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Resumo A prevaléncia da diabetes mellitus tipo 2 (DMT2) continua a aumentar e a sua
associacdo com a doenca cardiovascular (cV) tem levado a incorporacdo e valorizacao de
endpoints CV nos ensaios clinicos sobre o tratamento da DMT2.

Este artigo faz uma revisdo dos varios ensaios ja realizados e em desenvolvimento, neste
ambito, com especial enfoque no estudo EMPA-REG OUTCOME. Neste estudo, a empagliflozina,
um inibidor do cotransportador tipo 2 de sodio/glicose (iSGLT2), demonstrou efeitos benéfi-
cos na reducao do risco CV em doentes com DMT2 e doenca CV estabelecida, para além de
seguranca CV e diminuicao dos valores de HbA1c, representando uma mudanca de paradigma
com impacto ao nivel das recomendagdes internacionais para o tratamento da DMT2. Estes
resultados mantiveram-se em analises de subgrupos posteriores, nomeadamente na insuficién-
cia cardiaca, doenca renal cronica e doenca arterial periférica, ainda que muitas questoes se
coloquem sobre os mecanismos envolvidos nestes efeitos - se efeitos hemodinamicos, efeitos
metabolicos ou se a diminuicdo das concentragdes de sodio citoplasmatico no miocardio.

Com a diminuicdo do risco de eventos CV major em doentes com DMT2, os resultados do
estudo EMPA-REG OUTCOME demonstraram, pela primeira vez, protecao CV associada ao efeito
de um farmaco anti-hiperglicémico e iniciaram uma nova era no tratamento e gestdo da DMT2.
Este estudo levou ao desenvolvimento de outros ensaios, ainda a decorrer, que permitirao esta-
belecer quais os doentes que mais beneficiardo desta terapéutica, nomeadamente na relacéo
a existéncia de comorbilidades.
© 2019 Sociedade Portuguesa de Cardiologia. Publicado por Elsevier Espafa, S.L.U. Este é um
artigo Open Access sob uma licenca CC BY-NC-ND (http://creativecommons.org/licenses/by-
nc-nd/4.0/).

Effect of empagliflozin beyond glycemic control: Cardiovascular benefit in patients
with type 2 diabetes and established cardiovascular disease

Abstract The prevalence of type 2 diabetes (T2D) continues to increase, and its association
with cardiovascular (CV) disease has led to the inclusion of CV endpoints in clinical trials on the
treatment of T2D.

This article explores the various trials already performed and under development in this field,
with particular focus on the EMPA-REG OUTCOME trial. In this trial, empagliflozin, a sodium-
glucose co-transporter 2 inhibitor, demonstrated a reduction in CV risk in patients with T2D and
established CV disease, in addition to CV safety and a decrease in glycated hemoglobin. This
represents a paradigm shift that has led to changes in the international guidelines for the treat-
ment of T2D. These results were maintained in subsequent subgroup analysis for heart failure,
chronic kidney disease and peripheral arterial disease, although there are many questions con-
cerning the mechanisms involved in these effects, including whether they are hemodynamic,
metabolic or due to decreased myocardial cytoplasmic sodium concentrations.

With this reduction in risk for major CV events in patients with T2D, the EMPA-REG OUTCOME
trial demonstrated CV protection from a hypoglycemic drug for the first time, and opened a
new era in the treatment and management of T2D. This study has led to the development of
ongoing trials that will establish which patients will benefit most from this therapy, particularly
with regard to comorbidities.
© 2019 Sociedade Portuguesa de Cardiologia. Published by Elsevier Espana, S.L.U. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).

Introducéo: doenca CV e diabetes

A diabetes mellitus (DM) é uma das doencas cronicas com
maior impacto a nivel mundial devido a sua elevada preva-
léncia e aos elevados custos econémicos diretos e indiretos
motivados, em grande parte, pelo desenvolvimento de
complicagdes micro e macrovasculares. Apesar dos varios

esforcos ao nivel de politicas de salde e de educacao, a
prevaléncia da DM tipo 1 (DMT1) e, sobretudo, da DM tipo 2
(DMT2) continua a aumentar’.

Existe uma associacao entre a DM e a doenca cardi-
ovascular (DCV), nomeadamente no que diz respeito ao
enfarte agudo do miocardio (EAM), acidente vascular cere-
bral (AVC), doenca arterial periférica (DAP), cardiomiopatia
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e insuficiéncia cardiaca (IC)". A DCV é a principal causa de
morbilidade e mortalidade em pessoas com diabetes, espe-
cialmente no que concerne o EAM e AVC, em relacao aos
quais sao reportados valores de prevaléncia quatro vezes
mais elevados nas pessoas com diabetes'-*. Em Portugal, de
acordo com o Programa Nacional para a Diabetes, cerca de
um terco dos internamentos por EAM e AVC foram de pessoas
com DM, sendo a mortalidade por EAM, nestes individuos,
superior a da populacdo nao diabética®.

A IC tem também uma elevada prevaléncia em pessoas
com DM, sendo 2,5 vezes superior nestes individuos®; um em
cada cinco diabéticos com mais de 65 anos tem IC°. Doentes
com DM e IC apresentam pior prognostico, com uma taxa de
mortalidade de causa CV superior e um nimero e duracdo
de hospitalizacées mais elevados®’. Contudo, embora a IC
seja reconhecidamente parte dos eventos cardiovasculares
major relacionados com a DMT2, é frequentemente subva-
lorizada enquanto alvo terapéutico nos multiplos estudos
desenvolvidos’.

Considerando este elevado impacto, a diabetes é atual-
mente considerada um fator de risco major e independente
de DCV, a par do consumo de tabaco, da hipertensao arterial
(HTA) e da dislipidemia, devendo o tratamento das pessoas
com diabetes ser focado na melhoria do risco cardiovascular
(CV)>®. A abordagem terapéutica na diminuicdo e prevencao
de complicacées CV na DMT2 deve contemplar o controlo da
glicemia, mas deve também ser cada vez mais multifatorial,
incluindo o controlo da pressao arterial, do perfil lipidico e
do peso corporal, o combate ao sedentarismo e a cessacao
tabagica’. Contudo, a reducdo de eventos CV na diabetes
€ uma area particularmente desafiante e complexa, ja que
outros fatores de risco CV estao também presentes nos indi-
viduos com DMT2'.

O paradigma classico relaciona a génese do risco car-
diovascular associado a DMT2 ao estado permanente de
hiperglicemia, sugerindo uma relacao quase linear entre as
perturbacées metabolicas e lesdo vascular'®. Este paradigma
foi contrariado pelos resultados de farmacos que, apesar
de otimizarem o controlo glicémico, ndo tém conseguido
demonstrar os efeitos benéficos esperados na diminuicao do
risco cardiovascular, como foi o caso da generalidade dos ini-
bidores da dipeptidil peptidase 4 -iDPP4, das sulfonilureias
e da insulina'®.

Atualmente, os ensaios clinicos tém vindo a incorpo-
rar e a valorizar endpoints CV no tratamento da DMT2 em
adicdo aos endpoints relacionados com o controlo metabo-
lico, nomeadamente ocorréncia de EAM e de AVC e morte
por causa CV'".

Estado da arte nos estudos de outcomes CV
na DMT2

Tém sido muitos os esforcos para encontrar agentes far-
macologicos que demonstrem beneficios inequivocos nos
outcomes CV em doentes com DMT2, com inUmeros estu-
dos de diferentes classes farmacologicas. No entanto, os
resultados tém sido, em muitas situacoes, inconsistentes
ou pouco significativos, especialmente no que concerne as
complicacdes macrovasculares'?.

Historicamente, cinco grandes estudos avaliaram de
forma pioneira o efeito do controlo glicémico intensivo

comparativamente ao controlo standard no risco CV em
doentes com DMT2 - os estudos UKPDS'?, UGDP'4, VADT'®,
ADVANCE'™ e ACCORD'. Embora estes estudos tenham
incluido doentes com diferentes estadios de DCV e por
periodos de follow-up distintos, globalmente podem ser
retiradas algumas conclusoes'®.

Os dados disponiveis sugerem que a reducado inten-
siva da glicose tem efeitos benéficos sobre o risco
microvascular'>'>'; no entanto, para resultados macrovas-
culares e mortalidade, a evidéncia nao foi concordante-"7.
Considerando os individuos com excesso de peso, ocorreu
uma reducao da mortalidade por todas as causas, da mor-
talidade associada a diabetes e da ocorréncia de EAM'.
Adicionalmente, uma analise retrospetiva, a longo prazo, ao
grupo de doentes incluidos no estudo UKPDS' e no estudo
VADT" revelou uma reducdo nos eventos CV com terapia
intensiva versus o tratamento padrao.

Apds uma meta-andlise ter associado a rosiglitazona,
da classe terapéutica das tiazolidinedionas, a um aumento
significativo de eventos CV e de mortalidade quando com-
parada a outros antidiabéticos orais, foi desencadeada
uma discussao sobre a necessidade de avaliar mais deta-
lhadamente as terapias antidiabéticas de uma perspetiva
cardiovascular?.

Dada a incerteza sobre os efeitos CV dos antidiabéticos, a
Food and Drug Administration (FDA)?' em 2008 e a European
Medicines Agency (EMA)?2 em 2012 emitiram uma orientacdo
para a industria farmacéutica sobre a realizacao de ensaios
clinicos para novos farmacos no tratamento da DMT2, com
enfoque nos resultados CV. Desde entdo, varios estudos tém
sido desenvolvidos para avaliar o risco-beneficio de novas
terapéuticas anti-hiperglicémicas. Estes estudos - CVOT
(Cardiovascular Outcome Trials) - tém sido desenhados para
demostracao de seguranca CV e do beneficio da terapéu-
tica antidiabética, maioritariamente na DMT2, e incluem
nos seus endpoints a mortalidade por causa CV, EAM, AVC,
hospitalizacdes por sindrome coronaria aguda ou procedi-
mentos urgentes de revascularizacao, em populacées com
maior risco CV, mais idosas e com algum grau de insuficién-
cia renal?>?*. A Tabela 1 apresenta um resumo dos ensaios
realizados desde 2008, apds a emissao da orientacdo da FDA.

A primeira classe a reportar resultados, apos esta
alteracao, foi a classe dos iDPP-4. Os estudos com
saxagliptina®®, alogliptina?® e sitagliptina?’ mostraram
seguranca CV, ainda que com efeitos neutros no end-
point cardiovascular primario. Adicionalmente, no estudo
com saxagliptina, verificou-se um aumento do risco de
hospitalizacdo por IC?®. Aguardam-se os resultados dos
ensaios CAROLINA (linagliptina versus glimepirida)?® e CAR-
MELINA (linagliptina versus placebo)?’ que poderdo trazer
informacéao adicional sobre os efeitos desta classe terapéu-
tica no risco CV.

Apos a publicacao destes estudos, gerou-se algum desa-
nimo na comunidade cientifica, pois parecia que nenhuma
terapéutica antidiabética era capaz de melhorar o prognds-
tico cardiovascular. No entanto, verificou-se uma mudanca
de paradigma com a apresentacao dos resultados do estudo
EMPA-REG OUTCOME®. Neste estudo, a empagliflozina, um
inibidor do cotransportador tipo 2 de sodio/glicose (iSGLT2),
demonstrou, para além de seguranga CV, efeitos benéficos
na reducao do risco CV em doentes com DMT2 e doenca
CV estabelecida. Este beneficio foi observado logo apds



Tabela 1 CVOTs realizados apos a orientacao da FDA de 2008

Ensaio Situacao Farmaco Classe Intervencao Endpoint primario N Identificacao no
terapéutica Clinicaltrials.gov
EXAMINE Finalizado Alogliptina iDPP-4 Alogliptina vs. Placebo Morte CV, EAM, ou AVC 5.380 NCT00968708
SAVOR-TIMI53 Finalizado Saxagliptina iDPP-4 Saxagliptina vs. Placebo Morte CV, EAM, ou AVC 18.206 NCT01107886
EMPA-REG Finalizado Empagliflozina iSGLT2 Empagliflozina 10 mg vs. Morte CV, EAM, ou AVC 7.064 NCT01131676
OUTCOME Empagliflozina 25 mg vs.
Placebo
ELIXA Finalizado Lixisenatido arGLP-1 Lixisenatido vs. Placebo Morte CV, EAM, Al, ou AVC 6.068 NCT01147250
TECOS Finalizado Sitagliptina iDPP-4 Sitagliptina vs. Placebo Morte CV, EAM, Al, ou AVC 14.671 NCT00790205
LEADER Finalizado Liraglutido arGLP-1 Liraglutido vs. Placebo Morte CV, EAM, ou AVC 9.340 NCT01179048
SUSTAIN-6 Finalizado Semaglutido arGLP-1 Semaglutido 0.5 mg vs. Morte CV, EAM, ou AVC 3.297 NCT01720446
Semaglutido 1.0 mg vs.
Placebo
FREEDOM-CVO Finalizado Exenatido via arGLP-1 ITCA 650 (exenatido via Morte CV, EAM, AVC ou 4.156 NCT01455896
DUROS® DUROS®) vs. Placebo hospitalizacao por Al
CANVAS Finalizado Canagliflozina iSGLT2 Canagliflozina 100 mg vs. Morte CV, EAM, Al, ou AVC 4.418 NCT01032629
Canagliflozina 300 mg vs.
Placebo
EXSCEL Finalizado Exenatido arGLP-1 Exenatido semanal vs. Morte CV, EAM, ou AVC 14.752 NCT01144338
Placebo
CARMELINA Ongoing Linagliptina iDPP-4 Linagliptina vs. Morte CV, EAM, Al, ou AVC 8.000 NCT01897532
(2018) Placebo
PIONEER Ongoing Semaglutido arGLP-1 Semaglutido vs. Placebo Morte CV, EAM, ou AVC 3.176 NCT02692716
(2018)
TOSCA-IT Ongoing Pioglitazona Agonista do Pioglitazona vs. Morte CV, EAM, AVC, ou 3.371 NCT00700856
(2018) PPAR-y Sulfonilureia revasculizacdo coronaria
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Tabela 1 (Continuacéo)
Ensaio Situacao Farmaco Classe Intervencao Endpoint primario N Identificacao no
terapéutica Clinicaltrials.gov

HARMONY Ongoing Albiglutido arGLP-1 Albiglutido vs. Placebo Morte CV, EAM, ou AVC 9.400 NCT02465515

Outcomes (2019)

REWIND Ongoing Dulaglutido arGLP-1 Dulaglutido vs. Placebo Morte CV, EAM, ou AVC 9.622 NCT01394952
(estimada-
2019)

VERTIS CV Ongoing Ertugliflozina iSGLT2 Ertugliflozina vs. Placebo Morte CV, EAM, ou AVC 8.000 NCT01986881
(2019)

DAPA-HF Ongoing Dapagliflozina iSGLT2 Dapagliflozina Morte CV, hospitalizacao por 4.500 NCT03036124
(2019) vs.Placebo EAM, ou consulta de urgéncia

por EAM

CAROLINA Ongoing Linagliptina iDPP-4 Linagliptina vs. Morte CV, EAM, Al, ou AVC 6.072 NCT01243424
(2019) Glimepirida vs. Placebo

DECLARE-TIMI58 Ongoing Dapagliflozina iSGLT2 Dapagliflozina 10 mg vs. Morte CV, EAM, ou AVC 17.276 NCT01730534
(2019) Placebo

CREDENCE Ongoing Canagliflozina iSGLT2 Canagliflozina 300 mg vs. DRC + Morte CV e 4.331 NCT02065791
(2019) Placebo hospitalizacao por IC

EMPEROR Ongoing Empagliflozina iSGLT2 Empagliflozina vs. Morte CV ou hospitalizacao 4.126 NCT03057951

Preserved (2020) Placebo por IC

EMPEROR Reduced Ongoing Empagliflozina iSGLT2 Empagliflozina vs. Morte CV ou hospitalizacao 2.850 NCT03057977
(2020) Placebo por IC

DAPA-CKD Ongoing Dapagliflozina iSGLT2 Dapagliflozina Declinio da eGFR >50%, ou 4.000 NCT03036150
(2020) vs.Placebo Doenca Renal Estadio 5, Morte

CV, ou
Morte Renal

Al: angina instavel; arGLP-1: agonista do recetor do GLP-1; AVC: acidente vascular cerebral; CV: cardiovascular; DRC: doenca renal cronica; EAM: enfarte agudo do miocardio; eGFR: taxa

de filtracdo glomerular estimada; IC: insuficiéncia cardiaca; PPAR-y: recetores ativados por proliferador de peroxissoma gama.
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trés meses de estudo e ampliou-se ao longo do tempo de
seguimento, com uma reducao significativa de 38% no risco
relativo de morte CV*°,

Este ensaio clinico aleatorizado, em dupla ocultacao,
pretendeu avaliar a nao inferioridade, mas com a possi-
bilidade de testar superioridade, da empagliflozina (10 mg
ou 25mg, uma vez por dia) comparativamente a pla-
cebo, ambos em associacdo com o tratamento standard
(antidiabéticos, anti-hipertensores e antidislipidémicos), na
ocorréncia de um composito de MACE (Major Adverse Car-
diovascular Events) — morte por causa CV, AVC nao fatal ou
EAM néo fatal®°.

Os resultados demonstraram uma reducao significativa
do risco de ocorréncia de eventos CV no grupo a fazer
empagliflozina, independentemente da dose utilizada, face
a placebo na ocorréncia do endpoint primario (10,5% versus
12,1%; p =0,04), reducao em grande parte impulsionada pela
reducao da mortalidade cardiovascular (3,7% versus 5,9%;
p < 0,001)*. Adicionalmente, verificou-se uma significativa
reducao de 32% no nimero de mortes por qualquer causa e
de 35% nas hospitalizacdes por IC nos doentes sob terapéu-
tica com empagliflozina (respetivamente 5,7% versus 8,3%;
p < 0,001 e 2,7% versus 4,1%; p = 0,002)°.

Posteriormente, o Programa CANVAS®' demonstrou um
beneficio de um outro inibidor da iSGLT2, a canagliflozina,
na reducao de eventos CV e das hospitalizacées por IC, mos-
trando uma consisténcia dentro da classe dos iSGLT2. Este
Programa incluiu doentes com DMT2 diabetes tipo 2 e ele-
vado risco CV (DCV estabelecida ou multiplos fatores de risco
CV) em tratamento com canagliflozina versus placebo®'. Foi
definido como outcome primario um composito de MACE -
morte por causa CV, EAM nao fatal ou AVC nao fatal - e, como
outcomes secundarios, morte por qualquer causa, morte por
causa CV e um composito de dois pontos — morte por causa
CV e hospitalizacao por IC3'. Verificou-se uma diminuicao,
estatisticamente significativa, de eventos no compdsito de
trés pontos MACE: 26,9 no grupo canagliflozina versus 31,5
no grupo placebo por 1000 doentes/ano (hazard ratio, HR,
0,86; intervalo de confianca, IC, 95% 0,75-0,97; p < 0,001
para ndo inferioridade e p = 0,02 para superioridade)’'.
Contudo, excetuando a menor ocorréncia de hospitalizacdes
por IC no grupo a fazer tratamento com canagliflozina, esta
nao foi estatisticamente superior a placebo nos restantes
eventos CV avaliados, nomeadamente na morte CV, EAM e
AVC fatal e nao fatal - apesar da reducao apresentada nes-
tes parametros’'. Nos doentes tratados com canagliflozina,
verificou-se um aumento do nimero de amputac&o nos mem-
bros inferiores, metatarsos, pés e pernas e de fraturas®' que,
a par dareducao nao significativa de morte CV, foram as prin-
cipais diferencas entre este estudo e o ensaio clinico com a
empagliflozina®®-32.

Na classe dos iSGLT2, aguardam-se os resultados dos
ensaios em curso com outras moléculas (dapagliflozina
e ertugliflozina) para esclarecer possiveis efeitos de
classe®>34,

Na classe dos agonistas do recetor do peptideo 1 seme-
lhante ao glucagon (arGLP-1 - glucagon-like peptide 1),
o liraglutido® e o semaglutido® vieram confirmar o novo
paradigma no tratamento para diminuicdo do risco de
complicagcées CV na DMT2, embora com resultados sé ao fim
de cerca de 12 meses. Os ensaios demostraram beneficios
no outcome primario, o compdsito de morte por causa CV,

EAM nao fatal ou AVC nao fatal, mas com resultados dis-
tintos em alguns endpoints quando avaliados isoladamente,
nomeadamente a ocorréncia de EAM nao fatal®*>3°.

Mais recentemente, o ensaio com exenatido (EXSCEL)
nao apresentou diferencas significativas face a placebo nos
varios endpoints CV avaliados®’, tal como havia aconte-
cido no estudo ELIXA*, em que o lixisenatido ndo mostrou
superioridade em relacado a placebo na ocorréncia de even-
tos CV em doentes recém-diagnosticados com sindrome
coronaria aguda, confirmando que as moléculas da classe
dos arGLP-1 apresentam caracteristicas diferentes entre si,
sendo por isso dificil falar num efeito de classe. Aguardam-
-se ainda os resultados de seguranca CV do dulaglutido®® e
do albiglutido®’, que poderao trazer mais informacao sobre
os arGLP-1.

Beneficio CV da empagliflozina em doentes
com DMT2 e doenca CV estabelecida

Outcomes CV do EMPA-REG OUTCOME

0 ensaio clinico EMPA-REG OUTCOME® incluiu 7020 indivi-
duos com DMT2 (HbA1c entre 7,0 e 9,0% para individuos
nao medicados e 7,0 a 10% nos individuos com terapéu-
tica anti-hiperglicemiante prévia), com DCV estabelecida
(doenca arterial coronaria, DAP ou historia de EAM ou de
AVC), taxa de filtracao glomerular estimada (eGFR) superior
a 30mL/min/1,73m? e indice de massa corporal (IMC) igual
ou inferior a 45 kg/m?.

Foi definido como outcome primario o composito de trés
pontos MACE (morte por causa CV, EAM nao fatal ou AVC
nao fatal) e, como outcome secundario, a conjugacdo dos
outcomes primarios com hospitalizacao por angina instavel;
adicionalmente pretendeu-se avaliar a ocorréncia isolada de
morte por causa CV, EAM nao fatal, AVC ndo fatal, interna-
mento devido a IC e mortalidade por qualquer motivo™®.

Os resultados (Figura 1) mostraram uma reducao signifi-
cativa do risco para a ocorréncia do outcome primario para o
grupo a receber empagliflozina, comparativamente ao grupo
placebo (HR 0,86; IC 95% 0,74-0,99; p < 0,001 para nao
inferioridade e p = 0,04 para superioridade)®®. Adicional-
mente, houve uma reducao significativa do risco de morte
por causa CV (HR 0,62; IC 95% 0,49-0,77; p < 0,001) na morte
por qualquer causa (HR 0,68; IC 95% 0,57-0,82; p < 0,001)
e do numero hospitalizacdes por IC no grupo tratado com
empagliflozina (HR 0,65; IC 95% 0,50-0,85; p = 0,002)*°.

Verificou-se, também, uma diminuicdo ao nivel dos
valores de HbA1c no grupo tratado com empagliflozina com-
parativamente ao grupo placebo, bem como do peso, da
circunferéncia abdominal, acido Urico plasmatico e da pres-
sao arterial sistélica e diastélica®®.

A empagliflozina mostrou um bom perfil de seguranca e
de tolerabilidade, com uma incidéncia de eventos adversos
comparavel ao grupo placebo, excecédo feita a maior inci-
déncia de infecbes genitais, porém sem diferencas no que
concerne a infecdes urinarias®°.

A diminuicao, com diferenca estatistica significativa, de
38% do risco relativo (RR) de morte por causa CV, de 35% de
hospitalizacao por IC e de 32% de morte por qualquer causa
demonstrada pelo estudo EMPA-REG OUTCOME foi surpreen-
dente em termos de magnitude e da precocidade com que
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se verificou o afastamento das curvas dos bracos do estudo
(com e sem empagliflozina), com a diferenca nos resulta-
dos entre grupo tratado com empagliflozina e placebo a
verificar-se seis a 12 semanas apos o inicio do estudo®.

Considerando a elevada prevaléncia de IC associada a
diabetes e a inexisténcia de farmacos antidiabéticos que
tenham demostrado uma reducao dos outcomes relaciona-
dos com IC (ocorréncia, hospitalizacées e morte)’, foi feita
uma analise posterior do EMPA-REG OUTCOME em que se
pretendeu avaliar, em maior detalhe, os resultados referen-
tes a insuficiéncia cardiaca dividindo os participantes em
subgrupos, incluindo doentes com e sem IC prévia*'.

Cerca de 10% (n = 706) dos participantes do EMPA-
-REG OUTCOME apresentavam IC na avaliacao inicial.
Nesta subanalise, considerou-se o outcome composito de
hospitalizacao por IC e morte CV, tendo-se verificado menor
ocorréncia destes eventos no grupo medicado com empagli-
flozina (5,7% versus 8,5% no grupo placebo; HR 0,66; I1C 95%
0,55-0,79; p < 0,001; Figura 2)*'. Esta reducdo manteve-se
apos o ajuste dos resultados por sexo e subgrupos de idade,
etnia, eGFR, IC prévia, classes de medicamentos para con-
trolo de risco CV, pressao arterial e tratamento prévio para
a diabetes, demonstrando que o efeito da empagliflozina é
consistente entre subgrupos (Tabela 2)*'. Com uma reducéo
global de hospitalizacao por IC e morte CV de 34% (28% nos
doentes com IC estabelecida e 37% nos doentes sem IC a
data de inicio da terapéutica), de acordo com esta analise,
bastaria tratar 36 doentes durante trés anos para evitar a
ocorréncia de um destes eventos*'.
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Figura 2 Tempo para a primeira hospitalizacao por IC ou
morte CV, do estudo EMPA-REGOUTCOME (adaptado de 42). HR:
Hazard Ratio; IC 95%: Intervalo de confianca a 95%.

Outra subanalise do EMPA-REG OUTCOME avaliou se o
beneficio da empagliflozina se mantinha, independente-
mente do risco estimado de IC, nos participantes sem esta
patologia na avaliacdo inicial, de acordo com o score de risco
de IC Health ABC**. Nos doentes a fazer empagliflozina sem
IC prévia houve uma reducdo do nimero de hospitalizacdes
ou morte por IC, independentemente da sua categoria de
risco, contrariamente ao grupo placebo, em que se verifi-
cou um aumento do nimero de hospitalizacdes ou morte por
IC com o aumento do risco calculado de IC*? (Figura 3). Os
efeitos favoraveis da empagliflozina mantiveram-se quando
foi avaliado o endpoint de morte por causa CV, com uma
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Tabela 2 Outcomes CV em doentes com e sem insuficiéncia cardiaca no inicio do estudo (adaptado de 42)

Placebo N (%)

Empagliflozina N (%)

Hazard ratio (1C95%)

Hospitalizacéo por IC ou morte CV

Todos os doentes 198 (8,5) 265 (5,7) 0,66 (0,55-0,79)

Com IC na baseline 149 (7,1) 190 (4,5) 0,63 (0,51-0,78)

Sem IC na baseline 49 (20,1) 75 (16,2 0,72 (0,50-1,04)
Hospitalizagéo por IC

Todos os doentes 95 (4,1) 126 (2,7) 0,65 (0,50-0,85)

Com IC na baseline 65 (3,1) 78 (1,8) 0,59 (0,43-0,82)

Sem IC na baseline 30 (12,3) 48 (10,4) 0,75 (0,48-1,19)
Morte CV

Todos os doentes 137 (5,9) 172 (3,7 0,62 (0,49-0,77)

Com IC na baseline 110 (5,3) 134 (3,2) 0,60 (0,47-0,77)

Sem IC na baseline 27 (11,1) 38 (8,2) 0,71 (0,43-1,16)
Morte por todas as causas

Todos os doentes 194 (8,3) 269 (5,7) 0,68 (0,57-0,82)

Com IC na baseline 159 (7,6) 213 (5,0) 0,66 (0,51-0,81)

Sem IC na baseline 35 (14,3) 56 (12,1) 0,79 (0,52-1,20)

CV: cardiovascular; IC: insuficiéncia cardiaca; IC 95%: intervalo de confianga a 95%.

Nota: Foi considerado um valor de p < 0,05 para a interacao entre os dos subgrupos nos diversos outcomes

Hospitalizagao por IC ou morte CV

Hazard ratio (IC 95%)

Hazard ratio (IC 95%)

Baixo a mediano (< 10%) 0,71 (0,52-0,96) Py
Elevado (10-20%) 0,52 (0,36-0,75) p——t
Muito elevado (> 20%) 0,55 (0,30-1,00) b —
Morte CV
Baixo a mediano (< 10%) 0,65 (0,45-0,94) pr——
Elevado (10-20%) 0,57 (0,38-0,88) R
Muito elevado (> 20%) 0,49 (0,24-1,02) pr——
Hospitalizagao por IC
Baixo a mediano (< 10%) 0,71 (0,44-1,14) r———
Elevado (10-20%) 0,42 (0,24-0,73) p——
Muito elevado (> 20%) 0,61 (0,26-1,45)
0,125 0,25 0,5 1 2 4
<1 >

Favorece empagliflozina  Favorece placebo

Figura 3  Resultados por risco de IC a cinco anos de acordo com o score de risco de IC Health ABC na avaliacao inicial (adaptado
de 43)

CV: cardiovascular; DAP: doenca arterial periférica; IC: insuficiéncia cardiaca; IC 95%: intervalo de confianca a 95%; MACE: eventos
cardiovasculares major.

Nota: Foi considerado um valor de p <0,05 para a interacao entre os dos subgrupos nos diversos outcomes.

reducao do risco absoluto de morte CV de 4,9% nos doen-
tes com IC previamente estabelecida ou incidente durante o
ensaio e de 1,5% nos que nao tinham nem desenvolveram IC*
(Tabela 3). Verificou-se uma maior percentagem de eventos
adversos nos doentes com IC prévia comparativamente aos

que nao apresentavam IC, quer nos doentes tratados com
empagliflozina, quer naqueles que fizeram placebo.
Outra analise dos dados do EMPA-REG OUTCOME inci-
diu sobre o efeito da empagliflozina nos 2250 participantes
que apresentavam doenca renal crénica (DRC) na avaliacao



Efeito da empagliflozina para além do controlo glicémico

729

Tabela 3
(adaptado de 43)

Mortes CV em subgrupos de doentes com IC na avaliacao inicial ou incidente durante o estudo EMPA-REG OUTCOME

Subgrupos de IC Placebo Empagliflozina HR (1C95%) Percentagem total
de mortes CV
IC na baseline (n = 706) 11,1% 8,2% 0,71 (0,43-1,16) 21,0%
Hospitalizacao por IC (n = 221) 24,2% 14,3% 0,65 (0,35-1,22) 13,3%
IC reportada como EA pelo investigador 26,6% 17,6% 0,73 (0,46-1,16) 23,9%
(n = 347)
Doentes com ocorréncia 15,3% 10,4% 0,67 (0,47-0,97) 37,9%
de eventos de IC (n = 958)
Doentes sem ocorréncia de eventos de IC 4,2 2,7% 0,63 (0,48-0,84) 62,1%
(n =6.062)
EA: evento adverso; IC: insuficiéncia cardiaca.
Hazard ratio (IC 95%) Hazard ratio (IC 95%)
Morte CV
Todos os doentes 0,62 (0,49-0,77) ——
Com doenga renal prevalente 0,71 (0,52-0,98) m—
Sem doenga renal prevalente 0,53 (0,38-0,73) R
Hospitalizagao por IC
Todos os doentes 0,65 (0,50-0,85) e
Com doenga renal prevalente 0,61 (0,42-0,87) -
Sem doenga renal prevalente 0,71 (0,48-1,05) — e —
Morte por todas as causas
Todos os doentes 0,68 (0,57-0,82) o
Com doenga renal prevalente 0,76 (0,59-0,99) —_—
Sem doenga renal prevalente 0,61 (0,47-0,79) ——
Hospitalizagao por todas as causas
Todos os doentes 0,89 (0,82-0,96) -
Com doenga renal prevalente 0,81 (0,72-0,92) .
Sem doenga renal prevalente 0,93 (0,84-1,03) o
025 05 1 2 4

\4

<
<

Favorece empagliflozina Favorece placebo

Figura 4 Morte CV, hospitalizacao por IC, morte por todas as causas e hospitalizacao por todas as causas em doentes com e sem
DRC (eGFR < 60 mL/min/1,73m2 e/ou macroalbuminuria [UACR > 300 mg/g]) na avaliacao inicial do estudo EMPA-REG OUTCOME

(adaptado de 44)

CV: cardiovascular; IC: insuficiéncia cardiaca; IC 95%: intervalo de confianca a 95%.
Nota: Foi considerado um valor de p < 0,05 para a interacao entre os dos subgrupos nos diversos outcomes.

inicial®*. Também neste grupo de doentes, comparativa-
mente a placebo, a empagliflozina reduziu o risco de morte
por causa CV em 29% (HR 0,71; IC 95% 0,52-0,98), o risco
de morte por todas as causas em 24% (HR 0,76; IC 95%
0,59-0,99), o risco de hospitalizacao por IC em 39% (HR
0,61; IC 95% 0,42-0,87) e o risco de hospitalizacao por
todas as causas em 19% (HR 0,81; IC 95% 0,72-0,92)*

(Figura 4). A ocorréncia de eventos adversos foi semelhante
entre os subgrupos com diferentes niveis de fungao renal
a entrada no estudo, sem se ter verificado um aumento
de eventos adversos como infecao urinaria, insuficiéncia
renal, hipercaliémia, fraturas, amputacdes ou hipoglice-
mias no grupo tratado com empagliflozina versus o grupo
placebo®.
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Morte CV

Todos os doentes 0,62 (0,49-0,77) ~—0—'

Com DAP na baseline 0,64 (0,49-0,82) ._._.

Sem DAP na baseline 0,57 (0,37-0,88) b - 1
Morte por todos as causas

Todos os doentes 0,68 (0,57-0,82) ——

Com DAP na baseline 0,70 (0,57-0,87) - -

Sem DAP na baseline 0,62 (0,44-0,88) _—
Endpoint MACE de 3 pontos

Todos os doentes 0,86 (0,74-0,99) —0—

Com DAP na baseline 0,88 (0,73-1,02) ——

Sem DAP na baseline 0,84 (0,62-1,14) ——ty
Endpoint MACE de 4 pontos

Todos os doentes 0,89 (0,78-1,01) a4

Com DAP na baseline 0,87 (0,75-1,02) —b

Sem DAP na baseline 0,93 (0,70-1,24) ——t—
Hospitalizagéo por IC

Todos os doentes 0,65 (0,50-0,85) —y—

Com DAP na baseline 0,68 (0,49-0,93)

Sem DAP na baseline 0,56 (0,35-0,92) P —
Hospitalizagéo por IC ou morte CV

Todos os doentes 0,66 (0,55-0,79) r——

Com DAP na baseline 0,65 (0,52-0,81) .

Sem DAP na baseline 0,65 (0,45-0,93) ]
Amputacdo dos membros inferiores

Todos os doentes 1,00 (0,70-1,44) —_——

Com DAP na baseline 1,30 (0,69-2,46) " = .

Sem DAP na baseline 0,84 (0,54-1,32) —_——
Nefropatia incidente ou agravamento

Todos os doentes 0,61 (0,53-0,70) —e—

Com DAP na baseline 0,63 (0,54-0,73) H

Sem DAP na baseline 0,54 (0,41-0,71) .

0,25 0,5 1 2 4
< >

Hazard ratio (IC 95%)

Favorece empagliflozina Favorece placebo

Figura 5 Resultados CV, morte por todas as causas, amputacoes dos membros inferiores e nefropatia incidente ou agravada por
DAP na avaliacdo inicial do estudo EMPA-REG OUTCOME (adaptado de 45)
CV: cardiovascular; DAP: doenca arterial periférica; IC: insuficiéncia cardiaca; IC 95%: intervalo de confianca a 95%; MACE: eventos

cardiovasculares major.

Nota: Foi considerado um valor de p < 0,05 para a interacao entre os dos subgrupos nos diversos outcomes.

Também na analise do subgrupo de doentes com DAP do
EMPA-REG OUTCOME (n = 1.461), a empagliflozina demons-
trou reducao nos outcomes CV, quer nos compositos de 3 e 4
pontos MACE (respetivamente 16%, HR 0,84; IC 5% 0,62-1,14;
e 7%, HR 0,93; IC 95% 0,70-1,24), quer nos endpoints indivi-
duais, com uma reducao de 43% da morte por causa CV (HR
0,57; 95% 0,37-0,88), de 38% da morte por qualquer causa
(HR 0,62; IC 95% 0,44-0,88), de 44% na hospitalizacao por IC
(HR0,56; 1C 95% 0,35-0,92) e de 46% na incidéncia ou agrava-
mento de nefropatia (HR 0,54; IC 95% 0,41-0,71), de forma
consistente com os resultados no grupo sem DAP* (Figura 5).
A reducao da morte por causa CV traduz-se na necessidade
de tratar 29 doentes com DAP e DMT2 durante 3,1 anos para
evitar uma ocorréncia*. Em termos de seguranca, o grupo
sob terapéutica com empagliflozina foi semelhante ao grupo

placebo nos doentes com e sem DAP na avaliacao inicial, sem
aumento do risco de ocorréncia de amputagao™.

Todas estas analises parecem demonstrar que os resul-
tados benéficos da empagliflozina nos outcomes CV se
estendem para subgrupos de populacdo mais vulneraveis e
em maior risco de morbilidade CV e mortalidade. Contudo,
muitas questdes ainda se colocam sobre quais os mecanismos
que levam a estes efeitos.

Possiveis mecanismos para o beneficio CV
da empagliflozina

Os resultados do estudo EMPA-REG OUTCOME levantaram,
desde cedo, muitas questdes sobre os mecanismos subja-
centes aos beneficios CV demonstrados pela empagliflozina.
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Embora estes mecanismos estejam por comprovar, as pro-
postas avancadas apontam para a possibilidade de efeitos
hemodinamicos, efeitos metabdlicos e a diminuicdo das
concentracdes de sodio intracelular estarem na origem
deste beneficio*“.

Os efeitos imediatos hemodinamicos de deplecao de
volume e aumento do hematocrito poderao fazer sentido
para explicar a precocidade dos beneficios observados.
Alias, o efeito hemodinamico parece ser o mecanismo de
acao mais consensualmente apontado como responsavel
pelo beneficio CV precoce da empagliflozina, suportado
pela reducado na pressao arterial e do volume intravascular
e inducdo de diurese osmética”’~*°. O aumento da diu-
rese podera resultar na diminuicdo de volume circulante
e na consequente reducao da pré- e pos-carga cardiaca e
aumento da hemoconcentracao, com maior libertacao de
oxigénio nos tecidos, traduzindo-se numa reducao do risco
de IC e morte CV*°.

Os resultados inesperados na reducao de hospitalizacao
por IC suscitaram interesse no mecanismo de acao cardiaca
da empagliflozina®'. Em alguns estudos de investigacéo fun-
damental, foi demonstrada uma diminuicao na instalacao e
progressao da hipertrofia cardiaca e cardiomiopatia — expli-
cada como resultado das alteracoes na reabsorcao de sodio
a nivel gastrointestinal ou eventual otimizacdao no meta-
bolismo cardiaco?’. Sabendo-se que uma das complicacées
fisiopatoldgicas que ocorrem na IC resulta da acumulacao
de sddio e calcio no citoplasma e da diminuicao de calcio
mitocondrial nos cardiomidcitos*>', foi demonstrado, em
roedores, a capacidade da empagliflozina em modificar a ati-
vidade do permutador de sodio-hidrogénio (NHE) cardiaco -
um dos principais transportadores de sodio - com resultante
diminuicao de sddio e calcio citoplasmatico e aumento de
calcio mitocondrial, sendo que este mecanismo provou ser
independente da acdo da empagliflozina sobre o SGLT2%,
sugerindo efeitos adicionais deste farmaco.

Outros autores teorizaram que as mudancas metabélicas
cardiacas resultantes da acdo da empagliflozina (alteracao
metabdlica com reducao de utilizacao de lipidos e glicose
e maior consumo de corpos cetdnicos) resultariam num
aumento da eficacia do processo metabdlico cardiaco, da
contratilidade miocardica e eficiéncia cardiaca, tendo-se
admitido que esta mudanca poderia verificar-se, igual-
mente, no tecido muscular e renal®?.

Significativamente, a diferenca no controlo glicémico
nao pode justificar as diferencas observadas. A reduzida
variacdo de HbA1c entre grupos no EMPA-REG OUTCOME,
com diminuicao de 0,4% nos grupos sob empagliflozina
comparativamente ao grupo placebo, a semelhanca aos
resultados metabdlicos encontrados nos iDPP42>727:33  a
diferenca precoce entre grupos nos endpoints CV (notoria
algumas semanas apos o inicio do estudo quando, em estu-
dos anteriores, a diminuicdo do risco CV surgia apos varios
anos de follow-up), todos enfraquecem a hipotese dos efei-
tos encontrados se deverem ao controlo metabolico induzido
pelo farmaco®.

Outra hipdtese que tem ganhado forma como mecanismo
determinante na acao da empagliflozina prende-se com a
mudanca metabolica resultante da inibicdo mantida dos
iSGLT2, com beneficios cardio-renais®’. A constante perda
de glicose, por diminuicdo mantida da reabsorcao de gli-
cose no tubulo contornado proximal, pode resultar numa

readaptacao fisiologica de diferentes mecanismos como:
a sobreativacao dos cotransportadores SGLT1 a jusante,
compensando parte das perdas de glicose; o aumento da
producao de glicose enddgena através do aumento de gluca-
gon e diminuicao dos niveis de insulina sérica; uma mudanca
metabdlica sistémica com aumento da oxidacado lipidica
e reducao da dependéncia de oxidacdao de glicose; e o
aumento do consumo de hidratos de carbono no contexto
da diminuicao de glicemia, insulina e massa corporal®?>>°¢,
Tem sido colocada a hipotese de que mecanismos adju-
vantes ao nivel mitocondrial, para além dos registados
no estudo EMPA-REG OUTCOME, possam ser determinantes
para os efeitos benéficos obtidos®. Esta hipétese pressupde
que em estados de hipercetonémia ligeira mas persis-
tente, tal como acontece com a influéncia dos iSGLT?2,
0 consequente aumento de B-hidroxibutirato circulante
ofereca cardioprotecao, podendo, cumulativamente, oti-
mizar o metabolismo de outros 6rgaos, nomeadamente o
metabolismo renal”’. Desta forma, os efeitos da empa-
gliflozina parecem induzir uma alteracdo metabdlica com
producao de um sistema energeticamente mais eficiente -
através de uma mudanca de consumo de glicose/acidos gor-
dos para um sistema que privilegia a utilizacao de corpos
cetonicos, otimizando o desempenho cardiaco e renal. Tal
poderia explicar os efeitos benéficos CV observados no EMPA-
-REG OUTCOME apenas trés meses apos o inicio do estudo.
Todas estas teorias necessitam, porém, de ser ainda com-
provadas para que melhor se compreenda que mecanismos
contribuem para o beneficio CV da empagliflozina.

Seguranca e tolerabilidade

A analise dos dados do estudo EMPA-REG OUTCOME e as suas
subanalises, bem como a de ensaios clinicos de fase I, Il e llI
com doentes medicados com empagliflozina, tém demons-
trado que esta é bem tolerada, tanto na sob dosagem de 10
como de 25 mg diarios®®>8,

Numa meta-analise recente que analisou 15 ensaios e
quatro estudos de extensao, incluindo o EMPA-REG OUT-
COME, envolvendo mais de 15 000 doentes medicados com
empagliflozina, verificou-se que esta apresenta um perfil de
risco beneficio favoravel®®. Nesta meta-analise, verificou-
-se que o numero de eventos adversos nao foi superior nos
doentes tratados com empagliflozina, independentemente
da sua gravidade ou de levarem ou nao a descontinuagao do
tratamento®®.

Nao se verificou um risco superior de hipoglicemia nos
doentes tratados com empagliflozina, quando comparados
ao grupo placebo, com a excecao de doentes medicados,
concomitantemente, com sulfonilureias ou insulina®®¢ jus-
tificando a adverténcia para que seja considerado o ajuste
da dosagem de sulfonilureia e/ou insulina quando iniciado o
tratamento com empagliflozina®.

Em eventos adversos relacionados com deplecao de
volume, foi demonstrado semelhante perfil de seguranca
e tolerabilidade da empagliflozina, comparativamente ao
grupo placebo, com a excecao de doentes com idade supe-
rior a 75 anos ou a receber tratamento com diuréticos da
ansa’®.

Acompanhando o perfil de seguranca da sua classe,
a empagliflozina demonstrou uma incidéncia superior de
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infeces micdticas genitais, comparativamente ao grupo
placebo, mais acentuado no grupo com idade superior a 65
anos. Relativamente a infecdes urinarias, nao se verifica-
ram diferencas entre os grupos tratados com empagliflozina
e o grupo tratado com placebo em termos da incidéncia,
gravidade ou situacdes que levassem a descontinuacao do
tratamento, bem como no nimero ou prolongamento de
hospitalizacbes®.

A empagliflozina demonstrou, ainda, resultados seme-
lhantes ao grupo placebo no que diz respeito a fraturas
Osseas, neoplasias, eventos adversos renais, lesao hepa-
tica ou pancreatica, cetoacidose diabética e amputacao de
membros inferiores®®.

Alias, uma analise posterior das amputacdes de membros
inferiores ocorridas durante o estudo EMPA-REG OUTCOME
mostrou que nao so a incidéncia destes eventos foi seme-
lhante entre o grupo a fazer tratamento com empagliflozina
e o grupo placebo, como também o tempo até a ocorrén-
cia do primeiro evento, sendo estes resultados transversais
a analise de subgrupos de existéncia de fatores de risco
prévios para amputacao®. Tal demonstra que a ocorréncia
de amputacdes dos membros inferiores nao é uma situacao
decorrente de um efeito de classe dos iSGLT2.

O posicionamento da empagliflozina no tratamento
da diabetes

Os resultados positivos do estudo EMPA-REG OUTCOME®?, ali-
ados a resultados positivos da canagliflozina®’, levaram a
alteracdes das recomendacodes para o tratamento da hiper-
glicemia na DMT2, sugerindo a utilizacao mais precoce de
um iSLGT2 no tratamento de doentes com DM e DCV®?. Na
atualizacao das recomendacoes das Associacoes Americana
e Europeia da Diabetes’, de 2015, a classe dos iSGLT2 foi
apresentada como a grande alteracao as recomendacoes de
2012. Os iSGLT2 que surgiram como uma nova op¢ao tera-
péutica para a reducao da glicose, devido ao seu mecanismo
de acao ser independente da insulina, podiam ser utilizados
em qualquer estadio da DMT2, com vantagens adicionais ao
nivel da reducio de peso e pressao arterial®.

Na Ultima atualizacao das guidelines de tratamento da
DM da Associacdo Americana de Diabetes (ADA)®', publi-
cada em 2018, a empagliflozina é 0 iSGLT2 recomendado em
segunda linha associado a metformina e alteracoes do estilo
de vida, em doentes com DMT2, por ter demonstrado forte
evidéncia na reducado de eventos CV major e na reducéao
de mortalidade CV. A empagliflozina é apresentada como
tendo beneficio em doentes com DCV aterosclerotica, com
IC crénica e nefropatia diabética®'.

Futuras linhas de investigacao da
empagliflozina: estudos EMAPEROR
(insuficiéncia cardiaca) e EMPA-Kidney
(doenca renal crénica)

O caracter pioneiro do estudo EMPA-REG OUTCOME ficou
estabelecido através de uma significativa reducdo do
risco para eventos CV major em doentes com DMT2 e
por esta mesma reducao se verificar na comparacao da
empagliflozina com os restantes farmacos antidiabéticos,

sejam da mesma, sejam de outras classes de agentes
antidiabéticos*3%%7,

Por outro lado, estes resultados levantam questoes sobre
os mecanismos responsaveis pelos efeitos observados e
que seguramente ultrapassam o mero controlo da glice-
mia. E agora fundamental identificar quais os doentes
que mais beneficiarao da inibicao farmacologica de SGLT2,
considerando quer o tempo de duracao da doenca, quer
comorbilidades existentes. Também sera importante con-
firmar se o beneficio da empagliflozina é extensivel ao
importante capitulo da prevencao primaria'°.

A reducao da hospitalizagao por insuficiéncia cardiaca
parece legitimar um papel da empagliflozina na alteracao
da fisiopatologia do eixo/sindroma cardio-renal. Os resul-
tados dos estudos EMPEROR (EMPagliflozin outcomE tRial in
Patients With chrOnic heaRt Failure)®?, que incluem doentes
com IC com fracao de ejecao reduzida (EMPEROR-Reduced) e
doentes com IC com fracao de ejecao preservada (EMPEROR-
-Preserved), com e sem diabetes, poderdao revelar-se
particularmente esclarecedores neste contexto. No segui-
mento destes estudos foram, recentemente, anunciados
dois ensaios clinicos funcionais que irao avaliar o efeito
da empagliflozina na capacidade de realizacdo de exercicio
fisico e nos sintomas de IC, em doentes com IC crénica com
fracao de ejecao reduzida (EMPERIAL-Reduced) e com fracao
de ejecdo preservada (EMPERIAL-Preserved)®’, no qual se
prevé a participacdo de centros portugueses. Aguarda-se,
igualmente, a definicdo da eficacia e seguranca da empagli-
flozina na DRC, com o estudo EMPA-Kidney, ja anunciado, e
que ira envolver aproximadamente 5000 doentes com DRC,
com e sem diabetes tipo 2.

O primeiro estudo publicado de outcomes CV pds-EMPA-
-REG OUTCOME, o estudo CANVAS®", conseguiu demonstrar
efeitos benéficos similares, embora sem evidenciar o mesmo
alcance dos resultados observados com a empagliflozina.
Sao esperados para breve os resultados de dois outros
estudos com iSGLT2, o CREDENCE (canagliflozina)®® e o
DECLARE TIMI58 (dapagliflozina)®®, que podem vir a clari-
ficar alguma das teorias propostas. Adicionalmente, estao
em fase de recrutamento trés ensaios adicionais com a
dapagliflozina, dois incluindo doentes com IC (Dapa-HF e
PRESERVED-HF)®’-¢¢ e um de doentes com DRC (Dapa-CKD)®’.
Podendo ser ainda precoce afirmar a existéncia de um efeito
de classe, existe uma cada vez mais fundada expetativa da
existéncia de um mecanismo comum subjacente a reducao
de risco cardiorrenal associado a inibicdo farmacologica do
cotransportador de tipo 2 de sddio/glicose.

Conclusao

E inequivoco o papel da empagliflozina, e do pioneirismo
do estudo EMPA-REG OUTCOME, na alteracao do paradigma
de tratamento dos doentes com DMT2, tendo-se iniciado
uma nova era no tratamento e gestao desta patologia. Com
a possibilidade de existéncia de protecdo CV, para além
do efeito anti-hiperglicémico dos farmacos, hoje e futura-
mente, sempre que escolhermos um farmaco antidiabético
com evidéncia de protecao cardiovascular estaremos a pre-
venir a morbilidade CV associada a diabetes, mais do que
apenas a trata-la, o que vira a ter repercussoes benéficas ao
nivel da epidemiologia desta doenca.



Efeito da empagliflozina para além do controlo glicémico

733

Financiamento

Este trabalho teve o apoio nao restritivo da Boehringer Inge-
lheim e da Lilly.

Conflitos de interesse

Pedro Monteiro - Investigador do estudo EMPA-REG Out-
come; Carlos Aguiar - Recebeu honorarios por servicos de
consultoria prestados as seguintes entidades: AstraZeneca,
Bial Portela, Boehringer Ingelheim, Novo Nordisk, Tecni-
mede;

Pedro Matos - Advisory Board: MSD, AstraZeneca; Spea-
ker honoraria: MSD, AstraZeneca, Novo Nordisk, Boehringer
Ingelheim; José Silva-Nunes - Auferiu honorarios da Boeh-
ringer Ingelheim/ Lilly por acdes de formacao/ consultoria;
Rita Birne - Consultoria a AstraZeneca, Boehringer Inge-
lheim, Eli Lilly, Gilead, Novartis e Sanofi; Patricia Branco
- Sem conflitos de interesses com a Boehringer Ingelheim;
Joaquim Calado - Recebeu nos dois Ultimos anos honora-
ria referente a atividade de consultoria cientifica e médica
das seguintes entidades: Boheringer Ingelheim, Lilly e Astra-
Zeneca; Miguel Melo - Financiamento para projetos de
investigacdo e honorarios como consultor ou palestrante:
Bial, Boehringer Ingelheim, Lilly, Eisai, Janssen, Novo Nor-
disk, Sanofi/Genzyme; Jorge Polonia - Sem conflitos de
interesse.

Referéncias

1. Leon BM, Maddox TM. Diabetes and cardiovascular disease:
Epidemiology, biological mechanisms, treatment recommen-
dations and future research. World J Diabetes. 2015 10;6:
1246-58.

2. Diabetes mellitus: a major risk factor for cardiovascular dise-
ase. A joint editorial statement by the American Diabetes
Association; The National Heart, Lung, and Blood Institute; The
Juvenile Diabetes Foundation International; The National Ins-
titute of Diabetes and Digestive and Kidney Diseases; and The
American Heart Association. Circulation. 1999;100:1132-3.

3. Matheus AS, Tannus LR, Cobas RA, et al. Impact of diabe-
tes on cardiovascular disease: an update. Int J Hypertens.
2013;2013:653-789.

4, Direcdo-Geral da Saude. Programa Nacional para a Diabetes
2017. 2017. Lisboa.

5. Campbell P, Krim S, Ventura H. The Bi-directional Impact of Two
Chronic Illnesses: Heart Failure and Diabetes - A review of the
Epidemiology and Outcomes. Card Fail Rev. 2015 Apr;1:8-10.

6. Bertoni AG, Hundley WG, Massing MW, et al. Heart failure pre-
valence, incidence, and mortality in the elderly with diabetes.
Diabetes Care. 2004;27:699-703.

7. Seferovic PM, Petrie MC, Filippatos GS, et al. Type 2 diabetes
mellitus and heart failure: a position statement from the Heart
Failure Association of the European Society of Cardiology. Eur J
Heart Fail. 2018;20:853-72.

8. Piepoli MF, Hoes AW, Agewall S, et al. [2016 European guide-
lines on cardiovascular disease prevention in clinical practice
The Sixth Joint Task Force of the European Society of Cardio-
logy and Other Societies on Cardiovascular Disease Prevention in
Clinical Practice (constituted by representatives of 10 societies
and by invited experts. Developed with the special contribu-
tion of the European Association for Cardiovascular Prevention
& Rehabilitation]. G Ital Cardiol (Rome). 2017;18:547-612.

20.

21.

22.

23.

24.

25.

26.

. Inzucchi SE, Bergenstal RM, Buse JB, et al. Management of

hyperglycaemia in type 2 diabetes 2015 a patient-centred
approach Update to a position statement of the American Dia-
betes Association and the European Association for the Study of
Diabetes. Diabetologia. 2015;58:429-42.

. PaneniF, Lischer TF. Cardiovascular protection in the treatment

of type 2 diabetes: A review of clinical trial results across drug
classes. Am J Med. 2017;130:518-29.

. Sattar N, Petrie MC, Zinman B, et al. Novel diabetes drugs and

the cardiovascular specialist. JACC. 2017;69:2646-56.

. Bennet WL, Maruthur NM, Singh S, et al. Comparative effecti-

veness and safety of medications for type 2 diabetes: an update
including new drugs and 2-drug combinations. Ann Intern Med.
2011;154:602-13.

. UK Prospective Diabetes Study (UKPDS) Group. Effect of inten-

sive blood-glucose control with metformin on complications
in overweight patients with type 2 diabetes. Lancet. 1998;
352:854-65.

. Meinert CL, Knatterud GL, Prout TE, et al. A study of the

effects of hypoglycemic agents on vascular complications in
patients with adult-onset diabetes. Il. Mortality results. Dia-
betes. 1970;19 suppl:789-830.

. Agrawal L, Azad N, Bahn GD, et al. VADT Study Group Long-term

follow-up of intensive glycaemic control on renal outcomes
in the Veterans Affairs Diabetes Trial (VADT). Diabetologia.
2018;61:295-9.

. ADVANCE Collaborative Group, Patel A, MacMahon S, Chalmers

J, et al. Intensive blood glucose control and vascular outcomes
in patients with type 2 diabetes. N Engl J Med. 2008;358:2560-
72.

. The action to control cardiovascular risk in diabetes study

group. Effects of intensive glucose lowering in type 2 diabetes.
N Engl J Med, 2008; 358:2545-59.

. Inzucchi SE, Bergenstal RM, Buse JB, et al. American Diabetes

Association (ADA); European Association for the Study of Diabe-
tes (EASD) Management of hyperglycemia in type 2 diabetes: a
patient-centered approach: position statement of the American
Diabetes Association (ADA) and the European Association for the
Study of Diabetes (EASD). Diabetes Care. 2012;35:1364-79.

. Holman RR, Paul SK, Bethel MA, et al. 10-year follow-up of

intensive glucose control in type 2 diabetes. N Engl J Med.
2008;359:1577-89.

John M, Gopalakrishnan Unnikrishnan A, Kalra S, et al. Cardi-
ovascular outcome trials for anti-diabetes medication: A holy
grail of drug development? Indian Heart J. 2016;68:564-71.
FDA. Guidance for industry diabetes mellitus—evaluating car-
diovascular risk in new antidiabetic therapies to treat type 2
diabetes. Silver Spring: FDA; 2008.

EMA. Guideline on clinical investigation of medicinal products
in the treatment or prevention of diabetes mellitus. London:
EMA; 2012.

Schnell O, Rydén L, Standl E, et al. D&CVD EASD Study Group
Updates on cardiovascular outcome trials in diabetes. Cardio-
vasc Diabetol. 2017;16:128.

Cefalu WT, Kaul S, Gerstein HC, et al. Cardiovascular Outcomes
Trials in Type 2 Diabetes: Where Do We Go From Here? Reflecti-
ons From a Diabetes Care Editors’ Expert Forum. Diabetes Care.
2018;41:14-31.

Scirica BM, Bhatt DL, Braunwald E, et al. SAVOR-TIMI 53 Steering
Committee and Investigators. Saxagliptin and cardiovascular
outcomes in patients with type 2 diabetes mellitus. N Engl J
Med. 2013;369:1317-26.

Zannad F, Cannon CP, Cushman WC, et al. EXAMINE Inves-
tigators. Heart failure and mortality outcomes in patients
with type 2 diabetes taking alogliptin versus placebo in EXA-
MINE: a multicentre, randomised, double-blind trial. Lancet.
2015;385:2067-76.


http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0355
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0355
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0355
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0355
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0355
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0355
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0355
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0355
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0355
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0355
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0355
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0355
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0355
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0355
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0355
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0355
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0355
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0355
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0355
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0355
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0355
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0355
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0355
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0355
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0355
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0355
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0355
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0355
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0355
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0365
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0365
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0365
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0365
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0365
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0365
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0365
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0365
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0365
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0365
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0365
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0365
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0365
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0365
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0365
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0365
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0365
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0365
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0365
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0365
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0365
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0365
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0365
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0365
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0365
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0365
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0375
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0375
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0375
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0375
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0375
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0375
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0375
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0375
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0375
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0375
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0375
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0375
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0375
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0375
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0375
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0375
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0375
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0375
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0375
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0375
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0375
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0375
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0375
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0375
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0375
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0375
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0375
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0375
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0375
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0375
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0375
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0375
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0375
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0375
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0375
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0375
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0375
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0375
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0375
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0380
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0380
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0380
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0380
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0380
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0380
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0380
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0380
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0380
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0380
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0380
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0380
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0380
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0380
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0380
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0380
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0380
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0380
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0380
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0380
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0380
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0380
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0380
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0380
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0380
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0380
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0380
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0380
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0385
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0385
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0385
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0385
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0385
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0385
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0385
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0385
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0385
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0385
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0385
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0385
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0385
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0385
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0385
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0385
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0385
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0385
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0385
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0385
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0385
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0385
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0385
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0385
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0385
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0385
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0385
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0385
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0385
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0385
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0385
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0385
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0385
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0385
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0385
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0385
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0385
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0385
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0385
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0385
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0385
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0385
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0385
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0390
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0390
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0390
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0390
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0390
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0390
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0390
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0390
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0390
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0390
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0390
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0390
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0390
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0390
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0390
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0390
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0390
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0390
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0390
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0390
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0390
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0390
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0390
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0390
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0390
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0390
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0390
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0390
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0390
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0390
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0390
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0390
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0390
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0390
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0390
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0390
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0390
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0390
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0390
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0390
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0390
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0390
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0390
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0390
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0390
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0390
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0390
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0390
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0390
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0390
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0390
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0390
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0390
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0390
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0390
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0390
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0390
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0390
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0390
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0390
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0390
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0390
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0390
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0390
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0390
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0390
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0390
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0390
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0390
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0390
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0390
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0390
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0390
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0390
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0390
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0390
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0390
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0390
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0390
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0390
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0390
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0390
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0390
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0390
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0390
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0395
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0395
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0395
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0395
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0395
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0395
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0395
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0395
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0395
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0395
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0395
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0395
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0395
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0395
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0395
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0395
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0395
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0395
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0395
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0395
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0395
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0395
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0395
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0395
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0395
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0395
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0395
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0395
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0395
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0395
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0395
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0395
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0395
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0395
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0395
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0395
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0395
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0395
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0395
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0395
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0395
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0395
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0395
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0395
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0395
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0400
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0400
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0400
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0400
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0400
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0400
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0400
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0400
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0400
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0400
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0400
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0400
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0400
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0400
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0400
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0400
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0400
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0400
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0400
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0400
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0400
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0400
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0400
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0400
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0400
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0400
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0400
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0400
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0400
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0400
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0400
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0400
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0400
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0405
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0405
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0405
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0405
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0405
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0405
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0405
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0405
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0405
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0405
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0405
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0405
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0405
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0405
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0405
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0405
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0405
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0405
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0405
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0405
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0405
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0405
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0410
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0410
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0410
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0410
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0410
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0410
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0410
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0410
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0410
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0410
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0410
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0410
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0410
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0410
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0410
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0410
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0410
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0410
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0410
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0410
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0410
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0410
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0410
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0410
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0410
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0410
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0410
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0410
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0410
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0410
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0410
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0410
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0410
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0410
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0410
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0420
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0420
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0420
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0420
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0420
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0420
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0420
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0420
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0420
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0420
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0420
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0420
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0420
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0420
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0420
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0420
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0420
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0420
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0420
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0420
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0420
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0420
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0420
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0420
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0420
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0420
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0420
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0420
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0420
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0420
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0420
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0420
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0420
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0420
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0420
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0420
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0420
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0425
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0425
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0425
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0425
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0425
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0425
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0425
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0425
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0425
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0425
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0425
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0425
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0425
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0425
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0425
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0425
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0425
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0425
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0425
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0425
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0425
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0425
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0425
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0425
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0425
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0425
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0425
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0425
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0425
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0425
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0425
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0425
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0425
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0425
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0425
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0425
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0425
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0440
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0440
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0440
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0440
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0440
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0440
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0440
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0440
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0440
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0440
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0440
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0440
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0440
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0440
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0440
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0440
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0440
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0440
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0440
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0440
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0440
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0440
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0440
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0440
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0440
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0440
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0440
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0440
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0440
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0440
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0440
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0440
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0440
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0440
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0440
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0440
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0440
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0440
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0440
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0440
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0440
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0440
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0440
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0440
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0440
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0440
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0440
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0440
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0440
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0440
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0440
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0440
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0440
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0440
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0440
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0440
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0445
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0445
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0445
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0445
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0445
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0445
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0445
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0445
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0445
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0445
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0445
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0445
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0445
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0445
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0445
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0445
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0445
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0445
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0445
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0445
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0445
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0445
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0445
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0445
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0445
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0445
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0445
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0445
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0450
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0450
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0450
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0450
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0450
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0450
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0450
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0450
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0450
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0450
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0450
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0450
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0450
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0450
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0450
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0450
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0450
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0450
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0450
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0450
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0450
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0450
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0450
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0450
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0450
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0450
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0450
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0450
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0450
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0450
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0465
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0465
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0465
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0465
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0465
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0465
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0465
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0465
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0465
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0465
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0465
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0465
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0465
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0465
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0465
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0465
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0465
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0465
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0465
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0465
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0465
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0465
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0465
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0470
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0470
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0470
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0470
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0470
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0470
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0470
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0470
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0470
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0470
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0470
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0470
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0470
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0470
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0470
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0470
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0470
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0470
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0470
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0470
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0470
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0470
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0470
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0470
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0470
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0470
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0470
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0470
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0470
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0470
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0470
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0470
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0470
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0470
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0470
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0470
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0470
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0470
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0470
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0470
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0470
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0470
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0475
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0475
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0475
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0475
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0475
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0475
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0475
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0475
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0475
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0475
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0475
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0475
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0475
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0475
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0475
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0475
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0475
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0475
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0475
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0475
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0475
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0475
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0475
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0475
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0475
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0475
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0475
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0475
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0475
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0475
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0475
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0475
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0475
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0475
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0475
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0480
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0480
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0480
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0480
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0480
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0480
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0480
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0480
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0480
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0480
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0480
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0480
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0480
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0480
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0480
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0480
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0480
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0480
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0480
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0480
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0480
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0480
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0480
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0480
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0480
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0480
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0480
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0480
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0480
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0480
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0480
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0480
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0480
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0480
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0480
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0480
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0480
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0480
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0480
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0480
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0480
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0480

734

P. Monteiro et al.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Green JB, Bethel MA, Armstrong PW, et al. TECOS Study Group
Effect of Sitagliptin on Cardiovascular Outcomes in Type 2 Dia-
betes. N Engl J Med. 2015;373:232-42.

Marx N, Rosenstock J, Kahn SE, et al. Design and baseline cha-
racteristics of the CARdiovascular Outcome Trial of LINAgliptin
Versus Glimepiride in Type 2 Diabetes (CAROLINA®). Diab Vasc
Dis Res. 2015;12:164-74.

Boehringer Ingelheim Cardiovascular and Renal Microvascular
Outcome Study With Linagliptin in Patients With Type 2 Diabetes
Mellitus (CARMELINA) [Accessed January 27, 2018]. Available
from: https://clinicaltrials.gov/ct2/show/NCT01897532.
Zinman B, Wanner C, Lachin JM, et al. EMPA-REG OUTCOME
Investigators. Empagliflozin Cardiovascular Outcomes, and Mor-
tality in Type 2 Diabetes. N Engl J Med. 2015;373:2117-28.
Neal B, Perkovic V, Mahaffey KW, et al. CANVAS Program Col-
laborative Group. Canagliflozin and Cardiovascular and Renal
Events in Type 2 Diabetes. N Engl J Med. 2017;377:644-57.

Li D, Yang JY, Wang T, et al. Risks of diabetic foot syndrome
and amputation associated with sodium glucose co-transporter
2 inhibitors: A Meta-analysis of Randomized Controlled Trials.
Diabetes Metab. 2018;44:410-4.

Raz I, Mosenzon O, Bonaca MP, et al. Declare-Timi 58:
Participants’ Baseline Characteristics. Diabetes Obes Metab.
2018;20:1102-10.

Merck Sharp & Dohme Corp. Cardiovascular Outcomes
Following Ertugliflozin Treatment in Type 2 Diabetes
Mellitus Participants With Vascular Disease, The VERTIS
CV Study [Accessed January 27, 2018]. Available from:
https://clinicaltrials.gov/ct2/show/NCT01986881.

Marso SP, Daniels GH, Brown-Frandsen K, et al. LEADER Ste-
ering Committee; LEADER Trial Investigators. Liraglutide and
Cardiovascular Outcomes in Type 2 Diabetes. N Engl J Med.
2016;375:311-22.

Marso SP, Bain SC, Consoli A, et al. SUSTAIN-6 Investigators.
Semaglutide and Cardiovascular Outcomes in Patients with Type
2 Diabetes. N Engl J Med. 2016;375:1834-44.

Holman RR, Bethel MA, Mentz RJ, et al. EXSCEL Study Group
Effects of Once-Weekly Exenatide on Cardiovascular Outcomes
in Type 2 Diabetes. N Engl J Med. 2017;377:1228-39.

Pfeffer MA, Claggett B, Diaz R, et al. ELIXA Investigators. Lixi-
senatide in Patients with Type 2 Diabetes and Acute Coronary
Syndrome. N Engl J Med. 2015;373:2247-57.

Gerstein HC, Colhoun HM, Dagenais GR, et al. REWIND Trial
Investigators. Design and baseline characteristics of partici-
pants in the Researching cardiovascular Events with a Weekly
INcretin in Diabetes (REWIND) trial on the cardiovascular effects
of dulaglutide. Diabetes Obes Metab. 2018;20:42-9.
GlaxoSmithKline Effect of Albiglutide, When Added to
Standard Blood Glucose Lowering Therapies, on Major
Cardiovascular Events in Subjects With Type 2 Diabe-
tes Mellitus [Accessed January 27, 2018]. Available from:
https://clinicaltrials.gov/ct2/show/NCT02465515.

Fitchett D, Zinman B, Wanner C, et al. Heart failure outcomes
with empagliflozin in patients with type 2 diabetes at high car-
diovascular risk: results of the EMPA-REG OUTCOME trial. Eur
Heart J. 2016;37:1526-34.

Fitchett D, Butler J, van de Borne P, et al. EMPA-REG OUTCOME®
trial investigators Effects of empagliflozin on risk for cardi-
ovascular death and heart failure hospitalization across the
spectrum of heart failure risk in the EMPA-REG OUTCOME® trial.
Eur Heart J. 2018;39:363-70.

Wanner C, Lachin JM, Inzucchi SE, et al. EMPA-REG OUT-
COME Investigators. Empagliflozin and Clinical Outcomes in
Patients With Type 2 Diabetes Mellitus. Established Cardiovascu-
lar Disease, and Chronic Kidney Disease. Circulation. 2018;137:
119-29.

. VermaS, Mazer CD, Al-Omran M, et al. Cardiovascular Outcomes

and Safety of Empagliflozin in Patients With Type 2 Diabetes

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Mellitus and Peripheral Artery Disease: A Subanalysis of EMPA-
-REG OUTCOME. Circulation. 2018;137:405-7.

Baartscheer A, Schumacher CA, Wust R, et al. Empagliflozin
decreases myocardial cytoplasmic Na+ through inhibition of the
cardiac Na+/H+ exchanger in rats and rabbits. Diabetologia.
2017;60:568-73.

Butler J, Hamo CE, Filippatos G, et al. The potential role and
rationale for treatment of heart failure with sodium-glucose
co-transporter 2 inhibitors. Eur J Heart Fail. 2017;19:1390-400.
Zinman B, Lachin JM, Inzuchi SE. Empagliflozin, cardiovascu-
lar outcomes, and mortality in type 2 diabetes. N Engl J Med.
2016;374:1094.

Fischereder M, Schonermarck U. Empagliflozin, cardiovascular
outcomes, and mortality in type 2 diabetes. N Engl J Med.
2016;374:1092-3.

Packer M, Anker S, Butler J, et al. Effects of sodium-glucose
cotransporter 2 inhibitors for the treatment of patients with
heart failure: Proposal of a novel mechanism of action. JAMA
Cardiol. 2017;2:1025-9.

Sattar N, McLaren J, Kristensen SL, et al. SGLT2 inhibition
and cardiovascular events: why did EMPA-REG Outcomes sur-
prise and what were the likely mechanisms? Diabetologia.
2016;59:1333-9.

Vettor R, Inzucchi SE, Fioretto P. The cardiovascular benefits
of empagliflozin: SGLT2-dependent and -independent effects.
Diabetologia. 2017;60:395-8.

Mudaliar S, Alloju S, Henry RR. Can a shift in fuel energetics
explain the beneficial cardiorenal outcomes in the EMPA-
-REG OUTCOME study? A unifying hypothesis. Diabetes Care.
2016;39:1115-22.

White WB, Cannon CP, Heller SR, et al. Alogliptin after acute
coronary syndrome in patients with type 2 diabetes. N Engl J
Med. 2013;369:1327-35.

Staels B. Cardiovascular protection by sodium glucose cotrans-
porter 2 inhibitors: Potential mechanisms. Am J Cardiol.
2017;120:528-36.

Inzucchi SE, Zinman B, Wanner C, et al. SGLT2 inhibitors and
cardiovascular risk: Proposed pathways and review of ongoing
outcome trials. Diab & Vasc Dis Res. 2015;12:90-100.
Ferrannini E, Muscelli E, Frascerra S, et al. Metabolic response
to sodium-glucose cotransporter 2 inhibition in type 2 diabetic
patients. J Clin Invest. 2014;124:499-508.

Ferrannini E, Mark M, Mayoux E. CV protection in the EMPA-
-REG OUTCOME trial: a ‘ ‘thrifty substrate’’ hypothesis. Diabetes
Care. 2016;39:1108-14.

Kohler S, Zeller C, Iliev H, et al. Safety and tolerability of Empa-
gliflozin in patients with type 2 diabetes: pooled analysis of
phase I-1lI clinical trials. Adv Ther. 2017;34:1707-26.
Jardiance®. Resumo das caracteristicas do medicamento. EMA.
08/12/2016.

Inzucchi SE, Iliev H, Pfarr E, Zinman B. Empagliflozin and Asses-
sment of Lower-Limb Amputations in the EMPA-REG OUTCOME
Trial. Diabetes Care. 2018 Jan;41:e4-5.

American Diabetes Association. 8. Pharmacologic Approaches
to Glycemic Treatment: Standards of Medical Care in Diabetes-
2018. Diabetes Care. 2018 Jan;41(Suppl 1):573-585.

Butler J, Hamo CE, Filippatos G, et al. EMPEROR Trials Pro-
gram The potential role and rationale for treatment of heart
failure with sodium-glucose co-transporter 2 inhibitors. Eur J
Heart Fail. 2017;19:1390-400.

Boehringer Ingelheim and Lilly expand heart failure pro-
gramme for empagliflozin with new exercise capacity trials,
in  https://www.boehringer-ingelheim.com/EMPERIAL-heart-
-failure, consulted on April.

Empagliflozin (Jardiance®) to be studied in chronic kidney
disease, in https://www.boehringer-ingelheim.com/press-
-release/empagliflozin-be-studied-chronic-kidney-disease,
consulted on March 2018.


http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0485
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0485
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0485
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0485
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0485
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0485
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0485
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0485
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0485
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0485
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0485
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0485
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0485
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0485
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0485
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0485
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0485
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0485
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0485
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0485
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0485
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0485
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0485
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0485
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0485
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0485
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0485
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0485
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0485
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0485
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0485
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0485
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0485
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0490
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0490
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0490
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0490
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0490
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0490
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0490
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0490
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0490
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0490
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0490
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0490
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0490
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0490
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0490
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0490
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0490
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0490
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0490
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0490
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0490
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0490
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0490
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0490
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0490
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0490
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0490
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0490
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0490
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0490
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0490
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0490
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0490
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0490
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0490
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0490
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0490
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0490
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0490
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0490
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0490
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0490
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0490
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0490
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0500
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0500
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0500
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0500
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0500
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0500
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0500
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0500
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0500
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0500
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0500
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0500
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0500
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0500
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0500
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0500
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0500
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0500
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0500
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0500
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0500
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0500
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0500
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0500
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0500
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0500
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0500
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0500
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0500
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0500
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0500
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0500
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0500
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0505
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0505
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0505
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0505
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0505
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0505
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0505
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0505
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0505
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0505
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0505
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0505
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0505
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0505
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0505
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0505
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0505
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0505
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0505
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0505
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0505
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0505
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0505
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0505
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0505
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0505
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0505
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0505
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0505
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0505
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0505
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0505
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0505
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0505
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0505
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0505
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0505
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0505
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0505
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0510
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0510
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0510
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0510
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0510
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0510
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0510
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0510
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0510
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0510
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0510
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0510
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0510
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0510
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0510
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0510
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0510
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0510
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0510
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0510
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0510
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0510
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0510
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0510
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0510
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0510
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0510
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0510
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0510
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0510
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0510
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0510
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0510
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0510
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0510
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0510
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0510
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0510
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0510
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0510
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0515
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0515
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0515
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0515
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0515
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0515
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0515
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0515
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0515
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0515
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0515
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0515
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0515
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0515
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0515
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0515
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0515
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0515
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0515
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0515
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0515
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0515
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0515
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0515
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0525
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0525
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0525
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0525
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0525
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0525
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0525
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0525
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0525
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0525
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0525
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0525
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0525
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0525
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0525
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0525
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0525
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0525
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0525
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0525
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0525
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0525
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0525
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0525
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0525
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0525
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0525
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0525
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0525
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0525
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0525
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0525
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0525
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0525
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0525
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0530
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0530
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0530
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0530
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0530
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0530
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0530
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0530
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0530
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0530
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0530
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0530
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0530
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0530
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0530
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0530
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0530
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0530
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0530
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0530
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0530
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0530
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0530
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0530
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0530
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0530
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0530
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0530
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0530
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0530
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0530
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0530
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0530
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0535
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0535
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0535
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0535
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0535
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0535
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0535
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0535
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0535
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0535
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0535
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0535
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0535
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0535
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0535
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0535
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0535
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0535
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0535
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0535
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0535
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0535
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0535
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0535
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0535
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0535
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0535
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0535
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0535
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0535
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0535
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0535
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0535
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0540
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0540
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0540
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0540
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0540
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0540
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0540
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0540
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0540
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0540
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0540
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0540
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0540
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0540
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0540
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0540
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0540
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0540
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0540
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0540
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0540
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0540
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0540
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0540
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0540
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0540
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0540
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0540
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0540
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0540
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0540
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0540
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0540
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0545
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0545
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0545
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0545
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0545
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0545
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0545
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0545
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0545
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0545
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0545
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0545
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0545
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0545
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0545
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0545
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0545
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0545
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0545
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0545
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0545
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0545
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0545
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0545
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0545
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0545
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0545
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0545
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0545
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0545
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0545
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0545
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0545
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0545
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0545
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0545
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0545
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0545
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0545
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0545
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0545
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0545
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0545
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0545
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0545
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0545
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0545
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0545
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0555
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0555
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0555
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0555
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0555
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0555
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0555
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0555
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0555
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0555
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0555
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0555
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0555
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0555
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0555
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0555
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0555
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0555
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0555
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0555
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0555
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0555
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0555
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0555
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0555
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0555
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0555
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0555
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0555
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0555
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0555
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0555
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0555
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0555
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0555
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0555
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0555
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0555
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0555
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0555
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0560
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0560
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0560
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0560
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0560
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0560
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0560
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0560
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0560
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0560
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0560
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0560
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0560
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0560
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0560
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0560
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0560
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0560
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0560
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0560
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0560
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0560
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0560
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0560
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0560
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0560
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0560
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0560
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0560
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0560
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0560
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0560
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0560
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0560
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0560
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0560
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0560
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0560
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0560
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0560
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0560
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0560
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0560
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0560
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0560
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0560
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0560
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0560
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0560
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0560
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0560
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0560
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0565
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0565
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0565
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0565
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0565
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0565
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0565
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0565
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0565
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0565
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0565
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0565
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0565
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0565
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0565
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0565
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0565
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0565
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0565
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0565
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0565
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0565
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0565
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0565
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0565
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0565
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0565
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0565
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0565
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0565
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0565
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0565
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0565
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0565
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0565
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0565
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0565
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0565
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0565
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0565
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0565
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0565
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0565
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0565
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0565
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0570
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0570
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0570
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0570
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0570
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0570
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0570
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0570
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0570
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0570
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0570
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0570
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0570
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0570
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0570
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0570
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0570
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0570
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0570
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0570
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0570
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0570
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0570
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0570
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0570
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0570
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0570
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0570
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0570
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0570
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0570
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0570
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0570
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0570
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0570
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0570
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0570
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0570
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0570
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0570
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0570
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0570
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0570
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0575
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0575
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0575
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0575
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0575
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0575
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0575
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0575
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0575
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0575
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0575
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0575
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0575
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0575
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0575
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0575
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0575
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0575
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0575
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0575
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0575
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0575
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0575
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0575
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0575
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0575
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0575
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0575
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0575
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0575
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0575
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0580
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0580
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0580
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0580
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0580
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0580
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0580
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0580
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0580
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0580
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0580
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0580
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0580
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0580
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0580
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0580
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0580
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0580
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0580
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0580
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0580
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0580
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0580
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0580
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0580
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0580
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0580
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0580
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0580
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0580
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0580
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0580
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0585
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0585
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0585
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0585
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0585
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0585
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0585
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0585
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0585
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0585
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0585
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0585
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0585
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0585
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0585
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0585
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0585
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0585
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0585
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0585
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0585
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0590
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0590
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0590
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0590
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0590
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0590
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0590
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0590
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0590
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0590
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0590
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0590
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0590
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0590
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0590
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0590
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0590
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0590
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0590
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0590
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0590
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0590
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0595
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0595
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0595
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0595
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0595
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0595
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0595
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0595
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0595
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0595
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0595
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0595
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0595
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0595
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0595
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0595
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0595
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0595
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0595
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0595
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0595
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0595
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0595
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0595
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0595
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0595
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0595
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0595
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0595
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0595
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0595
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0595
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0595
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0595
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0595
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0595
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0595
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0595
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0600
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0600
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0600
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0600
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0600
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0600
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0600
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0600
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0600
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0600
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0600
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0600
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0600
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0600
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0600
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0600
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0600
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0600
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0600
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0600
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0600
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0600
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0600
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0600
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0600
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0600
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0600
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0600
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0600
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0600
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0600
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0600
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0600
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0605
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0605
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0605
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0605
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0605
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0605
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0605
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0605
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0605
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0605
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0605
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0605
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0605
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0605
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0605
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0605
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0605
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0605
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0605
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0605
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0605
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0605
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0605
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0605
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0610
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0610
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0610
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0610
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0610
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0610
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0610
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0610
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0610
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0610
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0610
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0610
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0610
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0610
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0610
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0610
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0610
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0610
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0610
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0610
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0610
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0610
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0610
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0610
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0610
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0610
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0610
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0610
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0610
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0610
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0610
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0610
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0610
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0610
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0615
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0615
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0615
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0615
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0615
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0615
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0615
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0615
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0615
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0615
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0615
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0615
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0615
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0615
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0615
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0615
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0615
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0615
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0615
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0615
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0615
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0615
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0615
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0615
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0615
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0615
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0615
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0615
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0615
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0620
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0620
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0620
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0620
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0620
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0620
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0620
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0620
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0620
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0620
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0620
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0620
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0620
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0620
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0620
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0620
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0620
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0620
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0620
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0620
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0620
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0620
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0625
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0625
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0625
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0625
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0625
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0625
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0625
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0625
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0625
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0625
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0625
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0625
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0625
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0625
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0625
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0625
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0625
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0625
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0625
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0625
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0625
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0625
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0625
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0625
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0625
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0625
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0625
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0625
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0625
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0625
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0625
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0625
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0625
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0625
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0625
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0625
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0630
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0630
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0630
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0630
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0630
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0630
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0630
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0630
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0630
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0630
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0630
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0630
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0630
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0630
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0630
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0630
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0630
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0630
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0630
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0630
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0630
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0630
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0630
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0630
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0630
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0630
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0630
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0630
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0635
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0635
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0635
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0635
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0635
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0635
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0635
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0635
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0635
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0635
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0635
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0635
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0635
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0635
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0635
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0635
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0635
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0635
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0635
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0635
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0635
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0635
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0635
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0635
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0635
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0635
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0640
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0640
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0640
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0640
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0640
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0640
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0640
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0640
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0640
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0640
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0640
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0640
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0640
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0640
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0640
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0640
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0640
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0640
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0640
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0640
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0640
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0640
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0640
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0640
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0640
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0640
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0640
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0640
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0640
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0640
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0640
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0640
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0640
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0640
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0640
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0640
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0650
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0650
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0650
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0650
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0650
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0650
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0650
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0650
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0650
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0650
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0650
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0650
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0650
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0650
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0650
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0650
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0650
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0650
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0650
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0650
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0650
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0650
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0650
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0650
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0650
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0650
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0650
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0650
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0650
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0650
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0660
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0660
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0660
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0660
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0660
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0660
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0660
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0660
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0660
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0660
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0660
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0660
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0660
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0660
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0660
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0660
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0660
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0660
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0660
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0660
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0660
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0660
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0660
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0660
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0660
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0660
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0660
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0660
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0660
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0660
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0660
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0660
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0660
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0660
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0660
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0660
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0660
http://refhub.elsevier.com/S0870-2551(19)30480-9/sbref0660

Efeito da empagliflozina para além do controlo glicémico

735

65. Janssen Research & Development, LLC. Evaluation of
the Effects of Canagliflozin on Renal and Cardiovascu-
lar Outcomes in Participants With Diabetic Nephropathy
(CREDENCE) [Accessed April 2, 2018]. Available from:
https://clinicaltrials.gov/ct2/show/NCT02065791.

66. AstraZeneca. Multicenter Trial to Evaluate the Effect of
Dapagliflozin on the Incidence of Cardiovascular Events
(DECLARE-TIMI58) [Accessed April 2, 2018]. Available from:
https://clinicaltrials.gov/ct2/show/NCT01730534.

67. AstraZeneca. Study to Evaluate the Effect of Dapa-
gliflozin  on the Incidence of Worsening Heart
Failure or Cardiovascular Death in Patients With Chronic

68.

69.

Heart Failure (Dapa-HF) [Accessed April 2, 2018]. Available
from: https://clinicaltrials.gov/ct2/show/NCT03036124.

Saint Luke’s Health System. Dapagliflozin in Type 2 Diabetes
or Pre-diabetes, and PRESERVED Ejection Fraction Heart Fai-
lure (PRESERVED-HF) [Accessed April 2, 2018]. Available from:
https://clinicaltrials.gov/ct2/show/NCT03030235.
AstraZeneca. A Study to Evaluate the Effect of Dapagli-
flozin on Renal Outcomes and Cardiovascular Mortality in
Patients With Chronic Kidney Disease (Dapa-CKD) [Acces-
sed April 2, 2018]. Available from: https://clinicaltrials.
gov/ct2/show/NCT03036150.



	Efeito da empagliflozina para além do controlo glicémico: benefício cardiovascular em doentes com DMT2 e doença cardiovasc...
	Introdução: doença CV e diabetes
	Estado da arte nos estudos de outcomes CV na DMT2
	Benefício CV da empagliflozina em doentes com DMT2 e doença CV estabelecida
	Outcomes CV do EMPA‐REG OUTCOME
	Possíveis mecanismos para o benefício CV da empagliflozina
	Segurança e tolerabilidade
	O posicionamento da empagliflozina no tratamento da diabetes

	Futuras linhas de investigação da empagliflozina: estudos EMPEROR (insuficiência cardíaca) e EMPA‐Kidney (doença renal cró...
	Conclusão
	Financiamento
	Conflitos de interesse
	Referências


