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What's'"new?

e Thebarwin Region Urban Indigenous Diabetes (DRUial)ow-up study is one of
the few. studies to assess firespective associations of diabetes and albuminuria on
mortality andcardiovascular diseas€VYD) in an urban indigenousindigenous
population.

e Weshowed that nearly a third of CVD events in our study populaierne
attributable to diabetes and%.wereattributable to albuminuria

e Public health initiatives that aim to prevent and better manage diabetes dnd rena
disease could have a substantial impact on the burden of CVD in Indigenous

Australians.
Abstract

Aim To assestherelationshipf diabetes and albuminunwth all-cause mortality and
cardiovascular diseaseitcomes in a population without pricairdiovascular diseasising

datafrom the"Darwin Region Urban Indigenous Diabetes (DRUID) study.

Methods We conducted arospective cohort study of 7@articipant§aged 15-81 years,
68% women)without priorcardiovascular diseaseho underwent a 7§-oral glucose
tolerance testDeaths andatal or nonfatal cardiovascular diseagere determinedver 7
years andhazard ratiosvith 95% Cls and population attributable riskere estimatetbr

baseline glyeaemiand albuminuria.

ResultsiCompared with normdgcaemiaand after adjustment for age, sex, hypertension,
dyslipidaemia and smoking, knowdnbetes was associated withafjustechazard ratiof
4.8 (95% CI 1.5-14)7or all-cause mortality anf.6 ©5% CI12.1-15.2 for cardiovascular
diseaseComparedvith normalbuminuria, the respectiajustedisksfor
macroalbuminuria werg0.9 (95% CIl 3.7-32.1) and 3.9 (95% CI 1.4-10.8erradjustment
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for all-cause mortality and cardiovascular disease, the estirpapedation attributable risk
for diabetes wer27% and 32%, anidr albuminuriatheywere32% and 21%respectively

Conclusionslin our studypopulation, the burden of mortality andrdiovascular diseaseas
largely driven by diabetes and albuminufi&is finding on the influence of diabetes and
albuminuriais.consistentvith reports in othehigh-risk indigenous populations and should be

better reflected.in risk scores and intervention prognesn

Introduction

Cardiovascular disease (CVD) incidenoéiigh-income countriess decreasinffl], but
remains a majoer. public health issue for mamdigenous populations, including Indigenous
Australians,who hee experienced rapid social and lifestygtengd?2]. The primary
prevention ofCVD largelyfocuses on the reduction wkll-established risk factors such as
smoking, hypertension, hyperlipidaemiadatabete$3]; however, in indigenous people the
pattern of CVD risk is often dominated by high prevalence of diabetes and renal disease
comparedvith other risk factor$2]. In Australia diabetegrevalence iss high as 30% in
somelndigenous communitigg], andprevalenceof endstage renal diseaselif-15 times
higher among.lndigenous than non-Indigenous Austral&n3here isdimited evidencewith
regard tahe longitudinal associations diabete§6—10] and albuminurige—11]with CVD
outcomes:spegcifically foindigenous populations. Findings from large matalyseon
diabeteg12,13]and renal disead&4] arelargelybased orEuropean and Asigoopulations,
and do not-previde any specific information on indigenous people.

Within Australiaymoststudies of CVD risks and outcomes have been conducted in remote
setting99,10725]; but the majority of Indigenous Australians live in urban dBaBactors
related te=€CVBsuch as prevalence of diabetes and renal di$¢d$g and healthcare access
[17] differiaceording to remotenedsis therefore important to improve our undersiagdf

the contribution'of thesesk factorsto mortality andCVD risk among urban Indigenous

populations.

The DarwinsRegion Urban Indigenous Diabetes (DRUID) study is an observational study
established to address the lack of information on the burden of diabetes ambo@idieons
in Indigenous Australians living in an urban setting [Hjseline findingshowedhat a

third of participant@aged>35 years, and half of those aged >55 years had diabetes. The

prevalence of CVD risk factors in this population was very high, even among young adults
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without diabetes, with nearly half of those aged < 35 years having at least two CVD risk
factors[19]. In the present study, we looked beyond vesliablished traditional CVD risk
factors andexamined the contributions of diabetes and albuminuria to the risk ek

mortality and development of CVD over ay&ar bllow-up periodin people without a
history of"CVDrat baseline.
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Participants and Methods

Study population

The DRUID study included men and women who identified as Indigehostsaliandiving
in and aroundDarwin, a city inNorthern Australid18]. Between 2003 and 2005, 1004
volunteers agedl5 years participated irbaseline examinations, which represent&d% of
the estimatedarget population. Comparedth censuglata, the study population
underreprésented men, but no substadiftdrences in age, plac# residence, Indigenous

group or heusehold incomeere observefil8].

In 2012, information on fatal and ndatal CVD and alcause mortality outcomesas
obtained. Of'the 1004 participants at baselinere were 968 participants wha not have a
prior CVD eventi(we excluded 29 with a prior CVD event aaden becaudbeir CVD

status could not be established). Of these 968 participants, we excludeecal9elat on
the variables under examination were not complete. Specifically, participaetexotunded
from the allcause mortality analysis becaubkey. did not identify as Indigenous Australians
at follow-up.(N=3); were reported as deceased but could nodéetified on the National
Death IndexnAustralia(n=5); were pregnarat baselingn=6); had not fasted&75); had
missing data for diabetes classificatior%4) or missingurine albumin to creatinine ratio
data (=26); hadmissing total cholesteralata(n=3); hadmissing systolic blood pressure
data(n=1); hadmissing information on smoking status=66); ordid not giveconsent to
follow-up onthe National Death Inder<33; TableS1). Forthe fatal or norfatal CVD
analysis we excluded additional 47participantsthose with no consent for data linkage and
medical records review£13),and those whdid not havenedical recordnformation and
either did not consent to hospital data linkagel(), or could not be found on the hospital
databasesn=23).

Participants provided informed consamidthe ethics committees of tiNorthern Territory
Department of Health and Menzies School of Health Res@aicibhding theAboriginal sub
committeg, the South Australian Health Department, the South Australianiginal Health
Counciland the Australian Institute of Health and Welfapproved the studyrthe DRUID
study Indigenous Steering Group provided Indigenous leadershippargisedndigenous

Australiansfrom the Darwin region.
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Measurements

Participants provide a fasting (>8 h) blood sampldaBmaglucose [fasting andfter75-g

oral glucose tolerance tg€GTT)], total cholesteroltriglycerides HDL cholesterohnd
high-sensitivity C-reactive proteimgCRP; measured usingd#&achi 917 deviceRoche,
Basel, SwitzerlandwereassessedibA 1. was measured as a percentage of total
haemoglobin after separation by ion-exchange chromatography on a Pharmacid Mono-
column(results'traceable to the Diabetest@d and Complications Trial method).
Creatinine(modified kinetic Jaffé reaction measungging a Hitachi 917 devigandalbumin
(immunonephelometry using a Beckman Coulter Array 360; Beckman Coulter, Brea, CA
USA) were measurefilom a random urineample Samples were assayed atemtral
laboratory.Seatecblood pressure using antomaticmonitor (Velch Allyn Medical

Products Skaneateles Fall€A, USA) and anthropometrics (weight, height, waist and hip
circumferences) weraken Self-reported smoking, household income and educatere

recorded.

Glycaemiaswaslassified asknown diabetemellitus reported physician diagnosis of
diabeteor takingdiabetesnedication newly diagnosediabetes: fasting plasma glucose
>7.0 mmol/Lor 2-h post-load plasma glucosél.1 mmol/l; impaired fasting glucosH,
fasting plasma glucose was.1 mmol/l and <7.0 mmol/l and 2-h plasma glucose was <11.1
mmol/l; impaired glucose toleranck fasting plasma glucose was <7.0 mmol/l and 2-h
plasma glucose was7.8 mmol/l and <11.1 mmol/l; and norgigcaemiaif fasting plasma
glucosewas<6.1 mmol/l and 2-h plasma glucose <7.8 mmol/l [B0JA ;. was also used to
classify glycaemia at baselias follows normodycaemia HbA:; <39 mmol/mol (<5.7%)
intermediate-hyperglycaemidbA . >39 to <48 mmol/mol &5.7% to <6.5%); and diabetes
HbA 1 >48 mmol/mol (>6.5%) or previously known diabetes [21]Microalbuminuria was
defined as aurine albumin to creatinine rataf 3—30 mg/mmol and actroalbuminuria was
defined as arine albumin to creatinine rataf >30 mg/mmol[22]. Serum creatinine was
used to calculatthe estimated glomerular filtration rate (eGFReEording tahe Chronic
Kidney Disease Epidemiology Collaboration formula, efdR wasategorized ag90, 60—
90 or <60 ml/min/1.73A123].

Follow-up and outcomes
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For allcause mortality, the persaime denominator was date déath from any causainus
the date of baseline examination, and for fatal orfated-CVD, the persoriime
denominator was the date of first fatal or riatal CVD event minus the date of baseline
examination. We censored event8atDecember 2011. Deaths were obtained usatg
linkage torthe"National Death IndeRauses of death were coded from death certificates
according/to International Classification of Diseases (ICD) codes udbe Byistralian
Bureau of 'Statistics. CVD deatvas defined as cases in which thderlying cause of death
was coded 110-125, 146.1, 148, 150-199 or R96 (ICD-10). Natal CVD outcomes were
obtained bytwo,methods. Firstlydischarge diagnosé€D-10 (or equivalent ICD-9) codes
for myocardial infarction (12423), stroke (106164) and relevant procedure codes for
percutaneous'transluminal coronary angioplasty or coronary artery bypass sangery,
admission datesere extracted froroentralizeddatabases in the Northern Territory and
South Australia using data linkage. Secongbyticipants were invited to complete a survey
and report omospitalizationgor 'heart attack, stroke or heart surgery (stent or bypasg
physicians\[L.M.-B. (endocrinologiséind N.K. €ardiologist) reviewed medical records to
adjudicateselfreported CVD events accordingttte WHO criteria for myocardial infarction
[24] and stroke [25], and operation reportsgercutaneous transluminal coronary
angioplasty and coronary artery bypass surgery. Data linkage used probabilistiogttc
participants using personal identifiersumes, gender, date of birth and addrgsses

Statistical analyses

Oneway analysis of variance, cbBguare tests and-tests for independent groups were used
as appropriate to compare baseline character{dfj¢tetweerthose whaonsented to
follow-up and.these who did not consentadow-up (among those who would otherwise
have been included), XBetween those who had died and those who remainexi and (3
betweensthese-who experienced a fatal or non-fatal CVD outcome and those who did not.
Cox proportional hazards regression was used to estimate-tteaiainortality and CVD
hazard ratiqHR) and 95% CI for baseline CVilsk factors Age was the time scal&o
evaluate.the contribution glycaemiaand albuminuria to all-cause mortality and CVD, the
relationships were evaluated aftejusting forwell-establishedVD risk factorscommonly
identified as targets for the primary prevention of C\¥Bx smoking, hypertensior{40/90
mmHg or anti-hypertensive medication uge)al cholesteraio HDL lipoprotein ratio

(logarithmictransformed continuousas well adogarithmic transformed urine albumin to
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creatinine ratidor glycaemicstatus, anglycaemicstatus for categories afbouminuria. A
final model that grouped participants into four groups accordiglytaemia(lbased on the
OGTT method [20) and albuminuria was alsassessed, whereby the adjusted mortality and
CVD risks of participants withlj abnormablycaemiaand no albuminuria, §2
normodyecaemiaand albuminuriaand(3) both abnormaglycaemiaand albuminuria, who
were compared to a group with no glycaemia and no albuminwigivariate modelsvere
adjusted for all covariates simultaneousigwever, to examine the potential impact of model
overfittingon our results, sensitivity analyses were also undertaken te #esasdividua
effects of each,.coviate onthe ageand sexadjusted alcause mortality and CVD risks
associated\with/glycaemia or albuminuriespectivelyand reslis arepresented in dblesS2
and S3Prgportional hazards assumptions were satisfied as assessed with grapHe@f log
plots of the relative hazards by time and by scaled Schoenfeld residuals. The peevfilenc
risk factors in this cohgrand ageftime scaleand sexadjustedHR (model 1),as well as
multivariateadjusted HR (model 2yere used to estimate tpepulation attributable risk
(PARs) of knowndiabetesand albuminuria foall-cause mortality anthtal or nonfatal CVD
using the fellewing formula, which accounts for the midtiel nominal variable for the five
mutually exclusive categories of glucastlerancg?26]:

Pi(HR; — 1)
1+ Xj Pi(HR; — 1)

PAR; =

whereP; is'the proportion of individuals in thth of x groups ¥= 5 groups for glycaemic
status: 1aormaglycaemia, 2=impaired fasting glucosej@paired glucose tolerance
4=newly diagnosediabetesand 5= knowrdiabetesandx = 2 for albuminuria: 1r0
albuminuria and 2microalbuminurieor macroalbuminuria) andR; is the adjustedhortality
or CVD HR in each of these groups compared with that of thosensitimalycaemia or no
albuminuria, respectivelAnalyses were performed wiBrATA statistical sofvare (version
14.2; StataCorp; College Station, ,TSA).

Results

All -cause'mortality andcardiovascular diseasencidence rates

The median follow-up of 706 participants was 7.6 years. There were 30 deaths [5.7 per 1000
personyears(5.0 per 1000 for women and H&r 1000 for mel. The wnderlying causesf
deathwereCVD (20%), cancel(13%) diabetes 13%), external caus€23%),other causes

(20%) and undetermined (13%). Fatal and fadatCVD follow-up was available fo659
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participantswithout a history of CVD at baselin&jth 33 CVD eventg6.7 per 1000 person-
years(6.0 per 1000 person-years for women and 8.4 per 1000 person years for men)].
Compaedwith participantsvho were included in thenortality follow-up analysis{=706),

those not consenting (but who would otherwise have been in¢lod@8) had a younger
meanage-and-lower risk profileeflecting this age differential. In comparison wiltlose

included in the analysis, those excluded as a result of inconale¢dine datgorimarily

from not having a fasting blodadstor OGTT) had a slightly lower mean age, similar

smoking status, slightly lower mean blood pressure, BMI and waist circumfeberice,

similar uring albumin to creatinine ratjdbableS1).Tablel shows that participants who died

or had a CVD event during the follow-up were older, more likely to be men and had a worse

risk profilethan those who remained alive.
Risk for all=cause mortality

In unadjusted.analysdsaseline risk factorfor all-causemortality included: impaired fasting
glucose impaired glucose tolerancenowndiabetesHbA ;. >48 mmol/mol or known
diabetesalbuminuriajow eGFR and hypertension. Of the 30 deaths, 14 participants had
either newly diagnosediabetesor known diabetes, and pérticipants haeither micre or
macroalbuminuria at baseline. After adjusting for age and sex, stssogiations remained
for knowndiabetesHbA 1. >48 mmol/mol or known diabetes, macroalbuminuria alogv
eGFR(Table2). The mortality rates for knowdiabetesand macroalbuminuria were 20.6 and
44.8 per 1000 persoyears respectivelyTable 3).After furtheradjusmentfor hypertension,
total cholesteroHDL and smokingbaselineknowndiabetesvas associated withreearly
fivefold risk, and macroalbuminuriaith an eleveifold risk of all-cause mortalitfTable 3).
When glycaemia was based ldbA;., theadjusted atcause mortalitydR for known
diabeteoranHbA 1 >48 mmol/mol (>6.5%) was 2.9 95% CI1.1-7.5) comparedith an
HbA 1. <39 mmol/mol (<5.7%). Wheglycaemicstatugbased on th©&GTT) and
albuminuria were modelled together in multivariate madés estimatesemainedstronger
for albuminuria‘tharor knowndiabetesalthough the 95% Cls overlapp@dble3).
Furthermore, we showed that the risk for all-cause mortality was veryhigh
hyperglycaemiasand albuminucaexisted Table 4).Theage (time-scale) and seadjusted
PAR for allcause mortality wag7%for knowndiabetegelative tonormdycaemia and
32%for albuminuria relative to no albuminurighese PARs remained unchanged after

multivariate analysis.
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Fatal or non-fatal cardiovascular disease

In unadjusted analysdsaselindmpaired fasting glucos@npaired glucose toleranddbA i
39-47 mmol/mol knowndiabetesHbA . >48 mmol/mol or known diabetesalbuminuria,

low eGFR;hypertension, higkotal cholesterolhigh hs@RP, dyslipidaemia, high
triglyceridesjargewaist circumferenceno post-school qualifications and a lower household
incomewere associated with an increased risk of Q¥YBble2). Of the 33 CVD events, 19
participants*had-either newly diagnosed or knoletetesat baseline, and 15 participants
had micro-ormacrealbuminuria at baselinéfter adjusting for age and sex, known
diabetesHbA ;. =48 mmol/mol or known diabetesmicro- and macrealbuminurig hSCRP

>3.5 mg/l, dyslipidaemia (HDL <1.0 mmol/l and triglyceride3.0 mmol/l) and having lower
or not stated'householder inconeenainedassociated with CV[Table2); howeverafter
inclusion ofbaseline glycaemim these ageand sexadjusted modeJsassociations of IGRP
and dyslipidaemiavith CVD were attenuateftiata not shown)nterestingly, the associations
of low income HR 6.7, 95% CI 1.4— 30)&r not stated/missing incomeR 5.3, 95% CI
1.1-25.1) with CVD remained strong after adjusting for baseline glycaemia or albuminuria
and the other common risk factors included in our multivariate analysis, although

considerable uncertainty was demonstratethbyvide Cls

The CVD event incidence rates for knodiabetesand macroalbuminuria were 30.0 and
38.1 per 1000 person-years, respectively (Tablen3jultivariate analyseshose with
knowndiabetesat baselindada fivefold risk of CVD compared to those with
normaylycaemia and this strong association remained after adjusting for aloum{fiaitite
3). When glycaemia was based on Hh#he adjusted CVIMHR for known diabetes or HbA
>48 mmol/mel«(=6.5%) was2.7 (95% CIl 1.1-6.4) comparedth an HbA;; <39 mmol/mol
(<5.7%).The.association between macroalbuminwita CVD outcomesomparedvith
normoalbuminuriavasattenuated in muliariate analyses (Table Furthermorecompared
to those without, either glycaemia or albuminuria, those with only one of albuminuria or
glycaemia“had &ve- to sixfold increase in the ris&f CVD, and those participants with both

albuminuria and glycaemtzad areightold risk of CVD (Table 4).

Sensitivity analyseshowed that adjusting for individulahselineCVD risk factors had little
effect on the strength of the age- aeckadjusted allcause mortality and CVD associations
for diabetes and albuminuriadblesS2 and S3). The agéime scale) and sexdjusted and

multivariateadjustedPARs for fatal or norfatal CVDwere34% and 32%respectivelyfor
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knowndiabetegelative tonormalycaemiaand 2% and 21%, respectivelyor albuminuria

relative to no albuminuria.

Discussion

The DRUID follow-up study showghat theburden of alleause mortality and CVD in this
high-risk urban population of Indigenous Australisisrgely driven by diabetes and
albuminuria.Diabetes conferred a mortality and CVD risk that ¥eas to five times greater
than in those with norngdycaemia andalthough theCls were wide for albuminuria with
respect toCVDisk, participants with albuminuria had af times greataisk of all-cause
mortality compared witlthose without albuminuria. These strong associations observed for
diabetes and'albuminuria were independent of smoking, hypertensitotaraholesterolo
HDL cholesterokatio. Furthermore, participants with both diabetes and albuminuria at
baselinenad very high riskef bothall-cause mortalitandCVD comparedo participants
without eithercondition. The burden of CVD in this urban population of Indigenous
Australians'wasiot only driven by a high prevalence of diabetes@u® risk factorg19],

but also by the very strong associations of diabetksCVD. This is reflected in our PAR
estimateswhich showedhatnearly athird of CVD eventswvereattributableto diabetesn

this populatienlt is possible however, that the PAR estimates for diabetes in this population
overestimate the PAR of diabetes in the target urban Indigenous population. ftecent

data from the Australian Bureau di8sticsindicate that the prevalence of diabetes in urban
Indigenous Australians is8% [16], which is lower than our reported 13%. Such a lowering
of prevalence:would inevitably lower the PARwever, diabetes prevalence from the
Australian‘Bureau of Statistiegould have mislassified diabetes cases with isolateld 2
glucose elevations, as tAeistralian Bureau of Statistiexamination did not measure 2-h

plasmaglucose

The mortality=and CVDisk associations for diabetebserved in this urban population of
Indigenous.Australiansere much higher than those reported for diabetes in other
populationssof predominantly European ancestry [12,27] and for North American Indigenous
populationg6];.however these strong associations of diabetes witkealise mortality and

CVD were similar to those report@dhigh-risk Asian populations [134nd a New Zealand

Maori population{8]. Thefour- to fivefold risks for diabetes with mortality and CVD were
independent of hypertension, smoking &otdl cholesterol to HDIcholesterolatio, and

higher than those reported in other Australian Indigenous cohorts from[djlzard remote
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settingd9]. Relative risk estimates for diabetes may have been weakened in other studies of
Indigenous Australians that didindefinenormaglycaemia with an OGTT as we have been
able to do, and as such, the reference group may have included those with intermediate
hyperglycaemia on post-load plasma glucose [7,9]. Indeleely we classified baseline
glycaemia withHbA 1, the estimatediR for all-cause mortality and CVD attributed to
diabetes was lower than that observed for diabetes based on the OGTT. We foambitigat
those who died and were classified as having normoglycaemia ogn K89 mmol/mol or
<5.7%), 40% of these participaritad a 2h plasma glucoskevel>7.8 mmol/l. This may

have dimimshed the relative difference mortality risk between HbA groups in

comparison.to th©GTT-based glycaemic groups. Furthermore, previous work has shown
that half ofthe'cases afiewly diagnosed diabetes at baseline would not have been detected
without the OGTT[19].

The higherrelative risks for atlause mortalityred CVD observed for individuals with
diabetes in the presecwhort mayprovide some evidence that diabetes is more aggressive
and/or insufficiently managed in Indigenous Australians. This supports the findings fr
other studies. Recently, another Australian study showed that, among patients with type 2
diabetesIndigenous Australians had a much worse risk factor profile compattedon
Indigenous people [28]. Additionally, Canadian studies have shown similar medicghpare
for First:Nation people comparedth their non-indigenous counterparts [28]ternatively,
becausehe relative risk of diabetes tends to decrease inttteasingage[30], our higher

relative risks.may reflect the younger cohortiia presenstudy.

In the present urban study, we found strong associations between bothamitroacre
albuminuriawith.all-cause mortality. Albuminuria also increased the oisS€VD outcomes,
although.risks.were attenuatetien we adjustefbr other CVD risk factors, particularly
when multivariate models includedorecontinuously measured covariates (Model &hle
S3). Qherdata froma remote Indigenou&ustraliancommunity havénadsimilar findings,

and showed that, compared with nortboaninuria micro- and macrealbuminuria increased
the risk ef‘coronary heart diseasetip to three timesand that these relationships were
independent ofiagees and traditional risk faots[15]. Interestingly, the strong associations
observed between albuminuria and mortality remained after inclgtiingemic status in the
multivariate modelsThis concurs witha study in Pima Indians in tH8SA, which showed
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that the alcause mortality ratancreased with kidney disegseespective of diabetes status
[31].

In the present studhigh hsCRPlevel, a combination of low HDIcholesterobnd high

triglycerides and,low income also had strong associations with CVD outcomes after

adjusting forsage and sex, but were attenuated when modelled with glycaemia, demonstrating
the known'associations between these metabolic factors and di2b¢tdhe presence of

both albuminuria and abnormal glycaemia conferred greateraiskscause mortality and

CVD than eitherscondition in isolation. This supports the findings of another study from a
remote setting9]. Togetherthese resulthighlight theconsiderabléndependenimpact that

these risk factorBave on total mortality an@VD in Indigenous Australians.

Thefollowing limitationsneed to be considereBirst thegeneralizabilityof these findings

to the wider urban Indigenous population is limited bysiéselection of participants to the
study, theoriginal cohort representing 14% of tkstimatedargetpopulation, which
underrepresented mé¢i8], and the followmdp analysebeing based on ~70% of the original
cohort.Whetherithese selection biases led to -oseunderestimation of the relative risk
estimates and'PARS presented here for diabeteallamehinuria is not known. Seconde

were not-able to assess the influence of iimdévidual variation in baseline risk factoes
measurements were only taken on one occabmmever any measuremeritmprecision

would have been random, leading to attenuation of study findings. Nevertheless, our findings
on the associations between diabetes and albuminuria with mortality and CVD aseeobns
with other observational studies [9,1B]nally, our multivariate models have a low ratio of
events pepredictor variableand this may have led to inadequate adjustment for confounding
factors andinaecurate inferendesm the relationships observeldowever, sensitivity
analyses.showed that the-edluse mortality and CVD risk estimates for abnormal glycaemia
and albuminuria'were similagven with individual adjustment of covariates (Tal8@sand

S3).

In this highriskipopulation of Indigenous AustralianseWwaveprovided additional evidence
on the significance of both diabetes and albuminuria on the risk of subsatjoentse
mortality and CVDoutcomes in an urban populatidie showed that relative risk estimates
for diabetes based on an OGTT are marked in this populationj\eerdthatnealy a third of
CVD events were attributable to diabesesl 226 were attributable to albuminuyipublic

health initiatives ainmg to prevent and better manatjabetesand renal diseasmuld have a
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substantial impact on the burden of CVD in Indigenous Australidnsfinding on the
influence of diabetes and albuminuria largely coneutis that reportedn otherhigh-risk
indigenous populations arstiggests that risk equations for this population need to be
evaluated to adequately account for the dominant effects of diabetes and mauroaibu
The presenstudyfurtherhighlights the importance of the management of diabetes and
albuminuria in addition to traditional risk factarsthe prevention of premature mortality and
CVD in this high-risk population.
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Table S1.Baselinecharacteristics according to data availability and consent status for
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Table S2.Risk 'of all-cause mortality according to baseline glycaemia status and baseline
albuminuriapadijusting for individual co-variates and comparing multivariate siatiel
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Table S3.Risk of fatal or norfatal CVD according to baseliné@ormal glycaemia and
albuminuria, adjusting for individual covariates and comparing different muétteanodels:
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Table 1 Baseline characteristics according to cardiovascular disease @adis#l mortality outcomes: the DRUID study

n
Age, years

Women,n (%)

Normal glycaemign (%)

Impaired fasting tolerance,(%)
Impaired glucose tolerance (%)
Newly diagnosed diabetes (%)
Previously diagnosed*diabeteq%)
Fasting glucosenmoll

2-h glucose mmol/l

HDbA 1¢, mmol/mol

HbA 1., %

No albuminurig, n (%)
Microalbuminuria,n (%)
Macroalbuminuriap«(%)

Urine albumin to creatinine rationg/I
CKD-EPI eGFRcategories

>90 mi/min/1.73nt

60-90 ml/min/1.73rh

<60 ml/min/1.73nf

Norn-smoker,n (%)

Ex-smoker,n (%)

Current smokem (%),

Systolic bloodpressuremmHg
Diastolic blood presstreamHg
Hypertensiofy n (%)

Total cholesterglmmolA

HDL cholesterolmmoli

All -cause mortality

Fatal and nonfatal CVD events

Alive Dead Total No CVD Yes CVD Total
676 30 706 626 33 659
36 (14) 48 (17) 37 (14) 36 (14) 51 (11) 36 (15)
463 (69 18 (60 481 (69 430 (69 20 (61) 450 (69
473 (79 9 (30 482 (69 440 (70 7 (21 447 (69
223 2(7) 243 213 2(6 233
70 (10 517 75 (1) 64 (10 5 (15 69 (10
38 (6 103 39 (6 35(9 2(6 37.(9
73 (19 13 (43 86 (19 66 (11 17 (52 83 (13
5.1(4.8,5.7) 5.9 (5.1, 8.1) 5.2 (4.8, 5.8) 5.1(4.8,5.7) 6.4 (5.4, 10.1) 5.2 (4.8, 5.8)
6.0 (5.0, 7.4) 5.6 (4.7, 8.0) 6.0 (5.0, 7.4) 5.9 (4.9, 7.4) 8.1 (5.7, 10.9) 6.0 (4.9, 7.4)
34 (31, 40) 44 (36, 67) 34 (31, 40) 34 (31, 40) 44 (40, 68) 34 (31, 40)
5.3 (5.0, 5.8) 6.2 (5.4, 8.3) 5.3 (5.0, 5.8) 5.3 (5.0, 5.7) 6.2 (5.7, 8.4) 5.3 (5.0, 5.8)
590 (87 16 (53 606 (89 546 (87 18 (59 564 (89
69 (10 7(23 76 (1)) 62 (10 9 (27 71 (19
173 7(23 243 18(3 6 (13 24 (4
0.6 (0.3, 1.2) 1.7 (0.6, 23.5) 0.6 (0.3, 1.3) 0.6 (0.4,1.2) 2.0 (0.5,23.3) 0.6 (0.4, 1.3)
554 (89 9 (30 563 (80 505 (81%) 18 (55%) 523 (79%)
115 (17 18 (60 133 (19 114 (18%) 13 (39%) 127 (19%)
7 (1) 3(10 10 (3) 7 (1%) 2 (6%) 9 (1%)
226 (33 6 (20 232 (33 206 (33 10 (30 216 (33
155 (23 11 (39 166 (29 150 (29 5 (15 155 (29
295 (49 13 (43 308 (49 270 (43 18 (55) 288 (49
116.1 (15.1) 125.8 (25.3) 116.5 (15.8) 115.6 (15.1) 133.1 (22.1) 116.5 (16.0)
73.4 (9.9) 75.5 (9.4) 73.5(9.9) 73.0 (9.8) 80.3 (11.2) 73.4 (10.0)
115 (17 12 (40 127 (19 104 (17 17 (52 121 (19
5.0 (1.1) 4.9 (1.2) 5.0 (1.1) 5.0 (1.0) 5.6 (1.4) 5.0 (1.1)
1.2 (0.3) 1.1 (0.3) 1.2 (0.3) 1.2 (0.3) 1.1 (0.3) 1.2 (0.3)
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hsCRPmg/ 3.4 (1.3, 7.5) 4.8 (1.9, 11.5) 3.4(1.3,7.7) 3.4 (1.2, 7.4) 5.5 (4.2, 11.5) 3.4(1.3,7.7)

Dyslipidaemi4, n (%) 102 (19 6 (20 108 (19 91 (19 10 (30 101 (19
Triglycerides mmolA 1.4 (1.0, 2.0) 1.7 (1.3,3.4) 1.4 (1.0, 2.0) 1.4 (1.0, 2.0) 2.1(15,2.9) 1.4 (1.0, 2.0)
BMI, kg/n? 28.6 (7.0) 28.8 (8.5) 28.6 (7.1) 28.4 (7.1) 30.2 (6.3) 28.5 (7.0)
Mean waist circumferencem 94.9 (16.7) 98.6 (16.7) 95.1 (16.7) 94.6 (16.6) 103.2 (14.1) 95.0 (16.6)
Insufficient fruitandvegetable intaKen (%) 626 (93 29 (99 655 (93 578 (93 31 (94) 609 (93
No postschool qualificationsy (%) 373 (59 19 (63 392 (59 344 (55 25 (76) 369 (59
Weekly household incomeAD$199,n (%) 153 (23 11 (37) 164 (23 145 (23 13 (39 158 (29
AUD$200-499n (%) 215 (33 6 (20 221 (39 197 (39 9 (27 206 (39
>AUD$500,n (%) 167 (29 4 (13 171 (29 149 (29 2 (9 151 (23
Not stated or missing (%) 141 (2) 9 (30 150 (23 135 (23 9(27 144 (23

CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; CVD, cardiovascular disease; eGFR, @<ifResCRP, higksensitivity Greactive protein

For continuous variables'data are mean (standard deviation) or mediafi§2Bercentiles), and for discrete variables data are numberé&Gigaemic status defined accordingO criteria[20]. "Albuminuria: microalbuminuria
defined as 330 mg/mmokand, macroalbuminuria defined38 mg/mmol [22]. “Hypertension defined as mean systolic blood pressi#@90 mmHg or self-reporta@ antihypertensive medication us®yslipidaemia defined as HDL

<1.0 and Triglycerides2:0mmmiol/I. ‘Insufficient fruit and vegetable intake defined as-ssfforted consumption o£2 servingsof fruit and<4 servings/egetables.

Table 2 Unadjusted-and age adjusted@dlse mortality andardiovascular diseasisks according to baseline risk factors: the DRUID study

All -cause mortality Fatal and nonfatal CVD events
Deaths ] Age and sex CvD ] Age and sex
UnadjustedHR 95% ClI ] 95% CI UnadjustedHR 95% ClI i 95% CI
n (%) adjustedHR n (%) adjustedHR
Normal glycaemia 9(2) 1.0 1.0 7(2) 1.0 1.0
Impaired fasting glucose 2(8) 4.6 1.0-21.3 3.7 0.718.2 2(9) 5.8 1.2-28.1 33 0.716.3
Impaired glucose'tolerance 5 (7) 3.6 1.210.7 2.6 0.8-8.6 5 (7) 4.7 1.514.8 2.7 0.8-8.7
Newly diagnosed diabetes 1(3) 1.4 0.2-10.8 1.0 0.1-8.1 2 (5) 35 0.7-16.8 1.7 0.3-8.3
Known diabetes 13 (15) 8.5 3.6-20.0 4.8 1.614.3 17 (20) 14.5 6.0-35.0 6.4 2.416.5
HbA 1. <39 mmolfmol(<5.7%Y 12 (2) 1.0 1.0 10 (2) 1.0 1.0
HbA 1 39-47mmol/mo(5.7-6.5%) 4 (5) 2.0 0.6-6.1 1.6 0.55.2 6 (8) 3.7 1.3-10.0 1.8 0.6-5.2
Known diabetesr HbA;; >48 mmol/mol (>6.5%) 14 (12) 54 2.541.6 3.0 1.24.5 17 (15) 7.8 3.647.0 3.3 1.44.8
Normal albuminuria 16 (3) 1.0 1.0 18 (3) 1.0 1.0
Microalbuminuria 7(9) 3.6 1.5-8.7 2.7 1.1-6.9 9 (13) 4.1 1.8-9.1 2.9 1.3-6.5
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Macroalbuminuria 7 (29) 13.5 5.6-33.0 9.7 3.725.8 6 (25) 8.9 3.522.5 5.8 2.043.7

eGFR>90 ml/min/1.73m? ¢ 9(2) 1.0 1.0 18 (3) 1.0 1.0
eGFR60-90 ml/min/1.73rA 18 (14) 8.8 3.9495 6.7 2.419.0 13 (10) 31 156.2 11 0.52.4
eGFR <60 ml/min/1.73M 3 (30) 22.2 6.0-82.0 21.1 4.7-94.8 2(22) 7.1 1.7-30.7 2.7 0.6-12.6
Non-smoker 6 (3) 1.0 1.0 10 (5) 1.0 1.0
Ex-smoker 11 (7) 2.6 1.0-7.0 2.2 0.8-6.1 5(@3) 0.7 0.2-2.0 0.6 0.21.7
Smoker 13 (4) 1.6 0.64.3 2.0 0.7-5.3 18 (6) 1.4 0.6-3.0 1.4 0.6-3.2
No hypertension 18 (3) 1.0 1.0 16 (3) 1.0 1.0
Hypertensiof 12 (9) 31 1.5-6.4 1.2 0.52.9 17 (14) 4.9 2598 1.9 0.94.1
Total cholesterol <5.5 mmol/I 21 (4) 15 (3) 1.0 1.0
Total cholesterobs.5mmmiol/1 9 (4) 0.9 0.41.9 0.8 0.41.8 18 (9) 2.7 1455 1.8 0.9-3.6
HDL >1.0 mmol/l 20 (4) 1.0 1.0 22 (5) 1.0 1.0
HDL <1.0 mmol/l 10 (5) 1.1 0.52.4 1.3 0.6-2.8 11 (6) 14 0.7-2.8 14 0.7-3.0
hsCRP<3.5 mg/l 11 (3) 1.0 1.0 72 1.0 1.0
hsCRP>3.5 mg/1 19 (5) 1.8 0.83.7 1.8 0.84.2 26 (8) 3.9 1.7-8.9 2.7 1.1-6.3
No dyslipidaemia 24 (4) 1.0 1.0 23 (4) 1.0 1.0
HDL cholesterok1.0and triglyceride$2.0

mmoll 6 (6) 1.4 0.63.3 1.3 0.53.3 10 (10) 25 1252 2.2 1.04.8
Triglycerides <2.0 mmol/l 19 (4) 1.0 1.0 16 (3) 1.0 1.0
Triglycerides> 2.0'mmol/l 11 (6) 1.5 0.7-3.2 1.1 0.52.4 17 (10) 2.9 15538 1.7 0.9-3.5
Normal BMI>18.5 and< 23 kg/nt 5 (4) 1.0 1.0 4(4) 1.0 1.0
BMI <18.5 kg/nf 3 (10) 2.6 0.6-11.0 43 0.9-20.8 1) 1.0 0.1-8.8 2.3 0.2-21.6
BMI 23-27 kg/nf 5@3) 0.7 0.22.4 0.6 0.22.3 32 0.5 0.1-2.4 0.4 0.11.8
BMI >27 kg/m? 16 (4) 0.9 0.3-2.6 0.7 0.22.1 25 (7) 1.9 0.75.5 1.0 0.32.8
Normal waist circumference 5(@3) 1.0 1.0 4 (2) 1.0 1.0
Obese waist circumfererfee 23 (5) 1.7 0.7-4.5 1.2 0.43.5 29 (6) 2.8 1.0-7.9 1.1 0.4-3.2
Sufficient fruitandvegetable intake 1(2) 1.0 1.0 2(4) 1.0 1.0
Insufficient fruitandvegetable intake 29 (4) 2.3 0.3-16.5 3.4 0.5-25.6 31 (5) 1.2 0.3-6.2 1.7 0.4-7.2
Postschool qualifications 11 (4) 1.0 1.0 8 (3) 1.0 1.0
No qualifications afterschool 19 (5) 14 0.7-2.9 11 0.52.4 25 (7) 25 1.1-55 1.9 0.84.2
>AUD$500 household weekly income 4(2) 1.0 1.0 2(1) 1.0 1.0
AUD$1-199 household weekly income 11 (7) 31 1.0-9.8 2.7 0.8-8.8 13 (8) 6.6 1.5-29.3 7.3 1.6-33.1
AUD$200-499 household weekly income 6 (3) 1.2 0.34.1 0.7 0.22.7 94 34 0.7-15.8 3.1 0.7414.5
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Not stated or missing income 9 (6) 2.7 0.8-8.8 2.8 0.8-9.6 9 (6) 4.9 1.1-22.8 7.5 1.6-35.0

CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; CVD, cardiovascular disease; eGFR, @&ifRitdsCRP, highensitivity Greactive protein;

“Glycaemic status defined accordingM-O criteria[20]. "Glycaemic status defined according to American Diabetes Associatio. ldb#ria[21]. ‘Albuminuria:microalbuminuria defined-30 mg/mmol and macroalbuminuria defined
as>30 mg/mmol [22]. "eGFR: estimated glomerular filtration rate categories based on Chronic Kidney Disease Epidenaitiddgyaibn [23]. *Hypertension defined asean systoliblood pressure140/90 mmHgor seltreported anti

hypertensive medication.usdAbdominal obesity defined as waist circumfererg@cm for men and >80 cm for women. 4Insufficient fruit and vegetable intake defined as-sefforted consumption ef2 servingf fruit and< 4 servings

vegetables.
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Table 3 Adjusted risk of alleause mortality andardiovascular diseasecording to baseline glucose tolerance and albuminuria: the DRUID study

All -cause mortality

Fatal or non-fatal CVD

Model 1 Model 2 Model 1 Model 2
Deaths Mortality rates HR 95% ClI HR 95% ClI CVvD CVD incidence HR 95% ClI HR 95% ClI
n (%) (per 1000 person n (%) rates (per 1,000
years) personyears)

Normal glycaemié 9(2) 2.5(1.34.8) 1.0 1.0 7(2) 2.1(1.64.4) 1.0 1.0
Impaired fasting glucdse* 2 (8) 11.4 (2.845.5) 35 07173 27 05138 2(9) 12.0(3.648.1) 3.0 0.6-150 25 05124
Impaired glucose tolerance 5 (7) 8.9 (3.721.3) 24 0.7-8.1 2.2 0.6-7.8 5() 9.7 (4.6-23.3) 25 0.88.2 2.5 0.88.2
Newly diagnosed diabetes* 1 (3) 3.4 (0.524.1) 0.8 0.1-7.2 0.8 0.1-6.6 2 (5) 7.3 (1.829.2) 1.1 0.25.6 1.0 0.25.0
Known diabetes mellitus* 13 (15) 20.6 (12.635.5) 4.8 1.5-14.7 3.3 1.1-10.0 17 (21) 30.0 (18.#48.3) 5.6 2.1-15.2 4.6 1.7-12.5
Normal albuminuri& 16 (3) 3.5(2.15.7) 1.0 1.0 18 (3) 4.3 (2.76.8) 1.0 1.0
Microalbuminuria** 7 (9) 12.4 (5.926.1) 2.9 1177 28 1.1-7.4 9 (13) 17.5(9.433.7) 25 1157 24 1054
Macroalbuminuria** 7 (29) 44.8 (21.494.0) 10.9 3.7-32.1 9.2 3.0-27.8 6 (25) 38.1(17.184.8) 3.9 1.4-10.8 3.1 1.1-8.7

CVD, cardiovascular disease; HR, hazatib.

Glycaemic status defined accordingMHO criteria[20]. "Albuminuria: microalbuminuria defined-30 mg/mmol and macroalbuminuria defined>a6 mg/mmol [22].

Model 1 adjusted forage (timscale), sex, hypertensionl40/90 mmHg or anti-hypertensive medication use), total cholesterol:HDL (continumg¥smoking.

Model 2 adjusted for all variables in Model 1 plus urinbuhin creatinine ratio* or glycaemic status**
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Table 4Risk of all-cause mortality andardiovascular diseasecording to baseline abnormal glycaemia and albuminuria combined: the DRUID study

All -causemortality

Fatal or non-fatal CVD

Model 1 Model 2 Model 1 Model 2
Mortality rates CVD incidence

Deaths (per 1,000 person CVvD rates (per 1,000

n (%) years) HR 95% ClI HR 95% CI n (%) person year$ HR 95% CI HR 95% ClI
Normal glycaemiandne 7 (2) 2.1 (1.64.5) 1.0 1.0 3(1) 1.0 (0.33.1) 1.0 1.0
albuminuria
Abnormal glycaemiaand 9 (5) 7.0(3.613.4) 22 0.7-6.9 2.0 0.66.7 15 (9) 12.7 (7.621.0) 6.1 1.7-21.8 5.2 1.4-19.0
no albuminuria
Normal glycaemiand 2 (4) 59(1.523.5) 2.8 0.6-139 29 0.6-14.5 4 (9) 12.1 (4.532.2) 8.7 1.9-39.7 6.3 1.3-29.9
micro- or macre
albuminurid
Both abnormal glycaefflta 12 (22) 31.7 (18.655.9) 9.1 3.0-27.8 9.8 3.0-32.4 11 (22) 32.4 (18.858.5) 14.1 3.851.8 8.4 2.1-34.4

and micre and macre

albuminurid

Glycaemic status defined accordingMO criteria[20]; Albuminuria: microalbuminuria defined30 mg/mmol and macroalbumiria defined ag30 mg/mmol [22]

“Abnormalglycaemiadefined as having either impaired fastifigcose, impaired glucose tolerance or diabetes.

®Albuminuria: micrealbuminuria defined-30 mg/mmol and macroalbuminura defined>38 mg/mmol.

Model 1adjusted for age (timscale) and sex.

Model 2 adjusted for age (timgcale), sex, systolic blood peese (continuous), total cholesterol (continuous), HDL (continyamsihypertensive medication and smoking
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