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Resumo

Introducéo: Virios 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 fun¢@o endotelial. Objetivos: O presente estudo avaliou os
efeitos da vildagliptina, um inibidor de DPP-4, comparado a glibenclamida
(sulfonilureia), na fun¢do endotelial, na rigidez arterial e na pressdo arterial de 24 horas
de pacientes com DM 2 e hipertensdo arterial (HA). Casuistica e Métodos: Este foi
um estudo prospectivo, randomizado, aberto, controlado por farmaco, que incluiu
cinquenta pacientes com idade superior a 35 anos, com DM 2 e HA, livres de doenca
cardiovascular, randomizados para tratamento com vildagliptina ou glibenclamida.
Metformina foi adicionada a todos os pacientes. A monitorizagdo ambulatorial de
pressdo arterial de 24 horas e avaliacdo da fun¢do endotelial foram realizadas antes e
apods 12 semanas de tratamento. A funcdo endotelial foi avaliada pela tonometria arterial
periférica (Endo-PAT 2000), que calcula o indice de hiperemia reativa (IHR) e a rigidez
arterial por meio do augmentation index (Aix@75). A rigidez arterial também foi
avaliada por parametros do Aix@75, velocidade da onda de pulso (VOP) e pressdo
arterial sistdlica central (PSc) por meio de monitorizagdo ambulatorial de 24 horas
usando Mobil-O-Graph® PWA. O desfecho primdrio foi variagio do IHR apos
tratamento com vildalgiptina comparado ao tratamento com glibenclamida. Resultados:
Nao houve diferenca 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 ndo produziu efeitos no Alx@75 PAT (P
= 0,696), na 24-hs: PSc (P = 0,274) e na VOP (P = 0,324). Conclusdes: O tratamento
durante 12 semanas com vildagliptina em pacientes portadores de DM 2 e HA néo
alterou a func¢do endotelial e nem a rigidez arterial. Assim, este formaco apresenta uma
acdo neutra na funcdo vascular, confirmando sua seguranca no tratamento de pacientes

com doenga cardiovascular.

Palavras-chave: 1. Inibidor de DPP-4; 2. Fun¢do endotelial; 3. Vildagliptina; 4.
Diabetes mellitus do tipo 2; 5. Hipertensdo arterial; 6. Rigidez

arterial.



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 Alx@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. INTRODUCAO

A doenga cardiovascular (DCV) € a principal causa de mortalidade em paises
desenvolvidos e em desenvolvimento. No Brasil, a DCV ¢ responsavel por mais de 30%
da mortalidade total e responde por 1,2 milhdes de hospitalizagdes/ano."’ Hipertensio
arterial (HA) e diabetes mellitus do tipo 2 (DM 2) estdo entre as principais causas de
DCV, sendo a HA a mais prevalente das DCV, afetando 30-40% dos adultos (mais de
70 milhdes de Americanos e 36 milhdes de Brasileiros).(z'3 ) Por outro lado, 13,5 a 15%
da populagdo brasileira apresenta DM 2. Com o envelhecimento da populagio
global, ¢ esperado que a prevaléncia de DM na populagdo com idade entre 20 e 79 anos
aumente de 8,8%, em 2015, para 10,4%, em 2040, em todo o mundo. Assim, ¢ previsto
um aumento proporcional da prevaléncia de HA e DM 2.
O DM 2 estd associado a um risco duas vezes maior de DCV.” A disfuncdo

®)

endotelial ¢ um preditor independente para DCV em pacientes com DM 2* e, também &

© além de estar

considerada um marcador precoce de complicacdes vasculares,
envolvida no processo aterogénico da doenga arterial coronariana (DAC)."'*'" Varios
mecanismos estdo envolvidos na disfunc¢do endotelial do diabetes, entre eles: redugdo da
biodisponibilidade do oxido nitrico, diminuicdo da vasodilatacio dependente do
endotélio, maior atividade inflamatéria e estado pro-coagulante."'?

No tratamento do DM 2, é importante o uso de faArmacos que, além de melhorarem
o controle glicémico, promovam prote¢do cardiovascular. Recentemente, os farmacos
que agem no sistema incretina parecem desempenhar efeitos benéficos na fungdo
endotelial."® Neste sentido, as incretinas glucagon-like peptide-1 (GLP-1) e glucose-

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

gastrointestinais que estimulam a secre¢@o de insulina em resposta a ingestao alimentar.
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No entanto, as incretinas sdo rapidamente degradadas por uma enzima denominada
dipeptidil-peptidase-4 (DPP-4) e, consequentemente, transformadas em metabolitos
inativos."® Estudos demonstram que existe sinalizagio fisiologica do GLP-1 nas células
endoteliais e nas células do musculo liso vascular, que promove uma acgdo
vasodilatadora mediada por receptores especificos de GLP-1 no endotélio vascular e
melhora a funcdo endotelial."*'® Entretanto, os efeitos cardiovasculares do GLP-1
podem ser independentes de receptores e parecem atuar por meio de metabdlitos do
GLP-1."7

Viérias pesquisas sobre a acdo vascular dos agonistas/analogos do GLP-1 e
inibidores de DPP-4 foram realizadas e os resultados sdo controversos."**? Estudo com
a exenatide, um agonista do GLP-1, mostrou um significante aumento da vasodilatacao
mediada pelo fluxo (VMF).(IS) Adicionalmente, a liraglutida, andlogo do GLP-1,
reduziu os niveis do inibidor do ativador de plasminogénio 1 (PAI-1) e da arginina di-
metil assimétrica, melhorando a biodisponibilidade do 6xido nitrico."'”

Outros estudos demonstraram um aumento do fluxo sanguineo global do
miocéardio, apds a infusdo do agonista de GLP-1 em pacientes com DM 2°” ¢, também
com a infusdo de GLP-1 em individuos saudaveis.*” Porém, a liraglutida ndo melhorou
a fun¢io microvascular coronariana de pacientes com DM 2 em outro estudo.*?

Os estudos realizados com inibidores de DPP-4, grupo de farmacos utilizados no
tratamento do DM 2 que aumenta a meia-vida do GLP-1 enddgeno, também mostraram
resultados conflitantes em relacdo a fung¢do vascular. Os inibidores de DPP-4
disponiveis para a pratica clinica sdo: sitagliptina, vildagliptina, saxagliptina,
linaglipitna e alogliptina. Pesquisa realizada com a sitagliptina aumentou o niimero de

células progenitoras endoteliais em pacientes portadores de DM 2.“? Outro estudo com
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a vildagliptina demonstrou melhora da vasodilatagdo dependente de endotélio,
avaliando de forma invasiva o fluxo sanguineo no antebraco.*” Contrastando com esses
resultados positivos, outras pesquisas demonstraram que a sitagliptina ndo alterou a

(25)

funcdo endothelial, apos 12 e 24 meses de tratamento, ™ e houve piora da funcgdo

endotelial com a sitagliptina e a alogliptina em outro estudo.*

Recentemente, trés grandes estudos randomizados multicéntricos, que avaliaram

7 ) )

a saxagliptina,”” a alogliptina,”™® ¢ a sitagliptina® n3o demonstraram nenhuma
redugdo nos eventos cardiovasculares. Sobretudo, esses farmacos ndo aumentaram os
desfechos primarios e foram considerados seguros no tratamento de pacientes com
DCV. Entretanto, houve um aumento do niimero de hospitaliza¢des por insuficiéncia
cardiaca no brago da saxagliptina do estudo SAVOR.*”

Atualmente, varios métodos sdo utilizados para avaliar a funcdo endotelial,
incluindo os marcadores plasmaticos de atividade endotelial, avaliagdo da estrutura
vascular como a medida da espessura da camada intima-média da cardtida, além da
rigidez arterial, VMF e tonometria arterial periférica (peripheral arterial tonometry,
PAT).

A avaliacdo da fun¢do endotelial com PAT (Endo-PAT 2000) em pacientes com
DAC mostrou forte correlagdo deste método com a disfungdo endotelial.**** Por meio
de uma técnica simples, ndo-invasiva, observador-independente e reprodutivel, o
método mede as alteragdes de volume no pulso digital antes e, apds a oclus@o do fluxo
sanguineo e calcula automaticamente o indice de hiperemia reativa (IHR), considerado
um indice de fun¢@o endotelial. Adicionalmente, a rigidez arterial ¢ avaliada por meio

do célculo do indice de incremento (augmentation index, Alx). Entretanto, o método de

PAT ¢ diferente do VMF, pois nele se avalia a artéria de resisténcia enquanto no VMF o
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alvo vascular ¢ a artéria braquial, que ¢ condutora. Embora a vasodilatagdo dependente
do 6xido nitrico endotelial seja mais proeminente com a técnica do VMF, e este método
seja considerado o padrdo-ouro na avaliacdo da fun¢do endotelial periférica, o Endo-
PAT também reflete esse efeito.*” Recentemente, uma meta-andlise mostrou que
ambos os métodos Endo-PAT e VMF sdo preditores para DCV; porém, mais estudos
s30 necessarios para determinar se os métodos sdo independentes um do outro.®”

Outro parametro utilizado na investiga¢do da disfung@o endotelial ¢ a rigidez
arterial, reconhecida como marcador de risco para DCV,®® de forma que a funcio
endotelial alterada ¢ um dos mecanismos envolvidos na patogénese da rigidez
arterial.®” A coexisténcia de HA e diabetes no paciente aumenta a rigidez arterial
quando comparada & presenga isolada de HA ou de DM 2.° Além disso, os pardmetros
avaliados de rigidez arterial estdo envolvidos em varios desfechos clinicos (DAC,
acidente vascular cerebral, albumintria, progressdo da doenca renal cronica, sobrevida

Y3944

de paciente com doencga renal em estagio final e risco cardiovascular global e sdo

mais importantes no prognostico clinico em relacdo aos fatores de risco
cardiovasculares classicos conhecidos como idade, género, tabagismo e dislipidemia.*

Para avaliar a rigidez arterial, a tonometria de aplanacdo da artéria radial ¢ um
método ndo-invasivo que estima a complacéncia arterial, a pressdo arterial (PA) central
e também calcula o Alx, derivado da analise da onda de pressdo da aorta.“**" A
elevacdo do Alx correlaciona-se com uma maior rigidez arterial, contribuindo para o
risco cardiovascular.®”*) Existem evidéncias 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).***” Como Alx é influenciado pela

frequéncia cardiaca, o indice corrigido pela frequéncia cardiaca de 75 batimentos por
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minuto (AIx@75) é usado, conforme previamente descrito.®" Além do AIx@75, a
rigidez arterial também pode ser avaliada por parametros como pressdo sistdlica central,
pressdo de pulso e velocidade da onda de pulso (VOP).®® Marcadores inflamatdrios
estdo associados com a VOP em pacientes hipertensos resistentes, indicando correlagdo
entre inflamagdo e rigidez arterial.*”

Assim, o objetivo desse estudo foi avaliar o efeito da vildagliptina na melhora
da fun¢do endotelial e da rigidez arterial, além dos efeitos benéficos deste farmaco no
controle glicémico. Para este propdsito, esta pesquisa € apresentada em uma sequéncia
de trés artigos, que abordam o uso do farmaco 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 aplanagdo da artéria radial para explorar o efeito da vildagliptina na
rigidez arterial, ao avaliar a PA central e o Alx@75. O segundo artigo trata do
protocolo de pesquisa dos efeitos da vildagliptina na fungdo endotelial, na rigidez
arterial e na monitorizacdo da pressdo arterial de 24 horas (PA central, PA periférica,
VOP, pressdo de pulso) em pacientes com DM 2 e HA. Para essa finalidade a
vildagliptina foi comparada a glibenclamida, que pertence ao grupo das sulfonilureias

54 . .
© sendo que ambas foram associadas a

sem acdo benéfica vascular comprovada,
metformina. O terceiro artigo mostra os resultados do protocolo de pesquisa relatado no

segundo artigo. Para realiza¢do 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 Cientificos

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

e um a ser sumetido a publicacdo em revistas indexadas.

Artigos:

1. Luciana Neves Cosenso-Martin, Luiz Tadeu Giollo-Junior, 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-Junior, Débora Dada Martineli,
Claudia 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-Junior, 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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2.1.1 ARTIGO 1

Medicine

CriNnicaL CASE REPORT

DPP-4 Inhibitor Reduces Central Blood Pressure in a
Diabetic and Hypertensive Patient

A Case Report

Luciana Neves Cosenso-Martin, MD, Luiz Tadeu Giollo-Junior, MSc,
and José Fernando Vilela-Martin, MD, PhD, FAHA

Abstract: Hyp and type 2 diat mellitus (DM) are among
the main risk factors for the develop of cardio lar di
Pharmacotherapy for DM should not only lmptove blood glucose comrol
but also provide beneficial gl ular effects.
The central systolic blood pressure (SBP) has become more important
than the brachial SBP in the of cardiovascular risk.

This case report describes the effect of vildagliptin, a dipeptidyl
peptidase-4 (DPP-4) inhibitor, on the central SBP in a 54-year-old
woman with hypertension and DM. She was submitted to applanation
tonometry (AT) before and after vildagliptin association. AT of the radial
artery is a non-invasive method that indirectly arterial stiffness
by calculating the central SBP and the augmentation index (Alx).

After 3 months of follow-up using vildagliptin, central SBP and Alx
were improved. Moreover, she presented better glycemic control.

This case suggests an effect of DPP-4 inhibitor on arterial stiffness
parameter (central SBP) in a hypertensive and diabetic patient, which
shows a glucose-independent beneficial cardiovascular effect of this
group of drugs.

(Medicine 94(27):e1068)

Abbreviations: Alx = augmentation index. AIx75 = adjusted
augmentation index for a heant rate of 75bpm, AT = applanation

tonometry, BMI = body mass index. BP = blood pressure, CHD =
coronary heant di cIMT. id = inti dia thickness,
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INTRODUCTION

ypertension and type 2 diabetes mellitus (DM) are among

the main risk factors for the development of cardiovascular
discase (CVD) In fact, DM is associated with a 2 fold higher
risk for CVD.' Endothelial dysfunction, associated with DM
and hypertension, is considered an early marker of vascular
complications and a pathophysiological determinant of athero-
genic processes.” Pharmacotherapy for DM should not only
improve blood glucose control, but also provide beneficial
glucose-independent cardiovascular effects. Dipeptidyl pepti-
dase-4 (DPP-4) mhnbltor is an incretin-based drug approved for
the treatment of DM.? This medication reduces the breakdown
of glucagon-like peptide 1 (GLP-1), thereby increasing circu-
lating GLP-1 levels, improving metabolic control by increases
in msulm secretion, followed by decreases in glucagon
secretion.” Pharmacotherapy based on the GLP-1 system pro-
vides beneficial effects on the endothelium.* ¢ Recently, sev-
eral methods have been developed to assess endothelial
function, and predlct the presence or absence of coronary heart
disease (CHD).” Applanation tonometry (AT) of the radial
artery is a noninvasive method that indirectly assesses arterial
stiffness by calculating the central blood pressure (BP) and the
augmentation index (Alx).*? The Alx is associated wnth car-
diovascular risk, and is a predictor of CHD development.” More
recently, the central systolic blood pressure (SBP) of the aortic
or carotid arteries has become more important than the brachial
SBP in the assessment of cardiovascular risk.'® This case report
describes a possible pleiotropic action of a DPP-4 inhibitor
(vildagliptin) on the central SBP assessed by AT in a hyper-
tensive diabetic woman. This pharmacological class seems to
have action in reduction of central BP and arterial stiffness.
Thus, we justify the possible pathophysiological mechanisms
involved in the association between hyperglycemia, endothelial
dysfunction, and vascular stiffness, besides how the GLP-1
system provides beneficial effect on the endothelium.

CASE REPORT

The patient was a 54-year-old white woman with a 4-year
history of hypertension and DM. She was taking metformin
(850mg/d), pioglitazone (30mg/d), simvastatin (10 mg/d),
amlodipin (5mg/d), and enalapril (10mg/d); however, she
did not adhere to a diet to control the diabetes. Her physical
examination revealed BP: 123/85 mm Hg, heart rate: 78 bpm,
body mass index (BMI): 29.1 kg/m?, and waist circumference:
91cm. She had no abnormalities of the heart, lungs, or
abdomen. According to complementary exams, the patient
had poor diabetic control with glycosylated hemoglobin
(HbAlc): 11.2%: however, microalbuminuria and other bio-
chemical parameters were normal.

The patient received guidance to modify her lifestyle
including diet and exercise, and vildagliptin (100 mg/d) was

www.md-journal.com [ 1
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added to her drug regimen. The patient was submitted to
examinations of the radial artery using a commercially available
automated AT system (HEM-9000AI; Omron Healthcare Co.,
Ltd, Kyoto, Japan) before receiving vildagliptin and 3 months
after to evaluate the drug’s effect on the central SBP and Alx.
This examination was performed in a quiet controlled environ-
ment (temperature between 21°C to 24°C), between 8 amand 10
Awm, after the patient was rested for at least 10 minutes sitting
with the legs uncrossed, the bladder empty, and away from
acute stressors.” All measurements were performed after at least
8-hour fasting. The patient was instructed to fast starting the
night before testing and to refrain from ingesting alcohol or
caffeine. The AT equipment uses a radial ultrasonic transducer
and cuffs with the correct size for the arm circumference as
recommended by the guidelines to evaluate BP. Pulse wave
analyses were performed at least 3 times and the mean of
measurements was calculated. Variations of BP between the
measurements should not be >5%.°

At the end of the 3-month follow-up period, the patient had
good adherence to diet and exercise and had lost 3kg, present-
ing with a BMI of 27.5 kg/mz, and an office BP of 100/70 mm
Hg. The control of the diabetes was better witha level of HbAlc
of 7.2%. Central SBP and Alx were lower than in the baseline
results. Before the association of vildagliptin and metformin,
the peripheral SBP was 129 mm Hg during the AT. The central
SBP (aortic) and adjusted Alx for a heart rate of 75 bpm (AIx75)
were 127mm Hg and 96%, respectively (Figure 1A). After
receiving vildagliptin for 3 months, the peripheral SBP was
116 mm Hg, central SBP was 101 mm Hg, and AIx75 was 72%
(Figure 1B) during the AT. So, there were reductions in both the
central SBP and Alx with central SBP becoming 15mm Hg
lower than the peripheral SBP. I affirm that the patient has given
the informed consent for publication of the case.

DISCUSSION
DM is associated with a 2 fold higher risk for CVD.'
Preventive strategies are important to reduce cardiovascular
risk. An assessment and stratification of cardiovascular risk

g (%)

T P1 . excreo wave AVG
§ 100 e

; 80 Alx7s =96 %
£ 60 e
§ 40

§

: 20

E

? 0

<

0 200 400 600
Time (m/s)

>

should be considered in order to identify individuals at higher
risk of developing cardiovascular events. Thus, the adoption of
preventive and pharmacological strategies is important to delay
possible cardiovascular complications. In recent years, several
methods have been developed to predict cardiovascular risk,
including the use of ultrasound to measure the carotid intima-
media thickness (cIMT) and the aortic pulse wave velocity, and
computed tomography to identifx and quantify calcification of
coronary arteries, among others.

In this case, the AT of the radial artery was used to assess
vascular disease. In young healthy individuals, the central SBP
(aortic) should be between 15 and 20 mm Hg lower than the
peripheral SBP (brachial). Before DPP-4 inhibitor use in this
patient, the central SBP was only 2mm Hg lower than the
peripheral SBP. After 3 months in use of vildagliptin, the
difference between the central SBP and peripheral SBP
increased to 15mm Hg. This finding might be explained by
the effect of the drug on the arterial tree, that is, it may represent
a reduction in arterial stiffness. The central SBP and Alx are
strongly correlated. In this case, Alx also improved after DPP-4
inhibitor use, even though both were normal at baseline. Alx is
associated with cardiovascular risk as it identifies the presence
or absence of CHD, and thus it is also considered a marker of
vascular stiffness.”

According to European Society of Hypertension Guide-
lines, the evaluation of asymptomatic target organ damage
(TOD) is crucial in determining the cardiovascular risk in
hypertensive individuals. Among the TOD to be assessed is
vascular stiffness, which can predict cardiovascular mortality
independently of the stratification scores of cardiovascular
risk.'' The evaluation of central hemodynamic, including car-
otid-femoral pulse wave velocity, central BP, and Alx, is
important to determine the true cardiovascular risk. The Guide-
lines state that the measurement of central hemodynamic
parameters is of great interest to mechanistic analyses in
pathophysiology, pharmacology, and therapeutics, and that
the central BP represents the true load imposed on heart, brain,
kidney, and large arteries instead of the brachial BP."" Thus,
both central BP and Alx present better predictive value for
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FIGURE 1. Waves and values of blood pressure measured with the applanation tonometry. (A) Before association of vildagliptin and
metformin, Sys1 was 129 mm Hg. Sys2 and adjusted Alx for a heart rate of 75bpm (Alx75) were 127 mm Hg e 96%, respectively. Alx75
under 100% is considered normal. Sys2 (central) was only 2 mm Hg lower than the peripheral systolic blood pressure and this difference
should be about 15 to 20 mm Hgor 15% lower than Sys1. (B) After 3 months of vildagliptin and metformin association, Sys1 was 116 mm
Hg, Sys2 was 101 mm Hg, and Alx75 was 72%. Both Sys2 and Alx presented reduction and Sys2 had become 15 mm Hg lower than the
Sys1. Alx —augmentation index, Alx75 = adjusted augmentation index for a heart rate of 75bpm, Sys1 = peripheral systolic blood

pressure, Sys2 = central systolic blood pressure.
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cardiovascular events and for the differential effect of antihy-
pertensive drugs compared to the brachial BP.'"

Endothelial dysfunction is considered an early marker of
vascular complications and a pathophysiological determinant of
the atherogenesis that occurs in the carly stages of CHD.?
Exposure to cardiovascular risk factors may trigger the athero-
sclerotic process that evolves with oxidative stress and nitric
oxide (NO) inactivation.'® Endothelial dysfunction comprises a
number of functional alterations such as impaired endothelium-
dependent vasodilatation, impaired barrier function, and higher
inflammatory and pro-coagulant activity."?

Although pharmacotherapy based on the GLP-1 system
may provide beneficial effects to the endothelium (Figure 2),
there are no studies on the central BP. Different methodologies
have demonstrated the effect of this pharmacological class on
endothelium.* *'*"> Recently, vildagliptin lmpmved endo-
thelium-dependent vasodilatation in subjects with DM.® How-
ever, this study included an invasive method to assess
endothehal function, which is not applicable in the clinical
practice.” Sitagliptin, another DPP-4 inhibitor, demonstrated
the same beneficial effects: an increase in endothelial progeni-
tor cells by inhibiting the degradation of the chemokine stromal-
derived factor 1-alpha* and lmproved endothelial function in
uncontrolled diabetic patients.® Some studies on this class of
drugs have shown effects on NO modulation.*'* Liraglutide, a
new GLP-1 receptor agonist, reduced the plasminogen activator
inhibitor 1 and asymmetric dlmethylargmme levels and, con-
sequently, improved NO availability.'®

Several mechanisms may be underlying the improvement
in endothelium function linked to vildagliptin use. Firstly,
vasodilator response to acetylcholine was observed in the
vascular bed.” In second place, vildagliptin is able to control
the daily acute glucose fluctuations and delay the progression of
atherosclerosis in DM.'® In this study, it was demonstrated that

the cIMT, a surrogate of carotid atherosclerosis, decreased 3
months after the use of both vildagliptin and sitagliptin. Finally,
GLP-1 has been shown to exert anti-inflammatory effects on
different nssues and to decrease daily oxidative stress
parameters,'” Thus, the decrease in the cIMT might be mediated
by improved vascular inflammation and endothelial dysfunc-
tion. In the present study, daily acute glucose fluctuations were
not evaluated.

To better differentiate the effect of DPP-4 inhibitors on
hemodynamic parameters (endothelial function, arterial stiff-
ness, peripheral, and central SBP), it is important to consider the
role played by changes in lifestyle on these benchmarks, Some
authors showed that individuals treated with DPP-4 inhibitors
presented reductions in peripheral SBP independent of
decreases in blood glucose and without reducing BML'® On
the contrary, in obese patients with type 2 diabetes, treatment
using DPP-4 inhibitors in combination with metformin was
associated with lmprovements in glycemlc control and a
reduction in body weight.'® Thus, it remains to be seen whether
the reduction in BP with DPP-4 inhibitor treatment is related to
the improvements in blood glucose and the drop in body weight
or the effects of this therapeutic drug itself or both.

The effect of weight loss on central BP is controversial.
Recently, a study showed that weight loss was significantly and
independently associated with central BP and brachial BP.
However, the study population included a small number of
hypertensive (35.8%) and diabetic (15.8%) patients. 2 In mor-
bidly obese dysglycemic subjects wnthout hypertension, modest
weight loss reduced arterial stiffness.”’ Another study demon-
strated that 10.6% of weight loss did not influence the vascular
stiffness in a nondiabetic population.®® In obese children and
adolescents, no clear effect on arterial stiffness was found in
respect to weight reduction.”® Morcover, low-fat versus
low-carbohydrate diet in adults without DM demonstrated
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FIGURE 2. Pathophysiological mechanisms that associate hyperglycemia, endothelial dysfunction, arterial stiffness, and cardiovascular
disease, This figure explains how the hyperglycemia causes endothelial damage, which results in arterial stiffness and increased central BP.
The GLP-1 system provides beneficial effect on the endothelium in 2 ways, directly in the oxidative stress modulation (blocked arrow) or
indirectly in the insulin production increase. The elevated central BP and Alx may interfere in the endothelial dysfunction (dashed arrow),
and contribute to the arterial stiffness. Alx —augmentation index, BP —blood pressure, CHD = coronary heart disease, CVD = cardio-
cardiovascular disease, DPP-4 — dipeptidyl peptidase-4, GLP-1 = glucagon-like peptide 1, TOD = target organ damage.
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significant weight loss in both groups. However, arterial suff-
ness improved only in the group following the low-fat diet.>* In
conclusion, with these data, the effect of weight loss on arterial
stiffness is not clear, suggesting that more studies are necessary,
including a study with a specific population (hypertensive and
DM without coronary disease). In relationship to exercise, there
is evidence that resistance training has an effect on the central

: however, the patient in this case did not do intense
exercising. In respect to HbAlc, some studies demonstrated
weight loss in adults with DM managed by low-carbohydrate
diet, but the HbA ¢ level decreased only by 0.6% to 1.0%, while
the weight loss was between 1.2 and 4.2kg. These studies
justified that weight loss participated in glycemic control,
but it was not enough to decrease the HbAlc level. el

Furthermore, studies have shown solely reduction in per-
ipheral BP with the use of DPP-4 inhibitors, without observing
the effects on the central BP. So, we strongly believe that
vildagliptin was the main responsible for the improvement in
endothelial function, and peripheral and central SBP. Anyway,
as we know that one case report is not proof of the effect of DPP-
4 inhibitor on central BP, a study that evaluates the endothelial
function and glucose-independent beneficial cardiovascular
effects of DPP-4 inhibitor is being carried out with this purpose.
(I.F. Vilela-Martin, MD, PhD, unpublished data, February
2015, https:/clinicaltrials.gov/ct2/show/NCT0214561 1?term=
vildagliptin&rank=8).

CONCLUSION

In conclusion, to the best of our knowledge this is the first
report that suggests an effect of the DPP-4 inhibitor on arterial
stiffness parameter (central BP) in a hypertensive and type 2
diabetic individual, using a noninvasive method for evaluating
the central BP. Other studies that evaluate the endothelial
function and show glucose-independent beneficial cardiovas-
cular effects of DPP-4 inhibitor are expected.
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Abstract

Background: Vildagliptin, a DPP-4 inhibitor widely used for the treatment of type 2 diabetes mellitus (T2DM), shows
beneficial effects on endothelial function. This study aims to evaluate the effect of vildagliptin on endothelial function
and arterial stiffness in patients with T2DM and hypertension.

Methods: Fifty over 35-year-old patients with TZ2DM and hypertension, without cardiovascular disease, will be ran-
domly allocated to two groups: group 1 will receive vildagliptin added-on to metformin and group 2, glibenclamide
added-on to metformin. Biochemical tests (glycemia, glycated hemoglobin, total cholesterol, high-density lipoprotein
cholesterol, triglycerides, creatinine, alanine aminotransferase, ultrasensitive C-reactive protein, and microalbuminu-
ria), 24-h non-invasive ambulatory blood pressure monitoring, and assessment of endothelial function and arterial
stiffness will be performed in both groups before and after 12 weeks of treatment. The endothelial function will be
assessed by peripheral arterial tonometry, which measures the reactive hyperemia index (vasodilation), and arterial
stiffness will be evaluated by applanation tonometry, All analysis will be performed using SPSS Statistical Software. For
all analysis, a 2-sided P < 0.05 will be considered statistically significant.

Results: The study started in December 2013 and patient recruitment is programed until October 2015. The
expected results are that vildagliptin will improve the endothelial function in patients with T2DM and hypertension
compared to glibenclamide treatment, independently of glycemic control.

Conclusions: It is expected that this DPP-4 inhibitor will improve endothelial function in patients with T2 DM.
Trial registration: Clinical Trials NCT02145611, registered on 11 Jun 2013
Keywords: Type 2 diabetes mellitus, Hypertension, Endothelial dysfunction, Arterial stiffness, DPP-4 inhibitor

Background accounts for more than 30 % of the overall mortality
Cardiovascular disease (CVD) is the main cause of deaths  rate and is responsible for 1.2 million hospitalizations/
in developing and developed countries. In Brazil, CVD  year [1]. Hypertension (HT) and type 2 diabetes melli-
tus (T2DM) are among the main causes of CVD. Hyper-

*Correspondence: vilelamartin@uol.com.br tension is the most prevalent of all CVD affecting about
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José do Rio Preto, SP 15090-000, Brazil lion Brazilians) [2, 3]. The prevalence of T2DM ranges
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from 13.5 to 15 % of the population [4, 5]. As the num-
ber of elderly population is continuously growing around
the world, in the next two to three decades there will be
a 200 % increase in the number of individuals with ages
>65 years. The prevalence of HT and T2DM is expected
to increase proportionately [6].

T2DM is associated with a twofold higher risk for CVD
[7]. Endothelial dysfunction is an independent predictor
for future CVD in patients with T2DM [8] and is con-
sidered an early marker of vascular complications [9]. It
is involved in the atherogenesis that occurs in the early
stages of coronary artery disease (CAD) [10, 11]. The
mechanisms of impaired endothelial function in diabetes
are: reduced bioavailability of nitric oxide (NO), dimin-
ished endothelium-dependent vasodilatation, impaired
barrier function, inflammatory activation, and a pro-
coagulant state [12].

Today, some groups of drugs that act on the incretin
system, such as glucagon-like peptide-1 (GLP-1) ana-
logues/agonists and dipeptidyl peptidase-4 enzyme
(DPP-4) inhibitors, are used to treat T2DM and may be
responsible for beneficial effects on endothelial function
[13].

Incretins such as GLP-1 and glucose-dependent insu-
linotropic polypeptide (GIP) belong a group of gastro-
intestinal hormones that stimulate insulin secretion
in response to the ingestion of food [13]. There is evi-
dence of physiological signaling by GLP-1 in endothelial
and vascular smooth muscle cells [14-16]. GLP-1 has a
vasodilator action mediated through a specific GLP-1
receptor in the vascular endothelium and may improve
endothelial function in animals and humans [14, 16].
However, cardiovascular effects may be GLP-1 receptor-
independent, and mediated by the metabolites of GLP-1
[17]. One study with exenatide, a GLP-1 agonist, showed
a significant increase in flow-mediated vasodilatation
(FMD) [18]. Moreover, liraglutide, a GLP-1 analogue,
reduced plasminogen activator inhibitor 1 (PAI-1) and
asymmetric dimethylarginine (ADMA) levels, thereby
improving nitric oxide availability [19]. Other researchers
found increases in global myocardial blood flow follow-
ing GLP-1 agonist infusions in T2DM [20], and following
GLP-1 infusions in healthy humans [21].

On the other hand, DPP-4 rapidly degrades incretin
hormones to inactive metabolites [13] thus DPP-4 inhibi-
tors may improve endothelial function. Studies with sit-
agliptin, a DPP-4 inhibitor, demonstrated an increase of
endothelial progenitor cells in T2DM by inhibiting the
degradation of the chemokine stromal-derived factor
1-a [22]. According to an invasive method used to meas-
ure forearm blood flow during acetylcholine infusion in
T2DM patients, vildagliptin, another DPP-4 inhibitor,
improved endothelium-dependent vasodilatation [23].

Page 2 of 9

In contrast, other studies did not demonstrate beneficial
effects in relation to the endothelium [24, 25].

Recently, three large multicenter, randomized trials
testing saxagliptin [26], alogliptin [27], and sitagliptin
[28] did not find any reduction in cardiovascular events,
but these drugs did not increase the risk of the primary
end-point either. However, the rate of hospitalization
for heart failure increased in the saxagliptin arm of the
SAVOR study [26]. Thus, the researchers concluded that
GLP-1 inhibitors are safe for patients with CVD.

Several methods have been used to assess impaired
endothelial function including plasma concentrations of
markers of endothelial activity, vessel structure related to
the carotid intima media thickness and arterial stiffness,
flow-mediated vasodilation (FMD) and peripheral arte-
rial tonometry (PAT).

PAT is a simple, non-invasive, and reproducible tech-
nique used to assess endothelial function [29]. Measure-
ments of PAT in patients with CAD have been shown
to strongly correlate with the parameters of endothelial
dysfunction [30-33]. The Endo-PAT is an observer-inde-
pendent technique that measures volume changes in the
fingertip before and after blood flow occlusion and auto-
matically calculates the reactive hyperemia index (RHI),
providing an index for endothelial function.

Arterial stiffness is another parameter used to inves-
tigate endothelial dysfunction. It is recognized as a car-
diovascular risk marker [34] as impaired endothelial
function is one of the mechanisms involved in increased
vascular stiffness [35]. Patients with both HT and T2DM
exhibit increased arterial stiffness compared to those
with either T2DM or HT alone [36]. Arterial stiffness
parameters predict clinical outcomes (CAD, stroke, uri-
nary albumin excretion, progression of chronic kidney
disease, survival in end-stage renal disease and general
cardiovascular risk) [37-42] and have a greater impor-
tance in clinical prognoses compared to other known car-
diovascular risk factors such as age, gender, smoking, and
dyslipidemia [43]. The non-invasive applanation tonom-
etry technique assesses arterial stiffness by estimating
arterial compliance and central blood pressure (BP) and
calculates the augmentation index (Alx) [44—46]. The Alx
is a marker of wave reflection derived from aortic pres-
sure wave analysis, with increased Alx being correlated
to increased stiffness and contributing to cardiovascular
risk [37, 43]. Evidence shows that the central blood pres-
sure is more relevant to cardiovascular outcomes than
the BP in the brachial artery [47-49]. More recently, a
study demonstrated improvement in central BP and Alx
following the use of vildagliptin in a patient with T2DM
and HT [50].

Thus, using the non-invasive Endo-PAT 2000 device
and radial artery applanation tonometry, the purpose of
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this study is to evaluate the effect of vildagliptin com-
pared to glibenclamide both added-on to metformin on
endothelial function and arterial stiffness in patients with
T2DM and hypertension.

Methods

The present trial (clinicaltrials.gov  identifier:
NCT02145611) will be randomized, open label, parallel
assignment, controlled by drug. It was designed to assess
the effect of vildagliptin (100 mg/day b.i.d.) on endothe-
lial function in patients with T2DM and hypertension
compared to glibenclamide (5-20 mg/day depending
on glycemic control). The Research Ethics Committee
of the institution approved the study protocol accord-
ing to national and international guidelines. All patients
will give their informed consent. Twenty-five individu-
als with T2DM and hypertension will be evaluated in the
vildagliptin plus metformin group compared to 25 dia-
betic and hypertensive subjects in the glibenclamide plus

1. Clinical hystory
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metformin group. Figure 1 shows a flow chart of par-
ticipant selection and interventions. The inclusion and
exclusion criteria are presented in Table 1.

Random allocation

A computer validated software (Random allocator) will
be used for random allocation. The study coordinator
will organize and number the envelopes which will be
allocated in order of patient enrollment. The professional
responsible for the Endo-PAT procedure and applanation
tonometry of radial artery will be blinded.

Randomization and follow-up

After screening for eligibility, 50 individuals will be sub-
mitted to an evaluation of endothelial function using the
Endo-PAT 2000 device and measurement of the arte-
rial stiffness by applanation tonometry of radial artery.
Subsequently, they will be randomly allocated to the
two arms of the study: Group 1 will receive vildagliptin

2. Physical examination

3. Screening
tests and

biochemical

with:

treadmill test or myocardial
scintigraphy or coronary

angiography

N=25 (vildagliptin group)

1. Hemodynamic evaluation
2, Endothelial function
3. Arterial stiffness

1

Vildagliptin + Metformin
Treatment
for 12 weeks

Physical examination and
Biochemical tests

!

1. Hemodynamic evaluation
2. Endothelial function
3. Arterial stiffness

Fig. 1 Flowchart of Study
\

=25 (glibenclamide group)

1. Hemodynamic evaluation
2. Endothelial function
3. Arterial stiffness

l

Glibenclamide + Metformin
Treatment
for 12 weeks

Physical examination and
Biochemical tests

|

1. Hemodynamic evaluation
2. Endothelial function
3. Arterial stiffness
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Table 1 Inclusion and exclusion criteria

Page40f9

Inclusion criteria

Exclusion criteria

Patients aged =35 years
History of DM and mild hypertension (blood pressure <160/100 mmHg)
no longer than 15 years

Body mass index <35 kg/m?

Glycated hemoglobin (HbA1c) between 7.0 and 10.5 %

Use of NPH or regular insulin, pioglitazone, GLP-1 receptor agonist, DPP-4
inhibitor or acarbose

Intolerance to metformin

Use of three or more anti-hypertensive drugs, which characterizes resistant
hypertension

Smoking within the previous 6 months
Pregnancy or breastfeeding
Creatinine clearance <45 mL/min (MDRD)

Serum alanine aminotransferase or aspartate aminotransferase level of
more than three times the upper limit of the normal range

Subjects with ischemic heart disease, cerebrovascular disease, other
atherosclerctic disease, cancer, or heart failure in functional classes II, Il
and IV

Treadmill stress test with typical chest pain or with ST segment depression
>1 mm, or with a horizontal or descending trace on the electrocardio-
gram for a duration of 0.08 s after the J point

Presence of coronary heart disease diagnosed by treadmill stress test, myo-
cardial scintigraphy or coronary angiography

Inability to give informed consent

(100 mg/day b.id.) added-on to metformin (500—
2550 mg/day according to glycemic control) and Group
2 will receive glibenclamide (5-20 mg/day according to
glycemic control) added-on to metformin (500-2550 mg/
day according to glycemic control). Blood samples will be
collected after 12-h overnight fasting at screening visit
and then after 12 weeks of treatment with vildagliptin
(Group 1) or glibenclamide (Group 2). Renin-angiotensin
system blockers will be prescribed to all subjects at the
screening visit and all other antihypertensive drugs will
be maintained. Subjects will have three return consulta-
tions. The first will be to randomize patients to Group 1
or 2 and they will be evaluated after four and 12 weeks.
Compliance will be monitored by pill counts at the sec-
ond and last visits. The glycemic control will be evalu-
ated by glycated hemoglobin and fasting glucose. Adverse
events will be evaluated on the basis of spontaneous
reports and interviews by the investigator. Considering
side effects and safety, nausea, upper abdominal pain and
flatulence are expected, although uncommon, while tak-
ing vildagliptin. The most frequent side effect of gliben-
clamide is hypoglycemic events. Changes in blood count,
renal function, and liver function are not expected with
either treatment.

Table 2 shows a summary of key practical aspects of the
study with all follow-up visits and requested exams.

Anthropometric measurements
Weight and height will be measured using metric weigh-
ing scales and a measuring tape and the body mass index

(BMI) will be obtained using the formula: BMI = weight
(kg)/(height in meters)®. The waist circumference will be
determined in centimeters using a measuring tape. This
measurement will be carried out midway between the
anterior superior iliac crest and the last rib at the end of
expiration.

Measurement of blood pressure

BP will be measured in the office using a digital sphyg-
momanometer according to the VI Brazilian Guidelines
on Hypertension Treatment [51]. Systolic (SBP) and
diastolic blood pressure (DBP) will be recorded. Hyper-
tension will be defined as a SBP > 140 mmHg and/or
a DBP > 90 mmHg or current use of anti-hypertensive
drugs.

Biochemical tests

Blood samples will be drawn after 12 h of fasting to
measure total cholesterol (TC), high-density lipoprotein
cholesterol (HDLc), triglycerides (TG), glycemia, serum
creatinine, alanine aminotransferase, glycated hemo-
globin and ultrasensitive C-reactive protein (CRP). Tur-
bidimetry (BioSystems) will be used to measure the CRP
and the possibility of patients having had acute infec-
tious or inflammatory processes within recent weeks will
be excluded. Microalbuminuria will also be evaluated. To
evaluate microalbuminuria, the urinary albumin-to-cre-
atinine ratio (UACR) will be obtained from urine sam-
ples collected in the morning. Urine creatinine will be
calculated using a colorimetric method, and albuminuria
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Table 2 Key practical aspects of the study with all the clinical visits and the requested exams

Visits
Weeks

Screening Visit 1 Visit 2 Visit 3
-1 1 4 12

Informed consent
Inclusion and exclusion criteria
Medical history
Medical evaluation/physical examination
Randomization
Pregnancy test
Creatinine
Fasting glucose
Ultrasensitive C-reactive protein
Total cholesterol
High-density lipoprotein cholesterol
Triglycerides
Glycated hemoglobin
Alanine aminotransferase
Microalbuminuria
Ambulatory blood pressure monitoring
Treadmill test
Determination of the central aortic pressure and vascular stiffness markers
Endothelium function

> X X X

> X X X X X X X »X X

XK X X X X X X X X X

will be determined using the nephelometric method.
The glomerular filtration ratio (GFR) will be estimated
using the Modification of Diet in Renal Disease (MDRD)
formula: GFRypgp (mL/min/1.73 m?) = 186 (serum cre-
atinine) "% x (age) ™" x (0.742 if female) x (1.212 if
black) [52].

Diabetic subjects will be identified by history of
diabetes with dietetic treatment for diabetes or the
use of hypoglycemic drugs. Subjects will be consid-
ered diabetics after two fasting glucose test results
greater than 125 mg/dL according to the National
Diabetes Data Group [53]. Serum cholesterol will be
evaluated according to the Brazilian Guidelines for
Dyslipidemias [54]. Low-density lipoprotein choles-
terol (LDLc) will be calculated using the Friedewald
formula for triglycerides levels below 400 mg/dL
(LDLc = TC — HDLc — TG/5) [55].

Evaluation of coronary artery disease

At the first (screening) visit, all selected subjects will be
evaluated for CAD using the treadmill stress test. Sub-
jects with abnormal stress test results, including typi-
cal chest pain, with ST segment depression >1 mm, or
with a horizontal or descending trace on the electrocar-
diogram for a duration of 0.08 s after the | point, will be
excluded. When necessary, individuals will be submitted

to other tests to evaluate CAD, such as myocardial scin-
tigraphy and coronary angiography.

Measurement of blood pressure including 24-h
ambulatory blood pressure monitoring

After randomization and again after 12 weeks of treat-
ment with vildagliptin (Group 1) or glibenclamide
(Group 2), 24-h non-invasive ambulatory blood pressure
monitoring (ABPM) will be performed on a workday with
a portable compact digital BP recorder (Mobil-O-Graph®
24-hour PWA monitor).

Automatic BP measurements will be recorded at
20-min intervals for diurnal readings (7.00 a.m.—
11.00 p.m.) and at 30-min intervals for nocturnal read-
ings (11.00 p.m.-7.00 a.m.). Nighttime and daytime
periods will be assessed based on information reported
by the subjects. The sleep BP will be defined as the mean
BP from the time the subjects go to bed until the time
they get up. The daytime BP will be defined as the average
BP during the rest of the day. The subjects will be divided
into two groups according to the dip in SBP during the
nighttime: participants will be considered as dippers, if
the decrease in sleep SBP is >10 % and non-dippers if the
decrease is <10 %. As part of the exam protocol, all par-
ticipants will be requested to make a note of their daily
activities, their meal times, times of sleeping and waking
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up, as well as time of taking medications and the pres-
ence of symptoms.

Vascular tests
Vascular tests will be performed in the subjects of both
groups at the first visit and after 12 weeks of treatment.

1. Determination of endothelial function

Peripheral arterial tonometry (Endo-PAT 2000; Itamar
Medical, Caesarea, Israel) is a non-invasive peripheral
test of endothelial function [32]. The PAT device is placed
on the tip of each index finger and comprises a pneu-
matic plethysmograph that applies a uniform pressure to
the surface of the distal finger, allowing measurement of
pulse volume changes. The inflation pressure of this dig-
ital device is electronically set at 10 mmHg below DBP
or 70 mmHg. The PAT signal is recorded at baseline and
then after 5 min of arterial occlusion using an inflatable
cuff, while the contralateral arm serves as a control. The
blood pressure cuft is inflated to 60 mmHg higher than
systolic pressure or at least 200 mmHg. Lack of resid-
ual pulsatility is monitored throughout the occlusion
period. Post-occlusive hyperemia stimulates endothe-
lium-dependent vasodilatation, causing an increase in
digital pulse amplitude. Pulse amplitude is recorded elec-
tronically in both fingers and analyzed by an automated,
computerized algorithm (Itamar Medical). The change
from the baseline measurement is expressed as the RHI,
which, in part, reflects vasodilator function of the digital
microcirculation.

Subjects will be instructed to fast the night before test-
ing and to refrain from ingesting alcohol or cafteine. The
room temperature will be maintained between 21 and
24 °C at all times during the exam; restrictive clothing,
watches, rings, or other jewelry on the hands that might
interfere with blood flow will be removed. The test will
be performed in the morning after the patient has been
comfortably seated or has laid down in the study room for
at least 15 min to reach a relaxed cardiovascular steady-
state [31, 32]. The subjects of the study will be submitted
to the endothelial function test at their first visit and after
12 weeks of treatment. Endothelial dysfunction will be
defined as a RHI < 1.68, according to a study performed
in healthy asymptomatic control individuals without his-
tory of CVD and without major risk factors [56].

2. Determination of the central aortic pressure and vas-
cular stiffness

Arterial stiffness, assessed using the non-invasive
method of radial artery applanation tonometry, is predic-
tive of vascular disease. A portion of the artery pressure
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wave travelling towards the extremities is reflected back
by peripheral impedance points. In healthy individuals,
the reflected wave returns to the aorta during diastole.
However, when arteries become stiff, the transit time
between the incident and reflected waves is reduced.
Thus, the reflected wave returns to the aorta during sys-
tole of the same cardiac cycle thereby augmenting the
central BP. This elevation of the central BP can be quan-
tified using the Alx [57, 58]. The Alx is associated with
cardiovascular risk, and predicts the presence or absence
of CAD [59]. Higher values of the Alx indicate increased
wave reflection from peripheral vessels or earlier return
of the reflected wave as a result of increased pulse wave
velocity, which is attributed to an increased arterial stiff-
ness. In young healthy individuals, the systolic arterial
pressure (aortic) is about 15-20 mmHg lower than the
peripheral systolic pressure (brachial) [45, 60].

Outcomes and outcome adjudication
1. Change in the RHI from baseline after 12 weeks of
vildagliptin vs. glibenclamide treatment.
2. Change in the central blood pressure from baseline
to after 12 weeks of vildagliptin vs. glibenclamide
treatment.

Statistical considerations

Sample size and power calculations

The site http://www.lee.dante.br-pesquisa was used to
estimate the sample size, considering a 30 % change in
the RHI between treatment groups as clinically relevant.
Assuming a standard deviation of 0.3 would require a
total of 21 subjects to detect a 30 % change in the RHI
with a power of 80 % at a significant level of 0.05. How-
ever, considering a potential 20 % of drop-out or lost to
follow-up rate, a total of 50 patients (25 for each group)
will be considered.

Statistics

All analysis will be performed using SPSS Statistical Soft-
ware (IBM SPSS Statistics for Windows, Version 21.0.
Armonk, NY: IBM Corp.). Continuous variables will
be presented as mean + SD and categorical variables
as frequencies. Differences between the both groups
at baseline will be evaluated by unpaired ¢ test or the
Mann-Whitney test for comparison of continuous vari-
ables. The Chi square test or Fisher's exact test will be
employed to compare categorical variables. The change
from baseline to 12-weeks follow-up in the both groups
will be evaluated using the paired ¢ test for continuous
variables. Pearson’s correlation will be used to assess
the relationship between HbAlc and RHI and Alx, after
confirmation of similarity between groups in respect to
demographic data (age, gender, GFR, and comorbidities:
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hypertension and dyslipidemia) and HbAlc targets after
12 weeks of considered treatment. Thus, the Pearson’s
correlation obtained will be potentially consequent to
distinct therapeutic responses. For all analysis, a 2-sided
P < 0.05 will be considered statistically significant.

Results/discussion
The study has started in December 2013 and patient
recruitment is programed until October 2015. It is
expected that vildagliptin will improve the endothelial
function in patients with T2DM and hypertension more
than glibenclamide treatment. Hyperglycemia causes
endothelial dysfunction because it reduces the bio-
availability of endothelium-derived nitric oxide (NO).
Although the main action of GLP-1 is to increase glu-
cose-stimulated insulin secretion from pancreatic beta
cells, there is also evidence of physiological signaling
from GLP-1 in endothelial and vascular smooth muscle
cells. Thus, GLP-1 has vasodilator actions mediated by a
specific GLP-1 receptor in the vascular endothelium and
may improve endothelial function in animals and humans
[15-17], independently of its eftect on glycemic control.
Arterial stiffness is recognized as another cardio-
vascular risk marker [32]. Patients with both HT and
DM exhibit higher arterial stiffness compared to those
with either DM or HT alone [33]. Applanation tonom-
etry estimates arterial compliance and the central blood
pressure and is used to assess arterial stiffness [42, 43].
Evidence shows that the central blood pressure is more
relevant to cardiovascular outcomes than the peripheral
BP [44-46). On the other hand, Endo-PAT, a non-inva-
sive method, evaluates the vascular vasodilator propriety
and, consequently, endothelial function. Both hypoglyce-
mic drugs, vildagliptin and glibenclamide, may improve
glycemic control. However, only vildagliptin and other
DPP-4 inhibitors have provided beneficial effects of the
endothelium [22, 23],

Conclusions

This study will evaluate the effect of vildagliptin com-
pared to glibenclamide, both added-on to metformin, on
endothelial function and arterial stiffness in type 2 dia-
betic patients with hypertension. The improvement of
endothelial function will demonstrate that DPP-4 inhibi-
tors could improve cardiovascular outcome, especially in
high cardiovascular risk patients.
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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 (AlIx).
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 Alx is a marker of wave reflection derived

from aortic pressure wave analysis, with increased Alx 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 Alx 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, HbAlc 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 O

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 AlIx75.

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).

PWYV 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 (HbAlc). The glomerular
filtration ratio (GFR) was estimated using the Modification of Diet in Renal Disease

(MDRD) formula: GFRMDRD (mL/min/1.73 m>) = 186 (serum creatinine) " 1>+ x

(age) 0293 x (0.742 if female) x (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
HbAlc and RHI and Alx, 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 HbAlc 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, HbAlc 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 HbAlc (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 PWYV, 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 naive 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
AlIx75, 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 Glibenclamide

group (n=25) 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/m” 31.5+3.3 314+3.5 30+£3.5 29.8+3.4
Waist circumference, cm 1044 £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 1475+ 42.6 | 164 +43.5 139 + 54"
Fasting glucose, mmol/L 9.21£2.15 8.19+236 |9.10+2.14 7.71+2.99°
HbAlc (%) 83+1.0 8.0+ 1.34 7.9+0.9 75+1.4
HbAlc, 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 274 +£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 m” 86.2+ 16 853+ 144 91.2+17.5 88.6 + 14.7
ALT (U/L) 21.8+9 20+£6.2 24.8 +£10.7 243 +£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,

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

HbAlc: glycated haemoglobin, LDL:

CCB: calcium channel blocker, ARB: angiotensin receptor blocker

*P <0.05 within group

** P <0.05 between groups

low-density lipoprotein, HDL: high-density
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Table 2 — 24-h non-invasive ABPM by Mobil-O-Graph® 24-hour PWA monitor

Vildagliptin group Glibenclamide
Baseline 12 weeks 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 73.91749.4405 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 114292 £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, c¢SBP: 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.
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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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Conclusdo
3. CONCLUSOES
Os resultados do presente estudo sugerem as seguintes conclusoes:
> A funcdo endotelial, avaliada pelo indice de hiperemia reativa (IHR), ndo

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

nenhum grupo, apds 12 semanas de tratamento.

> A rigidez arterial, avaliada pela tonometria arterial, ndo sofreu influéncia da
vildagliptina.
> A melhora do controle pressorico foi observada nos dois grupos, sendo

considerada como mérito da terapia anti-hipertensiva.

> A vildagliptina mostrou neutralidade em relag@o aos efeitos vasculares, fato
que pode ser indicativo de sua seguranga em pacientes com DCV.

> Embora os métodos utilizados nesta pesquisa para avaliar a funcdo
endotelial e a rigidez arterial foram padronizados e amplamente estudados, ¢
possivel que diferentes métodos promovam diferentes resultados.

> Novos estudos s@o necessarios para confirmar a agdo favoravel da
vildagliptina e de outros fdrmacos do grupo de inibidores de DPP-4 e

agonistas/andlogos do GLP-1 na fun¢do endotelial.
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