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                                                                                                                                Resumo 

   
 

Introdução: Vários estudos demonstraram que os inibidores da dipeptidyl peptidase-4 

(DPP-4), usados no tratamento de pacientes portadores de diabetes mellitus do tipo 2 

(DM 2), melhoraram a função endotelial. Objetivos: O presente estudo avaliou os 

efeitos da vildagliptina, um inibidor de DPP-4, comparado à glibenclamida 

(sulfonilureia), na função endotelial, na rigidez arterial e na pressão arterial de 24 horas 

de pacientes com DM 2 e hipertensão arterial (HA).  Casuística e Métodos: Este foi 

um estudo prospectivo, randomizado, aberto, controlado por fármaco, que incluiu 

cinquenta pacientes com idade superior a 35 anos, com DM 2 e HA, livres de doença 

cardiovascular, randomizados para tratamento com vildagliptina ou glibenclamida. 

Metformina foi adicionada a todos os pacientes. A monitorização ambulatorial de 

pressão arterial de 24 horas e avaliação da função endotelial foram realizadas antes e 

após 12 semanas de tratamento. A função endotelial foi avaliada pela tonometria arterial 

periférica (Endo-PAT 2000), que calcula o índice de hiperemia reativa (IHR) e a rigidez 

arterial por meio do augmentation index (Aix@75). A rigidez arterial também foi 

avaliada por parâmetros do Aix@75, velocidade da onda de pulso (VOP) e pressão 

arterial sistólica central (PSc) por meio de monitorização ambulatorial de 24 horas 

usando Mobil-O-Graph® PWA. O desfecho primário foi variação do IHR após 

tratamento com vildalgiptina comparado ao tratamento com glibenclamida. Resultados: 

Não houve diferença no IHR no grupo da vildagliptina (antes 2,348 ± 0,5868; depois 

2,2408 ± 0,6019, P = 0,742) ou no grupo da glibenclamida (antes 2,3636 ± 0,5163; 

depois 2,3375 ± 0,4996, P = 0,950) e entre os grupos (P = 0,5479). Similarmente, o 

tratamento com vildagliptina e glibenclamida não produziu efeitos no AIx@75 PAT (P 

= 0,696), na 24-hs: PSc (P = 0,274) e na VOP (P = 0,324). Conclusões: O tratamento 

durante 12 semanas com vildagliptina em pacientes portadores de DM 2 e HA não 

alterou a função endotelial e nem a rigidez arterial. Assim, este fármaco apresenta uma 

ação neutra na função vascular, confirmando sua segurança no tratamento de pacientes 

com doença cardiovascular. 

Palavras-chave:  1. Inibidor de DPP-4; 2. Função endotelial; 3. Vildagliptina; 4. 

Diabetes mellitus do tipo 2; 5. Hipertensão arterial; 6. Rigidez 

arterial. 
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Abstract 

  

Introduction: Several trials have shown that dipeptidyl peptidase-4 (DPP-4) inhibitors, 

used to treat patients with diabetes mellitus type 2 (T2DM), improve endothelial 

function. Objectives: The current study investigated the effects of vildagliptin, a DPP-4 

inhibitor, compared to glibenclamide on endothelial function and arterial stiffness (AS) 

in patients with T2DM and hypertension (HT). Casuistics and Methods: This trial was 

a prospective randomized, open label, controlled by drug. Fifty patients aged over 35 

years with T2DM and hypertension, without cardiovascular disease, were randomly 

allocated to treatment with vildagliptin (n=25) or glibenclamide (n=25). Both groups 

used metformin. A 24-h non-invasive ambulatory blood pressure monitoring and 

assessment of endothelial function were performed before and after 12 weeks of 

treatment. Endothelial function was evaluated by peripheral artery tonometry (Endo-

PAT 2000), measuring the reactive hyperemia index (RHI) and arterial stiffness. AS 

was also evaluated by augmentation index (Aix@75), pulse wave velocity (PWV) and 

central systolic blood pressure (cSBP) parameters with a portable compact digital BP 

recorder Mobil-O-Graph® 24-hour PWA monitor. The primary study outcome was 

change in the RHI after vildagliptin vs. glibenclamide treatment. Results: There were 

no changes in RHI in the vildalgliptin group (before 2.348 ± 0.5868; after 2.2408 ± 

0.6019, P = 0.742) or in the glibenclamide group (before 2.3636 ± 0.5163; after 2.3375 

± 0.4996, P = 0.950) and no difference between groups (P = 0.5479).  There was no 

difference between vildagliptin and glibenclamide treatment in AIx@75 PAT (P = 

0.696), in 24-hs: cSBP (P = 0.274) and in PWV (P = 0.324).  Conclusions: Vildagliptin 

in patients with T2DM and HT did not change endothelial function and AS during 12 

weeks. Thus, this drug has a neutral effect on vascular function, providing its 

effectiveness for the treatment of patients with cardiovascular disease. 

 

Key-Words: 1. DPP-4 inhibitor; 2. Endothelial function; 3 Vildagliptin; 4. Diabetes 

mellitus type 2; 5. Hypertension; 6. Arterial stiffness.  
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1. INTRODUÇÃO 

 A doença cardiovascular (DCV) é a principal causa de mortalidade em países 

desenvolvidos e em desenvolvimento. No Brasil, a DCV é responsável por mais de 30% 

da mortalidade total e responde por 1,2 milhões de hospitalizações/ano.(1) Hipertensão 

arterial (HA) e diabetes mellitus do tipo 2 (DM 2) estão entre as principais causas de 

DCV, sendo a HA a mais prevalente das DCV, afetando 30-40% dos adultos (mais de 

70 milhões de Americanos e 36 milhões de Brasileiros).(2-3) Por outro lado, 13,5 a 15% 

da população brasileira apresenta DM 2.(4-5) Com o envelhecimento da população 

global, é esperado que a prevalência de DM na população com idade entre 20 e 79 anos 

aumente de 8,8%, em 2015, para 10,4%, em 2040, em todo o mundo. Assim, é previsto 

um aumento proporcional da prevalência de HA e DM 2.(6)       

 O DM 2 está associado a um risco duas vezes maior de DCV.(7) A disfunção 

endotelial é um preditor independente para DCV em pacientes com DM 2(8) e, também é 

considerada um marcador precoce de complicacões vasculares,(9) além de estar 

envolvida no processo aterogênico da doença arterial coronariana (DAC).(10-11) Vários 

mecanismos estão envolvidos na disfunção endotelial do diabetes, entre eles: redução da 

biodisponibilidade do óxido nítrico, diminuição da vasodilatação dependente do 

endotélio, maior atividade inflamatória e estado pró-coagulante.(12) 

         No tratamento do DM 2, é importante o uso de fármacos que, além de melhorarem 

o controle glicêmico, promovam proteção cardiovascular. Recentemente, os fármacos 

que agem no sistema incretina parecem desempenhar efeitos benéficos na função 

endotelial.(13) Neste sentido, as incretinas glucagon-like peptide-1 (GLP-1) e glucose-

dependent insulinotropic polypeptide (GIP) pertencem a um grupo de hormônios 

gastrointestinais que estimulam a secreção de insulina em resposta à ingestão alimentar. 
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No entanto, as incretinas são rapidamente degradadas por uma enzima denominada 

dipeptidil-peptidase-4 (DPP-4) e, consequentemente, transformadas em metabólitos 

inativos.(13) Estudos demonstram que existe sinalização fisiológica do GLP-1 nas células 

endoteliais e nas células do músculo liso vascular, que promove uma ação 

vasodilatadora mediada por receptores específicos de GLP-1 no endotélio vascular e 

melhora a função endotelial.(14-16) Entretanto, os efeitos cardiovasculares do GLP-1 

podem ser independentes de receptores e parecem atuar por meio de metabólitos do 

GLP-1.(17)  

Várias pesquisas sobre a ação vascular dos agonistas/análogos do GLP-1 e 

inibidores de DPP-4 foram realizadas e os resultados são controversos.(18-22) Estudo com 

a exenatide, um agonista do GLP-1, mostrou um significante aumento da vasodilatação 

mediada pelo fluxo (VMF).(18) Adicionalmente, a liraglutida, análogo do GLP-1, 

reduziu os níveis do inibidor do ativador de plasminogênio 1 (PAI-1) e da arginina di-

metil assimétrica, melhorando a biodisponibilidade do óxido nítrico.(19)      

Outros estudos demonstraram um aumento do fluxo sanguíneo global do 

miocárdio, após a infusão do agonista de GLP-1 em pacientes com DM 2(20) e, também 

com a infusão de GLP-1 em indivíduos saudáveis.(21) Porém, a liraglutida não melhorou 

a função microvascular coronariana de pacientes com DM 2 em outro estudo.(22) 

Os estudos realizados com inibidores de DPP-4, grupo de fármacos utilizados no 

tratamento do DM 2 que aumenta a meia-vida do GLP-1 endógeno, também mostraram 

resultados conflitantes em relação à função vascular. Os inibidores de DPP-4 

disponíveis para a prática clínica são: sitagliptina, vildagliptina, saxagliptina, 

linaglipitna e alogliptina. Pesquisa realizada com a sitagliptina aumentou o número de 

células progenitoras endoteliais em pacientes portadores de DM 2.(23) Outro estudo com 
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a vildagliptina demonstrou melhora da vasodilatação dependente de endotélio, 

avaliando de forma invasiva o fluxo sanguíneo no antebraço.(24) Contrastando com esses 

resultados positivos, outras pesquisas demonstraram que a sitagliptina não alterou a 

função endothelial, após 12 e 24 meses de tratamento,(25) e houve piora da função 

endotelial com a sitagliptina e a alogliptina em outro estudo.(26) 

Recentemente, três grandes estudos randomizados multicêntricos, que avaliaram 

a saxagliptina,(27) a alogliptina,(28) e a sitagliptina(29) não demonstraram nenhuma 

redução nos eventos cardiovasculares. Sobretudo, esses fármacos não aumentaram os 

desfechos primários e foram considerados seguros no tratamento de pacientes com 

DCV. Entretanto, houve um aumento do número de hospitalizações por insuficiência 

cardíaca no braço da saxagliptina do estudo SAVOR.(27)   

Atualmente, vários métodos são utilizados para avaliar a função endotelial, 

incluindo os marcadores plasmáticos de atividade endotelial, avaliação da estrutura 

vascular como a medida da espessura da camada íntima-média da carótida, além da 

rigidez arterial, VMF e tonometria arterial periférica (peripheral arterial tonometry, 

PAT).    

A avaliação da função endotelial com PAT (Endo-PAT 2000) em pacientes com 

DAC mostrou forte correlação deste método com a disfunção endotelial.(30-33) Por meio 

de uma técnica simples, não-invasiva, observador-independente e reprodutível, o 

método mede as alterações de volume no pulso digital antes e, após a oclusão do fluxo 

sanguíneo e calcula automaticamente o índice de hiperemia reativa (IHR), considerado 

um índice de função endotelial. Adicionalmente, a rigidez arterial é avaliada por meio 

do cálculo do índice de incremento (augmentation index, AIx). Entretanto, o método de 

PAT é diferente do VMF, pois nele se avalia a artéria de resistência enquanto no VMF o 
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alvo vascular é a artéria braquial, que é condutora. Embora a vasodilatação dependente 

do óxido nítrico endotelial seja mais proeminente com a técnica do VMF, e este método 

seja considerado o padrão-ouro na avaliação da função endotelial periférica, o Endo-

PAT também reflete esse efeito.(34) Recentemente, uma meta-análise mostrou que 

ambos os métodos Endo-PAT e VMF são preditores para DCV; porém, mais estudos 

são necessários para determinar se os métodos são independentes um do outro.(35)  

Outro parâmetro utilizado na investigação da disfunção endotelial é a rigidez 

arterial, reconhecida como marcador de risco para DCV,(36) de forma que a função 

endotelial alterada é um dos mecanismos envolvidos na patogênese da rigidez 

arterial.(37) A coexistência de HA e diabetes no paciente aumenta a rigidez arterial 

quando comparada à presença isolada de HA ou de DM 2.(38) Além disso, os parâmetros 

avaliados de rigidez arterial estão envolvidos em vários desfechos clínicos (DAC, 

acidente vascular cerebral, albuminúria, progressão da doença renal crônica, sobrevida 

de paciente com doença renal em estágio final e risco cardiovascular global)(39-44) e são 

mais importantes no prognóstico clínico em relação aos fatores de risco 

cardiovasculares clássicos conhecidos como idade, gênero, tabagismo e dislipidemia.(45)  

Para avaliar a rigidez arterial, a tonometria de aplanação da artéria radial é um 

método não-invasivo que estima a complacência arterial, a pressão arterial (PA) central 

e também calcula o AIx, derivado da análise da onda de pressão da aorta.(46-47) A 

elevação do AIx correlaciona-se com uma maior rigidez arterial, contribuindo para o 

risco cardiovascular.(39,45) Existem evidências de que a medida da PA central (medida 

na raiz da aorta), representa um melhor fator preditivo de desfecho cardiovascular do 

que a medida da PA periférica (braquial).(48-50) Como AIx é influenciado pela 

frequência cardíaca, o índice corrigido pela frequência cardíaca de 75 batimentos por 



 

Introdução 
6 

minuto (AIx@75) é usado, conforme previamente descrito.(51) Além do AIx@75, a 

rigidez arterial também pode ser avaliada por parâmetros como pressão sistólica central, 

pressão de pulso e velocidade da onda de pulso (VOP).(52) Marcadores inflamatórios 

estão associados com a VOP em pacientes hipertensos resistentes, indicando correlação 

entre inflamação e rigidez arterial.(53) 

Assim, o objetivo desse estudo foi avaliar o efeito da vildagliptina na melhora 

da função endotelial e da rigidez arterial, além dos efeitos benéficos deste fármaco no 

controle glicêmico. Para este propósito, esta pesquisa é apresentada em uma sequência 

de três artigos, que abordam o uso do fármaco vildagliptina em pacientes com DM 2 e 

HA.  

Os dois primeiros artigos foram publicados em revistas indexadas e com fator de 

impacto. O primeiro artigo refere-se a um relato de caso, no qual foi utilizada a 

tonometria de aplanação da artéria radial para explorar o efeito da vildagliptina na 

rigidez arterial, ao avaliar a PA central e o AIx@75. O segundo artigo trata do 

protocolo de pesquisa dos efeitos da vildagliptina na função endotelial, na rigidez 

arterial e na monitorização da pressão arterial de 24 horas (PA central, PA periférica, 

VOP, pressão de pulso) em pacientes com DM 2 e HA. Para essa finalidade a 

vildagliptina foi comparada à glibenclamida, que pertence ao grupo das sulfonilureias 

sem ação benéfica vascular comprovada,(54) sendo que ambas foram associadas à 

metformina. O terceiro artigo mostra os resultados do protocolo de pesquisa relatado no 

segundo artigo. Para realização da pesquisa, foram utilizados os aparelhos Endo-PAT 

2000 e aparelho de PA digital de 24 horas Mobil-O-Graph® PWA. 
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2. RESULTADOS 

 

 2.1. Artigos Científicos 

 

 Os resultados deste trabalho encontram-se descritos em dois artigos submetidos 

e um a ser sumetido à publicação em revistas indexadas. 

 

Artigos: 

1. Luciana Neves Cosenso-Martin, Luiz Tadeu Giollo-Júnior, José Fernando Vilela-

Martin. DPP-4 Inhibitor Reduces Central Blood Pressure in a Diabetic and 

Hypertensive Patient: A Case Report. (Publicado na revista Medicine (Baltimore). 

2015 Jul;94(27):e1068./ doi: 10.1097/MD.0000000000001068). 

2. Luciana Neves Cosenso-Martin, Luiz Tadeu Giollo-Júnior, Débora Dada Martineli, 

Cláudia Bernardi Cesarino, Marcelo Arruda Nakazone, José Paulo Cipullo, José 

Fernando Vilela-Martin. Twelve-week randomized study to compare the efect of 

vildagliptin vs. glibenclamide both added-on to metformin on endothelium function in 

patients with type 2 diabetes and hypertension. (Publicado na revista Diabetology and 

Metabolic Syndrome. 2015 Aug 26;7:70./ doi: 10.1186/s13098-015-0062-z).  

3. Luciana Neves Cosenso-Martin, Luiz Tadeu Giollo-Júnior, Marcelo Arruda 

Nakazone, José Fernando Vilela-Martin. The effect of vildagliptin on endothelial 

function, arterial stiffness and blood pressure in patients with type 2 diabetes and 

hypertension. (A ser submetido para revista Diabetes Care).          
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Abstract 

OBJECTIVE 

Several trials have shown that dipeptidyl peptidase-4 (DPP-4) inhibitors, used to treat 

type 2 diabetes (T2DM), improve endothelial function. The current study investigated 

the effects of vildagliptin, a DPP-4 inhibitor, compared to glibenclamide on endothelial 

function and arterial stiffness (AS) in patients with T2DM and hypertension. 

RESEARCH DESIGN AND METHODS 

This trial was a prospective randomized, open label, controlled by drug.  Patients aged 

over 35 years with T2DM and hypertension, without cardiovascular disease, were 

randomly allocated to treatment with vildagliptin (n=25) or glibenclamide (n=25). Both 

groups used metformin. Endothelial function was evaluated by peripheral artery 

tonometry (Endo-PAT 2000), measuring the reactive hyperemia index (RHI) and AS. 

The primary outcome was change in the RHI after 12 weeks of vildagliptin vs. 

glibenclamide treatment. A 24-h non-invasive ambulatory blood pressure monitoring 

was performed before and after 12 weeks of treatment. AS was evaluated by 

augmentation index (AIx75), pulse wave velocity (PWV) and central systolic blood 

pressure (cSBP) parameters.  

RESULTS 

There were no changes in the RHI in the vildagliptin group (before 2.348 ± 0.5868; 

after 2.2408 ± 0.6019, P=0.742) or in the glibenclamide group (2.3636 ± 0.5163 and 

2.3375 ± 0.4996, P=0.950), and no differences between groups (P=0.5479). There was 

also no difference between vildagliptin and glibenclamide treatment in AIx75 

(P=0.696), in cSBP (P=0.274) and in PWV (P=0.324).  

CONCLUSIONS 

Vildagliptin, in patients with T2DM and hypertension, does not change endothelial 

function and AS during 12 weeks. Thus, this drug has a neutral effect on vascular 

function.  

Key-words: arterial stiffness, diabetes, hypertension, endothelial function, pulse wave 

velocity, vildagliptin  
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Introduction 

Cardiovascular disease (CVD) is the main cause of deaths in developing and developed 

countries. Hypertension (HT) and type 2 diabetes mellitus (T2DM) are among the main 

causes of CVD (1). T2DM is associated with a twofold higher risk for CVD (2). 

Endothelial dysfunction is an independent predictor for future CVD in patients with 

T2DM (3) and is considered an early marker of vascular complications (4). Thus, the 

T2DM management includes reduce the incidence of CVD.                                     

Today, some groups of drugs that act on the incretin system, such as glucagon like 

peptide-1 (GLP-1) analogues/agonists and dipeptidyl peptidase-4 enzyme (DPP-4) 

inhibitors, are used to treat T2DM and may be responsible for beneficial effects on 

endothelial function (5). Those effects might be through a specific GLP-1 receptor in 

the vascular endothelium (6) and mediated by the metabolites of GLP-1 (7). One study 

on exenatide, a GLP-1 agonist, showed a significant increase in flow-mediated 

vasodilatation (FMD) (8). 

Vildagliptin, a DPP-4 inhibitor, improved endothelium dependent vasodilatation with an 

invasive method in T2DM patients (9). In contrast, other studies did not demonstrate 

same effects (10,11). 

Recently, three large multicenter, randomized trials testing saxagliptin (12), alogliptin 

(13), and sitagliptin (14) did not find any reduction in cardiovascular events. However, 

these drugs are considered safe for patients with CVD. 

Several variables have been used to assess impaired endothelial function and arterial 

stiffness (15). Among them, FMD and peripheral arterial tonometry (PAT) are very 

useful. PAT is a simple, non-invasive, and reproducible technique used to assess 

endothelial function and, in patients with CAD, has been shown to strongly correlate 

with the parameters of endothelial dysfunction (16-17). It measures volume changes in 

the fingertip before and after blood flow occlusion and automatically calculates the 

reactive hyperemia index (RHI), providing an index for endothelial function. 

Furthermore, it evaluates arterial stiffness (AS) calculating augmentation index (AIx).  

Arterial stiffness is another parameter used to investigate endothelial dysfunction. 

Patients with both HT and T2DM exhibit increased arterial stiffness compared to those 

with either T2DM or HT alone (18). The AIx is a marker of wave reflection derived 

from aortic pressure wave analysis, with increased AIx being correlated to increased 
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stiffness and contributing to cardiovascular risk (19-20). Evidence shows that the 

central blood pressure (BP) is more relevant to cardiovascular outcomes than the BP in 

the brachial artery (21). As the AIx is influenced by heart rate, a index normalized for a 

heart rate at 75 bpm (AIx75) was used in accordance with Wilkinson et al (22). More 

recently, a study demonstrated improvement in central BP and AIx75 following the use 

of vildagliptin in a patient with T2DM and HT (23). 

Thus, the purpose of this study was to evaluate the effect of vildagliptin compared to 

glibenclamide both added-on to metformin on endothelial function and arterial stiffness 

in patients with T2DM and hypertension. 

 

Research Design and Methods 

Study Design 

This trial was a randomized, open label, controlled by drug as described previously 

(24). This study was registered on clinicaltrials.gov identifier: NCT02145611. It was 

designed to assess the effect of vildagliptin 50 mg twice a daily (bid) on endothelial 

function in patients with T2DM and hypertension compared to glibenclamide (5-20 

mg/day depending on glycemic control). 

  

Study Population 

Between July 2013 and February 2016, 112 patients from the diabetes and hypertension 

outpatient clinics at the Hospital de Base, FAMERP, Brazil were invited to participate 

in this study. The Research Ethics Committee of the institution approved the study 

protocol according to national and international guidelines. All patients gave their 

informed consent. The inclusion criteria were: history of T2DM and mild hypertension 

no longer than 15 years, age ≥ 35 years, HbA1c between 7.0 (53 mmol/L) and 10.5% 

(91 mmol/L), body mass index (BMI) < 35Kg/m2.  The exclusion criteria were: use of 

insulin, pioglitazone, GLP-1 receptor agonist, DPP-4 inhibitor or acarbose, intolerance 

to metformin, smoking, resistant hypertension, cardiovascular disease, cerebrovascular 

disease, creatinine clearance < 45 mL/min, altered treadmill stress test. 

Randomization and Study Intervention 

A computer-validated software (Random allocator) was used for random allocation. 
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Twenty-five individuals with T2DM and hypertension were evaluated in the vildagliptin 

plus metformin group compared to 25 diabetic and hypertensive subjects in the 

glibenclamide plus metformin group before and after 12 weeks of treatment. 

 

Observation Variables and Schedule 

The study period was 12 weeks after randomization. Clinical outcome, adherence, and 

adverse events were confirmed, and clinical and biochemical data were collected at 0 

and 12 weeks after randomization.  

 

Study Outcomes 

 The primary study outcome was change in the endothelial function evaluated by RHI 

from baseline after 12 weeks of vildagliptin vs. glibenclamide treatment. 

The secondary outcomes were change in the AS and blood pressure from baseline after 

12 weeks of vildagliptin vs. glibenclamide treatment. AS was evaluated by AIx75, 

central pulse pressure (PP), central blood pressure and pulse wave velocity (PWV).  

Measurement of Endothelial Function 

Peripheral arterial tonometry (Endo-PAT 2000; Itamar Medical, Caesarea, Israel) is a 

non-invasive peripheral test of endothelial function (17). This test was performed at 

baseline and after 12 weeks of treatment as described previously (24). This device also 

evaluated AIx75. 

 

24-h blood ambulatory blood pressure monitoring (ABPM) 

The 24-h blood pressure monitoring was performed by a portable compact digital BP 

recorder (Mobil-O-Graph® 24-hour PWA monitor). This device evaluates the central 

aortic pressure waveform and can be used to determine central systolic and diastolic BP, 

central PP, AIx75, PWV during 24 hours. Central PP and AIx75 are markers of arterial 

stiffness showing good correlation with cardiovascular morbidity and mortality (19,20). 

PWV is a direct measure of arterial stiffness of large arteries. 

 

Biochemical Tests 
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Blood samples were drawn after 12 hours of fasting to measure total cholesterol (TC), 

high-density lipoprotein cholesterol (HDLc), triglycerides (TG), glycemia, serum 

creatinine, alanine aminotransferase, glycated hemoglobin (HbA1c). The glomerular 

filtration ratio (GFR) was estimated using the Modification of Diet in Renal Disease 

(MDRD) formula: GFRMDRD (mL/min/1.73 m2) = 186 (serum creatinine) -1.154 
× 

(age) -0.203 
× (0.742 if female) × (1.212 if black) (25).  

Statistical Analysis 

All analysis was performed using SPSS Statistical Software (IBM SPSS Statistics for 

Windows, Version 21.0. Armonk, NY: IBM Corp.). Continuous variables were 

presented as mean ± SD and categorical variables as frequencies. Differences between 

the both groups at baseline were evaluated by unpaired t-test or the Mann-Whitney test 

for comparison of continuous variables. The chi-square test or Fisher’s exact test was 

employed to compare categorical variables. The change from baseline to 12-weeks 

follow-up in the both groups was evaluated using the paired t test for continuous 

variables. Pearson's correlation was performed to assess the relationship between 

HbA1c and RHI and AIx, after confirmation of similarity between groups in respect to 

demographic data (age, gender, GFR, and comorbidities: hypertension and 

dyslipidemia) and HbA1c targets after 12 weeks of considered treatment. All statistical 

were two-sided with 5% significance level. 

 

Results 

The majority of screen failure was due to HbA1c levels (41 patients), followed by 

altered treadmill stress test (9 patients), BMI above 35 (3 patients) and others. Fifty 

patients were enrolled in the study and 48 (24 for each group) completed the study. One 

patient in the vildagliptin was withdrawn because of a worsening of renal function not 

related to the drug. Another patient in the glibenclamide group was lost to follow-up. 

The baseline demographic and clinical characteristics of all subjects and the effects of 

each treatment are shown in Table 1. There were no differences between the 2 groups in 

age, duration of T2DM and HT, BMI, HbA1c level, concomitant use of medications, 

except for aspirin, more common in the glibenclamide group (P = 0.037). There was no 
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statistically significant difference in heart rate, BP, BMI, eGFR within and between 

groups after treatment.  

Although the vildagliptin group demonstrated reduction of total cholesterol, LDL 

cholesterol and triglycerides (P < 0.05), the difference between groups was not 

significant. There was no difference in metformin use, comparing the groups (1789.583 

± 603.9686 mg/day and 1750 ± 726.5164 mg/day, for vildagliptin and glibencalmide 

groups, respectively, P = 0.983). The mean glibenclamide use was 12 ± 4.472 mg/day in 

the group 2. 

There were no changes in RHI in the vildagliptin group (before 2.348 ± 0.5868; after 

2.2408 ± 0.6019, P = 0.742) or in the glibenclamide group (before 2.3636 ± 0.5163; 

after 2.3375 ± 0.4996, P = 0.950) (Figure 1). There was also no difference in RHI 

between groups (P = 0.5479). In addition, there was no change in AIx75 PAT within 

groups (P = 0.696 and 0.819 for vildagliptin and glibenclamide, respectively).   

Both groups presented similar decreases in HbA1c (P = 0.1814 and P = 0.1709 in the 

vildagliptin and glibenclamide groups). However, fasting glucose decreased 

significantly in both groups (P = 0.0185 and P = 0.0170 in the vildagliptin and 

glibenclamide groups, respectively), but without difference between groups (P = 

0.5676), as shown in the Table 1. 

In relation to ABPM, the patients in two groups significantly decreased 24-hour: 

systolic blood pressure (SBP), diastolic BP (DBP), mean blood pressure (MBP) and 

periferic pressure pulse (PPP) compared to baseline values (P = 0.032, 0.027, 0.022 and 

0.039 in the vildagliptin group; P = 0.002, 0.002, 0.002 and 0.016 in glibenclamide 

group) (Table 2). However there was no difference between the groups P = 0.658, 

0.928, 0.865 and 0.609, respectively). Additionally, a reduction in 24-hour central SBP 

(cSBP) and 24-hour PWV occurred in both groups, but significantly only in the 

glibenclamide group (P = 0.003 for both parameters), without difference comparing 

with vildagliptin (P = 0.274 and 0.324 for cSBP and PWV, respectively). There was no 

change in 24-hour AIx75 and in central PP in both groups (P = 0.988 and 0.329 in the 

vildagliptin group; P = 0.376 and 0.101 in the glibenclamide group).  

Pearson’s correlation demonstrated that there was not correlation between glycemic 

control, BP and arterial stiffness parameters and RHI in both groups. In contrast, age, 

central PP and office BP were correlated with PWV after 12 weeks in both groups (P < 
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0.001, P = 0.008 and 0.008 for vildagliptin; P <0.001, 0.001 and <0.001 for 

glibenclamide). AIx75 PAT was correlated with PWV only in the glibenclamide group 

(P = 0.007), whereas cSBP and SBP were correlated with PWV only in the vildagliptin 

(P = 0.006 and 0.002).   

No serious adverse event was reported. Although hypoglycemic events were reported in 

two patients in the glibenclamide group, this was not different (P = 0.149). In the 

vildagliptin group, one patient finished his treatment earlier (7 weeks) due to 

hyperglicemic event, and insulin was started, but it was not ketoacidosis. One patient in 

the vildaglipitn was withdrawn because a worsening of renal function not related to the 

drug. 

 

Conclusions 

 

This was a randomized, open label, prospective study that compared the effect of 

vildagliptin vs. glibenclamide added-on to metformin on endothelial function in 

hypertensive and diabetic patients. Similar degrees of improvement in glycemic control 

were achieved in the vildagliptin and glibenclamide groups. According to a previous 

study with pooled data on vildagliptin monotherapy (26), this trial also demonstrated 

reduction of total cholesterol, LDL cholesterol and triglycerides (P < 0.05) in the 

vildagliptin group, but difference for glibenclamide group was not significant. 

Differently of present study, the sample size was large (> 2000 naïve patients), for 24 

weeks of treatment and no data of confounding blood pressure and lipid medication 

were collected.  

However, vildagliptin did not alter endothelial function assessed by Endo-PAT 2000, 

similarly to a trial with liraglutide, a GLP-1 analogue, in RHI (10). The effect of 

vildagliptin on endothelial function has been controversially reported. A recent research 

observed vascular function improvement by measuring forearm blood flow during Ach 

infusion (9). Although it might be attributable to a difference in methodology, Endo-

PAT 2000, used in the present study, also evaluates resistance artery (not invasive). 

Differently from them (9), endothelial function was performed before and after 

treatments, while they measured vascular function only after the treatments. 

Additionally, sitaglipin improved FMD in diabetic subjects (27). However, the study 
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was performed in a single arm, without a control group. Other studies with sitagliptin 

(28) and linagliptin (29) did not alter endothelial function, while sitagliptin and 

alogliptin attenuated endothelial function by FMD (11).  

Our study did not demonstrate effect of DPP-4 inhibitor on arterial stiffness, contrasting 

with recent studies with linagliptin, which prevented western diet-induced aortic 

stiffening in female mice (30) and with sitagliptin and vildagliptin, which reduced 

AIx75, cSBP after 8 weeks of treatment in 51 T2DM (31). Although the study was 

similar to the present study, some differences can be observed. In our study, all patients 

had hypertension, CVD was excluded according to image methods and not only by 

history and renin-angiotensin system blockers were prescribed to all subjects. Thus, 

those factors could explain the lack AS improvement in our subjects. In contrast, our 

results are comparable to two other researchers, which demonstrated neither sitagliptin 

nor glibenclamide (32) or vildagliptin added to metformin had effect on AS in subjects 

with T2DM (33). Furthermore, Gordin D et al demonstrated that AS in T2DM subjects 

is similar to controls during fasting. Thus, they concluded that rigorous control of BP 

with renin-angiotensin system blockers and cholesterol with statins could decrease the 

development of arterial stiffness in T2DM (34). 

At present study, there was improvement of 24h-SBP, 24-DBP and 24-h PPP in both 

groups, similarly to previously described (31). Although this effect is mainly due the 

hypertensive treatment and no related to the diabetic treatment, Jackson et al 

demonstrated that the effects of DPP-4 inhibitors on BP are context dependent (35).  

Although recent researchers demonstrated anti-atherosclerotic effects of DPP-4 

inhibitors (36-39), our results have not demonstrated beneficial effect of vildagliptin on 

vascular function. A recent experimental study demonstrated that sitagliptin acts against 

oxidative stress in rats not receiving renin-angiotensin system blockers (40). As all 

subjects in our study used renin-angiotensin system blockers, this might explain no 

changes of vildagliptin on vascular function.  

The results of this trial are according with 3 large multicenter, randomized trials (12-

14), which did not find any reduction in cardiovascular events. Although this is a small 

sample size and only 12 weeks of treatment, this is the first study that included diabetic 

and hypertensive patients without CVD, with control of variables that influence in 

endothelial function, such as smoking, insulin and renin-angiotensin system blockers. 
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Finally, as there was not effect of vildagliptin on endothelial function and arterial 

stiffness, others randomized trials are necessary to confirm the beneficial effect of the 

DPP-4 inhibitors on vascular function. 
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Table 1 – Clinical and Biochemical Parameters of the subjects 

 
 
 

Vildagliptin 
group (n=25) 

Glibenclamide 
group   (n=25) 

 

 Baseline 12 weeks Baseline 12 weeks 
Female, n (%) 17 (68)  15 (60)  
Age, years 60.5 ± 7.0  59.4 ± 8.2  
Duration diabetes, month 82.5 ± 67.7  71 ± 47.6  
Duration HT, month 114.2 ± 55  91.5 ± 52.2  
Body mass index, Kg/m2 31.5 ± 3.3 31.4 ± 3.5 30 ± 3.5 29.8 ± 3.4 
Waist circumference, cm 104.4 ± 6.5  101.1 ± 8.5  
Systolic BP, mmHg  137.5 ± 18.9 134 ± 20.7 133.2 ± 18.4 134 ± 21 
Diastolic BP, mmHg 79.9 ± 8.9 79 ± 12.5 77.9 ± 9.2 78.7 ± 12.3 
Fasting glucose, mg/dL 166 ± 38.7 147.5 ± 42.6* 164 ± 43.5 139 ± 54* 

Fasting glucose, mmol/L 9.21 ± 2.15 8.19 ± 2.36* 9.10 ± 2.14 7.71 ± 2.99* 

HbA1c (%) 8.3 ± 1.0 8.0 ± 1.34 7.9 ± 0.9 7.5 ± 1.4 
HbA1c, mmol/L 67 ± 10.9 64 ± 14.6 63 ± 9.8 58 ± 15.3 
Total cholesterol, mmol/L 4.81 ± 0.93 4.09 ± 0.77* 4.75 ± 0.87 4.47 ± 0.99 
LDL cholesterol, mmol/L 2.74 ± 0.77 2.05 ± 0.65* 2.40 ± 0.76 2.38 ± 0.79 
HDL cholesterol, mmol/L 1.13 ± 0.31 1.15 ± 0.31 1.12 ± 0.32 1.16 ± 0.31 
Triglycerides, mmol/L 1.96 ± 1.03 1.77 ±0.99* 2.50 ± 1.26 2.22 ± 1.25 
eGFR, ml/min/1.73 m2 86.2 ± 16 85.3 ± 14.4 91.2 ± 17.5 88.6 ± 14.7 
ALT (U/L) 21.8 ± 9 20 ± 6.2 24.8 ± 10.7 24.3 ± 12 
Sulphonylurea, n (%) 11 (44)  17 (68)  
Metformin, n (%)  25 (100) 24 25 (100) 24 
Diuretic, n (%) 16 (64) 17 (70.8) 9 (36) 13 (54.2) 
ACE inhibitor, n (%) 5 (20) 4 (16.6) 9 (36) 7 (29.2) 
ARB, n (%) 19 (76) 19 (79.2) 15 (60) 17 (70.8) 
CCB, n (%) 6 (24) 5 (20.8)  3 (12) 2 (8.3) 
Statin, n(%) 13 (52) 16 (66.7) 15 (60) 17 (70.8) 
Fibrate, n (%) 4 (16) 5 (20.8) 2 (8) 2 (8.3) 
Aspirin, n (%) 3 (12) 3 (12.5) 10 (40) 10 (41.6)** 

HT: hypertension, BP: blood pressure, HbA1c: glycated haemoglobin, LDL: low-density lipoprotein, HDL: high-density 

lipoprotein, eGFR: estimated glomerular filtration rate, ALT: alanine aminotransferase, ACE: angiotensin converting enzyme, 

CCB: calcium channel blocker, ARB: angiotensin receptor blocker 

*P <0.05 within group 

** P <0.05 between groups 
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Table 2 – 24-h non-invasive ABPM by Mobil-O-Graph 24-hour PWA monitor 

 Vildagliptin group  

Baseline 

 

12 weeks 

Glibenclamide 

group 

Baseline 

 

 

12 weeks 

SBP 24-h 123.875± 12.5015 119.087±1.6771* 125.130±12.2002 117.273±8.0545* 

DBP 24-h 73.917±9.4405 71.435±8.2947* 76.739 ± 7.6468 70.909 ± 7.0028* 

PPP 24-h 50.000± 7.6272 47.652 ±8.1386* 48.696 ± 9.1673 46.364± 7.5941* 

MBP 24-h 96.958 ± 10.3692 93.261 ± 9.0915* 98.773 ± 9.1492 92.136 ± 6.4829* 

CPP 24-h 38.67 ± 6.631 37.52 ± 6.707 38.05 ± 8.437 36.95 ± 7.103 

PWV m/s 24-h 8.583 ± 1.1776 8.461 ± 1.1804 8.459 ± 1.2949 8.076 ± 1.1781* 

cSBP 24-h 114.292 ±11.0236 110.217± 10.7533 116.409 ±12.1916 109.015 ±7.4626* 

AIx75 24-h 29.84± 6.147 29.67 ± 6.339 30.08 ±6.866 30.03± 7.047 

SBP: systolic blood pressure, DBP: diastolic blood pressure, PPP: periferic pressure 

pulse, MBP: Mean blood pressure, CPP: central pressure pulse, PWV: pulse wave 

velocity, cSBP: central systolic blood pressure, AIx75: heart rate corrected 

augmentation index, by 24-h blood pressure record (mobil). 

 *P <0.05 
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Figure 1 – Values of RHI 1 (baseline) and 2 (12 weeks after treatment) in the 
vildagliptin and glibenclamide groups. P > 0.05 within and between groups. 
 
 

 
 
Figure 2 – Values of PWV 1 (baseline) and 2 (12 weeks after treatment). Although there 
was change in the glibenclamide group (P < 0.05), there was not difference comparing 
with vildagliptin group (P > 0.05). 
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3. CONCLUSÕES 

 

Os resultados do presente estudo sugerem as seguintes conclusões: 

" A função endotelial, avaliada pelo índice de hiperemia reativa (IHR), não 

foi diferente no estado basal entre os dois grupos e não melhorou em 

nenhum grupo, após 12 semanas de tratamento. 

" A rigidez arterial, avaliada pela tonometria arterial, não sofreu influência da 

vildagliptina. 

" A melhora do controle pressórico foi observada nos dois grupos, sendo 

considerada como mérito da terapia anti-hipertensiva. 

" A vildagliptina mostrou neutralidade em relação aos efeitos vasculares, fato 

que pode ser indicativo de sua segurança em pacientes com DCV. 

" Embora os métodos utilizados nesta pesquisa para avaliar a função 

endotelial e a rigidez arterial foram padronizados e amplamente estudados, é 

possível que diferentes métodos promovam diferentes resultados.     

" Novos estudos são necessários para confirmar a ação favorável da 

vildagliptina e de outros fármacos do grupo de inibidores de DPP-4 e 

agonistas/análogos do GLP-1 na função endotelial. 
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