predicted both receipt cdrdiac catheterizatiomvait times for angiography and
mortality afteracute myocardial infarctioft**In addition, hospil characteristics, such as
location, teaeching status and catheterization capabilities have been rgpsladedi to be
independéntly predictive of use of advanced cardiac procetitirés**Subsequent studies
however, did not show income gradientaatess teaardiac catheterizatiarr mortality for
patients presentingith acutemyocardial infarctions>* Smilar to other studies walsodid not
find significant.adjustedifferences in londerm mortalityby incomeafter presentation wht
ACS, likely.becausehis outcomes driven primarily by age and medical comorbiditiestwere

§>143438 rather thararea incomer location of care.

accountedfor,in our anale
Our study provides evidence afdifferentialassociatiorof areaincome on receipt of
urgent coronary angiography and short-term mortality for patients presenting to non-

metropolitarversus metropolitan hospitals. In costit® previous studies thaaveshown
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equitableaccess tadvanced proceduréy area incomeluring a period of increasing utilization
of these cardiac proceduresir study foundrea incomdéasedlisparitiegprimarily in non-
metropolitan areadMetropolitan areas havegher concentratios of healthcare resources and
specialist servicethatmay allow for moreequitableuseof health resource€"*®Furthermore,
unlike otherjurisdictionghat have greater availability of cardiac catheterization facilities
southern Alberta has only otergecatheterization facility among 3&alth care facilities in the
regionand ths limited proceduratapacitymay contribute taarea incomgradientsn non
metrgolitan‘areasOur findings may point to a threshold effect with respect to the limited
supply capacity of invasive cardiac procedures, below wdniea incoméased disparities begin
to emergewherebyatients from lower income areas are less oftemrezgfdorurgentcardiac
catheterizatio’® This centralized model of specialized cardiac care dependent on a robust
referral and transfer system exists ovecmaf Canad® and most critical access hospitals in
the USA® thus our findings may apptp otherjurisdictions withlow population densities.

Alternatively, nonmetropolitanphysicianamay beprivy to unmeasured prognostic
informationsthat may affect decisions around referral to a metropolitan faoiliultural
differencesramong nemetropolitan patienteegardingpreferencefor aggressive care
especiallyamong lover area incomgatients Interestingly, normetropolitan patients from high
incomeareasvere found to havereevenhigher likelihood of receiving urgent cardiac
catheterizationafter ACSthan metropolitan patients from highmeome areas. Thesggh area-
level incomepatients maye more successful in advocating for urgent referrals to a tertiary care
centre for more aggressive care or may be preferentially referred for these procedures even more
so than high-incomarea patients from the metropolitan centeastly, equity inmetropolitan
centres may reflect activgality improvement protocols put in place to improve door to balloon
timesand cardiac carie metropolitan centres but not in noretropolitan centre¥ This may
alsoexplain whyarea income gradients waret seenwith emergent angiography uséthin 1-
day of presentatiorasthisis more likely to be protocol driveior patients with high risk
features of.myocardial infarctipthus allowing less potential for referral bias

Consistent with previoustudies, we found that adjusting for age, other demographic
factors, clinical comorbidities and cardiovascular risk fademgely explained thareaincome
gradient in longterm mortality postACS.>***°In contrast to these studies and in keeping with
another studyn Albertawe found that the effect areaincome on posACS 30-daymortality
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was restricted tpatients presenting to nanetropolitan hospita$This disparity inpostACS
shortterm mortalitybetweeriow area incom@atients presenting tworn-metropolitan and
metropolitarhospitalsmayrepresentlifferences irhospital management 8iCS patients
availability of cardiologistand specialized cardiac serviagshortterm follow-up care.

It is_important to highlight thaise of area medidmusehold income as an approximation
of socioecenomic status, while commonplace, may not be indicative of individual smuioeic
position?°#4%The yse of area level socioeconomic exposures likely represent contextual factors
of the physicaland social environment such as social position, the physical enviromaient, a
crime associated with health as opposed to individual level characteristics. Reassuringly
however, many.previous studies (including some in the jurisdiction that we sthdied3hown
the prognosticerelevance of this atesel estimation of SES in patients presenting with
myocardial infarctiort:***?*Thus, our findingsighlight the contextuassociations of area
level socioeconomic factors on access to cardiac catheterization antesmanortality in non
metropolitan ACS patients.

Oupsstudyhas some caveats almitations First, welack information regarding
physician or patient preferencaoundireatment decision§&uch information would shed light
on the role.of patient and provider preferences in clinical decision malkingn&despite
adjustmentfor several important clinical variables, timeag be important unmeasured
confounder®r residual confoundingf the relationship between location of hospiéaga
income, receipt of coronary angiography and gaS8 mortality Third, although the diagnosis
of UA in our‘cehort was defined using the universally accepted definition, it was gyimari
dependentiensthe treating physician’s clinical judgment in real time. While this is subject to some
variation in judgment across observeng UA definition used in the APPROACH registry is
likely more robust than studies based on administrative or billing data, as it is specified
prospectively. by care providers in the clinical settifgurth we investigated the outcome of
receivingcardiac catheterization, not the receipt of revascularization procetatesovide the
therapeuticoenefit after an ACS. Despite this, previous research has shown equity in
revascularization upon receiptaibignosticcoronary catheterizaticeind thus the importance of
first receiving a catheterization is likely an important marker of accessasivemedical care
for cardiac diseas® Fifth, the study period from 2004 to 2011 may be subject to secular trends
and not reflective of current practice; however, adjustment for year of presemntatian i
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analyses to account fdnis, revealedbur findings remained unchanged. Additionally, no major
structural changes in the model of cardiac care occurred in oursgtiohg during this time
period.Ladly, this study investigates the importance of the location of hospital of presentation
and may not beecessarilyndicative of individual place of residence.

These.limitations nowithstanding, our study sheds lightiomportant interactions
between geographic location of care anela incomehatare associated wittisparities in
access teardiac catheterizatioand shorterm mortality in patients presenting with acute
coronary syndromes. Geographic barriers to gerdruse of cardiac catheterization likely
representilogistical constraints for retropolitan patients. Howeverpmpared to higincome
areapatients low incomearea patients presémg to non-metropolitan hospitalgth an ACSare
less likely terecave coronary angiography within a week and more likely to die within 30 days
of presentation: These findings demonsteaita incomeaelated equity for ACS patients is
confined to_metropolitan centers and that a signifiea@a incom@radient remainsutside of
these metropolitan centeihese fndingswere observedespite a univsal healthcare system
that does poetrhave any inpatient user fees, thus suggesting thie@@eother than insurance
status and“ability to payhich areat play.Further hvestigatiorof managemerdifferences,
treatmentspreferences and referral decisfonpatients imon-metropolitan hospitals are
neeckd. In.addition, hese findings highlight the need for targeted developmekC&care
protocolsthatimprove accest care and improve outcomes for non-metropolitan patients, and

especially‘thoséom low incomeareas
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Figure Legends

Figure 1. The adjusted oddstiosof receivingcardiac catheterization within 1 andl&ys of
presentation with an ACS by non-metropolitan and metropolitan statse@sdcome quintile.

PanelA. Adjusted oddsatiosof receiving ecardiac catheterization withinday of presentation
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with an ACS compared to metropolitan patients in the higiresincome quintilePanelB.
Adjusted oddsatiosof receiving acardiac catheterization withindays of presentation with an

ACS compared tonetropolitan patients ithe highestaireaincome quintile.

Figure 2. Thesadjusted oddsiosof all-cause mortality within 30 days and oyear of
presentation with an ACS by non-metropolitan and metropolitan statese@smdcome quintile.
PanelA. Adjusted oddsatiosof 30-day allcause mortality after presentation with an ACS
compared tanetropolitan patients the highesareaincome gintile. PanelB. Adjusted odds
ratiosof allscause mortality within 1 year of presentation with an ACS companetimpolitan
patientan the highesareaincome quintile.
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Table 1. Cohort Characteristics

Metro / Averages by P- Area Median Household Income Quintile
Variable non- Metro / Non- | value 1 (lowest) 2 3 4 5 (highest) P-value’
Metro Metro (N= 2635) (N=2766) (N=2766) (N=2896) (N=2949)
67,760 38,959 50,299 61,131 75,757 103,473
Metro [50,977 - [34,220 - [47,583 - [57,919 - [72,446 - [95,873 - -
Area Median Household 88,431] 42,368] 52,623] 65,227] 81,668] 119,292]
. <0.001
Income (IQR SCAD) 49,799 37,878 48,960 60,336 75,692 96,980
Non-
[43,448 - [31,831 - [46,273 - [57,646 - [71,978 - [92,947 - -
Metro
63,895] 42,425] 51,228] 64,756] 80,785] 107,547]
Clinical Characteristics
Metro 64.4 (12.8) 65.7 (13.0) 64.7 (12.9) 65.0 (12.8) 63.9 (12.9) 63.3 (12.4) <0.001
Mean Age,.years — (SD) Non- 0.003
65.2 (13.3) 66.9 (13.5) 65.9 (12.8) 64.6 (13.1) 62.1(13.0) 61.1(13.2) <0.001
Metro
Metro 715 65.8 68.3 72.0 73.1 75.5 <0.001
Male.=% Non- 0.31
70.6 67.8 68.9 70.6 73.8 85.8 <0.001
Metro
Metro 68.5 711 68.9 69.2 67.7 66.7 0.002
Hypertension' — % Non- <0.001
71.9 73.1 73.5 70.5 69.4 67.2 0.02
Metro
Metro 72.8 72.3 73.5 74.6 71.8 72 0.32
Dyslipidemia — % Non- <0.001
78.4 77 78.3 81.3 77.8 78.9 0.33
Metro
Diabetes Mellitus — % Metro 254 0.58 27.1 284 26.8 25.6 21 <0.001
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Non-
25.9 27.7 26.8 24 24.8 20.1 0.02
Metro
Metro 26.1 32.5 32.2 27.5 23.7 19.2 <0.001
Current Smoker — % Non- <0.001
30.1 31.3 28 33.1 31.8 24 0.58
Metro
Metro 32.2 32.5 29.3 33.5 33.7 31.3 0.64
Ex-Smoker~ % Non- 0.20
31 28.6 33.5 304 31.1 304 0.60
Metro
Metro 22.5 26.4 24.5 24.1 20.9 18.9 <0.001
Prior Acute Coronary
Non- 0.58
Syndrome — % 22.9 24.4 25 22.1 18.2 18.1 0.002
Metro
Metro 23 25.2 23.3 239 22.7 20.9 0.001
PriorPeI =% Non- <0.001
17.4 18.1 17.8 18 15.9 13.7 0.14
Metro
Metro 8.3 8.8 8.7 9.3 7.5 7.7 0.05
Prior CABG™=- % Non- 0.41
7.8 7.8 7.9 7.5 10.3 3.4 0.67
Metro
Metro 12.1 14.7 13.6 13.3 10.6 9.9 <0.001
Congestive Heart
. Non- <0001
Failure=% 15.8 20.1 14.5 14.6 13.8 10.3 <0.001
Metro
Metro 7.8 9.6 8.3 8.5 7.9 5.8 <0.001
Cerebrovaseular Disease
Non- 0.34
-% 8.3 9.2 9.3 6.1 8.6 5.4 0.05
Metro
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Metro 6.5 7.8 5.7 6.4 4.5 3.5 <0.001
Peripheral Vascular
. Non- 0.004
Disease — % 5.3 7.6 7.6 3.6 7.9 2.5 0.02
Metro
Metro 4.7 5.6 5 5.6 4.4 3.6 <0.001
Renal'Disease — % Non- <0.001
6.4 7.2 6.9 7.1 35 3.4 0.006
Metro
Metro 1.3 2 09 1.6 1.1 1.2 0.07
Dialysis — % Non- 0.55
1.2 1.2 1.6 1.1 0.5 15 0.5
Metro
Metro 14.1 19.6 15.9 14.4 12.4 11 <0.001
Chronic Lung Disease —
Non- 0.05
% 15.5 17.2 15.1 17.8 12.4 9.3 0.006
Metro
Metro 8.5 11.1 9 8.8 7.5 7.2 <0.001
Liver or Gastrointestinal
f Non- 0.003
Disease-% 10.2 11.1 10.3 11.2 7.7 8.8 0.11
Metro
Metro 4.8 5.1 4.7 4.7 4.7 4.7 0.61
Malignancy— % Non- 0.48
5.1 5.5 5.5 4.3 3.7 59 0.33
Metro
ACS Type
Metro 29 28.6 28.9 30.9 28 28.9 0.84
STEMI =% Non- <0.001
35.5 34 34.6 37.2 37.2 38.7 0.08
Metro
NSTEMI™ — % Metro 32.9 <0.001 33.9 33.7 32.9 33 31.7 0.11
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30

Non-
40.8 42.9 40.2 39.7 39 40.7 0.21
Metro
Metro 38.1 37.6 37.4 36.3 39.1 39.3 0.08
Unstable Angina — % Non- <0.001
23.7 231 25.2 23.1 23.8 20.6 0.58
Metro
Characteristics of Initial Presenting Facility
Median [IQR]* Distance Metro 0[0-11.8] 0[0-11.8] 0[0-11.8] 0[0-11.8] 0[0-11.8] 0[0-11.8] <0.001
(km)* of InitiakFacility to <0.001
Catheterizatigh Lab Non- 221 [179- 221[221 - 221[191 - 221 [143 - 221 [69.5 - 221[69.2 - <0.001
Metro 294] 268] 294] 268] 294] 253]

*]QR = Interquartile range, SCAD = Canadian Dollars, PCl = percutaneous coronary intervention, CABG = coronary artery bypass graft, STEMI = ST-segment

elevation myoeardial infarction, and NSTEMI = Non-ST-segment elevation myocardial infarction, km = kilometers

tP-Value from Chi-Square Trend Test
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Table 2. Percentage of Patients who Achieved Outcomes byifa@ae Quintile and Location dritial Care

31

Area Income Quintile and Location of Initial Care
Quintile 1 Quintile 5
Quintile 2 Quintile 3 Quintile 4
(lowest) (highest)
Average by
Location of P- Metro Metro Metro Metro Metro P-Value
Outcomes Metro/non- "
Initial Care Value N = 1688 N =1742 N = 2204 N = 2468 N = 2745 for trend’
Metro
non-Metro non-Metro non-Metro non-Metro non-Metro
N =947 N =1024 N =562 N =428 N =204
Cathetefization” Metro 36.6 343 37.8 37.6 35.9 37 0.53
0.02
Within 1 day —% non-Metro 18.7 17.1 16.3 19.9 222 27.9 0.012
Catheterization” Metro 64 59.4 64 62.7 64.5 66.9 <0.001
0.42
Within 7idays = % non-Metro 66.7 61.6 65.9 69.8 70.1 79.4 <0.001
Metro 1.9 2.4 2 2 2 1.5 <0.001
Mortality 30-day — % 0.03
non-Metro 3.2 4.1 3.6 3.2 0.9 1 <0.001
Metro 5.6 7.5 6.5 5.6 5.2 4.4 0.002
Mortality 1-year — % 0.2
non-Metro 6.6 7.1 6.1 5.5 5.4 4.5 0.002

*Catheterization.indicates cardiac catheterization.

**p valuesforsunadjusted comparison accounting for facility clustering using generalized estimating equations.

TP value from trend test accounting for facility clustering using generalized estimating equations.
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Table 3 Assaciation of Decreasing Aréacome Quintile on Outcomesteran Acute Coronary Syndrome for

non-Metropolitan and Metropolitan Patients.

Metropolitan non-Metropolitan
P-Value for
Outcomes N=10,847 N= 3165 Adjusted
Interaction
Unadjusted OR [CI] Adjusted OR" [CI] Unadjusted OR [CI] Adjusted OR' [CI]
Catheterization within 1
0.98 [0.95 - 1.03] 1.03 [0.98 - 1.07] 0.86 [0.77 - 0.97] 0.91[0.82 - 1.02] 0.07
day
Catheterization within 7
0.93[0.91-0.96] 0.97 [0.95 - 1.00] 0.84 [0.79 - 0.89] 0.90[0.85 - 0.95] 0.03
days
30-Day Mortality 1.10[1.06 - 1.14] 1.03 [0.97 - 1.09] 1.39[1.16 - 1.67] 1.24 [1.06 - 1.46] 0.02
1-Year Mortality 1.11[1.04-1.19] 1.02 [0.95 - 1.11] 1.28 [1.10-1.50] 1.13[0.97 - 1.31] 0.28

*Catheterizationsindicates cardiac catheterization; Cl, confidence interval; and OR, odds ratio.

tAdjusted models included the following variables: age, sex, metropolitan/non-metropolitan location, area median household income quintile, interaction term for

metropolitan/non=metropolitan location x area income quintile, calendar year of presentation (2004-2011), acute coronary syndrome type, hypertension,

dyslipidemia, diabetes mellitus, prior acute coronary syndrome, smoking, ex-smoking status, previous percutaneous coronary intervention, previous coronary artery

bypass graft surgery, malignancy, congestive heart failure, peripheral vascular disease, cerebrovascular disease, chronic kidney disease, dialysis, chronic lung disease,

32
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liver and gastrointestinal disease.
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