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What's new?

e The annual incidence of microalbuminuria and albuminsrta2—3%in Type ldiabetes,
and.~.8%n Type 2 omixeddiabetegype populations.

e Theincidenceof developinggGFR< 60ml/min/1.73 nf is ~ 2—4% peyear.

e Theannual incidence of erstage renaldiseaseaangedrom 0.04% to 1.8%.

Abstract

Aims The.aim.wasd systematicallyeview publishedarticlesthat reported the incidence of
chronickidneydiseaseamong peopl&ith diabetes

Methods A .systematiditeraturesearchwasperformedusingMEDLINE, EmbaseandCINAHL
databasedhetitles andabstractof all publicationsdentified by thesearchwerereviewedand

10 047 studiegrereretrieved.

Results A totalof 71 studiesrom 30 different countrieswith samplesizes rangingrom 505to
211 132mettheinclusioncriteria. The annualncidenceof microalbuminuria and albuminuria
rangedrom 1.3% t03.8%for Type ldiabetesFor Type 2diabetesand studies combining both
diabetedypes the rangevasfrom 3.8% to 12.7%,with four of six studies reporting annuakes
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between7.4% and 8.6%n studies reporting th@cidenceof eGFR< 60ml/min/1.73 nf using
theModification of Diet on Renal Diseas®IDRD) equationapartfrom one studywhich
reportedan annualincidenceof 8.9%, the annual incidence randesim 1.9 t04.3%. The

annualincidenceof endstagerenaldiseaseangedrom 0.04% to 1.8%.

Conclusions The annual incidencef microalbuminuriaand albuminuridas ~ 2—3%in Type 1
diabetesand~ 8%in Type 2 diabetes anixeddiabetesype Theincidenceof developing
eGFR< 60ml/min/1.73 nf is ~ 2—4% peyear. Despitethewide variationin methods and study
designwithin aparticularcategory of kidnegliseasetherewasonly modestvariationin
incidencerates Thesefindingsmay be usefuln clinical settingsto help understantherisk of
developing Kidneyliseaseamong thosevith diabetes.

Introduction

Diabeteds a seriouglobal public healthproblemwith increasingprevalenceandincidenceln
2015,approximately415million people had diabetegorldwide;this numberis expectedo rise
to 642million"by 2040 [1].Thisincreasen thenumberof peoplewith diabeteswill resultin
increasedthumbers of individualw/ith diabetic complications. Complications impodarge

financialburden on patientsheir families, healthcaresystemsandsociety|[2].

Diabetic kidneydiseases one of thenostfrequent complications of both types of diabeles.
occursin 20-30% of peoplewith Type 1 or Type Adiabeted3], andis theleadingcauseof end-
stagerenaldiseas€dESRD) [3-5]. As per the 2014United StatesRend DataSystem(USRDS)
annualreport,in 2012 the proportion of newESRDcaseswith diabetesastheprimarycause

differedgreatlyacrosscountries and rangdtbm 12%to 66% [6].

Peoplewith"ESRDaredependent odialysisor kidneytransplantationhoth of which are
associate@vith high costs[5]. Datafrom the 2011USRDSin the USA showed thatthetotal
Medicarecostsof reportedESRD wasabout 422 billion in 2000 andhis figure roserapidly to
$24.7billion in 2009 [7].In additionto financial burden, thoseith ESRDoftenreport a poor
quality oflife.
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Althoughthereis literaturedescribing the pathophysiology and management of chronic kidney
diseaséCKD) in diabetes [2,8]thereareno gstematiceviewsinvestigatingtheincidence of

CKD among peopl&iith diabetesacrosghe globe Eventhough the burden @KD among
peoplewith diabgtess high andtreatmeniptionsareexpensiveit is not clearto whatextentthe
incidencevaries.Giventhis, thereis a strongmperativeto understandully the epidemiology of
CKD in diabetesacrosdifferentcountries andliabetesypes.The objective ofthis work wasto
undertake aystematiageview of published studiethatreportedtheincidenceof CKD in
diabetesThiswill helpto inform current anduture government policyandmay helpto identify

new opportunitiesor prevention.

Methods

Literaturessearch

Theliteraturesearchwasperformedn accordance witRPreferredReportingltemsfor Systematic
ReviewsandMetaAnalyseS(PRISMA) guidelines [9]. &idieswereidentified by searching
electronicdatabasescanningeferencdists of articlesand consultatiowith expertan thefield.
We systematicallysearchedVIEDLINE andEmbasevia Ovid andCINAHL databasesrhe
searchwaslastupdated on the 2Rily 2016.

We usedeombinations of the followingearchierms incidencemortality, diabetic
nephropathies; diabeta®llitus, Type 1diabetesnellitus, Type 2 diabetemellitus, diabetes
complications chronic kidneyfailure, chronicrenalinsufficiency,chronickidneydisease
glomerularfiltration rate creatinine albuminuria, microalbuminuria, macroalbuminuria,
proteinuriaeGFR,ESKD, ESRD.We usedmedicalsubject headingerms(MESH) to identify
synonyms and textordsin the appopriatesyntax ofeachdatabaséwe limited thesearcho
studieswrittenin English,which wereconductedn humans only andverepublished over the
period 19900 2016.We alsosearchedhereference®f relevantstudiedor studieswhichfit our

inclusioncriteria (below). The searchstrategyis shownin Appendix 1.
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Study selectioncriteria

Thetitles andabstract®f all publicationsdentified by thesearchwerereviewedby two
independenteviewerg DNK andDJM) andfull textsof all relevantstudies(n = 277)were
retrieved. Prospective oetrospectiveeohortstudiesreportingthe incidence o€KD among
peoplewith diabetesvereincludedin this review. Studies reporting outcomés Type 1
diabetesType 2 diabeter bothtypes(referredto asmixeddiabetegype populatiorhereafter)
combinedwereconsideredWe included studies reportirgumulativeincidenceor incidence
rate with nerestrictionon thelengthof follow-up. We only included studies containiragleast
500 participantawvith diabetesandwhich repoted a diabetespecificincidence ofCKD. We
excludedstudiesif theywereconducted (1amongthose < 18earsof age only, o(2) within
clinical trial populations or (3) amongpspitalizedpatients;or (4) incidenceestimatesvereonly
reported graphally or could not bextractedrom thepresentediata.\Whenmultiple articles
wereavailablefrom a single studythe mostrecentlypublishedarticle, or thearticle with the

largersamplesizewasselectedor inclusion.

Data extraction

After identifyingarticlesfor inclusion, oneeviewer(DNK) extracteddatainto astandardpre-
formulatedform. The standardiataextractionform recordedcountry ofthe study,yearof study
initiation, duration of follow-upstudydesign studysize,participantdemographicg¢ageand
gender)iypeof.diabeteqType 1 diabetes, Typedtabetesor mixed), average duration of
diabetesgdefinition of kidneydiseasdgmicroalbuminuriaglbuminuriamacroalbuminuria,
estimatedsFR (eGFR declineor ESRL, methods ofletermnation, and reporteidicidenceof
CKD. A secondeviewer(DJM) checked20% of theextracteddata. Dsagreementa/ere
resolvedby discussion among theo authors. Annual incidengateswerecalculatedrom the
proportionof newcaseausing the followingormula: 4n(1 — S/t; whereSis the proportionof
newcasegnumberof newcasest follow-up divided by number afasesatrisk atbaseline)
overt yearsandt is the tme of follow-up [10].
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Risk of bias assessmenn individual studies

An assessmertf the risk of biaswasconducted oll included studies using the modified
NewcastleQitawaScale(NOS)for assessintghe quality of non-randomized studigsmeta
analysegAppendix 2) [11].This tool includestemsthatassessepresentativenesshetherthe
outcomewaspresenbr notatthe beginning ofhe study,the method ofassessingutcomes,
whetherfollow-up waslong enoughor outcomego occurandthe proportion of loste-follow-
up. Studiesvereclassifiedas‘high risk of bias’ (total scorebetwesn 0 and2), ‘mediumrisk of

bias(total scorebetweer3 and 5), or ‘lowrisk of bias’ (total scorebetween6 and 7).

Results

Theinitial searchdentified 10 047nonduplicate studiesAfter screeninghetitles, we excluded
9011 studiesusing thiecluson/exclusioncriteria Two hundred andeventysevenstudiesvere
thusidentified andreviewedin full -text versionsfrom which we extracteddatafrom 83 studies.
We then exeluded another $fudieswherewe hadmorethan one publication reporting on the

samedata, and 71 unique studiesnainedor inclusionin the systematiaeview (Fig. 1).

Characteristies,of selectedstudies

The studiesdentifiedincluded 56 prospective and dgrospectiveeohortstudies.Therewere43
clinic-based, 18egistrybasedand12 populationbasedstudies publishebdetween1994 and
2016, andepeorteddatafrom 30differentcountries in totalMore thanonethird (38%, n = 27)
werefrom theUSA [12-38], 22 (31%}verefrom Europe B9-60], 16 (22.5%)verefrom Asia
[61-76],threewerefrom Canada{7-79] onefrom Australia[80], onefrom New Zealand81]
and ondrom the MiddleEast[82]. Oneof the studiesrom Europewasamulti-country study
involving 16 European countries [43]he samplesizeof the studiesangedrom 505 [82]to
211 132 [36]representingtotal population of 821 258tudyparticipantsOneregistrybased
studyusedthe estimate number of peopleith diabetesasa dominatoin determiningthe
incidenceof ESRD[77].
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In sevenstudies participantsaged< 18yearswereincluded andherewereno agespecific
incidencerates for those> 18 years.Themeanage of thearticipantsat baselinevariedfrom
19.7to 76years The age of participantsvasnot statel for two studies [77,81[Themean
duration offollow-up variedfrom 2.3to 26 years Onestudy did nostatethe length of follow-up
[24]. More than dhird of the studies (40.8%\ = 29)wereconductedn Type 2 diabetes, 23
(32.4%)in Type 1diabetesand 19 (26.8%g3tudiesincludedmixedtypes ofdiabetesThe
baselineanediandurationof diabetess/ariedfrom 0 to 29years Two studes[29,47]recruited
study participantat thetime of diabetes diagnosis, but $&idiesdid not report thebaseline
duration ofdiabeted412,13,27,36,40,50,56,57,71,74,77,78,8jafacterists of the71 included
studiesarepresentedn TableS1.

Incidence of microalbuminuria and macroalbuminuria

Twenty-one studieseportedthe incidence of kidnegtiseasen diabetesisingavariety of urine
albumin andproteinmeasuremennethodsSevenstudiesusedalbuminexcretionrate (AER),

six studiesusedthe albuminto-creatinineratio (ACR), two studiesuseddipsticksfor
microalbuminuria, anthe following wereusedby one studyeach urine albumin concentration,
ACR/AERyurine proteinconcentratiorand urine proteinexcretion Someof thestudiesused

24 h urinecollection othersusedtimed or spot urinecollections(Table1).

Among the2&astudiesgvenreportedincidentmicroalbuminuriaf AER of 20-200ug/minor
urinary albuminconcentration 300 mg/24 h).Six studies reportedrinary alouminlevels
basdon AER > 20 pg/min or ACR > 30mg/g Giventhis combined definitionywe haveused
theterm*albuminuria’ to describethedefinition of urinaryalbuminfor thesesix studies.Two
studiesreportedproteinuriabasedon urinary proteinconcentratiore 0.3 g/l andsix studies
reported macroalbuminurf&ER > 200pg/minor ACR > 300 mg/g).

Studiesseonducted among Typedidbeteor a mixeddiabetegype populationreporteda higher
annualincidenceof microalbuminuriaand albuminuria than studies condudtegeoplewith
Type ldiabetesThe annual incidence ahicroalbuminurisandalbuminuria rangeffom 1.3%

to 3.8%for Type ldiabetesFor Type 2 diabetesor mixed diabetegsype populations, theange
wasfrom 3.8% to 12.7%,with four of six studies reporting annuatesbetween7.4% and 8.6%.
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Onestudyfrom Iran [82] identifiedbeingmale,older, longediabetesduration, pooglycaemic
control and hypertensiamsrisk factorsfor incidentmicroalbuminurian Type 2diabetesbut by
contrastLloyd et al. [28], Bjorngadet al. [15] and Chaturvedit al. [43] reportedno significant
differencesn menandwomenin Type 1 diabetes. Another study [48¢ntifiedbaselineAER,
HbA ., diabetedduration, smoking andDL-cholesterobspredictorsof incident
microalbuminurian Type 1 diabetes. Chei al. [16] reportedgreaterisk of albuminuriain

Filipinos, Asianand Black peopleomparedo Caucasiang1 amixeddiabetedype population.

Two studies reported annual incidence of macroalbumimirlal% and 1.8%n Type 1

diabetesTheannual incidenceangedirom 1.0 to4.8%in four studiesn Type 2 diabetes.

Oneltalianstudy [42]identifiedthosewho developed incidenmhacroalbuminuriasbeing older,
with a longer duration adiabetesandhigher values ofumulativeaverageHbA . atbaseline
andbaselinemicroalbuminurian Type 2 diabetesShultiset al. [33] reportedno signifcant

differencesbetweermrmenandwomen

Incidenceof eGFR decline

Fifteenstudiesreportedheincidenceof CKD in diabetedbasedon eGFRdecline orincreased
serumcreatininevalues(Table2). Theyusedavariety of definitions:eGFR
< 60ml/minf273 nf, plasmacreatinine> 2.0 mg/dl, hospitadmissiorfor renaldiseaseand

selfreportedkidney problems.

In six of thesevenstudiesreportingtheincidenceof eGFR< 60ml/min/1.73 nf using the
MDRD equation, the annual incidence ranfretn 1.9 to4.3%,whereaghe seventh80]
reportedan annualincidenceof 8.9%.0f the sevenstudies reporting incidence eGFR

< 60ml/min/1.73 nf, onewas carriedoutin Type 1 diabetes (2.1%) and oiremixed diabetes
type (1.96);all'otherswerein Type 2diabeteq2.2-4.3%) TableS2).

IncidenteGFR£'60ml/min/1.73 nf washigherin thosewith poor glycaemé control [13,65],
low baselineeGFRandwith albuminuria [63,65], oldesige,longer duration ofliabetesand

macrovasculacomplicationsat baseling60,65] and high bloogressurg32,60,65].
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Incidence of ESRD amongpeoplewith diabetes

Forty studies reported the incidence dESRD in diabetes(Table3). Almost all used the
requirement,ofrenal replacementherapyas a definition for ESRD, with a few other studies
defining ESRDfrom deathcertificates Somealsouseddoubling ofplasmacreatinineor eGFR

decline> 50%from baselineascriteriafor ddining ESRD

In 35 studies definingSRDasrequiringrenal replacement therapgfiter excludingtwo studies
conductedns=high-isk participantswith albuminuriaat baseline [48,59reportingannual
incidence of 4.5% and 4.4%), the annual incidenc&8RD rangedrom 0.04%to 1.8%.
Figure 2showsthatregistrystudiestendedo reportlower incidenceghanclinic or population-
basedstudiesbut neither diabetegpe nor geographic regiowasclearlyrelatedto the
incidenceof ESRD.

Severabktudiesreporteda higher incidence dESRDamongmenthanwomen[25,48,51], but
others [4758,64] reported no significarifferencesincidence oESRDwashigher among
African Americans[20,27,29],nativepeoplein Canada [77] anMaorisin New Zealand81]
compaedwith whites people (Europidsyhe hazardof ESRDwasalsoreportedhigherin
Latinos,ChineseJapanesandPacificlslanderd20]. StudiesalsoidentifiedbaselineeGFRand
albuminuria [14,25,37,41,67,71,75,76], longer duratiodiabetespoorglycaemic control
(higherHbAT)25,31,37,48,53,67,76,78hte onsetof diabetesn Type 1ldiabeted51], high
blood pressureand usef angiotensin-converting enzynrhibitors[25,79]increasedherisk of
ESRD Lower incidence oESRDwasreported amonthosewith diabetesliagnosedn recent

yearscomparedo earliertime intervak [25,29,30,47,64,76].

Risk of biasin_individual studies

Detailedresultsof therisk of biasassessmendf individual studies accordintp the modified
NOSarereportedn Table S3.In summary46 (65%)studiesscoredas‘low-risk of bias’, 25and
(35%) studiesscored'moderaterisk of bias’. Excluding studiewith moderaterisk of bias did

not materiallychange theesults
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Discussion

In this systematiaeview,we have shown thahe annualincidenceof microalbuminuria and
albuminuria;rangesom 1.3% to 3.8%for Type ldiabetesFor Type 2diabetesand combined
populations of Type 1 and Typalfabetesthe rangeas from 3.8% to 12.7%,with four of six
studiesreportingannualkatesbetween/.4% and 8.6%Ilwo studieseportedannualincidenceof
macroalbuminuria of 1.1% and 1.8%Type ldiabetesTheannualincidencerangedrom 1.0%
to 4.8%in Fypes2 diabetedn studiesreportingtheincidenceof eGFR< 60ml/min/1.73 nf
using theMDRD equationapartfrom one study, the annuaicidencerangedrom 1.9 to
4.3%.Theannual incidenceateof ESRDamong peopl&ith diabetesangesfrom 0.04% to
4.5%, butafterexcludingtwo studies conducteid a highrisk population, theangenarrowedto
0.04-1.8%:..Mitherdiabetegype nor geographic regiamasclearlyrelatedto the incidence of
ESRD.Thisis not consistentvith arecentreviewwhich reportedhattheestimatedncidenceof
ESRDin Type2 diabetess highestn EastAsia and thd”acific [83].

More thanhalf.of the includedtudieswereclinic basedadmostall of themwerefrom high-
income countries, anaorethan ahird werefrom the USA. Although CKD is expectedo be
morefrequent among peopleith diabetesn developing countries compared with thaséhe
developedvorld [84], we could notfind anystudywhich metour criteriafrom low-income

countriesandthus could nopresentn datain this regard.

Therewasawide variationin methods ofissessmerandclassifcationof CKD in diabetes.
Studiesusedurinary albuminor proteinlevels,GFR estimater therequiremenof renal
replacementherapyto defineit. The definition of ESRDdueto diabetesvasquiteconsistent
amostall studiesusedthe requirement ofenalreplacementherapy. Avariety of urineprotein
level measurementsereusedin definingCKD, i.e. AER, ACR, dipsticks,urine-albumin
concentrationgpurin@roteinconcentratiorandurine-protein excretion. Weasedtheterm
albuminuriafor thosesix studiesthatreportedalbuminuriausingAER > 20 pg/min or ACR

> 30mg/g The definitionencompassesothmicroalbuminuria andnacralbuminuriatogether.

Becausef this, we reportedthemasalbuminuria andgeparatedhemfrom microalbuminuria.
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Although mosttaseswithin thealbuminuriacategoryarelikely to be microalbuminuriaye
believethatit would bemisleadingto includethemwith thosestudiesghatdefinealbuminuria
with greateraccuracyForexample Xu et al. [35] reporteda cumulative incidence of
albuminuria of 33%; 29% and 466 them in the microalbuminuria amdacroalbuminuriaange,

respectively:

Albuminuriais aclinically useful toolfor predicting prognosis arfdr monitoring responst
therapy but the use of albuminuriasamarkerof diabetickidneydiseaséhas considerable
limitationsdncreasedevelsof albumincanbecausedy episodic hyperglyaemiahigh blood
pressurehighsproteindiet, exercisefever, urinarytractinfection andcongestiveéheartfailure
[4]. In addition, spontaneous treatmeninducedremissionof microalbuminurias also
commonameng:peoplavith diabete485]. Therewerealsoinconsistencies thetiming of urine
samplecollections;studiesused?4 h, timed or spoturine collections.Someof the studiesiseda
singleurinemeasuremerdnd others usemultiple urinemeasured-dowever therewereno
majordifferencedn incidencebetweerthosestudiesusingmultiple urinemeasuresverseveral
days andhoseusing a single urinmeasuremenifwo studies [16,68liseda urinedipstickfor
incidentmicrodbuminuria. A urinedipstick haslow sensitivityto detectmicroalbuminuriaputit
wasonly one otthreeurine albumirteststhatwereusedin the studieswhich reducests impact,
butto anunknewn extentHowever,theincidencesn thesetwo studiesvere comparablevith

othersimilar studieghatdid not use dipstick.

Althoughweexcludedclinical trial populations, our findingarecomparablevith someof the
findingsfrom.elinical trials. We reportedthat the annuahcidenceof microalbuminuriaand
albuminuriais ~ 2% to3%in Type ldiabetesIn theprimary prevention cohort of theiBbetes
Control and ©mplicationsTrial (Type 1 diabete} [86], annual incidences of 2% and 3¥dhe
intensiveandconventionallytreatedgroupswerereported We reporedthat the annuahcidence
of microalbuminurieandalbuminuriawas~ 8%in Type 2diabetesr in a mixeddiabetegype
population.Hoewever,the UKPDS [87] reportedthe progression oficroalbuminuriao be only
2.0% pelryearin Type 2diabetesSimilarly, TECOS|[88] reportedanannual incidence of 2.7%
in thetreatmentand control groups Type 2diabetesand theROADMAP study [89] reported
anannualincidenceof 2.7%in thetreatmentand 3.2% and control groupsType 2diabetes
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WereportedType 2 dabetesandmixeddiabetes types togethiar two reasonsFirst, the
number of studies eachcategoryof CKD becomegoo smallwhenseparatingnto thethree
categoriegType 1diabetesType 2diabetesand mixed). Second,is likely thatthelarge
majority of participantdn themixedtypestudieshave Type 2iabetes.

Different guidelines around the&orld usedifferentdefinitionsfor classificationand staging
CKD, usually amix of eGFRandmarkersof kidneydamageThis heterogeneityn definitions
anddifferencesn study populationsnakescomparsonbetweerstudiedifficult and might be a
possible explanatiofor thewide variationin incidenceof CKD in diabetesBrucket al. [90]
conducted aystematiageviewon methodologysedin studiesrepoting CKD prevalencen
Europe and showetiat therevasconsiderableariationin assessmertf kidney functioracross
studies.Theyalsohighlightedthattherewerehigh levelsof heterogeneityn the reporting of
CKD prevaleneeDespitethefactthatmeasurementand studieareinherentlydifferent,thereis
surprisingly modestariationin incidencerateswithin particularcategoriesof CKD.

It is alsoimportantto acknowledgéhatthe competingisk of deathmay confound theisk for
ESRD.However,this wasnot uniformlyaddresseth thestudiesincludedin thecurrentreview.
Among10,studietall reportingontheincidenceof ESRD)that did accourior mortality asa
competingisk,two [51,59]reportedon thedifferencebetweerfindingsaccordingto whether
the competingnortality risk wasaccountedor andin neitherwasthereadifference.Thus, the
failure to adjustfor competingmortality risk in somestudiess unlikely to have had anajor

impacton our findings.

Themajor strengthof thecurrentanalysisvasthe inclusion of dargenumber of studies and the
representationf differentpartsof theworld. However therearesomelimitationsto note. We

did notreviewarticlesin non-indexed journalandonly included published studies, thhgereis

a possibility.ef publicatiomias.Further,we limited our searchto English languagpapersonly,

a samplesizeofH500 and above, and publish&dce1990,andthesecriteriamay potentially
exclude asignificant number sfudiesMost of thestudiesincludedin this reviewwerefrom
clinic-basedpopulationsClinic-basedstudieswill probably @erestimatencidenceestimates
becausgarticipantdiffer from the generatliabetegopulationin thatthey usuallyhavemore
advancedliseaseAlthough 80% of peopleith diabetesnellituscurrentlylive in low- and

middleincomecountries, most dhe datawereretrievedfrom studiescarriedoutin Western
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countries. Thus, theesultsfrom our studymay not begeneralizabléo low-income or middle-
income coutries. Indeedwe identified no studiesfrom India or mainland Chinalespitethese
countries accountinfpr morethanonethird of all the peoplewith diabetesglobally. Becauseof
the heterageneitiyn thedefinitionsusedandstudypopulationdifferences, we did not generate
pooledestimats for theincidenceof CKD in diabetesEventhoughwe excluded studies
containingfewerthan500 participantsmore than onéhird (36.7®%6) of the studieshadfewer
than 100(participantsWe did not report theauseof ESRDin peoplewith diabetedecause
moststudies did natlifferentiatebetweerdiff erenttypes of kidneydiseasemostsimply report

the incidence/progression of kidndigease.

In summarythisreview highlightsthat CKD amongpeoplewith diabetes cuantlyimpossa
significanthealthproblemacrosshe globeThe annualincidenceof microalbuminuriaand
albuminuriais=~"20 t03%in Type ldiabetesand~ 8%in Type 2 diabetes anixeddiabetes
type. Theificidenceof developinggGFR 60ml/min/1.73 nf is ~ 2-4% peyear.Theannual
incidencerateof ESRDrangedrom 0.04% to 1.8%. Despitethewide variationin methods and
study designtherewas within aparticularcategoryof kidneydiseasepnly modestvariationin
incidencerates:©ur understandingf the development &KD/ESRDin diabeteswill be further
improvedif methods ohssessmermrestandardizedothatwe cancomparehe incidencerates
and progression of kidnaliseasédetweerpopulationsFinally, thereis anurgent requirement

for morestudiesn developing countries.
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Appendix 1

Electronic'searchstrategy usedfor Medline

1. expincidencelor mortality/

2. (incidenc* omnortalit*).tw.

3.1or2

4. expDiabetegnellitus/or diabetesnellitus, Type 1/ ordiabetesnellitus, Type 2/ ordiabetes
complications/

5. (diabet*or TIDM or T2DM or IDDM or NIDDM).tw.

6.40r5

7. Kidneyfailure, chronic/ orRenallnsufficiency,Chronic/or kidneydiseasebr Glomerular
Filtration Rate/or Proteinuria/or creatinine/

8. ((Kidney* orrenal)adj3diseas?*).tw.

9. ((Kidney* orrenal)adj3failure).tw.
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10. ((Kidney* or renal)adjlinsufficienc*).tw.

11. (Kidney* adj1 Dysfunction*).tw.

12. (Albuminuria* ormicroalbuminuria*or macroalbuminuria* gproteinuria*or glomerular
filtration rate* or GFR or eGFRor ESKD or ESRDor creatinine).tw.

13.0r/7-12

14. 6 and 13

15. expDiabeticNephropathies/

16. (diabet*adj nephropath*).tw.

17.(Diabet* adj1Glomeruloscleros*).tw.

18. (Diabet* adj(Kidney* orrenal)).tw.

19. or/15-18

20. 14 0r 19

21. 3 and 20

22. epidemiologicastudies/or exp cohort studies/ or prosjive studies/ oretrospective
studies/

23. Observational Study/ or longitudirsidies/or follow-up studies/

24. ((Epidemiolog* or cohort or observation* or prospectiveetmospectivepdjl stud*).tw.
25. 22 or.230r 24

26. 21 and 25

27. expanimals/not humans.sh.

28. 26 not27

29.limit 28te(englishlanguage and yr="199Current")

Appendixe2
Modified Neweastle-Ottawa Quality AssessmenScale
Selection
1) Representativeness the general diabetes population
a) Truly representativef the generadiabdespopulation *
b) Somewhatepresentativef thegeneraldiabetegpopulation

c) Selectedgroup e.g. patient groups
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d) No description of the derivation of the cohort
2) Ascertainmenbf diabetestatus
a) Recordlinkage/medicatecord*
b) Bloodtest*
c) Selkreport
d) No'description
3) Demonstration thatutcomeof interest(kidneydiseaseyvasnot presentt startof study
a) Yes*
b) No
Comparison
1) Istheineidencerateadjusted/standardizddr atleastageandsex?
a. Yes*
b. No
Outcome
1) Assessmendf outcome
a) Independent blindedsessment
b) Recordlinkage *
c) Selireport
d) No description
2) Wasfollow-up long enouglfior outcomego occur
a) Yes(atleast3years)*
b) No
3) Adequacy of follow-up
a) Completefollow-up -all subjects accounteddr *
b) Subjects.losto follow-up unlikely to introducebias(lostto follow-up rate< 10%, or
descriptionprovided of thoséost) *
c) Follew=uprate<90%andno description of those lost
d) No statement

* Studiesscorel point for responsemarked with an asterisk
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Additional Supportingnformationmay be foundn the online version ahis article.

Table S1Characteristicef studies includeah the systematiageview

Table S2Summaryof theincidenceof CKD in diabetes

Table S3Risk of biasassessmemf includedstudiesusingNOSfor assesing the gality of non-

randomized,studies
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Table 1 Studies reporting incidence of microalbuminuria and macroalbuminuria

First author, Urine measurement Time of urine Definitions Incidence
year method collection Reported Annual
Microalbuminuria

Amini, 2007 Urinary albumin 24h Microalbuminuria: urinary albumin Microalbuminuria: 82.3 per 8.6%
[82] concentration concentratior80-300 mg/24 h 1000 person-years (95% CI:

69to 105) (141.4 per 1000 ir

men, 66.1 per 1000 in womer

(cumulative incidence of
34.9%)
Chaturvedi, AER Timed Microalbuminuria: AER: 20 Microalbuminuria: 12.6% 1.8%
2001 g3 overnight 200 pg/min (95% CI: 10.7 to 14.7%)
collections (13.2% in men and 12.1% in
women)

Esmatjes, AER 20f3in Microalbuminuria: AER: 20 Microalbuminuria: 11.6% 2.7%
2002 p@e] 6 months 200 pg/min (95% ClI: 2.2 t0 3.2)
Gordin, AER AER: 20-200pg/min or 36 148 progressed to NA*
2011 p4] 300 mg/24 h normoalbuminuria from 2763

ClI: of microalbuminuria: 5.4%
Lloyd, 1996 AER 2 or 3 of the Microalbuminuria: AER 20 Microalbuminuria: 14% 3.8%
[28] timed urine 200 pg/min in 2 or 3 of the timed urin

samples samples

Potisat, 2013 Urine dipstick for 2 of the 3 The diagnosis of diabetic nephropatr  DN: 91.1 (95% CI: 78.8, 8.1%

[68] microalbuminuria, spot
urine for

albumin/creatinine, and

morning urine

samples

was established by the nephrologist 105.1) per 1000 person-year
based on the presence of (cumulative incidence of

microalbuminuria in at least 2 of the . 27.59%)
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Xu, 2008
[35]

Bjornstad,
2014 [L5]

Bo, 2012
[40]

Choi, 2011
[16]

Drion, 2012
[45]

Hsu, 2012
[62]

Schimke,
2010 BQ]

Xu, 2008

spot urine for

protein/creatinine

ACR

AER timed or ACR spot

AER

Positive dipstick urinalysi
(> 1) or ACR >30mg/g

ACR

ACR

ACR

ACR

Random
morning urine

sample

Timed or spot

20of3in

6 months

NS

NS

2 consecutive

urine tests

First-morning

sample

Random

morning urine samples

Albuminuria: ACR > 30mg/g
(3.4 mg/mmol) but no definition for

microalbuminuria

Abuminuria
AER > 20 pug/min or ACR >30 mg/g
Albuminuria was defined as
microalbuminuria or greater
Nephropathy: AER 20 mg/min in at
least 2 of 3 urine collections, gross
proteinuria or elevated seru@r levels
Albuminuria: > 1 on dipstick testing or
>30mg/g on ACR confirmed on a
second consecutive occasion at lea
3 months later
Albuminuria: ACR > 2.5 mg/mmol for
men and > 3.5 mg/ mmol for women
ACR of > 3.4 mg/mmol
(ACR>30mg/g) in two consecutive
urine tests
Microalbuminuria:
ACR > 3.0 mg/mmol

Albuminuria: ACR > 30mg/g

Microalbuminuria: 29%
during the first examination
and 19% during the second (-

yea interval)

Albuminuria ClI:: 7.6% (9.6%
of men and 6.1% of women)

Nephropathy: 26.9%

Albuminuria: 35.9 per
1000 person-years (cumulativ
incidence of 9.3%)

Albuminuria: 26.7%

Microalbuminuria: 67.4 per
1000 person-years or 36.7%

Microalbuminuria: 99 per
1000 person-years of follow-
up (cumulative incidence of

41.3%)
Albuminuria: 33% during the

8.6%

1.3%

2.2%

3.8%

NA?

7.4%

12.7%

10%: second
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[35] morning urine (3.4 mg/mmol) second examination and 239 6.5%: third

sample during the third
Macroalbuminuria
Bruno, 20083 AER 2 of 3 overnight Overt nephropathy: AER > 200 pg/mi  Overt nephropathy: 37.0 per  3.8% 5.1% from
[42] collection in at least two consecutive overnight 1000 person-years (95% CI: baseline
urine collections 32.3t0 42.6) (cumulative microalbuminuria

incidence of 18.3%)
From baseline
microalbuminuria to overt
nephropathy: 53.6 per 1000
person-years (95% ClI: 44.7 t

64.2)
Horikawa, ACR Spot Overt nephropathy: ACR >300 mglly  Overt nephropathy: 8.70 per 1%
2014 pY in 2 consecutive samples 1000 person-years (7.8%)
Lloyd, 1996 AER 2or3ofthe  Macroalbuminuria: AER > 200 pg/mir Macroalbuminuria: 7% 1.8%
[28] timed urine in 2 or 3 of the timed urine samples
samples
Pambianco, AER 2of 3timed  Overt nephropathy: AER > 200 pg/mi  Overt nephropathy: 13.3 per 1.1%
2006 BQ] urine in at least 2 of 3 timed urine collectior 1000 person-years (1+06.0)
collections (24 h, overnight and post clinic) over 12 eas of follow-up

(24 h, overnight (12.6%)

and post clinic)
Shultis, 2007 ACR NS Macroalbuminuria> 300 mg/g The crude incidence of 4.8%
[33 macroalbuminuria: 37.5 case

per 1000 person-years
(cumulative incidence of
36.5%)
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Albuminuria: ACR > 30 mg/g Macroalbuminuria: 4% for the

(3.4 mg/mmol) but no definition for  first and second examination

macroalbuminuria

Proteinuria or definition not specific to macroalbuminuria

Xu, 2008 ACR Random

[35] morning urine
sample

Esmatjes, AER 20f3in

2002 po] 6 months

Hovind, AER 24h

2003 pQ]

Klein, 1997 Urinary protein NS

[22] concentration

Krakoff, Protein toCr ratio Spot

2003 p4]

Shankar, Urinary protein excretion  Casual urine

2007 B2 specimen

Macroalbuminuria: AER: Established nephropathy pe

> 200 pg/min; year: 0.7 (0.50.9)%
Established nephropathy:
macroalbuminuria and renal failure
(plasma Cr > 124 pmol/l)

Persistent albuminuria: AER DN after 20 years of diabetes
> 300 mg/24 h in at least two of thre¢ 21%
consecutive samples;
Diabetic nephropathy if the following
criteria were fulfilled: persistent
albuminuria, duration of diabetes
> 10 yeas, presence of diabetic
retinopathy, and absence of clinical ¢
laboratory evidence of other kidney ¢
renal tract disease
Proteinuria > 0.30 g/l 10-year incidence of gross
proteinuria: 36.5%
Nephropathy: 34.18 per0DO0
person-years (cumulative
incidence of 20.5%)

Proteinuria: 38.4%

Nephropathy (protein t€r ratio >0.5

g/g) in spot urine collection

Proteinuria: presesr of > 0.3g/l of
protein excretion in a casual urine

specimen

1%

0.7 (0.50.9)%

1.2%

4.5%

NAP

3%
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Tuomilehto, NA NA Diabetic nephropathy was defined a DN: 6 per 1000 person-year: 0.6%
1997 b5 the first hospitalization with a diagnos  95% CI: 5 to 6 (cumulative
of nephropathy (ICD 8 or 9 code) incidence of 8.7%)

ACR, albuminto-creatinine ratio; AER, albumin excretion rate; UAE, urinary albumin excrdiibi diabetic nephropathy; Cr, Creatinine; NA, not applicable;
NS, not stated.
®The studyrinvolves two cohorts with different duration of follow-up; annual cumulative incidence cannot be dalculate

Annual cumulative incidence cannot be calculated because of duration of follow-up is not stated.

Table 2 Studies.reporting incidence of estimated GFR decline among people with diabetes

First authorsyear Method used for eGFR Definition of incident CKD Incident CKD or eGFR decline

estimation or eGFR decline

Reported Annual

Incident eGFR < 60 using the MDRD equation

Bash, 2008 [13] MDRD eGFR <60 ml/min/1.73 Mdat  17.0 per 1000 person-years 1.9%

visit 4 or kidney disease

. o (cumulative incidence of
noted during a hospitalizatiol

19.1%
or death 0)
Kim, 2014'[63] MDRD CKD stage 3 or greater was 12.1% progressed to CKD & 4.3%
defined as GFR or greater during the follow-
<60 ml/min/1.73 n up period
Luk, 2013 p5| The abbreviated MDRD eGFR <60 ml/min/1.73 4 19.7% developed CKD 3%

Study formula recalibrated
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for the Chinese population

Salinero-Fort, 201560] MDRD eGFR<60 ml/min/1.73 M a Cumulative incidence of
any visit, and an average 10.23% (95% Cl: = 9.12
successive eGFR of 11.43); 2.48 (95% Ck
<60ml/min/1.73 nf 2.19-2.79) cases per 100

patient-years

Schimke, 201@&0] MDRD From basline eGFR >60 to Renal impairment (eGFR
renal impairment(eGFR<60; <60): 74 per 1000 person-

years; (cumulative incidence

of 31.2%)
Shankar, 20041] MDRD CKD: eGFR < 60 31.7% after 16 years of
ml/min/1.73n% follow-up
Zoppini, 201258 MDRD eGFR <60 mi/min/1.73fror  13.4% developed incident
persistent macroalbuminurie CKD

(ACR>30 mg/mmol in at
least two of three consecutiv

samples)

11.4% developed incident
eGFR<60

Incident eGFR < 60 using other eGFR equations or incident CKD using other definitions

Van Blijderveen, 20146) CKD-EPI CKD: abnormalities in eGFR  71.2 per 1000 person-years

albuminuria, or from medica  (cumulative incidence of

This article is protected by copyright. All rights reserved

2.2

8.9%

2.1%

2.9%

2.4%

7.1%



record 15.1%)

Yu, 2015 B§| CKD-EPI First measurement of an Incidence of CKD (eGFR 23.8%
eGFR <60 ml/min per <60 or microalbuminuria):
1.73 nf or sex-specific 149.3 cases per 1000 patier
microalbuminuria (urine  years (95% CI: 140.0, 159.3

albuminto-creatinine ratio o
Cumulative incidence of

63.1%

> 25mg/g for women and

> 17 mg/g for men)

Incidence of eGFR Incidence of eGFR NAP

< 60ml/min per 1.73 h <60ml/min/1.73 nf: 116.2
events per 1000 patient-yea

(95% CI: 105.0, 128.5) in
women and 106.5 events pe
1000 patient-years (95% CI

95.3, 118.9) in men.
Cumulative incidence of

47.1%
Klein, 1999 P3| A modification of the A decrease in the estimatec The 10-year estimated 7.4%
Cockroft-Gault formula annual creatinine clearance incidence of an annual
> 3ml/min/1.73 nilyear decrease in the creatinine

clearance of > 3 ml/min was

52.5%
Gohda, 201278] eGFR cystatin values Incident stage 3 CKD definer 16 per 1000 person-years NA?®
as estimated GFR over 12 years (cumulative
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<60 ml/min/1.73 M4 incidence of 11%)

Bruno, 200341] Chronic renal failure (2 Chronic renal failure: 7.63 0.78%
consecutive plasma Cr value (95% ClI: 6.069.61) per 1000
> 2.0 mg/dl at least 2 month  person-years (cumulative

apart) incidence of 5.1%)

Kaushik, 200721] Self-report: as a result of you 26.2% over a 7-year period 4.3%
diabetes, have you ever ha
any problems with your

kidneys or not?

Uzu, 2010 7Q] MDRD modified for Japanes  Doubling of the serum Cr Doubling of the serum Cr 1.6%
for eGFR estimation concentration from baseline concentration from baseline
11.5%
Xue, 2007 B6] From Medicare claims CKD or ESRD: 64 per 1000 5.4%

person-years, (cumulative
incidence of 41.5%)

CKD, chranic kidney disease; CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; eGFR, estimated glomerular filtration ratedE=&Re, e
renal disease; MDRD, modification of diet in renal disease; RRT, renal replacement therapy.
*The studyrinvelves two cohorts with different duration of follow-up; annual cumulative incidence is not possible to calculate in this study.

Annual Eumtifative incidence is not possible to calculate in this study

Table 3 Studies'reporting incidence of ESRD among people with diabetes

First author, yeat Definition of ESRD Incidence of ESRD
Reported Annual
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Andresdottir,
2014 B9
Bash, 201012]
Berhane, 2011
[14]

Bruno, 2003
Costacou, 2011
[17]

Currie, 2013
[44]

Dyck, 1994+
Finne, 200547]

Forsblom, 2011
[48]

Fung, 201572
Hadjadj, 2016
(59

Huang, 2014
[19

Joshy, 200941]

RRT

RRT
RRT

RRT
RRT

Renal failure from patient records

RRT

7.7% 1.0%
6.03 (5.127.10) per 1000 person-years 0.52%
Overall: 11.6 per 1000 person-years 1.24%

From baseline normoalbuminuria: 4.9 (3.8, 6.0) per 1000 person-'
From baseline microalbuminuria: 11.5 (8.9, 14.1) per 1000 pers:
years

From baseline macroalbuminuria: 60.2 (50.0, 70.4) per 1000 per:

years
1.04 (95% CI: 0.56 to 1.94) per 1000 person-years 1.1%
7.3 per 100@ears’ exposure to diabetes 1.5%
Renal complications: 3.4 p&000 person-years 0.45%
0.4% 0.04%

RRT by linking with the Finnish Registry for Kidney 2.2% (1.92.5%) after 20 years and 7.8% (#815%) after 30 years o0 0.18%

Diseases

RRT

Using ICD-9 code from medical reats
RRT

RRT

RRT

follow-up

Incidence rate: 1.8 per 1000 person-years

36% OR 51 per 1@ person-years (95%Cl: 44.4, 58.5) 4.5%

0.8 % (1015/127 822) 0.16

18.4 (95% CI: 14.2, 22.5) in Type 2 diabetes 1.77

47.1 (95%CI: 38.4, 55.9) per 1000 patient-yéarBype 1 diabetes  4.35
5.04 (4.76, 5.32) per 1000 person-years 0.32%

Dialysis/transplantation: 1.37 (1.02, 1.86) per 1000 personsyeal 0.13%

(cumulative incidence of 0.5%)
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Kanaya, 2011
[20]
Klein, 1999 P3|

Record linkage to ESRD treatment registry or Deatt
certificate
SerumCr > 2.0 mg/dl or RRT

Lecaire, 2014

(29
Lee, 1994 26

Self-reported history of RRT

RRT or chronic renal failure or if a patient died of chro
renal failure as an underlying or a contributing cause
death (ICD 585589).
RRT

Using ICD-9 code from the National Health Insuranc

Lee, 201574
Lin, 2014 p4]
Research Database

Lipworth, 2022 Record linkage to USRDS

[27]

Liu, 2015 75| Linkage with ESRD registry
Lloyd, 1996 p8g]
Luk, 201466

RRT or a seruncr >5 mg/dl
Fatal or nonfatal renal failure (code 585 and 586),
requirement of dialysis (procedure code 39.95 or 54.¢
or eGFR <15ml/min/1.73 4.

Mollsteny=201.0 Start active uremia treatment due to renal failure (GF

[5]] < 10-15 ml/min).
Muhlhauser, RRT
2000 b2

Nishimura,*2003 RRT

[29]

Otani, 2015T76] RRT or death from diabetic kidney disease due to reft

5 per 1000 person-years

10-year incidence of renal insufficiency and end-stage renal failu
14.4%.
25-year incidence of ESRD was 17.9% (95% CI: 12135) in males,
10.3% (7.413.2) in females, and 14.2% (111%.5) overall
CRF: 15.7 per 1@0 person-years OR 16.0% over an average 10-y

period of followup

41/1427 (0.9%)
Males: 5.6%, females: 5.88%; Overall: 5.52 per 1000 person-ye

6.11 per 1000 person-years

147 cases of ESRD over 13 020 person-years follow-up. 11.3 ¢

1000 person-years; cumulative incidence of 6.3% (147/2337)

Renal failure: 5%

2.2, 6.4, and 8.4 per 1000 person-years in people with Type 1 dia

normal-weight people with Type 2 diabetes and overweight peo
with Type 2 diabetes (cumulative incidence of 6%)
0.53 per 1000 person-years
4.6%

13.0% OR 5.21 per DO person-years 95% Cl: (4.28.29)

3.4 (2.6 to 4.3) per 1000 person-years; cumulative incidence of €

0.52%

1.55%

0.6%

1.7%

0.2

0.59%

0.66%

1.62

1.3%

0.67%

0.05%

0.46%

0.55%

0.35

This article is protected by copyright. All rights reserved



Oh, 2011 67]
Pambianco,
2006B0]
Shankar, 2007
[31]

Shultis, 2007
[33]

Shurraw, 2011
(78]

Stadler, 2014
(53

Suissa, 2006
[79]

Thomas, 2011
[54]

Tong, 2007 §9]

Uzu, 201070}

or no access to dialysis
RRT
Self-reported RRT or renal failure mentioned in deat
certificate
RRT

RRT due to diabetes or death from diabetic nephrope

RRT

RRT

RRT

RRT

Renal end points were defined as a reduction in eGFf

by>50% or progression to eGFR <15 (stage 5) or rer

dialysis or death secondary to renal causes
RRT

Van Pottelbergh, eGFR dropped 45ml/min/1.73 nf on one occasion ant

2012 B7]

Wada, 201444]
Yu, 2014 BY]

the mean of the last two measurements was still
<30ml/min/1.73 .
RRT or half reduction in eGFR
RRT

2%
Renal failure: 6.3 (5-27.4) per 1000 person-years

6.80%

9.0 cases per 1000 person-years

2%

8.6% OR 3.35 per 1000 person-years (95% Cl::-2A43)

2.13 per 1000 person-years

4.5%

Renal end points: 5%

ESRD and/or death: 9.5%
1.29 per 1000 person-years

19.8 renal events per 1000 person-years
3.30 per 100 person-years, 95% ClI:: 2:66.05

0.38%
1.26%

0.44%

1.5%

0.53%

0.35%

0.22%

0.46%

1.5%

1.33%
0.12%

1.45%
0.25%

This article is protected by copyright. All rights reserved



CKD, chronic kidney disease; CRF, chronic renal failure; ESRD, eGFR, estimated glomerular filtration rate; &SRy ecrenal disease; Cl: confidence

interval; IR, incidence rate; RRT, renal replacement therapy, ICD; International Classification of Diseases.
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h 4

Excluded (n = 208)

- Age <18 yr only

- All among LSRD patients

- Among hospitalized
patients

- Conference abstracts

- Cost-cffectiveness studics

- Sample size < 500

- No diabetes-specific
incidence rate

- Prevalenee studies

- Projections

- Reviews

- Trials or studics involving
trail population

- TUnrelated

- Multiple papers from a
single study

dme_13324_f1.tif

Y

Excluded (n = 759)

- Among admitted patients

- Conducted among
pancrealic, hearl or liver
transplani patients

- Guidelines, reviews

- ‘I'rials comparing drug
cffectiveness

- Briel’
reports/commentary

- Unrelated

- Duplicatcs

- No diabetic-specific
incidence rate

- Computer simulation
cohorts




® Type of Diabetes

= =
@ O
o &
] o
* S|
4 < <4 44 ey
<< < < <<« €8¢ ZN/2doin3
44 4 <4< 4 epeued/sn
o oo . paseq-udod
%S08 poseq-AnsiSay
*e "o o 40 G0 Paseq-duID
o00@Rs XN
® ®0e 0o ® 00 NauL
|
® ® o0 @80 00 LaTL
_
- A 'n ” 0 ~ i = i o
=t m ~ - o

(%) Qus3 yo axuspidUl |ENUUY

dme_ 13324 f2.tif

This article is protected by copyright. All rights reserved



