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RESUMO

Introdugao: O envelhecimento aumenta o risco de doengas cronicas, com uma
certa énfase para as doencas cardiovasculares, gerando modificagdes na anatomia
e na fisiologia cardiovascular, mesmo na auséncia de outras comorbidades.
Inumeros fatores de risco cardiovasculares (RCV), como o Diabetes Mellitus (DM) e
a Hipertensao Arterial Sistémica (HAS), podem modificar as propriedades funcionais
e estruturais de grandes vasos promovendo o aumento da rigidez arterial. Objetivo:
Verificar se pacientes idosos hipertensos com DM tém maior rigidez arterial central
do que idosos com HAS sem DM. Métodos: O Estudo da Velocidade de Onda de
Pulso em ldosos, em area Urbana no Brasil (EVOPIU), incluiu 1192 pacientes com
idade = 60 anos que foram submetidos a tonometria de aplanagao (TA) para a
avaliacao da velocidade de onda de pulso carotideo-femoral (c-fVOP). Desse banco
de dados foram selecionados 1133 pacientes constituidos em seis grupos a saber:
NND (normotensos nao diabéticos; n: 127); ND (normotenso e diabético; n: 64);
HCND (hipertensos controlados ndo diabéticos; n: 168); HCD (hipertenso controlado
diabético; n: 275); HND (hipertenso ndo diabético; n: 217) e HD (hipertenso e
diabético; n: 282). Todos os grupos foram submetidos a TA para obtencdo da c-
fVOP e pressdes arteriais centrais e periféricas. Resultados: As velocidades de
onda de pulso encontradas foram as seguintes, respectivamente: NND vs ND (8.9 £
0.2m/svs 9.4 £ 0.2; P= 0.103); HCND vs HCD (9.0 £ 0.2 m/svs 9.6 £+ 0.1 m/s; P =
0.04) e HND vs HD (9.2 £ 0.1 m/s vs 9.6 £ 0.1 m/s; P = 0.045). Quando comparados
entre si, os grupos portadores de DM nao apresentaram valores diferentes para c-
fVOP, o mesmo ocorreu na comparagdo entre 0s grupos nao diabéticos.
Conclusées: Pacientes idosos e hipertensos diabéticos apresentam maior rigidez
arterial central do que aqueles hipertensos nao diabéticos, independentemente do
controle pressoérico sistémico. A rigidez arterial central, causada pelo
envelhecimento vascular, parece ser o fator comum entre todos os grupos
estudados.

Palavras-chave: Idosos. Rigidez Arterial. Hipertensdo. Diabetes Mellitus. Velocidade de
Onda de Pulso.



ABSTRACT

Introduction: Aging increases the cardiovascular diseases, leading to changes in
cardiovascular anatomy and physiology even in the absence of other comorbidities.
Numerous cardiovascular risk factors (CVRFs), such as Diabetes Mellitus (DM) and
systemic arterial hypertension (SAH), can modify the functional and structural
properties of large vessels, increasing arterial stiffness. Objective: To determine
whether elderly patients with hypertension and DM have greater central arterial
stiffness than elderly patients with SAH without DM. Methods: The Study of Pulse
Wave Velocity in the Elderly in an Urban Area in Brazil (EVOPIU) included 1,192
patients aged = 60 years who underwent applanation tonometry (AT) to evaluate
carotid-femoral pulse wave velocity (cfPWV). From this database, 1,133 patients
were selected from 6 groups: NDN (nondiabetic normotensives; n: 127); DN (diabetic
normotensives; n: 64); NDCH (nondiabetic controlled hypertensives; n: 168); DCH
(diabetic controlled hypertensives; n: 275); NDH (nondiabetic hypertensives; n: 217)
and DH (diabetic hypertensives; n: 282). All groups underwent AT to obtain cfPWV
and central and peripheral arterial pressures. Results: The pulse wave velocities
found were as follows: NDN vs DN (8.9 + 0.2 m/s vs 9.4 + 0.2; P = 0.103); NDCH vs
DCH (9.0 £ 0.2 m/s vs. 9.6 £ 0.1 m/s; P = 0.04) and NDH vs DH (9.2 + 0.1 m/s vs.
9.6 £ 0.1 m/s; P = 0.045). When the diabetic groups were compared, there were no
differences in cfPWV values, and the same occurred when the nondiabetic groups
were compared. Conclusions: Elderly patients with diabetes and hypertension have
greater central arterial stiffness than patients without diabetes and hypertension,
regardless of systemic blood pressure control. The central arterial stiffness caused by
vascular aging seems to be a common factor among all the studied groups.

Keywords: Elderly. Arterial Stiffness. Hypertension. Diabetes Mellitus. Pulse Wave
Velocity
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1 INTRODUGAO

O envelhecimento é uma das causas mais importantes para o
desenvolvimento da rigidez da aorta e grandes vasos arteriais encontrados em
idosos. Essa rigidez dos vasos centrais é considerada fator de risco para
morbimortalidade cardiovascular (LAURENT et al., 2001; BOUTOUYRIE et al., 2002;
CHEITLIN, 2003; LAURENT et al., 2003; WILLUM-HANSEN et al., 2006; BEN-
SHLOMO et al., 2014; CHRISTEN et al., 2015). Dentre as patologias que mais
acometem os idosos estdo a Hipertensao Arterial Sistémica (HAS) e o Diabetes
Mellitus (DM) (BENETOS et al.,, 2002), que possuem mecanismos comuns de
agressao ao sistema cardiovascular (TESAURO et al., 2017). A prevaléncia global
de HAS na populagédo mundial é calculada em 22,1% (ZHOU et al., 2017), enquanto
o DM é de 9,3% (IDF, 2019).

Muitos dos mecanismos fisiopatoldgicos responsaveis pela disfungao vascular
no DM sé&o determinados pelos niveis glicémicos, que estdo associados a ativagao
de fatores de transcricao proé-inflamatérios e ao aumento do estresse oxidativo
(MAZZONE; CHAIT; PLUTZKY, 2008). Niveis elevados do produto final da
degradacdo da glicose podem alterar a matriz celular da parede vascular
(ARONSON, 2003). Além disso, alguns estudos mostram disfuncdo de células
endoteliais e das células lisas musculares da parede dos vasos em individuos
diabéticos, em comparagcdo com seus respectivos controles normais. O DM tipo 2
pode reduzir a biodisponibilidade do o6xido nitrico endotelial, além de atenuar a
sensibilidade das células do musculo liso em relagdo ao 6xido nitrico (MCVEIGH et
al., 1992; WATTS et al., 1996; TAN et al., 2002; NAKA et al., 2012).

Ja na hipertensdo, o estresse hemodinamico crénico resulta em danos
mecanicos na parede arterial. Esse fator desencadeia a redugdo do componente
elastico pela liberagéo e ativagao de metaloproteinases, além da fragmentagao das
laminas de elastina e ativagao de respostas inflamatérias com a deposig¢ao de calcio
e colageno (NIGAM et. al, 2003; SAFAR; LEVY; STRUIJKER-BOUDIER, 2003;
O’ROURKE; NICHOLS, 2005). As presencas concomitantes de HAS e de DM,
associadas ao envelhecimento dos vasos, poderiam acelerar o processo de
enrijecimento vascular nos idosos. Desse modo, o objetivo deste estudo foi verificar
se pacientes idosos hipertensos com DM tém maior rigidez arterial central do que

idosos com HAS, sem DM.
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2 REFERENCIAL TEORICO

2.1 Envelhecimento e Doengas Cardiovasculares

Considerado historicamente como um fenémeno social, atualmente o
envelhecimento € parte da realidade da maioria das sociedades, haja vista que a
populacdo mundial esta envelhecendo progressivamente devido, entre outros
fatores, ao aumento na qualidade de vida. Estima-se que no ano de 2050 a
populacdo mundial, composta por individuos com 60 anos ou mais, sera superior a
dois bilhdes de pessoas, sendo que a maioria estara vivendo em paises emergentes
(BRASIL, 2006).

Nesse contexto, de acordo com a Politica Nacional do Idoso (PNI), Lei n°8.
842, de 4 de janeiro de 1994, e o Estatuto do Idoso, Lei n° 10.741,de 1° de outubro
de 2003, o termo idoso se conceitua como sendo pessoas com 60 anos ou mais. Ja
a Organizacao Mundial da Saude (OMS) (2002) definiu idoso a partir da idade
cronoldgica. Dessa forma, um individuo idoso é aquele com 60 anos ou mais, em
paises em desenvolvimento e com 65 anos ou mais em paises desenvolvidos.
Porém, & importante o reconhecimento de que a idade cronolégica ndo € um
marcador preciso para as transformagbes que acompanham o0 processo
envelhecimento. Dessa forma, existem diferencas substanciais relacionadas ao
estado de saude, participacdo e niveis de independéncia entre pessoas que
possuem a mesma idade (BRASIL, 2005).

De acordo com estimativas da Organizacdo das Nacdes Unidas (ONU)
(DESA, U. N, 2015), no ano de 2011 a populagdo mundial de idosos ja totalizava
cerca de 800 milhdes de pessoas, o0 que representava 11% da populacdo a época.
Sabe-se que desde o0 ano de 1950 a expectativa de vida tem aumentado nos paises
desenvolvidos, em média, 20 anos, fato este que aponta para um crescimento
significativo na populagdo idosa mundial (ROBERTS, 2011). Além disso, é
importante considerar que a populagéo de idosos americanos devera chegar a 80
milhdes de habitantes nas proximas trés décadas (FEDERAL INTERAGENCY
FORUM ON AGING-RELATED STATISTICS, 2009).

No ano de 2008, os idosos apresentavam repreentativida de 9,5% da

populacao brasileira, de forma que, caso as estimativas se confirmem, no ano de
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2050 esse publico representara aproximadamente 30% de toda populagao no Brasil
(IBGE, 2008). Dessa forma, o pais apresentara uma piramide populacional
semelhante aquelas provenientes dos paises da Europa, na atualidade, sendo que,
nesse periodo, o Brasil podera se tornar um dos paises com o maior numero de
idosos do mundo (CARVALHO; GARCIA, 2003; IBGE, 2008).

Dentro desse total, de acordo com o DATASUS (2019), estima-se que no ano
de 2012 havia 20.889.879 individuos idosos. Desse total, 9.569.516 estavam na
regidao Sudeste do pais. Quando se apurou essa busca para o estado de Minas
Gerais, obteve-se um total de 2.337.624 idosos. Da populagdo anteriormente
referida, 63.259 eram idosos residentes no municipio de Uberlandia.

O envelhecimento € um processo natural que resulta em transformacodes
graduais e inevitaveis relacionadas a idade e acontece independentemente do
individuo apresentar ou ndo boa saude ou um estilo de vida saudavel. No ser
humano esse fenbmeno progressivo, além de originar o desgaste organico
(biolégico), acarreta alteragbes nos aspectos culturais, sociais e psicoldgicos
(CIOSAK et al., 2011).

O envelhecimento é algo que ocorre gradativamente, considerando-se que o
individuo comeca a envelhecer logo apés o nascimento. No final da terceira década
de vida, geralmente originam as primeiras alteragdes funcionais e estruturais e, a
partir da década seguinte, ha uma perda de aproximadamente 1% da fungéo/ano,
nos diferentes sistemas organicos (JACOB FILHO, 2000; SEGUN, 2001).

Portanto, o processo de envelhecimento € uma experiéncia que resulta da
correlagdo de multiplos processos de desenvolvimento, sendo influenciado por
diversos fatores (biolégicos, sociais e psicolégicos), que interagem de modo
continuo (VELOSO, 2015). Nesse contexto, a Organizagao Mundial de Saude (OMS)
divulgou um documento, em 2006, advertindo para as varias consequéncias que as
modificagdes demograficas, causadas pelo aumento no numero de idosos, podem
ocasionar para a saude publica mundial, como o0 aumento do numero de individuos
portadores de doengas crbnicas (OMS, 2006).

O envelhecimento reforca a relevancia de se manter a saude e a autonomia.
O avancgar da idade eleva o risco de doencgas crbnicas, com destaque para as
Doengas Cardiovasculares (DCV). No entanto, o desenvolvimento dessas doencgas
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acomete diferencialmente os individuos com menor frequéncia e gravidade daqueles
com trajetdria e cotidiano mais saudaveis (PEREIRA; BARRETO; PASSOS, 2008).
Em decorréncia do aumento da idade ocorrem alteracbes na anatomia e
fisiologia cardiovascular, mesmo na auséncia de doencga. Apesar de alguns
parametros cardiovasculares dependerem fortemente da idade, na maioria dos
casos o declinio do desempenho cardiovascular ndo € apenas uma consequéncia do
aumento da idade, mas sim da agregacdo de problemas cardiovasculares e nao
cardiovasculares (CHEITLIN, 2003; FERRARI; RADAELLI; CENTOULA, 2003).

Com o envelhecimento ocorre a elevagao da prevaléncia de comorbidades,
tais como as doengas arteriais coronarianas, cerebrovasculares, vasculares
periféricas, renais e pulmonares, que podem acelerar as alteracbes da funcao
cardiovascular (DALEY; SPINKS, 2000; CHEITLIN, 2003). Diversos fatores de risco
(FR) cardiovasculares podem afetar as propriedades funcionais e estruturais das
grandes artérias e, consequentemente, promover aumento da rigidez arterial. Esse
aumento do enrijecimento aortico € gradativo, pois a medida que os individuos
envelhecem, ocorre diminuicdo da complacéncia arterial, fato este que pode ser
expresso pela Velocidade de Onda de Pulso (VOP), conforme pode ser observado
na Figura 1. Os resultados da hipertrofia e rigidez vasculares, associados ao
envelhecimento, incluem também o aumento das resisténcias vasculares periféricas
totais (FERRARI; RADAELLI; CENTOULA, 2003; SAFAR; LEVY; STRUIJKER-
BOUDIER, 2003; DE MENDONCA et al., 2018).

Figura 1. Relac&o entre VOP e |dade
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2.2 Hipertensao Arterial Sistémica

A Hipertenséo Arterial Sistémica (HAS) € uma condigdo clinica multifatorial
caracterizada por niveis elevados e sustentados de Pressao Arterial Sistémica
(PAS). Associa-se, frequentemente, a alteragdes funcionais e/ou estruturais dos
orgaos-alvo (coragdo, encéfalo, rins e vasos sanguineos) e a alteragbes
metabdlicas, com consequente aumento do risco de eventos cardiovasculares fatais
e nao fatais. Além disso, a HAS é um grave problema de saude publica, responsavel
por inumeras mortes e aumento dos custos com saude publica e privada
(SOCIEDADE BRASILEIRA DE CARDIOLOGIA, 2010; EDCED; BRAGA, 2013;
KJELDSEN; AKSNES; RUILOPE, 2014).

Kearney et al. (2005) apontaram, em suas analises, que mais de um quarto
da populagdo mundial adulta, que totalizava cerca de 1 bilhdo de pessoas,
apresentavam hipertensao, no ano 2000, e fizeram estimativas que essa proporgao
poderia aumentar para 1.560 bilhdo no ano de 2025. Em um dos estados brasileiros
com pouca notificagdo aos servigos nacionais de saude, como o Piaui, a HAS atingiu
290 mil habitantes, sendo que 43 mil tinham hipertensao associada ao DM. Esses
dados foram revelados pela Secretaria Estadual de Saude e engloba a populacéo
com mais de 40 anos (CASTRO et. al., 2011). Picon et al. (2012), analisaram 40
estudos transversais e de coorte incluidos e apresentaram tendéncia a diminuigao
da prevaléncia, nos ultimos trinta anos, de 36,1% para 31,0%.

Segundo o DATASUS (2019), no ano de 2012 foram internados 114.918
individuos em decorréncia da HAS. Dentro desse total, 9.058 individuos eram do
estado de Minas Gerais, o que representa uma aliquota de 7,88% de pessoas
internadas por esse motivo. Quando se verificou a populagdo idosa com
hipertemsédo, observou-se um total de 63.012 individuos nessa condigao clinica.
Desse total, 4.801 individuos sédo provenientes do estado de Minas Gerais, o que
representa 7,61% dessa populagéo.

Magliano et al. (2013), em uma reviséo sistematica de estudos que avaliaram
adolescentes de 10 a 20 anos, com predominancia das regides Sudeste e Nordeste,
encontraram prevaléncia global de HAS de 8,1%, com grande variabilidade entre os
estudos. Estudos realizados por Mendes, Moraes e Gomes (2014) revelaram que a
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prevaléncia de HAS foi superior a 55% da populacado idosa em todas as regides
geograficas brasileiras, valor superior ao encontrado nos paises de primeiro mundo.

E valido salientar, porém, que muitos casos de pacientes internados com HAS
sdo subnotificados, haja vista que o pais ainda ndo tem o habito de realizar
notificagbes, quando comparado a paises desenvolvidos. Além disso, ha uma
notada tendéncia que pacientes do sexo feminino tendem a procurar mais o0s
servigos de saude do que pacientes do sexo oposto. Portanto, é relevante levar em
consideragao trabalhos de cunho cientifico que visam a analise epidemiologica
dessa doenca.

De acordo com Scala; Magalhdes e Machado (2015), no Brasil, a HAS atinge
32,5% (36 milhdes) de individuos adultos, mais de 60% dos idosos, contribuindo
direta ou indiretamente para 50% das mortes por DCV. Estudos realizados por Chor
et al. (2015) desenvolvidos com 15.103 servidores publicos de seis capitais
brasileiras apontaram prevaléncia de HAS em 35,8%. Além disso, os autores
detectaram que 40,1% dos homens eram portadores de HAS, enquanto as mulheres
perfaziam um total de 32,2%. Ressalta-se que a hipertensdo assintomatica, na
maioria dos casos, € caracterizada como “assassina silenciosa” pelas elevadas
taxas de morbimortalidade cardiovasculares relacionadas, envolvendo todas as
faixas etarias (BRANDAO; MOTA; MACHADO, 2007).

A avaliacdo inicial de um individuo com HAS inclui a suspeicao, confirmacéao
do diagnéstico, e a identificacédo da causa secundaria, além da avaliagdo do risco
cardiovascular. O diagnostico da HAS, segundo a VIl Diretrizes Brasileiras de
Hipertensao Arterial é definido de acordo com os valores pressoéricos, em que se
determina e se constata niveis iguais ou superiores a Pressao Sistdlica = 140 mmHg
e/ou Pressado Diastdlica = 90 mmHg, sendo estes identificados em trés ou mais
aferigbes da presséo arterial (SOUZA, 2012; SBC, 2016).

A abordagem terapéutica da pressao arterial elevada inclui medidas n&o
medicamentosas € o uso de farmacos anti-hipertensivos, a fim de reduzir a PA,
proteger orgaos-alvo, prevenir desfechos cardiovasculares e renais. Medidas nao
medicamentosas tém se revelado mais eficientes na redugao da pressao arterial,
apesar de limitadas pela perda de adesao, a médio e a longo prazo (JAMES et al.,

2014). O tratamento ndao medicamentoso da HAS inclui controle ponderal, medidas
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nutricionais, pratica de atividades fisicas, cessagdao do tabagismo, controle de
estresse, entre outros (SBC, 2016).

O tratamento da HAS visa, em ultima analise, a reducdo da morbimortalidade
cardiovascular. Ha evidéncias cientificas, por meio de estudos clinicos de desfechos,
que mostram beneficios do tratamento realizado com o uso de diuréticos,
betabloqueadores, bloqueadores dos canais de calcio, inibidores da enzima
conversora de angiotensina, bloqueadores dos receptores de AT1 da angiotensina Il,
bloqueadores de canais de calcio, inibidores de renina, além dos alfabloqueadores
(KANNEL, 1996; WRIGHT; LEE; CHAMBERS, 1999; HANSSON et al., 1999a;
HANSSON et al.,, 1999b; ; PROGRESS COLLABORATIVE GROUP et al., 2002;
ALLHAT, 2002; LEWINGTON et al., 2003; DAHLOF et al., 2005; CLARK et al., 2013;
THOMOPOULOS; PARATI; ZANCHETTI, 2015a; THOMOPOULOS; PARATI;
ZANCHETTI, 2015b).

O reconhecimento de diversos FR para HAS, dentre eles: a hereditariedade, a
idade, o género, o grupo étnico, o nivel de escolaridade, o status socioecondémico, a
obesidade, o etilismo, o tabagismo e o uso de anticoncepcionais orais, contribuem
para 0s avangos na epidemiologia cardiovascular e, consequentemente, nas
medidas preventivas e terapéuticas dos altos indices presséricos, os quais integram
os tratamentos farmacoldgicos e nao farmacologicos (ZAITUNE et al., 2006).

Apesar da disposicdo de medidas farmacoterapéuticas, conforme mencionado
anteriormente, apenas 10% dos hipertensos tém a sua pressao arterial controlada
no Brasil (BRANDAO; MOTA; MACHADO, 2007). No entanto, quando se compara a
um pais desenvolvido, como os Estados Unidos, é sabido que sessenta e cinco
milndes de individuos necessitam de tratamento para sua hipertensdo (EGAN;
ZHAO; AXON, 2010).

A elevagao da pressao arterial sistémica pode suscitar em uma morbidade
substancial, que resulta em danos na fungcdo de érgéos-alvo, tais como: cérebro,
coragao, vasos sanguineos e rim (WAEBER; DE LA SIERRA; RUILOPE, 2009). A
HAS é uma das principais causas de Acidente Vascular Cerebral (AVC) e Infarto
Agudo do Miocardio (IAM) (FIRDAUS; SIVARAM; REYNOLDS, 2008 VEGLIO et. al.,
2009; SAINI; SHUAIB, 2010), bem como cardiomiopatia hipertensiva (ZHOU et. al.,
2009). Além disso, a falha renal crénica é considerada, muitas vezes, um resultado
da hipertensdo, denominada nefropatia hipertensiva (BAKRIS; RITZ, 2009;
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HERRINGTON; MASON, 2009). Ademais, sabe-se que a HAS também pode
contribuir para o Diabetes Mellitus tipo Il, pois a pressao arterial sistémica elevada
estd associada a niveis aumentados de glicemia (GROSSMAN; MESSERLI, 2008).

A pressado arterial sistémica € determinada pela interacdo da resisténcia
vascular periférica e da rigidez arterial; a primeira aumenta a presséao sistolica e
diastdlica, enquanto a ultima aumenta a pressao sistélica, mas reduz a presséao
diastdlica. Verificou-se que a pressao diastdlica aumenta até cerca de 50 anos,
estabiliza-se dos 50 aos 60 anos e diminui posteriormente, conforme pode ser
observado na Figura 2. Assim, a pressao de pulso (sistolica menos diastélica), um
indicador hemodinamico util da rigidez vascular arterial, aumenta com a idade.
Essas alteragdes sao consistentes com a nogao de que em pessoas mais jovens, a
pressao arterial € determinada em grande parte pela resisténcia vascular periférica,
enquanto em individuos mais velhos € determinada pela rigidez dos grandes vasos
arteriais centrais (FRANKLIN et al., 1997; PEARSON et al., 1997).

Figura 2. Comportamento da Pressdo Arterial nos Individuos
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Fonte: NICHOLS; MC DONALD; O’ ROURKE, 2005

O espessamento da parede arterial e a disfuncdo endotelial observadas
durante o envelhecimento, sdo acompanhadas de aumento na rigidez e reducdo na
complacéncia vasculares. Tais modificagées sdo atribuidas a uma série de fatores,
como maior sensibilidade ao sal, estresse hemodinamico crénico, fragmentacao e
desalinhamento das fibras de elastina, com subsequente substituicdo por fibras

colagenas, facilitando a deposi¢cao de ions calcio, conforme pode ser observado na
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Figura 3 (LAKATTA, 2007). Dessa forma, a Figura 3 apresenta a comporagao entre
a parede arterial de um jovem a esquerda e de um idoso a direita. Nesse contexto, a
parede arterial de um individuo ndo idoso apresenta predominancia de fibras
elasticas que sdo paralelas, retilineas e ndo quebradi¢cas (a esquerda) e por outro
lado a parede vascular de um idoso (a direita) é o oposto do jovem (NICHOLS;
MCDONALD; O'ROURKE, 2005).

Figura 3. Comparacdo da Composi¢cao da Parede Arterial

O enrijecimento adrtico, em decorréncia do envelhecimento vascular,
aumenta as velocidades de propagac¢éo da onda de pulso arterial (VOP) em diregéo
a circulagao periférica (centrifuga) e das ondas reflexas que retornam ao coragao
(centripeta). A superposicao dessas duas ondas na fase protomesosistélica causa o
aumento da pressao sistolica e o alargamento da presséo de pulso observadas nos
idosos (O'ROURKE; NICHOLS, 2005).

A medida da VOP carotideo-femoral é considerada atualmente padrao ouro
para avaliar a rigidez arterial dos vasos centrais. ldosos com velocidades menores
que 7,6 m/s, na auséncia de comorbidades, sdo considerados portadores de boa
saude vascular e corresponderam, em amostra isolada, menos de 4% da populacao
de individuos com mais de 60 anos (NIIRANEN et al., 2017; FREITAS; SOUZA;
FERREIRA-FILHO, 2018). Em determinada area urbana no Brasil, os valores da
VOP encontrados em idosos, ajustadas para a pressao arterial, idade e género,
foram em média de 9,1 m/s para normotensos e de 9,4 m/s para os hipertensos nao
controlados (DE MENDONCA et al., 2018).
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2.3 Diabetes Mellitus

A etiologia do termo “diabetes” é proveniente do grego diabetes, e apresenta
como significado “o que atravessa”, ou sifao pelo qual escoa a agua, uma referéncia
a diurese excessiva dos pacientes portadores de tal patologia (MOTTA, 2009). No
que concerne, ainda, sobre a origem do termo “mellitus”, € sabido que na
antiguidade o diabetes era diagnosticado pelo sabor adocicado na urina, haja vista
que os médicos a experimentavam. Portanto, essa palavra, que em latim significa
“‘mel”, foi incorporado posteriormente na literatura médica ocidental numa alusédo a
urina agucarada, que atraia abelhas (CARMO, 2014).

Dessa forma, o Diabetes Mellitus (DM) € um grupo heterogéneo de disturbios
metabdlicos caracterizados por hiperglicemia, resultante de defeitos na secrecao de
insulina, na sua acdo, ou por reducdo da sensibilidade dos tecidos, sendo uma
sindrome de comprometimento da metabolizacdo dos carboidratos, dos lipidios e
proteinas (COTRAN, KUMAR, ROBBINS, 1994; DE OLIVEIRA; VENANCIO, 2014).

A maioria dos casos de DM esta incluida em duas categorias amplas: o DM
tipo 1 e DM tipo 2. O DM tipo 1 acomete, principalmente, o individuo na infancia e
adolescéncia; porém, pode apresentar-se em individuos adultos. Esse tipo de DM
causa um rapido emagrecimento e € considerado o tipo mais agressivo dessa
patologia. O DM tipo 1 é caracterizado pelo ataque autoimune das células B das
llhotas de Langerhans, onde autoanticorpos (anti- GAD, por exemplo), destroem as
células B interrompendo a produgdo de insulina pelo pancreas (SMELTZER; BARE,
2002). O DM tipo 1 ja foi denominado como diabetes juvenil ou com tendéncia a
cetoacidose, ocorrendo em individuos na infancia e maior incidéncia na idade entre
10 e 14 anos. Esse tipo de diabetes representa 10 a 20% da incidéncia de DM. O
restante dos 80 a 90% dos pacientes possuem a segunda forma, DM tipo 2 ou DM
de forma adulta (COTRAN, KUMAR, ROBBINS, 1994).

O DM tipo 2 é uma patologia heterogénea, caracterizada por disturbios de
secrecao e acao da insulina, tendo um ou outro componente como predominio. A
causa especifica desse tipo de diabetes ainda n&o foi claramente estabelecida como
no tipo 1. Apresenta, portanto, etiologia complexa e multifatorial, envolvendo

componentes genéticos e ambientais. Na maioria dos casos, o DM tipo 2 ¢é
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recorrente em individuos a partir dos 40 anos de idade, embora se descreva, em
alguns paises, a elevagcado na sua incidéncia em criangas e jovens. Trata-se de
doenca poligénica, com forte hereditariedade e ainda n&o completamente
esclarecida, cuja ocorréncia tem contribuicdo significativa de fatores ambientais.
Dentre eles, habitos dietéticos e inatividade fisica, que contribuem para a obesidade,
destacam-se como os principais fatores de risco (SBD, 2017).

A prevaléncia de DM tem aumentado em virtude do crescimento e
envelhecimento populacional, maior urbanizacdo, crescimento preponderante da
obesidade, sedentarismo e maior sobrevida do paciente portador dessa patologia
(EBERLY et al, 2003). Westphal et al. (2004) apontaram em seus estudos que até
na década passada houve uma variagdo de 2% a 13% de pessoas com DM. Na
década de 80, a predominancia de diabetes na populacao brasileira era de cerca de
2%. Além disso, destacaram que na década de 90 encontrou-se uma preeminéncia
mais alta, variando entre 7% e 13%.

Estimavas revelaram que em 1995 o DM atingia 4% da populagéo adulta
mundial e que em 2025 havera uma ascensao para 5,4%, visto que nos paises
emergentes sera observado em todas as faixas etarias, com hegemonia para grupos
etarios mais jovens, em comparacao aos paises desenvolvidos. Nesses ultimos, o
aumento ocorrera principalmente na faixa etaria de 45 a 64 anos (KING; AUBERT;
HERMAN, 1998). O DM é um grave problema de saude que atingiu niveis
alarmantes em sua prevaléncia global, acometendeo 463 milhdes de pessoas
adultas no mundo todo. Os individuos diabéticos adultos totalizavam 59 milhdes, 48
milhdes, 32 milhdes e 19 milhdes na Europa, América do Norte e regides
caribenhas, América do Sul e Central bem como na Africa, respectivamente. Na
populagdo idosa, a prevaléncia global para o DM apontavam um total de 704, 4
milndes de individuos na populagdo mundial. As estimativas demonstram um
crescimento significativo dessa doenga nos proximos anos, apontando que em havra
995,2 milhdes e 1,4 bilhdo de individuos idosos nos anos de 2030 e 2045,
respectivamente (IDF, 2019). Tal aumento nas estimativas podem ser observados,

de forma esquematica na Figura 4.
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Figura 4. Prevaléncia de Diabetes Mellitus em Grupos Etarios
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Pesquisas realizadas por Freitas e Garcia (2008) revelaram que em todas as
regides brasileiras a prevaléncia de DM, entre pessoas do sexo feminino, foi maior
em comparagcdo com os individuos do sexo masculino (a maior diferenga entre os
sexos foi identificada na regido norte, a partir dos 60 anos). A regiao sul demonstrou
prevaléncia mais elevada entre as mulheres de 70 a 79 anos, em torno de 21,5%.
Entretanto, entre os homens da mesma faixa etaria, a maior prevaléncia foi
detectada na regido centro-oeste, em torno de 17,3%. Em ambos os sexos, o
diagnostico da doenga se torna mais comum entre individuos com idade mais
avancgada, alcangando menos de 1,0% dos individuos entre 18 e 29 anos e mais de
10,0% dos individuos com 60 anos de idade ou mais. Uma analise realizada em
2010 encontrou prevaléncia de 14,9% e 15,8% para homens e mulheres idosas,
respectivamente (FRANCISCO et al., 2010; FREITAS; GARCIA, 2012).

O DM ¢é considerado uma patologia crénica que necessita de tratamento
farmacologico e nao-farmacolégico que visa o controle dos niveis glicémicos. O
tratamento n&o-farmacolégico envolve mudangas dos habitos alimentares e
atividade fisica, objetivando a redugdo dos niveis glicémicos. Na terapia
farmacolégica sdao utilizados medicamentos  anti-hiperglicemiantes  orais
(considerados farmacos que revertem a hiperglicemia) ou farmacos hipoglicemiantes
orais (considerados farmacos que induzem a secregao da insulina). Dentre os anti-
hiperglicemiantes encontram-se as biguanidas, as glitazonas, os inibidores da a-
glicosidase. Na classe dos hipoglicemiantes encontram-se as sulfoniureias e as
metiglinidas (KATZUNG, 2010; CLARK et al., 2013; RANG et al., 2015).
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A hiperglicemia persistente é o fator primordial desencadeador das complicagdes
do DM. E comum o desenvolvimento das macroangiopatias, que comprometem as
artérias coronarianas dos membros inferiores e as cerebrais, bem como o aumento
da rigidez arterial. Outras complicagbes também s&o identificadas no DM e
englobam as microangiopatias, afetando, especificamente, a retina, o glomérulo
renal e os nervos periféricos (SCHEFFEL et al, 2004; BARBOSA et al., 2009;
MARKUS et al., 2019; CHIRINOS et al., 2019).

Outro fenbmeno caracterizado pela hiperglicemia cronica € uma complicagéo
metabdlica, a cetoacidose diabética. O ndo-reconhecimento dessa condigao causa
progressiva deterioracdo metabdlica, podendo desencadear graves sequelas. A
cetoacidose ocorre quando ha defeitos na secregao de insulina, total ou parcial,
estimulando a liberacdo de hormdnios contrainsulinicos como glucagon, cortisol,
catecolaminas e horménio do crescimento (BARONE et al., 2007; DAMIANI;
DAMIANI, 2008).

Muitos dos mecanismos fisiopatoldgicos responsaveis pela disfungao vascular
no diabetes sdo determinados pela hiperglicemia, que esta associada a ativagao de
fatores de transcricdo pro-inflamatérios e ao aumento do estresse oxidativo, levando
a vasculopatia (MAZZONE; CHAIT; PLUTZKY, 2008). Niveis avangados de produto
final de glicacdo avancada podem alterar a importante matriz de moléculas na
parede do vaso (ARONSON, 2003). Além disso, alguns estudos mostram disfungao
de células do musculo liso endotelial e vascular em individuos diabéticos em
comparacao com controles indicando que o Diabetes Mellitus tipo 2 pode reduzir a
biodisponibilidade do 6xido nitrico endotelial e atenuar a sensibilidade das células do
musculo liso ao oxido nitrico, que pode promover a rigidez arterial, através de
ligagcbes covalentes cruzadas entre os produtos finais da degradagao da glicose e o
colageno (MCVEIGH, 1992; BROWNLEE, 2005; GOLDIN et al., 2006). Diante de tal
fato, diversos estudos confirmaram que estados hiperglicémcos, pré-diabetes bem
como DM, estdo intimamente relacionados ao aumento do enjecimento arterial
(HENRY et al., 2003; MITCHELL et al., 2007; CHIRINOS et al., 2013; PRENNER;
CHIRINOS, 2015; GOTTSTER et al., 2015; LOEHR et al., 2016).

Além dos fatos abordados anteriormente, observa-se que as complicagdes do
DM aumentam ao longo dos anos, e reconhecer essa associagdo pode ser um

mecanismo para tracar medidas que diminuam o aparecimento precoce de
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complicagdes. As caracteristicas sociodemograficas e clinicas, juntamente com esse
tipo de associagdo, podem nortear o gerenciamento do cuidado e programas
educativos pelos profissionais de saude e que permitam controlar os niveis
glicémicos dos usuarios dos servigos de saude com diabetes (PIMOUGUET et al.,
2011; BOZORGMEHR et al., 2014).

2.4 Rigidez Arterial e Afericao da Velocidade de Onda de Pulso

Conforme demonstrado anteriormente, com o aumento da idade ocorrem
modificagdes na anatomia e fisiologia cardiovascular, independentemente da
presenca de doencas. No entanto, observa-se que quando fatores de riscos
(supracitados) e/ou doengas, tais como a HAS e o DM estédo presentes, ha um certo
sinergismo no que concerne ao enrijecimento arterial (CECELJA; CHOWIENCZYK,
2009).

Algumas hipodteses explicam o curso do envelhecimento arterial normal e, de
uma forma abrangente, podem ser divididas em teorias da evolugéo e fisioldgicas ou
estruturais. Do ponto de vista cardiovascular, as principais teorias passam pela
producdo de radicais livres, estresse oxidativo, alteracbes neuroenddécrinas e
predisposicao genética. A combinagcao desses fatores, atuando especialmente nos
miocitos e na camada miointimal das artérias, leva ao incremento na rigidez
ventricular e vascular, fendmeno intimamente relacionado ao processo de
envelhecimento cardiovascular (CEFALU, 2011).

No leito arterial, as principais transformacdes estruturais e fisiolégicas sao
provenientes da calcificagcdo, aumento do didmetro da parede e perda de
elasticidade, resultante da deposi¢cao de colageno e da fragmentagao da elastina na
camada média. Esse fendmeno € mais evidente em grandes artérias, mas também
ocorre no leito vascular periférico (STRATTON et al., 2003; COSTANTINO; PANENI;
COSENTINO, 2016). Essas modificagcbes contribuem para uma diminuicdo da
complacéncia e da capacidade arterial de resistir ao estresse a que é submetida
(BENETOS; SALVI; LACOLLEY, 2011). O processo apresentado nos paragrafos

anteriores pode ser visualizado na Figura 5.
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Figura 5. Mudancgas Estruturais no Envelhecimento Vascular
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Fonte: Adaptado de Mikael et al. (2017)

As modificagbes fisiopatoldégicas que acarretam o aumento da rigidez de
grandes vasos podem ser divididas em componentes passivos e ativos. O
componente passivo da rigidez arterial consiste nas transformagdes mecanicas da
parede vascular. O componente ativo € o resultado de alteracbes da funcéao
endotelial e tdbnus do musculo liso (MENDES-PINTO; RODRIGUES-MACHADO,
2019).

O enrijecimento vascular apresenta implicagbes hemodinamicas adversas,
pois a medida que a aorta se enrijece, conduz a um conjunto de modificagbes
fisiopatologicas. Dessa forma, € menos capaz de acomodar o aporte sanguineo
ejetado pelo ventriculo esquerdo com maior incremento de pressao na sistole,
expondo o miocardio a pressdes sistolicas mais elevadas e resultando em hipertrofia
ventricular esquerda e fibrose. A associagao entre reducao do recolhimento elastico
aortico e da capacidade do reservatorio leva a uma queda na pressao diastdlica,
ocasionando o aumento da pressao de pulso observada com a idade (LONDON et
al., 1993).

A rigidez arterial tem uma relagao direta e positiva com a velocidade de onda
de pulso (VOP), ou seja, quanto maior a velocidade, maior a rigidez arterial (DE
MENDONCA et al., 2018). A afericdo da VOP é normalmente aceita como o método
mais simples, nao invasivo, robusto e reprodutivel para determinar a rigidez arterial

(LAURENT et al., 2006). A VOP se expressa na razao da distancia entre dois pontos



31

do sistema arterial e o tempo gasto pela onda para percorrer essa distancia
(TOWNSEND et al., 2015).

Sabe-se que a idade afeta a VOP, que é de aproximadamente 5 a 8 m/s na
aorta de um adulto jovem e de aproximadamente 12 a 15 m/s em um individuo
hipertenso de 60 anos de idade (PIZZI et al., 2006). A VOP é reconhecida como o
método padrdo ouro para medir a rigidez arterial. E um preditor independente de
morbimortalidade cardiovascular na populagdo em geral; em idosos, e em pacientes
com doengas cardiovasculares (WILLIUM- HANSEN et al., 2006). Tal processo,
apresentado nos paragrafos anteriores, pode ser identificado na imagem a seguir.

Figura 6. Propagacao da Onda de Pulso gerada na contragao cardiaca
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Fonte: Adaptado de Mikael et al. (2017)

A Pressao Arterial Sistolica (PAS) na aorta € menor e aumenta a medida que
a onda de pulso é propagada para a periferia. A Pressao Arterial Diastolica (PAD)
aumenta menos ou pode até diminuir. Dessa forma, a pressao de pulso (PP), que é
a diferenca entre a Presséao Arterial Sistolica (PAS) e a Pressao Arterial Diastdlica
(PAD), aumenta nas artérias periféricas, conforme apresentado na Figura 2
(MENDES-PINTO; RODRIGUES-MACHADO, 2019).

Portanto, a onda de pulso gerada pela contragdo do ventriculo esquerdo
caminha pela arvore arterial numa velocidade de 5-15 m/s e, ao se deparar com
bifurcacbes ou locais que apresentem maior resisténcia periférica, acarreta uma
onda de reflexdo que caminha no sentido retrogrado em dire¢cdo ao coragéo
(HAMILTON, et al., 2007; BOUTOUYRIE, 2008; SALVI, 2012), conforme pdde ser
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notado na Figura 6 e observado na Figura 7, apresentada abaixo. Em vista disso,
pode se dizer que a onda reflexa percorre no sentido contrario a onda de pulso
(HAMILTON, et al., 2007; NAIDU; REDDY, 2012).

Figura 7. Onda Reflexa Gerada na Bifurcagdo da Aorta

\

/A
AN

Fonte: SALVI, 2012

Em decorréncia do aumento da VOP, a onda reflexa chega previamente na
aorta proximal no inicio da sistole. Tal fator leva ao aumento da Pressao Arterial
Sistdlica central (PASc). A Pressado de Aumentacao (PA) mede a elevagéo absoluta
entre os picos sistélicos. O indice de Aumentac&o (Alx) é o resultado percentual, o
aumento da pressdo de pulso é consequente a onda retrégrada e € expresso pela
razao entre PA e PP multiplicada por 100. Portanto, quanto maiores as reflexdes das
ondas de pulso, maior sera o indice de aumentacao. Dessa forma, o Alx é apontado
com um indicador indireto de rigidez arterial e um preditor de eventos
cardiovasculares (LAURENT et al., 2006; CHIRINOS et al., 2012; HUSMANN et al.,
2015).

A analise da rigidez arterial pode ser realizada por métodos invasivos e néo
invasivos. Na clinica, os métodos n&o invasivos encontram aplicabilidade crescente
e trés técnicas podem ser utilizadas: avaliagao da distensibilidade (dado pela medida
simultdnea do volume e da pressao intravascular) (GEPNER et al., 2017), andlise do
formato da onda de pulso arterial (tonometria arterial) (CHESTER et al., 2016) e
medida da VOP. Este ultimo, segundo consensos, o método padrao-ouro para medir
a rigidez arterial (OLIVER; WEBB, 2003).

A Tonometria de Aplanagao (TA) é o método pelo qual a morfologia da onda
de pressdo arterial de determinada artéria pode ser avaliada de maneira nao

invasiva, fornecendo o indice de rigidez (elasticidade) arterial. Essa técnica é
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baseada nos principios da tonometria ocular utilizada para afericido da pressao
intraocular pela “aplanacédo” da superficie do globo ocular. E um sistema de analise
da onda de pulso, que avalia, de maneira nao invasiva, a rigidez do sistema arterial
(BREVES, 2006; KIRIS et al., 2012).

Para a determinag&o da velocidade da onda de pulso carotideo-femoral (que
expressa a VOP adrtica), na posi¢cao supina, sdo colocados dois transdutores
sensiveis a pressao sobre a pele das partes mais proeminentes das artérias carétida
comum direita e femoral direita. E mensurado, pelo sistema, o intervalo de tempo
entre o inicio da onda carotidea e o inicio da onda femoral, a velocidade de registro
de 150 mm/s (BREVES, 2006; GARCIA-ORTIZ et al., 2012; DING et al., 2013). A
medida da distancia entre os transdutores €, entdo, usada para calcular a VOP
aortica como a razéo da distancia entre os dois transdutores e o intervalo de tempo
entre as duas ondas (GARCIA-ORTIZ et al., 2012; ACAR et al., 2014).

O dispositivo SphygmoCor® (XCEL, modelo EM4C, AtCor Medical, Sydney,
Australia) € um dos mais utilizados para a realizagdo de analise nao invasiva da
hemodinadmica central com foco na pressao arterial central e na medida de rigidez
arterial. Pode-se, dessa forma, obter a forma de onda do pulso radial por TA com a
calibracdo da pressado sanguinea braquial do brago e, entdo, calcular a Pressao
Arterial Central (PAC) com cada algoritmo embutido. E um método indolor, rapido e
fornece resultados instantaneos (GARCIA-ORTIZ et al., 2012; DING et al., 2013). O

procedimento mencionado anteriormente pode ser visualizado na imagem a seguir.

Figura 8. Afericdo das pressdes centrais e velocidade de onda de pulso carotideo-
femoral

Fonte: EINST. SphygmoCor® XCEL. AtCor Medical (2019)
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2.5 Diabetes na Rigidez Arterial de ldosos Hipertensos

A progressao da idade é considerada o principal fator bioldgico associado ao
aumento da rigidez arterial. A obesidade, a dislipidemia, o DM, bem como a HAS
s&o indicados como potenciais desencadeadores do incremento da rigidez arterial,
sendo que as patologias crénicas com grande relevancia sao HAS e DM e, por sua
vez, apresentam um componente inflamatério implicito (ALVIM et al., 2017). A
presenca de DM e HAS esta intimamente associada, e é dificil isolar os efeitos
independentes e aditivos dessas condigdes nos valores da VOP (FERRANNINI;
CUSHMAN, 2012).

Barnes et al. (2014) e Zubcevic et al. (2014) concluiram que o aumento da
rigidez arterial, associado ao envelhecimento, estd intimamente relacionado a
elevacao da atividade nervosa simpatica e, consequentemente, da exacerbacédo do
processo inflamatério. Os efeitos da HAS e DM sobre a rede vascular possuem
aspectos comuns, pois ambos induzem respostas inflamatérias, aumento das fibras
de colageno em substituicdo a fibras elasticas e consequente depdsito de ions de
célcio na parede arterial (ARONSON, 2003; BARBOSA; OLIVEIRA; SEARA, 2008;
NIGAM et al., 2003; SAFAR; LEVY; STRUIJKER-BOUDIER, 2003; O’'ROURKE;
NICHOLS, 2005), colaborando com a rigidez vascular encontrada nos pacientes
portadores dessas doencas cronicas.

Muitos dos mecanismos fisiopatoldgicos responsaveis pela disfungao vascular
no diabetes sdo determinados pela hiperglicemia, que esta associada a ativagao de
fatores de transcri¢cao pré-inflamatérios e ao aumento do estresse oxidativo, levando
a vasculopatia (MAZZONE; CHAIT; PLUTZKY, 2008). Niveis avangados de produto
final de glicagdo avancada podem alterar a importante matriz de moléculas na
parede do vaso (ARONSON, 2003). Além disso, alguns estudos mostram disfungéo
de células do musculo liso endotelial e vascular em individuos diabéticos em
comparagao com controles indicando que o Diabetes Mellitus tipo 2 pode reduzir a
biodisponibilidade do 6xido nitrico endotelial e atenuar a sensibilidade das células do
musculo liso ao 6xido nitrico (MCVEIGH, 1992).

Além disso, sabe-se que a HAS é um importante fator de risco cardiovascular
€ que a sua presenca esta intimamente relacionada ao enrijecimento de grandes

artérias. Isso acontece em decorréncia do estresse hemodinamico crbénico, que
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resulta em danos mecanicos na parede arterial. Esse fator desencadeia a reducgao
do componente elastico pela liberacao e ativagcdo de metaloproteinases, além da
fragmentagao das laminas de elastina e ativagdo de respostas inflamatérias com a
deposigcado de calcio e colageno (NIGAM et al, 2003; SAFAR; LEVY; STRUIJKER-
BOUDIER, 2003; O'ROURKE; NICHOLS, 2005).

Diversos estudos demonstraram que os pacientes com diabetes tém artérias
mais rigidas que individuos normais, porém, varios fatores importantes associados
também podem influenciar, tais como a idade do paciente, o género, a duracéo da
doenga, o grau de controle com o tratamento, o grau de complicagdes crdnicas,
podendo ocorrer também variagcdbes em funcédo da artéria estudada (LUKICH et al.,
2010; VYSSOULIS et al., 2012).

Estudos demonstraram que pacientes portadores de DM com Insuficiéncia
Renal Crénica (IRC), em estagio final, apresentam maior espessamento da camada
intima da artéria cardtida que aqueles que tém isoladamente diabetes ou
Insuficiéncia Renal (IR) em estagio final. Com relagéo a rigidez da parede arterial da
carétida e da aorta, estas apresentam-se aumentadas na presenca do DM. O
Diabetes Mellitus, ao lado da hipertensao arterial e do envelhecimento, pode induzir
tais alteragdes em diferentes territorios arteriais (SAFAR et al. 2003).

Tedesco et al. (2004) demonstraram que a rigidez arterial € maior em
individuos hipertensos diabéticos. Bruno et al. (2012) consolidaram as evidéncias
apontadas pelos autores ao apontarem que ha um aumento na rigidez arterial de
individuos hipertensos diabéticos em comparagao aos hipertensos nao diabéticos.
Yeboah et al. (2016) concluiram que individuos hipertensos diabéticos apresentaram
reducao na complacéncia arterial ou aumento na rigidez arterial em comparacgao aos
sujeitos que apresentavam apenas uma das patologias.

Portanto, de forma complementar Ferreira et al. (2015) concluiram que a
melhoria no controle glicémico, Pressdo Arterial, bem como a diminuicdo da
Frequéncia Cardiaca (FC) é primordial para aliviar o impacto causado ou prevenir a

progressao da rigidez arterial em individuos diabéticos.
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3 JUSTIFICATIVA

O envelhecimento populacional tem crescido significativamente nas ultimas
décadas e com isso ocorre o0 surgimento ou agravamento de patologias
cardiovasculares ja existentes.

Dentre o grupo das doencgas cardiovasculares, as que apresentam o maior
destaque sédo: a HAS e DM. Tais doengas podem levar o individuo a eventos
cardiovasculares como infarto e acidente vascular encefalico.

As doengas supracitadas levam ao aumento da rigidez arterial (complacéncia
diminuida). O enrijecimento arterial € algo que ocorre devido a uma associacao entre
o envelhecimento e as doencas referidas anteriormente.

No intuito de verificar a rigidez arterial foram criados métodos que aferem a
velocidade de onda de pulso. Essa onda é a demonstracdo da energia que se
difunde em todo o sistema circulatério, gerada a cada contragdo cardiaca e que
caminha a uma velocidade dependente da elasticidade das artérias.

Portanto, este trabalho apresenta como justificativa a necessidade de verificar
se a presenga concomitante da HAS e DM tem efeitos somatorios na rigidez
vascular de individuos idosos. O conhecimento dessa interagdo entre HAS e DM

podera direcionar normas de tratamento e prevencao.



4 OBJETIVO

Verificar se pacientes idosos hipertensos com DM tém maior

central do que idosos com HAS sem DM.

37

rigidez arterial
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5 HIPOTESES

5.1 Hipétese de Nulidade (Ho): A presenca de Diabetes Mellitus em pacientes

idosos hipertensos ndo esta associada ao aumento da rigidez vascular.

5.2 Hipétese Alternativa (H1): A presenca de Diabetes Mellitus em pacientes idosos

hipertensos esta associada ao aumento da rigidez vascular.
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ABSTRACT ARTICLE HISTORY
Background: Aging increases the risk of chronic diseases, especially cardiovascular diseases, leading to Received 30 April 2020
changes in cardiovascular anatomy and physiology even in the absence of other comorbidities. Numerous Revised 3 June 2020
cardiovascular risk factors (CVRFs), such as diabetes mellitus (DM) and systemic arterial hypertension Accepted 11 June 2020

(SAH), can modify the functional and structural properties of large vessels, increasing arterial stiffness. KEYWORDS
Objective: To determine whether elderly patients with hypertension with DM have greater central arterial Elderly; arterial stiffness;
stiffness than elderly patients with SAH without DM. hypertension; diabetes

Methods: The Study of Pulse Wave Velocity in the Elderly in an Urban Area in Brazil (EVOPIU) included mellitus
1,192 patients aged = 60 years who underwent applanation tonometry (AT) to evaluate carotid-femoral
pulse wave velocity (cfPWV). From this database, 1,133 patients were selected from 6 groups: NDN
(nondiabetic normotensives; n: 127); DN (diabetic normotensives; n: 64); NDCH (nondiabetic controlled
hypertensives; n: 168); DCH (diabetic controlled hypertensives; n: 275); NDH (nondiabetic hypertensives; n:
217) and DH (diabetic hypertensives; n: 282). All groups underwent AT to obtain cfPWV and central and
peripheral arterial pressures.

Results: The pulse wave velocities found were as follows: NDN vs DN (8.9 + 0.2 m/s vs 9.4 + 0.2; P = .103);
NDCH vs DCH (9.0 £ 0.2 m/s vs. 9.6 £ 0.1 m/s; P= .04) and NDH vs DH (9.2 + 0.1 m/s vs. 9.6 = 0.1 m/s;
P=,045). When the diabetic groups were compared, there were no differences in cfPWV values, and the
same occurred when the nondiabetic groups were compared.

Conclusions: Elderly patients with diabetes and hypertension have greater central arterial stiffness than
patients without diabetes and hypertension, regardless of systemic blood pressure control. The central
arterial stiffness caused by vascular aging seems to be a common factor among all the studied groups.

Introduction attenuate the sensitivity of smooth muscle cells to the nitric
oxide (14-17).

In hypertension, chronic hemodynamic stress results in
mechanical damage to the arterial wall. This factor triggers
a reduction in the elastic component via the release and activa-
tion of metalloproteinases, in addition to the fragmentation of
elastin sheets and the activation of inflammatory responses
involving calcium and collagen deposition (18-20).

Aging is one of the most important causes of the development
of aortic and large arterial vessel stiffness in the elderly. This
central vessel stiffness is considered a risk factor for cardiovas-
cular morbidity and mortality (1-6). Among the diseases that
most affect the elderly, Systemic Arterial Hypertension (SAH)
and Diabetes Mellitus type 11 (DM) (7) have common mechan-
isms of insult to the cardiovascular system (8). The global
prevalence of SAH in elderly world population is calculated
to be approximately 1 billion adults worldwide (9,10), while the
prevalence of DM is 704.4 million (11).

Many of the pathophysiological mechanisms responsible for
vascular dysfunction in DM are determined by glycemic levels,
which are associated with the activation of pro-inflammatory
transcription factors and increased oxidative stress (12).
Elevated levels of the end products of glucose degradation Materials and methods
may alter the cellular matrix of the vascular wall (13). In
addition, some studies show dysfunction in endothelial cells EVOPIU study
and smooth muscle cells of the vessel wall in individuals with  The Study of Pulse Wave Velocity in the Elderly in an Urban
diabetes compared with that in normal controls. Type 2 DM Area in Brazil (Estudo da Velocidade de Onda de Pulso em
can reduce the bioavailability of endothelial nitric oxide and Idosos em Area Urbana no Brasii - EVOPIU) is

Concomitant hypertension and DM associated with vessel
aging may accelerate the vascular stiffening process in the
elderly. The objective of this study was to determine whether
elderly patients with hypertension and DM have greater central
arterial stiffness than elderly patients with hypertension with-
out DM.

CONTACT Sebastido Rodrigues Ferreira-Filho @ sebahferreira@gmail.com e Federal University of Uberlandia (Universidade Federal De Uberlandia), Uberlandia,
Minas Gerais, Brazil
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a population-based prospective cohort study that aimed to
determine the occurrence of cardiovascular events related to
the pulse wave velocity in the elderly over a 4-year follow-up
period (from 2014 to 2018). Participants aged 60 years or
older were included, and those with chronic renal failure
undergoing dialysis, known neoplasms, and those unable to
remain in the supine position during the applanation tono-
metry (AT) examination or wheelchair-bound were excluded.
The convenience sample size consisted of 1,204 elderly indi-
viduals and, after exclusion according to the cited criteria, the
final sample comprised 1,192 participants (21). This study
was approved by the Research Ethics Committee of Federal
University of Uberlandia (CAAE n. 37440114.3.0000.5152)
and was funded by the Research Support Foundation of
Minas Gerais (Fundagio de Amparo a4 Pesquisa do Estado
de Minas Gerais - FAPEMIG). All participants were
informed about the study and signed an informed consent
form.

Association between DM and arterial stiffness in elderly
patients with hypertension

The present research was a cross-sectional study in which
patients were selected during the first medical visit of the
EVOPIU study. A total of 59 patients were excluded
because they did not have brachial blood pressure (BP)
measurements in triplicate; therefore, 1,133 patients were
ultimately included in the study. Six groups were formed:
NDN (nondiabetic normotensives; n: 127); DN (diabetic
normotensives; n: 64); NDCH (nondiabetic controlled
hypertensives; n: 168); DCH (diabetic controlled hyperten-
sives; n: 275); NDH (nondiabetic hypertensives; n: 217) and
DH (diabetic hypertensives; n: 282).

Brachial SAH was considered mean BP values = 140/
90 mmHg obtained for 3 consecutive BP measurements with
the patient using, or not, antihypertensive drugs; controlled
hypertension was considered BP < 140/90 mmHg with the
patient using antihypertensive drugs; and normotension was
considered BP < 140/90 mmHg with the patient not using
antihypertensive drugs. DM was considered patients with fast-
ing blood glucose > 100 mg/dL, which included patients with
prediabetes and diabetes, as well as all patients using oral
hypoglycemics and/or insulin regardless of blood glucose
values.

Applanation Tonometry (AT)

We measured AT with a SphygmoCor® XCEL device,
(model EM4 C;AtCor Medical, Sydney, Australia), with
which the brachial (b) and central (c) systolic, diastolic,
pulse and mean arterial pressures (SPb, SPc, DPb, DPc,
PPb and PPc, MAPb, MAPc, respectively), augmented pres-
sure (AP), augmentation index adjusted for a heart rate of
75 bpm (Aix%), heart rate (HR) and carotid-femoral Pulse
Wave Velocity (cfPWV) were measured. The measurement
of brachial arterial pressure was performed in triplicate
with the patient at rest for 10 min and with the cuff fit to
the circumference of the participant’s arm.

Brachial Blood Pressure Measurements (bBP)

After 10 min of rest, brachial systemic blood pressure was
assessed in a seated position three consecutive times at 3-min
intervals labeled the first, second and third blood pressure
measurements at each medical visit in the right arm. For the
first two measurements, an automatic digital oscillometric
blood pressure (BP) device (HE 7200 Intelli-Sense Omron
Hem®, Brazil) was used; the third measurement was performed
with a SphygmoCor®, Sydney, AU. We used triplicate measure-
ments of blood pressure, considering each one of the three
measures separately (named the first, second and third mea-
surements) and reporting the arithmetic mean of the three
measurements. The sizes of BP cuffs were adjusted to the arm
circumference.

Statistical analysis

For all variables, a completely randomized design (CRD)
model with one factor was used to determine significant differ-
ences between the groups. Assumptions regarding normality of
distribution, independence of residuals and homogeneity of
variances were tested. Only the variable body mass index
(BMI), after logarithmic transformation, met the assumptions
of the CRD model and was tested using the ANOVA F-test
followed by the Scott-Knott multiple comparisons test. When
the assumptions were not met, the nonparametric Kruskal-
Wallis test was applied. The Shapiro-Wilk test for the normal-
ity of residuals, Levene’s test for homogeneity of variances and
Durbin-Watson test for independence of residuals were
applied. Mean followed by standard error. Median followed
by interquartile range. The analyses were performed using
R version 2018 and Stata version 15 (StataCorp LLC).

Results

The results were separated into 3 tables. Table 1 shows the
clinical and laboratory characteristics of the analyzed groups.
There was a greater predominance of females in all groups,
except in the DN group; the oldest mean age was found in the
NDH group. The highest blood glucose values were found in
the DH group.

The BP profile and cfPWV of the evaluated groups are
shown in Table 2. The highest SPb, PPb, SPc and PPc values
were observed in the groups with hypertension, with and with-
out DM (DH and NDH). Regarding cfPWYV, the highest values
were noted in the diabetic and hypertensive groups (DCH and
DH), regardless of BP control.

Table 3 shows the distribution of antihypertensive drugs in
the different studied groups. The most widely used drugs were
angiotensin-converting enzyme inhibitors (ACEIs) and angio-
tensin II receptor blockers (ARBs) in the hypertensive groups
with and without DM.

Discussion

The results obtained in this study show that elderly normoten-
sive patients with and without DM have similar cfPWV values
(8.9 £ 0.2 vs. 9.4 £ 0.2 m/s, P = .103). This finding suggests that
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Table 1. Clinical and laboratory characteristics of the study groups.

CLINICAL AND EXPERIMENTAL HYPERTENSION @ 3

Variable NDN DN NDCH DCH NDH DH
n=127 (11.21%) n = 64 (5.65%) n =168 (14.83%) n =275 (24.27%) n =217 (19.15%) n = 282 (24.89%)
Sex (n) (%)
Age (years) 66.0 (9.0) 67.0 (8.0) 68.0 (11.0) 68.0 (10.0) 71.0 (13.0) 69.0 (9.0)
Height (m) 1.57 + 0.008 1.58 + 0.15 1.58 + 0.007 1.58 + 0.006 1.56 + 0.007 1.57 + 0.006
Weight (kg) 62.0 (15.3) 73.5 (16.5) 67.5 (18.0) 720 (19.2) 64.7 (20.0) 72.5 (19.6)
AC (cm) 89.0 (16.0) d 100.0 (11.0) ab 97.0 (15.0) be 100.0 (13.0) a 95.0 (17.0) ¢ 102.0 (15.0) a
BMI (kg/m?) 2487 + 04 c 2848 +06a 2733+04b 2938+03a 2716+ 04b 3023+03a
TC (mg/dL) 200.0 (49.7) a 195.5 (49.0) ab 1885 (51.2) b 184.0 (57.5) b 205.0 (49.2) a 185.0 (552) b
HDL-c (mg/dL) 51.0(21.5)a 48.0 (18.0) be 50.0 (21.7) ab 44.7 (19.0) ¢ 51.5(19.7) a 45.0 (18.0) ¢
LDL-c (mg/dL) 115.8 (45.2) ab 117.0 (46.0) abc 113.0 (41.2) be 103.0 (44.9) d 124.0 (45.5) a 108.0 (49.0) cd
TG (mg/dL) 1045 (70.3) d 142.0 (71.0) ab 116.0 (63.7) cd 149.0 (92.2) a 126.0 (71.3) bc 144.4 (89.2) a
Blood glucose (mg/dL) 91.0 (10.2) d 106.0 (10.5) ¢ 91.0 (6.6) d 111.2(249) b 91.9 (8.3)d 116.6 (33.5) a
UA (mg/dL) 4915 ¢c 5.25(2.2) be 56(24)b 60 (2.2) a 53(19) b 6.1(2.1)a
Urea (mg/dL) 299 (94) b 31.4 (14.4) ab 34.6(159) a 340(13.0)a 337 (15.0)a 328(11.2)a
Creatinine (mg/dL) 074 (0.3) b 0.83 (0.3) a 083 (03) a 081 (03) a 0.84 (0.3) a 0.80 (0.3) a

AC: abdominal circumference; BMI: bedy mass index; TC: total cholesterol; HDL-c: high-density lipoprotein cholesterol; LDL-c: low-density lipoprotein cholesterol; TG:
triglycerides; UA: uric acid. Means followed by different lowercase letters in rows differ significantly according to the Scott-Knott test at the 0.05 significance level for
BMI; for the other variables, medians with interquartile ranges followed by different lowercase letters in rows differ significantly according to the Kruskal-Wallis test at
the 0.05 significance level. The Shapiro-Wilk test for the normality of residuals, Levene's test for homogeneity of variances and Durbin-Watson test for independence
of residuals were applied. Mean followed by standard error. Median followed by interquartile range.

under these specific conditions, the presence of DM in the
absence of SAH was not sufficient to differentiate the 2 groups
in regard to central arterial stiffness. In contrast, in the pre-
sence of hypertension, controlled or not, cfPWV was higher in
individuals with diabetes (Table 2).

Vascular health proposed by Niiranen et al. (22) assumes
normotensive individuals without comorbidities and cfPWV <
7.6 m/s. Thus, it is possible that elderly NDN patients already
present structural damage to the vessel wall due to vascular
aging because in the present study the cfPWV values found are
superior to those defined for vascular health. When comparing
the cfPWV of the NDN group with that of the DN group, we
did not observe significant differences between them (8.9 + 0.2
vs. 9.4 + 0.2 m/s; P =.103), suggesting that possible increases in
arterial stiffness caused by DM may not be detected by the
method used. Li et al. (23) showed that patients with glucose
intolerance have higher cfPWV values than individuals with
a normal glucose tolerance curve, but the studied groups were
not exclusively composed of elderly individuals. In nonelderly
normotensive adults, Alvim et al. (24) detected greater arterial
stifiness in patients with diabetes than in controls without
diabetes. However, these authors did not classify their groups
by BP levels but rather by the presence or absence of DM.
Therefore, the groups contained individuals with different BP
values, which could explain the different results found by the
authors and our study. In normotensive individuals, Yeboah,
Antwi and Gyan (25) detected higher arterial stiffness in those
with DM. However, the patients were not elderly, and the
authors did not adjust the cfPWV values found for MAPb. In
our study, the cfPWV values were different before and after
adjusting for cofounders such as age, sex and MAPb, demon-
strating the need for adjusting this variable.

The effects of SAH and DM on the vascular network have
common pathophysiological aspects because both induce
inflammatory responses, an increase in collagen fibers to
replace elastic fibers and the deposition of calcium ions in the
arterial wall (12,17-19,26). Because DM and SAH are closely
associated in the elderly, it is difficult to isolate the independent

and additive effects of these conditions on central arterial
stiffness (27). Data from the present study indicate that DM
is a contributory factor to the increased ¢fPWV values in
elderly patients with controlled or uncontrolled hypertension.

Our results are similar to those described by Tedesco et al.
(28) who reported greater arterial stiffness in individuals with
diabetes and hypertension, albeit nonelderly. Additionally,
Bruno et al. (29) showed that there was an increase in arterial
stiffness in individuals with DM and SAH than in those with-
out diabetes and with hypertension. In addition to this, Yeboah
et al. (30) concluded that nonelderly individuals with diabetes
and hypertension showed reduced arterial compliance or
increased arterial stiffness compared with individuals with
only one of these comorbidities. The present study indicates
that increased arterial stiffness associated with diabetes and
hypertension also occurs in the elderly.

When exploring the relationship between arterial stiffness
and the incidence of DM, Muhammad et al. (31) found that
elderly individuals with the highest tertile of (fPWV exhibited
a higher incidence of DM. In the initial group including all
patients, 49% used antihypertensives, showing that there was
no distinction between those who were hypertensive or not.
These data corroborate the results found in our study because
when comparing DCH and DH, cfPWV was not different
between these groups but was elevated compared with the
corresponding controls without diabetes. Loehr et al. (32) in
elderly patients with controlled hypertension confirmed that
prediabetes or diabetes exhibited higher arterial stiffness com-
pared to those with normal blood glucose levels.

Our study resulted in data not observed in other studies,
such as the NDN group, whose vascular stiffness can be
attributed only to the aging factor because its members did
not have other comorbidities. This factor was important for
comparing the additional effects on arterial stiffness caused
by SAH and DM. The present study has limitations inher-
ent to cross-sectional studies because BP and AT measure-
ments, as well as the laboratory and anthropometric data of
patients, were obtained on a single occasion. These values
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Table 2. Systemic arterial pressure and pulse wave velocity in elderly patients by study group.

Variable NDN DN NDCH DCH NDH DH
n =127 (11.21%) n = 64 (5.65%) n =168 (14.83%) n = 275 (24.27%) n =217 (19.15%) n = 282 (24.89%)

SPb (mmHg) 1255 (12.5) ¢ 127.0 (11.0) be 128.0 (14.1) bc 1270 (14.0) b 1520 (18.8) a 153.0(186) a
DPb (mmHg) 73.0 (11.7) be 755(123)b 740 (11.00 b 720(107) ¢ 84.0 (16.0) a 84.0(139) a
HRb (bpm) 73.0(13.0) a 75.0(14.0) a 73.0(16.0) a 740(18.0) a 740 (19.0) a 75.0(16.0) a
PPb (mmHg) 51.0(14.1) ¢ 51.01(9.2) c 52.0 (11.9) c 54.0 (127) b 700 (16.3) a 71.0(157) a
MAPb (mmHg) 90.2 (10.9) bc 926 (10.3) b 92.4(10.8) b 90.6 (8.5) ¢ 107.1 (13.0) a 107.22(120) a
SPc (mmHg) 170057 d 1225 (13.0) od 122.5 (18.5) be 1240 (190) b 1415 (22.7) a 1440 (18.0) a
DPc (mmHg) 79.0(13.0) b 800 (11.0) b 80.0 (14.0)0 b 80.0(13.0) b 90.0(17.7) a 89.0(13.0) a
HRc (bpm) 72.0(14.0) a 73.5(16.0) a 720 (15.0)a 73.0(19.0) a 73.0(200) a 750 (16.0) a
PPc (mmHg) 390(13.00d 39.5 (15.0) «d 42.0 (15.5) c 45.0 (187) b 525(247) a 540(18.7) a
MAPc (mmHg) 93.0 (12.0) ¢ 98.0 (8.0) bc 96.0 (13.7) b 98.0 (14.7) b 110,5 (17.5) a 112.0 (14.0) a
AP (mmHg) 14.0 (8.0) b 125 (1200 b 15.0 (11.00 b 15.0(14.0) b 17.0 (16.0) a 19.0 (14.0) a
Aix (%) 33.0(173)a 29.0(182) a 310(183)a 340 (204) a 33.0(186) a 34.0(19.6) a
Adj fPWV (m/s) 89+02b 94+02b 9.0+£02b 96+0.1a 9.2+0.1b 96+0.1a

SPb: brachial systolic pressure; DPb: brachial diastolic pressure; HRb: brachial heart rate; PPb: brachial pulse pressure; MAPb: brachial mean arterial pressure; SPc: central
systolic pressure; DPc: central diastolic pressure; PPc: central pulse pressure; HRc: central heart rate; MAPc: central mean arterial pressure; AP: augmented pressure; Alx:
augmentation index; cfPWV: carotid-femoral pulse wave velocity. Means with standard errors with different lowercase letters in rows differ significantly by the Scott-
Knott test at the 0.05 significance level for cfPWV; for the other variables, medians with interquartile ranges followed by different lowercase letters in rows differ
significantly by the Kruskal-Wallis test at the 0.05 significance level. The Shapiro-Wilk test for normality of residuals, Levene's test for homogeneity of variances and

Durbin-Watson test for independence of residuals were applied.

Table 3. Distribution of antihypertensive drugs in the studied groups.

NDN DN NDCH DCH NDH DH
Pharmacological
Class n=127 n=64 n=168 n=275 n=217 n=282
a 0% 0% 64% 64% 44% 60%
B 0% 0% 35% 37% 35% 39%
C 0% 0% 12% 22% 19% 27%
D 0% 0% 75% 79% 57% 66%

a: Diuretics, B: B-blockers, C: Calcium channel blockers and D: Angiotensin II
receptor blockers (ARBs) and angiotensin-converting enzyme inhibitors
(ACEIs). Percentages (%). NDCH vs DCH vs NDH vs DH: P: >0.05.

may differ from those that would be obtained in
a longitudinal study. The antihypertensives prescribed to
the hypertensive groups with and without DM could
change the cfPWYV, but the percentage of use of these
drugs was similar among the groups (Table 3).

Based on our data, it is concluded that elderly patients
with diabetes and hypertension have greater central arterial
stiffness than patients without these diseases regardless of
systemic BP control. The central arterial stiffness caused by
vascular aging seems to be a common factor among all the
groups studied.
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ANEXO B - INSTRUMENTO DE COLETA DE DADOS (Formulario Follow Up)

Estudo da velocidade de onda de pulso em idosos em Uberlandia — EVOPIU

ID: UNIDADE:__
DATA: / / PRONTUARIO:
NOME:
NOME DA MAE:
GENERO: F() M () IDADE: DATA NASC: / /
CIDADE: UF: CEP:
ENDERECO: BAIRRO:
TEL 1: TEL 2: CONTATO:
OCUPAGAO: ( ) INATIVO: ( )ATIVO:
COR: ( )NEGRO ( )BRANCO ( )OUTRO

COMORBIDADES PREVIAS A INCLUSAO

Sedentarismo: Sim( ) N3o( )*obs.: <3x/semana

Tabagismo: N3o( ) Sim( ) n2 cigarros/dia:

Cancer: Nao () Sim ( ) AVC: ( ) Ndo ( )Sim:( )Isquémico ( )Hemorragico

HAS: ( ) Ndo ( )Sim DM: ( ) Ndo ( )Sim D. Reumatica: ( ) Ndo ( )Sim

Ortopnéia: ( )Ndo ( )Sim  Claudicagdo: ( )Ndo ( )Sim  Desconf. Precordial ( )Ndo ( )Sim

Palpitagdo: ( ) Ndo ( )Sim Déficit motor: ( ) Ndo ( )Sim  Sincope: ( ) Ndo ( )Sim

Hist. Familia: ( ) Ndo ( )Sim:

Outros:
DOENCA ARTERIAL CORONARIANA
Evento: (1): Data: / /
Angina () Infarto () Isquemia silenciosa () ICC () AVC ()
Arritmia ()  Angioplastia ( ) Stent ( ) Revascularizacgdo ( )
Mesmos de cima: Resposta favoravel ( )

Em caso de DAC nimero de vasos acometidos:

Associacdo da doenga da Carétida com VOP
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CLASSE DE MEDICACAO Nome: Dosagem Horario
Diuréticos: Hidroclorotiazida ( ) ()M T( ) N()
Furosemida ( ) ()M T( ) N()
Indapamida () ()M T( ) N()
()M T( ) N()
Betabloqueador: Atenolol ( ) ()M T( ) N()
Propanolol ( ) ()M T( ) N()
()M T( ) N()
()M T( ) N()
Bloqueador do canal de Ca+: | Anlodipina( ) ()M T( ) N()
Nifedipina( ) ()M T() N()
Verapamil ( ) ()M T( ) N()
Diltiazem () ()M T( ) N()
( )M T( ) N()
Vasodilatador: Hidralazina ( ) ()M T( ) N()
Minoxidil ( ) ()M T( ) N()
()M T( ) N()
Inibidor de ECA: Enalapril ( ) ()M T( ) N()
Captopril ( ) ()M T( ) N()
( )M T( ) N()
()M T( ) N()
Bloqueador dos receptores de| Losartana ( ) ()M T( ) N()
angiotensina: ()M T( ) N()
()M T() N()
Outros: AAS () ()M T( ) N()
Sinvastatina ( ) ()M T( ) N()
Metformina ( ) ()M T( ) N()
Glicazida ( ) ()M T( ) N()
Insulina ( ) ()M T( ) N()
()M T( ) N()
EXAME FiSICO
Dados da pressdo central:
VOP: Aix: PP: Medidas: C:
PAS: PAM: PAD:
‘Dados da pressao braquial:
|12 Aferigdo: PAS: PAM: : Ass.:
22 Aferigao: PAS: PAM: P: Ass.:
Dados antropométricos
Peso: Altura: Circunferéncia Abdominal: ICM: Baixo

peso:( ) Normal:( ) Sobrepeso:( ) Obesidade 1:( ) Obesidade2( )

Obesidade 3( )
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BIOQUIMICA
Colesterol Total: Triglicerideos:
HDL: LDL: VLDL:
Uréia: Creatinina: Hemograma:
Proteindria / Creatinina: Glicose:
Ac. Urico: TFG:
Sokolow: ELETROCARDIOGRAMA

Cornell:

FATORES DE RISCO:
Hipertens3o Arterial: () Sim () Ndo / Se sim, quanto tempo?
Diabetes Mellitus: () Sim () Ndo / Se sim, quanto tempo?
Dislipidemia: () Sim () Ndo / Se sim, quanto tempo?
Ex tabagismo: ( )Sim ( )Ndo
Se sim, parou ha quanto tempo? Fumou por quanto tempo?
Doenca vascular periférica: () Sim () N3do / Se sim, quanto tempo?
Estresse: () Sim () Nao
Atividade fisica: () Sim () Ndo / Se sim, qual frequéncia e intensidade?
Internacdo recente: () Sim () Ndo / Se sim, qual o motivo e quando foi?
Vocé esta acostumado a esquecer de tomar seus remédio? () sim () ndo
Vocé costuma esquecer o horario de tomar a medicagdo () sim () ndo
Quando vocé esta se sentindo bem as vezes vocé suspende a medicacdo? () sim () ndo__
Quando vocé toma seu remédio e se sente pior vocé para de tomar sua medica¢do? ( )sim ()
nao
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ANEXO C - TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

Vocé esta sendo convidado (a) para participar da pesquisa intitulada Estudo
da velocidade de onda de pulso em idosos do programa Hiperdia, sob a
responsabilidade dos pesquisadores Professor Dr Sebastido Rodrigues Ferreira
Filho, enfermeiro Denis Fabiano de Souza, enfermeira Cristina lla de Oliveira
Peres, enfermeira Ana Claudia de Alvarenga Cunha Bruneli, médico Aloisio
Daher de Melo, académico de enfermagem (UFU) Alberto Lopes Ribeiro Junior.

Nesta pesquisa nds estamos buscando entender a presséo dentro do coragao
e saber se essa pressdao pode ter alguma relacido com derrame, infarto ou
algum problema de saude que a pressao alta pode causar.

O Termo de Consentimento Livre e Esclarecido sera obtido pelos
pesquisadores enfermeiro Denis Fabiano de Souza, enfermeira Cristina lla de
Oliveira Peres, enfermeira Ana Claudia de Alvarenga Cunha Bruneli, médico
Aloisio Daher de Melo, académico de enfermagem (UFU) Alberto Lopes Ribeiro
Junior, nas unidades de atengdo primaria e unidades integradas do programa
Hiperdia na cidade de Uberlandia, durante as consultas padronizadas pelo
programa, que normalmente sao realizadas de segunda a sexta feira no horario
comercial.

Na sua participacdo, vocé permitira que a pressao dentro do seu coragcao e no
seu brago seja verificada de forma n&o invasiva ou seja, ndo havera nenhum corte,
ponto ou ferimento em sua pele ou procedimento que gere algum tipo de dor ou
desconforto. Nés n&o coletaremos nenhum material além dos que o seu
médico/enfermeiro(a) solicita rotineiramente, todavia, os exames que forem pedidos
por seu médico/enfermeiro incluiremos no banco de dados dessa pesquisa. Nés
realizaremos uma entrevista onde serao feitas perguntas sobre seus costumes, se
vocé faz alguma atividade fisica, se € portador de alguma doenga como pressao
alta, colesterol alto, glicemia alta (diabetes) e se vocé toma os remédios na hora e
quantidade certa, se vocé esquece de tomar ou deixa se estiver se sentindo bem, ou
para o uso do medicamento por algum mal estar que sinta quando faz o uso.

Em nenhum momento vocé sera identificado. Os resultados da pesquisa
serao publicados e ainda assim a sua identidade sera preservada.

Vocé néao tera nenhum gasto e ganho financeiro por participar na pesquisa.

Os riscos consistem em o unico risco é que sua identidade seja exposta,
todavia nos utilizaremos um codigo numérico para evitar que isso ocorra com VOcé.
Os beneficios serdao que pretendemos entender melhor a pressao alta
especialmente a pressao alta dentro do coragdo e a velocidade que o sangue
caminha no seu corpo (onda de pulso). Os beneficios serdo gerar um banco de
dados onde pretendemos estudar a pressao alta, o tratamento correto, a importancia
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do uso correto dos remeédios e conhecer os riscos adicionais as pessoas com a
pressao alta.

Vocé é livre para deixar de participar da pesquisa a qualquer momento sem
nenhum prejuizo ou coagao.

Uma via original deste Termo de Consentimento Livre e Esclarecido ficara
com Voceé.
Qualquer duvida a respeito da pesquisa, vocé podera entrar em contato com:
Professor Dr Sebastiao Rodrigues Ferreira Filho, enfermeiro Denis Fabiano de
Souza, enfermeira Cristina lla de Oliveira Peres, enfermeira Ana Claudia de
Alvarenga Cunha Bruneli, médico Aloisio Daher de Melo, académico de
enfermagem (UFU) Alberto Lopes Ribeiro Junior nos telefones, 3218-2389 e
3218-2000 na avenida Para 1720 bairro Umuarama Uberlandia/MG CEP 38400-
902. Podera também entrar em contato com o Comité de Etica na Pesquisa com
Seres-Humanos — Universidade Federal de Uberlandia: Av. Jodo Naves de Avila, n°
2121, bloco A, sala 224, Campus
Santa Ménica — Uberlandia -MG, CEP: 38408-100; fone: 34-32394131

Uberlandia, ....... de ........ de 20.......

Assinatura dos pesquisadores

Eu aceito participar do projeto citado acima, voluntariamente, apds ter sido
devidamente esclarecido.

Participante da pesquisa
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ANEXO D - PARECER CONSUBSTANCIADO DO COMITE DE ETICA EM
PESQUISA (CEP)

L"j U F UNIVERSIDADE FEDERAL DE <) Plotaforma
7 , UBERLANDIA/MG g%““'
Comite de Etica cm Poaquisa
PARECER CONSUBSTANCIADO DO CEP
DADOS DO PROJETO DE PESQUISA
Titulo da Pesquisa: ESTUDO DA VELOCIDADE DE ONDA DE PULSO (VOP) E DAS
PRESOES CENTRAL E PERIFERICA EM IDOSOS ATENDIDOS NO
PROGRAMA HIPERDIA NA CIDADE DE UBERLANDIA-MG
Pesquisador: Sebastiao Rodrigues

Ferreira-Filho Area Tematica:

Versdo: 2
CAAE: 37440114.3.0000.5152
Instituigdo Proponente: HOSPITAL DE CLINICAS DA UNIVERSIDADE FEDERAL DE

UBERLANDIA Patrocinador Principal: Financiamento Proprio

DADOS DO PARECER
Nuamero do Parecer:

908.393 Data da
Relatoria:
27/11/2014

Apresentacgao do Projeto:
A hipertensdo arterial sistémica (HAS) e uma condicdo clinica multifatorial

caracterizada por niveis elevados e sustentados de pressdo arterial (PA). Associa-se
frequentemente a alteragdes funcionais e/ou estruturais dos orgdos-alvo (coragdo, encéfalo,
rins e vasos sanguineos) e a alteragbes metabdlicas, com consequente aumento do risco de
eventos cardiovasculares fatais e ndo fatais (1-4). Além disso, a HAS & um grave problema de
saude publica, responsavel por indmeras mortes e aumentos dos custos com salde publica e
privada (1,2).

Apresenta prevaléncia entre 35 a 45% da populagdo acima de 60 anos, todavia pode

ocorrer em pessoas em todas a idades. Os avangos no conhecimento da hipertensao arterial ja
permitem classifica-la com uma doenga sistémica que envolve o sistema cardiovascular e os
vasos artérias. Existem varias etiologias para a HAS, mas a disfun¢&@o endotelial e disturbios na
elasticidade arterial tais como alteragdes na estrutura e espessura e da parede do miocardio
sdo causas e consequéncias da hipertenséo (3-6).
A procura por métodos que permitam o diagndstico precoce e a monitorizagdo das alteragbes
estruturais do coragdo, das artérias, dos rins é prioridade no quesito hipertensdo arterial.
Atualmente, grandes estudos populacionais avaliam os fatores que se associam a hipertensdo
envolvendo a identificagdo dos fatores tradicionais e nao tradicionais (10-12).

Em 1970, O’'Rourke aplicou os conceitos de transmissao da pressdo de pulso (PP) a
pacientes hipertensos, estudando as grandes artérias na hipertenséo e no uso das drogas anti-

Enderego: Av. Jodo Naves de Avila 2121- Bloco "1A", sala 224 - Campus Sta. Ménica

Bairro: Santa Ménica CEP: 38.408-144

UF: MG Municipio: UBERLANDIA

Telefone: (34)3239-4131 Fax: (34)3239-4335 E-mail: cep@propp.ufu.br
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hipertensivas. Com o advento do ultrassom, a analise dindmica da complacéncia e
distensibilidade arterial foram muito facilitadas. Analises computadorizadas mostram que a
curva de presséo arterial pode ser dividida em dois componentes: um fixo e estavel, a PAM-
pressdo arterial média, € um componente pulsatil, a PP (diferenga entre PAS- Pressao arterial
sistdlica e PAD- press&o arterial diastdlica.). Enquanto a PAM é quase constante ao longo da
arvore arterial, a PP aumenta marcadamente quando se “propaga” das artérias mais centrais
para as mais periféricas, indicando que cada artéria deve ser caracterizada de acordo com a
sua prépria curva de pressao de pulso (12-14).

Esse conceito implica grandes modificagdes nos métodos usados para identificar a
relacdo entre fatores mecanicos e a estrutura e fungdo das grandes artérias. Esta claro que, na
hipertensao arterial, as grandes artérias ndo devem mais ser consideradas tubos passivos,
mas, sim, em termos de sua resposta ativa a forgas mecanicas a que sdo submetidas. Novos
aspectos na investigacdo da HAS envolvem ndo apenas mecanismos genéticos, celulares e
moleculares, mas tambem mecanismos hemodinamicos que refletem mudangas na matriz
extracelular e influenciam o remodelamento estrutural dos vasos (14-16).

As propriedades mecanicas das paredes arteriais também s&o determinantes da
propagacéo e da reflexdo das ondas de pressdo ao longo das artérias. A ejegdo ventricular
gera uma onda de pressdo que caminha do coracdo em determinada velocidade, denominada
velocidade de onda de pulso (VOP), que aumenta com o enrijecimento arterial (17,18).

A onda de pulso é normalmente refletida em qualquer ponto de descontinuidade estrutural ou
geomeétrica da arvore arterial, gerando uma onda refletida, que caminha em sentido retrégrado
através da arvore arterial. O enrijecimento arterial (complacéncia diminuida) tem dois efeitos
adversos sabre a circulagdo central e sobre a interagéo entre o ventriculo esquerdo (VE) e a
aorta (12-14,16).

Primeiro, como consequéncia do enrijecimento adrtico local, a ejegdo de sangue do VE
gera uma onda de pressao de maior amplitude na aorta do que no VE. Isso é efeito 6bvio e
direto da complacéncia adrtica diminuida. Mas ha um efeito secundario indireto de, no minimo,
igual importancia. O aumento da rigidez arterial causa aumento na velocidade de propagagéo
da onda de pulso pela aorta e grandes artérias (aumento da velocidade da onda de pulso —
indice de rigidez arterial) (19,20).

A VOP aumentada resulta em retorno precoce das ondas de pulso refletidas da
periferia para a aorta ascendente e para o VE, ainda na sistole, ao invés de na diastole, e
causa aumento adicional na pressdo na parte final da sistole. Isso aumenta as pressées aortica
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e ventricular esquerda, aumenta o consumo miocardico de oxigénio e promove hipertrofia
ventricular esquerda (21,22).

Os dois fendmenos, aumento local da rigidez adrtica (impedancia) e retorno precoce
das ondas refletidas, podem ser avaliados pela alteragdo na amplitude e na morfologia da onda
de pressdo das artérias centrais. Assim, o enrijecimento arterial determina grande diminui¢édo
da sua complacéncia (14,16).

Diversos métodos tém sido utilizados para a determinagao de indices de enrijecimento.
Um desses métodos, a medida da VOP, que expressa a relagdo entre enrijecimento,
elasticidade e complacéncia, da seguinte forma: VOP = Enrijecimento + Complacéncia +
elasticidade (14)

A tonometria de aplanagdo e o método pelo qual a morfologia da onda de pressao
arterial de determinada artéria pode ser avaliada de maneira ndo invasiva, fornecendo o indice
de rigidez (elasticidade) arterial. Esta técnica e baseada nos principios da tonometria ocular
utilizada para aferigdo da presséo intraocular pela “aplanagao” da superficie do globo ocular. E
um sistema de analise da onda de pulso, que avalia, de maneira ndo invasiva, a rigidez do
sistema arterial. Seu software e equipado com uma fungao de transferéncia, pela qual através
da leitura da onda (10-16)

Para a determinagéo da velocidade da onda de pulso carétido-femoral (que expressa a
VOP adrtica), na posig¢éo supina, sdo colocados dois transdutores sensiveis a pressio sobre a
pele das partes mais proeminentes das artérias carétida comum direita e femoral direita. E
mensurado, pelo sistema, o intervalo de tempo entre o inicio da onda carotidea e o inicio da
onda femoral, & velocidade de registro de 150 mm/s (10,23,24).

A medida da distancia entre os transdutores &, entdo, usada para calcular a VOP
adrtica, como a razéo da distancia entre os dois transdutores e o intervalo de tempo entre as
duas ondas. A idade nitidamente afeta a VOP, que é de, aproximadamente 5 a 8 m/s na aorta
de um adulto jovem e de, aproximadamente, 12 a 15 m/s em um individuo hipertenso de 60
anos de idade (24,25).

Em um individuo normotenso jovem, a reflexdo da onda é evidente na curva de
presséo aodrtica como uma onda de presséo diastdlica secundaria, vista imediatamente apos a
incisura que marca o fechamento da valva aortica (16,26).

A VOP é, ainda, fortemente influenciada pela HA, pela PP na aorta, pela geometria
vascular e pelas propriedades visco-elasticas do material da parede. A principal causa do
enrijecimento arterial € o acimulo de colageno que se sabe ser influenciado, entre outros, pelo
sédio, sistema renina-angiotensina-aldosterona
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(SRAA), pelos receptores da angiotensina Il e sofre mediacdo, pelo menos em parte, pela

fungéo endotelial. Atualmente, tem-se conhecimento de ampla gama de fatores que influenciam

o estado das artérias e, como consequéncia, a VOP (12-14,27,28).

Diversos fatores genéticos, metabdlicos, nutricionais, hormonais, inflamatorios e até
mesmo infecciosos tém suas correlacbes com a VOP bem estabelecidas. Ja é bem
demonstrada a influéncia de polimorfismos genéticos dos sistemas endotelina, aldosterona
sintetase, dos receptores tipo | da angiotensina Il e da angiotensina Il, entre outros, sobre a
VOP. A deficiéncia de apolipoproteina-E, a ativagéo plaquetéria, a proteina C-reativa de alta
sensibilidade, os niveis plasmaticos e os indices de resisténcia a insulina, a excregdo urinaria
de albumina, os peptideos natriuréticos, a adiponectina, a adrenomedulina, todos esses vém
mostrando relagdes (29)com a VOP (13,27,30).

Objetivo da Pesquisa:
Obijetivo geral
Determinar se variagdes na morfologia ou na velocidade da onda de pulso e na pressao central

sdo preditores de eventos cardiovasculares
Objetivos especificos

. Avaliar a velocidade de onda de pulso entre idosos em diferentes faixas etarias em
acompanhamento nas unidades de saltde do municipio de Uberlandia.

. Analisar a velocidade de onda de pulso arterial em individuos portadores de
hipertensao sistémica em terapia medicamentosa.

. Descrever a morfologia velocidade da onda de pulso, relacionando com a fungéo renal
do individuo.

. Avaliar se ha correlagdo de alteragdbes no VOP e PASc entre os diferentes com
sindrome metabdlica.

. Demonstrar o perfil clinico dos portadores de hipertensao arterial sistémica quanto aos

valores da PASc e PASb no programa hiperdia em Uberlandia — MG;

. Criar um banco de dados com informagbes de pacientes idosos com ou sem
hipertensdo arterial, no municipio de Uberlandia, relativo as velocidade de onda de pulso
(VOP), pressdes arteriais central e periférica PAc, PAp);

. Demonstrar o perfil epidemiolégico dos portadores de hipertensao arterial sistémica.

Avaliagdo dos Riscos e Beneficios:

Segundo os pesquisadores:

O unico risco estimado € o de quebra de sigilo de informagdes, contra o qual os pesquisadores
se comprometem em seguir a resolugdo 466/12. O principal beneficio do presente estudo é

conhecer as pressdes centrais (aferida na aorta central de forma n&o invasiva) e a velocidade

Enderego: Av. Jodo Naves de Avila 2121- Bloco "1A", sala 224 - Campus Sta. Ménica

Bairro: Santa Ménica CEP: 38.408-144

UF: MG Municipio: UBERLANDIA

Telefone: (34)3239-4131 Fax: (34)3239-4335 E-mail: cep@propp.ufu.br



@- U F UNIVERSIDADE FEDERAL DE - Qmori )
: UBERLANDIA/MG
Comité de Etica cm Poaquisa
Continuagédo do Parecer: 908.393
de onda de pulso nos individuos idosos e, com isso determinar fatores preditivos para eventos
cardiovasculares. Estes resultados podem favorecer a clinica diaria na detecgdo futura de

eventos morbidos.

Comentarios e Consideragdes sobre a Pesquisa:
Desfecho Primario: Ocorréncia de acidente vascular encefalico, infarto, insuficiéncia renal ou

morte por causa cardiovascular.

Desfecho Secundario: Ocorréncia de hospitalizagdes por consequéncia de elevagdo na PASc e
PASD ou elevagéo na velocidade de onda de pulso.

Tamanho da Amostra no Brasil: 1.200 participantes.

Orgcamento Financeiro: Total em R$ R$ 63.100,00. O aparelho para tonometria de aplanagéo
foi aprovado pela FAPEMIG. E pertencente a Universidade Federal de Uberlandia.

Consideragdes sobre os Termos de apresentagdo obrigatéria:

Os termos foram apresentados.

Recomendacgoes:

Nenhuma.

Conclusées ou Pendéncias e Lista de Inadequacoes:

As pendéncias listadas no Parecer Consubstanciado do CEP No. 878.271, de 19 de Novembro

de 2014, foram respondidas em documento do WORD; e as alteragdes foram realizadas.

De acordo com as atribui¢gbes definidas na Resolugdo CNS 466/12, o CEP manifesta-se pela
aprovacéo do protocolo de pesquisa proposto.

O protocolo n&o apresenta problemas de ética nas condutas de pesquisa com seres humanos,
nos limites da redacgo e da metodologia apresentadas.

Situacao do Parecer:

Aprovado

Necessita Apreciagdo da CONEP:

Nao

Consideragdes Finais a critério do CEP:

Data para entrega de Relatério Final ao CEP/UFU: julho de 2017.

OBS.: O CEP/UFU LEMBRA QUE QUALQUER MUDANCA NO PROTOCOLO DEVE SER
INFORMADA IMEDIATAMENTE AO CEP PARA FINS DE ANALISE E APROVACAO DA
MESMA.

O CEP/UFU lembra que: a- segundo a Resolugéo 466/12, o pesquisador devera arquivar por 5
anos o relatério da pesquisa e os Termos de Consentimento Livre e Esclarecido, assinados
pelo sujeito de pesquisa.

b- podera, por escolha aleatéria, visitar o pesquisador para conferéncia do relatério e
documentagéo pertinente ao projeto.
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Cominuaff * Pare;erggigaaagéo do protocolo de pesquisa pelo CEP/UFU da-se em decorréncia do

atendimento a ResolugdoCNS 466/12, ndo implicando na qualidade cientifica do mesmo.

Orientagdes ao pesquisador:
. O sujeito da pesquisa tem a liberdade de recusar-se a participar ou de retirar seu

consentimento emqualquer fase da pesquisa, sem penalizagdo alguma e sem prejuizo ao seu
cuidado (Res. CNS 466/12 ) e deve receber uma via original do Termo de Consentimento Livre
e Esclarecido, na integra, por ele assinado. « O pesquisador deve desenvolver a pesquisa
conforme delineada no protocolo aprovado e descontinuar o estudo somente apds andlise das
razdes da descontinuidade pelo CEP que o aprovou (Res. CNS 466/12), aguardando seu
parecer, exceto quando perceber risco ou dano ndo previsto ao sujeito participante ou quando
constatar a superioridade de regime oferecido a um dos grupos da pesquisa que requeiram
acdo imediata.

. O CEP deve ser informado de todos os efeitos adversos ou fatos relevantes que
alterem o curso normal do estudo (Res. CNS 466/12). E papel de o pesquisador assegurar
medidas imediatas adequadas frente a evento adverso grave ocorrido (mesmo que tenha sido
em outro centro) e enviar notificagdo ac CEP e a Agéncia Nacional de Vigilancia Sanitaria —
ANVISA - junto com seu posicionamento.

. Eventuais modificagdes ou emendas ao protocolo devem ser apresentadas ao CEP de
forma clara e sucinta, identificando a parte do protocolo a ser modificada e suas justificativas.
Em caso de projetos do Grupo | ou Il apresentados anteriormente 8 ANVISA, o pesquisador ou
patrocinador deve envia-las também a mesma, junto com o parecer aprobatério do CEP, para
serem juntadas ao protocolo inicial (Res.251/97, item 111.2.€).

UBERLANDIA, 11 de Dezembro de 2014

Assinado por:
Sandra Terezinha de Farias Furtado
(Coordenador)
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ANEXO E - FAPEMIG: RESULTADO DE JULGAMENTO - PROPOSTAS APROVADAS NO EDITAL 16/2012 - PROGRAMA
HIPERDIA MINAS - APQ-00746-13

(&

FAPEMIG

10

11

PROC.
APQ-00054-13

APQ-00148-13

APQ-00404-13

APQ-00415-13

APQ-00509-13

APQ-00525-13

APQ-00543-13
APQ-00672-13

APQ-00729-13

APQ-00746-13

APQ-00796-13

RESULTADO DE JULGAMENTO - PROPOSTAS APROVADAS PARA CONTRATACAO

Edital 16/2012 - Programa Hiperdia Minas

ATENGAO : Todas as instituigdes que tiverem propostas aprovadas deverio atualizar seu credenciamento na FAPEMIG até 10 dias corridos da
publicacdo dos resultados, sob pena de desclassificacdo das propostas. A situacdo cadastral das instituigdes podera ser verificada no endereco :

COORDENADOR

Mobnica Barros Costa

Suzel Regina Ribeiro Chavaglia

Simone de Melo Costa

Tania Maria Delfraro Carmo

Marcus Gomes Bastos

Rita de Cassia Gongalves Alfenas

Jodo Carlos Bouzas Marins

Rodrigo Ribeiro Resende

Anténio Prates Caldeira

Daniel Vitor de Vasconcelos Santos

Sebastiao Rodrigues Ferreira Filho

http://www.fapemig.br/cadastro/
TITULO
Estudo Da Rede De Atencao As Doengas Cronicas Nao

|Degenerativas E Detecgdo De Seus Fatores De Risco

Determinantes Sociais E De Risco De Pessoas Diabéticas

|Com Ulcera De Extremidades No

Gestédo Da Clinica: Avaliagdo Da Adesdo Ao Tratamento
Medicamentoso E Qualidade De Vida De Usuarios
Hipertensos E Diabéticos No Centro Hiperdia De Brasilia De
Minas, Minas Gerais, Brasil.

Monofilamento De Semmes-Weistein: Uma Avaliagcéo Da
Sensibilidade Protera Dos Pés Na Prevencéo Da Ulcera
Plantar E Indicagdo Do Uso De Palmilhas

Educacdo E Letramento Em Saldde — Um Novo Olhar Sobre
Intervengdes No Centro Hiperdia Minas — Juiz De Fora

|Impacto Da Educagéo Nutricional Visando O Aumento Da

Ingestdo De Calcio Na Antropometria, Na Composigao
Corporal E Nos Parametros Bioquimicos, Em Diabéticos Tipo
2

Avaliacdo E Tratamento De Diabetes E Hipertensos
Atendidos No Centro Hiperdia Em Vigosa

Identificagdo De Biomarcadores Para Hipertensao E Acidente

_Vascular Cerebral

Gestao Do Cuidado De Pacientes Hipertensos: Uma
Abordagem Com Enfase No Risco Cardiovascular

Analise Econdmica Da Aplicagdo Da Telessaude Na Triagem
Da Retinopatia Diabética Nos Centros Hiperdia Do Estado De

_Minas Gerais

Comparagéo Entre Os Valores Da Pressdo Arterial Central E
Braquial Em Portadores De Hipertensao Arterial Sistémica.

INSTITUIGAO
Fundacio Instituto Mineiro de Estudos e
Pesquisas em Nefrologia

Universidade Federal do Tridngulo Mineiro

Universidade Estadual de Montes Claros

Fundacgéo de Ensino Superior de Passos

Universidade Federal de Juiz de Fora

Universidade Federal de Vigosa

Universidade Federal de Vigosa
Universidade Federal de Minas Gerais

Universidade Estadual de Montes Claros

Universidade Federal de Minas Gerais

Universidade Federal de Uberlandia

VALOR
124.718,04

64.701,00

24.444 .00

88.547,00

24.142,13

32.970,00

104.527,50
82.471,28

55.230,00

78.093,41

68.623,79



Avaliacdo Da Efetividade Do Programa Educativo Em
12 /APQ-00896-13 |Heloisa de Carvalho Torres

De Divinopolis-Minas Gerais

Analise Dos Custos E Evolugdo Clinica Do Tratamento De
Usuarios Com Doengas Cronicas Nao Transmissiveis Do
Centro Hiperdia Juiz De Fora — Uma Perspectiva Do Sus

13 |APQ-00922-13 |Fernando Antonio Basile Colugnati

# PROC. COORDENADOR TITULO
Natalia Maria da Silva Fernandes Avaliagdo Comparativa Da Eficacia Da Visita Eletronica Com
14 |APQ-00931-13 R s A Visita Presencial No Controle Clinico De Usuarios Com

Doenga Renal Crénica Em Tratamento Conservador.
Doenga Renal Crénica

Monitoramento Da Efetividade Clinica E Custos Com O
Tratamento De Pacientes Com Hipertens&o Arterial E
Diabetes Mellitus Em Minas Gerais

Resultado divulgado no site dia 22/05/13 e publicado no DOE dia 25/05/13.

Belo Horizonte, 19 de junho de 2013.

15 /APQ-00947-13 |Ana Cristina Simdes e Silva

16 NAPQ-00962-13 |Francisco de Assis Acurcio

Diabetes Mellitus Na Atengao Primaria A Sadde Do Municipio Universidade Federal de Minas Gerais

Universidade Federal de Juiz de Fora

INSTITUICAO

Fundacgéo Instituto Mineiro de Estudos e
Pesquisas em Nefrologia

Universidade Federal de Minas Gerais

Universidade Federal de Minas Gerais

90.311,76

20.827,80
VALOR
26.726,44
111.247,50
103.809,24

1.101.390,89
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ANEXO F — RESUMO PUBLICADO NO CONGRESSO HYPERTENSION SEOUL
2016
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Objective: Measurement of cf-PWYV using aplanation tonometry requires
that patients remain in the supine position for a considerable amount of
time to allow multiple measurements that can be averaged. This may
pose a problem to elderly patients with difficulty lying supine for
prolonged periods. We assessed the agreement among repeated
sequential cf-PWV measurements to evaluate the necessity of more than
one measurement in clinical practice.

Design and Method: We performed ¢f-PWV in 3 sequential measurements
made by the same trained observer in 38 elderly hypertensive patients
using the SphygmoCor device (AtCor Medical, Sydney, Australia).
Subjects were in the supine position for at least 10 minutes and we
performed cf-PWV measurements in 10-minute intervals.

Results:Subjects averaged 67+ 5.8 years, with average BP 131/75+21/11
mmHg, heart rate 72+11 bpm., and c¢f-PWV 7.8+2.0 m/s. Three
successful measurements were obtained in all subjects. We quantified
the limits of agreement among measurements

using Bland-Altman plots. The average difference (SD)
was 0.09(1.98) m/s, 0.14(2.01) m/s and 0.06(1.98) m/s
between the first and second, first and third, and second
and third measurements, respectively. Therefore, the 95%
limits of agreement were 3.88 m/s, 3.94 m/s and 3.88 m/s,
respectively.  The range of measurements within
individual subjects was 0.39 m/s (range 0 to 1.7 m/s).
Only 3 subjects had a range of variation >1 m/s, and 26
subjects had a range <0.5 m/s. Lin concordance
cocfficients for the 38 sets of triplicate measurements
(114 comparisons) was 0.978 (95% limits 0.968-0.985),
indicating “substantial” agreement among measurements
(figure).

Conelusions:Sequential measurements of cf-PWV showed almost perfect agreement
(arbitrarily defined when Lin’s coefficient is >0.99) and
most measurements were within 0.5-1 m/s of each other.
We conclude that a single measurement of cf-PWV
provides enough precision in elderly hypertensive
patients. This has particular relevance to the practicability
of its implementation in clinical practice. *:supported by
FAPEMIG

Hypertension Seoul 2016 Secretariat
InSession International Convention Services, Inc, ‘?SEWL AN t“ o
4Fl. 10, Yeoksam-ro 7-gil, Gangnam-Gu, Seoul, 06244, Korea 4 GOVERNMENT e
E-mail: info@ish2016.0rg Tel: +82-2-3452-7213 Fax: +82-2-521-8683 Business License
No.: 220-82-62630 President: Cheol-Ho
Kimhttp://www.ish2016.0rg/02_scientific_information/oral/step4_2.html|?Abs_Idx=1193
Pagina 2 de 2
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Data on arterial stiffness in older populations, according to blood pressure (BP) lev-
els, are scarce in Brazil. The objective of this study was to establish reference values
for core measures of arterial stiffness, including carotid-femoral pulse wave velocity
(cf-PWV) and aortic augmentation index (Alx), in a cohort of older individuals with
normotension (NT) and hypertension. Cross-sectional analysis was performed with
applanation tonometry data from 1192 patients aged 60 years or older. The authors
classified patients according to their BP levels as having NT, controlled hypertension
(CH), and uncontrolled hypertension (UH). The cf-PWV values were 9.11 = 0.16 m/s
(NT), 912 + 0.18 m/s (CH), and 9.42 + 2.2 m/s (UH) (P < 0.005; UH vs NT and CH).
The Alx was 33.3% for the entire cohort and similar across all groups. The cf-PWV
increased with age but reached a ceiling at 75 years. Compared with men, women
had a higher Alx but similar cf-PWYV levels. In conclusion, the markers of arterial stiff-
ness were similar among individuals with NT/CH and higher among individuals with

UH.

1 | INTRODUCTION

Evaluation of vascular function is a key element in mapping car-
diovascular health. Arterial pulse wave velocity (PWV) is a well-
established indirect measure of arterial wall stiffness and an
independent predictor of cardiovascular events.*? Human aging
is among the most important cardiovascular risk factors and
is associated with changes in the function and structure of the
heart and vascular network.® Changes in the walls of large arter-
ies include calcium deposition, progressive substitution of elas-
tic fibers by collagen, and stiffening of the walls, with segmental
dilatation and presence of atherosclerasis.** These changes lead
to an increased pulse pressure, which, in turn, is associated with
increased morbidity and mortality in an older population. Aortic
wall stiffness changes the PWYV and Alx of the central pulse wave
generated by the ventricular systa\e.é'7 These factors are consid-

ered independent predictors of cardiovascular and total mortality,

as demonstrated in several studies from different regions of the
world 21

In the literature, reference values for PWV and Alx are mainly
from Asia, the United States, Australia, and Europe.'®**** However,
compared with European or North American populations, Latin
American populations'*~¢ differ in the stature, as well as in the ar-
terial stiffness. Latin American countries are traditionally character-
ized by a high degree of miscegenation between whites and blacks,
resulting in a high percentage of “morenos” (brown), which makes
the assessment of ethnic differences challenging.

Additionally, there are scarce data on PWV reference values,
especially for the elderly population, according to hypertensive
status and race. Measuring the carotid-femaoral PWV (cf-PWV) is
a simple, noninvasive, and reproducible method that is considered
by various authors the gold standard for evaluating central artery
stiffness.!” ¥ The objective of the present analysis was to estab-
lish the reference PWV values in a large cohort of elderly persons

J Clin Hypertens. 2018;20:1285-1293.
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with NT and hypertension in both sexes and different races in an
urban area of Brazil.

2 | METHODS

The present study is a cross-sectional analysis of the data obtained
during the first medical visit of the Study of PWV in Elderly Individuals
in Uberlandia, a large urban area of Brazil (EVOPIU [Estudo da
Velocidade da Onda de Pulso em Idosos de Uberlandia), Uberlandia,
MG; Brazil). EVOPIU is a longitudinal, prospective, observational,
multiclinic study with a planned 4-year follow-up. Enrollment oc-
curred from August 2014 to October 2015, and the end of the study
is scheduled for 2018. Participants are followed biannually. During
the follow-up visits, clinical history, biochemical/hematological tests,
electrocardiograms (ECGs), and applanation tonometry are assessed.
All collected data are stored electronically and are the responsibility
of the Federal University of Uberlandia, MG, Brazil. This study was
approved by the research ethics committee under CAAE number
37440114.3.0000.5152 and was financed by the Minas Gerais State
Agency for Research and Development (FAPEMIG).

2.1 | Inclusion/Exclusion criteria

A total of 1204 elderly individuals were invited to enroll in the study
and were required to meet the following inclusion criteria: age 60 years
and older, ambulatory, able to perform activities of daily living without
assistance, and not hospitalized. Exclusion criteria were chronic kidney
failure (on dialysis), known malignant neoplasms expected to result in
death during follow-up, inability to remain in a supine position, and
disagreement to participate in the study. The recruitment resulted in
a final sample of 1192 patients. The patients came from nine different
outpatient clinics (eight public and one private).

2.2 | Anthropometric/biochemical/hematological
data and ECG

General demographic and clinical data were collected for each
patient. The color/race (white, black or nanblack) of each partici-
pant was determined based on skin color, as reported by the re-
searcher. The ethnic classification was performed by interviewers
based on skin color, hair pattern, and facial features. These criteria
were arbitrarily used as follows: individuals with white skin and
light eyes were labeled as white, those with dark skin and curly
hair were labeled as black, and those who did not meet the two
previous criteria were labeled as nonblack. In the present study,
no participants were considered indigenous or Asian. Serum lev-
els of uric acid, urea, and creatinine; blood glucose; and the lipid
profile were assessed using colorimetric methods (Cobas® 6000;
Roche Hitachi, Brazil), whereas hematological examination was
performed with a Sysmex® XED-2100, Sao Paulo, Brazil. The ECG
was obtained with an Innomed Heart Screen device, model EKG
HS 60G (Innomed®, Sao Paulo, Brazil). Glomerular filtration rate

was calculated using the Chronic Kidney Disease Epidemiology
Collaboration equation.?® Patients were considered to have hyper-
cholesterolemia when they had total fasting cholesterol >200 mg/
dL, high-density lipoprotein cholesterol <40 mg/dL, triglycerides
>190 mg/dL, or used statins; diabetes mellitus was considered
when fasting plasma glucose was = 126 mg/dL or when patients
were using insulin/oral hypoglycemic drugs. Smoking status was

defined as never, prior, or current smoker.

2.3 | BP measurements

2.31 | Brachial BP

After 10 minutes of rest, brachial blood pressure (bBP) was as-
sessed in a seated position by means of three consecutive meas-
urements at 3-minute intervals. For the first two measurements,
an automatic digital oscillometric blood pressure (BP) device (HE
7200 Intelli Sense Omron Hem, Brazil) was used; the third meas-
urement was performed with a SphygmoCor device. Individual
values represented the arithmetic means of the three meas-
urements in millimeters of mercury. The sizes of BP cuffs were
adjusted to the arm circumference. We used the bBP (systolic/
diastolic) levels for the classification of the hypertensive status of
the patients. Patients with bBP <140/90 mm Hg were considered
to have NT; those with bBP <140/90 mm Hg and using antihyper-
tensive drugs were considered to have controlled hypertension
(CH); and those with bBP > 140/90 mm Hg, whether using anti-
hypertensive drugs or not, were considered to have uncontrolled
hypertension (UH).

2.3.2 | Central BP, PWYV, and Alx

Central BP values, cf-PWV, and the aortic augmentation index
(Alx) were obtained by applanation tonometry with a SphygmoCor
XCEL device, model EMAC (AtCor Medical, Sydney, NSW, Australia);
cf-PWV was measured in meters per second, with the patient in a
supine position. The carotid-femoral distance (centimeters) was
obtained and multiplied by 0.8 (direct method).?! The device auto-
matically determines the best wave for the calculation and generates
cf-PWV values, central pulse pressure, central systolic BP (cSBP),
central diastolic BP (cDBP), and Alx values. The Alx was automati-
cally adjusted for a heart rate of 75 beats per minute since the heart
rate is an important modifier of Alx. Applanation tonometry was
performed in a single measurement, based on our own pilot study,
which demonstrated high measurement reproducibility in this pa-
tient population.??

2.4 | Sample Size

The sample size was calculated for the analysis of cardiovascular
outcomes in this cohort and is therefore not applicable to the pre-
sent analysis. The present analysis represents the evaluation of the
entire cohort at baseline.
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2.5 | Statistical analysis

We assessed the normality of the data set using the Kolmogorov-
Smirnov test and found that all variables were normally distributed.
Thus, the data are expressed as means and standard deviations. Two
groups were compared with Student t test, whereas three or more
groups were compared by analysis of variance and the Bonferroni
posttest. The cf-PWV, Alx, and augmentation pressure values were ad-
justed for sex, age, and mean arterial pressure (MAP). Univariate analy-
ses were performed between cf-PWV and age for the different groups
studied (Figure 1). To estimate cf-PWV values at predetermined ages
(60, 70, and 80 years), the linear regression was performed, adjusted
for sex and MAP, and their respective 95% confidence intervals were
determined for the different ages (Figure 3). Significance was set at
0.05 in all analyses. STATA software version 14.0 (StataCorp, College
Station, TX, USA) was used for statistical analyses.

3 | RESULTS

Of all participants, 81% were diagnosed with systemic arterial hy-
pertension and 60% were women. Table 1 lists the clinical and
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laboratory characteristics of the participants according to their BP
status. The population was generally overweight and of relatively
short stature. In general, both peripheral and central BP values and
the measures of arterial stiffness were similar between the patients
with NT and those with CH. By contrast, patients with UH were
older than both patients with NT and those with CH and had higher
values for all BP parameters, as well as for cf-PWV. The distend-
ing pressure has a direct effect on cf-PWV (higher pressure, higher
PWV); therefore, all analyses of cf-PWV were adjusted for central
MAP (cMAP).

The CH group had a higher number of patients using antihyper-
tensive medications than the UH group. The NT group had a lower
number of comorbidities than the other groups.

Table 2 lists the BP values in the NT, CH, and UH groups, strat-
ified by sex. In general, women were younger (except in the UH
group) and had a higher central BP and higher Alx but not a higher
cf-PWV. Table 3 shows the hemodynamic data stratified by color/
race. Although nonblack patients were the majority, no significant
differences were observed between the listed categories. Table 4
shows the BP values, cf-PWV, Alx, and augmentation pressure
according to antihypertensive drug classes. Compared with that

of other antihypertensive medications, the use of p-blockers was
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FIGURE 1 Linear regression between age and unadjusted carotid-femoral pulse wave velocity values in all patients (A) and in the
normotension (B), cantralled hypertension (C), and uncontrolled hypertension D) groups

82



1288 o MENDONCA &7 AL
= L wiLey

TABLE 1 Peripheral and central blood pressure, pulse wave velocity, and Alx in patients with NT, CH, and UH

Al patients

(N =1192) NT (n =231) CH (n = 444) UH(n=517)  Pvalue® Pvalue®
Age, years 69.2+7.0 68.1+7.0 68.7+ 6.6 70.2+72 0.636 0.002
Male/female sex, % 39.5/60.5 43/57 32/68 39/61 0.0001 0.0001
Race, No./%
White 99/8.3 22/9.5 38/8.6 39/7.5 0.0001 0.0001
Black 237/20 36/15 95/21.4 106/20.5 0.0001 0.0001
Nonblack 834/70 171/74 301/67.8 362/70 0.0001 0.0001
Height, m 1.57 +0.09 1.58+ .09 1.58+ .08 1.56 +.0.9 3 0.015
Weight, kg 704 £ 15.2 G663 £ 143 718152 709 +15.8 1 0.258
Abdominal circumference, 98.2 +13.0 931+121 99.4+12.3 99.6+13.5 0.347 0.463
cm
BMI, kg/m? 284 +6.0 26.6+4.9 288+6.2 289+6.0 <0.001 1
Heart rate, beats per min 692 +11.6 68.3+10.1 69.2+11.9 69.6+119  0.696 1
Blood pressure, mm Hg
bSBP 138.7 £ 20.0 124.8+10.1 1251 +10.1° 156.6:+151. 1 <0.0001
bDBP 781+111 78.0+99 78.7£109 88.2+12.5 ak <0.0001
bPP 55.3+19.3 47.3+13.7 494+ 13.3 64.3+21.8 0.422 <0.0001
bMAP 101.3+12.9 93.6+8.5 94,2 +8.8 1109+1131 1 <0.0001
cSBP 132.1+£19.2 119.2+13.1 123.5+14.3 1444+ 17.6  0.004 <0.0001
cDBP 84.0 +12.6 789 99 79.6 £10.8 98.8+12.6 0.742 <0.0001
cPP 481 +14.4 41.0 £10.7 439+11.6 544+152 0.018 <0.0001
cMAP 100.1 £ 13.5 925+ 9.9 94.6 £ 10.8 108.1£12.7 0.076 <0.0001
Arterial stiffness®
AP, mm Hg 16.7 +0.59 14.8 +0.73 16.0 +0.53 194+0.52 0.165 <0.0001
Alx, % 33.3+0.77 33.0£0.96 33.3 £0.69 33.7+£0.68 0.803 0.76
cf-PWV, m/s 9.21 +0.84 9.11+0.16 9.12+0.18 942422 0.924 0.043
Medications in use, No./%
Diuretic 502/42 0 260/58.5 242/46.8 0.0002
ACEI 347/29 0 194/43.6 153/29.6 0.0001
ARB 321/27 0 163/36.7 161/31.1 0.0649
p-Blocker 297/25 0 147/33.1 149/28.8 0.1502
ccB 179/15 0 78/17.5 101/19.5 0.4446
Direct vasodilators 37/3 0 16/3.1 21/4.0 0.7174
Statins 348/29.1 36/15.5 165/37.1 147/28.4 0.0001 0.0037
Comorbidities, No./%
Diabetes mellitus 524/44 75/32 213/48 236/46 0.0001 0.4717
Obesity (BMI 2 30 kg/m?) 382/32 20/8.6 161/36.2 201/38.9 0.0001 0.0001
Dyslipidemia 365/31 39/18 173/39 153/30 0.0001 0.4717
Current and ex-smokers 645/54 136/58.8 233/52.4 276/53.3 1 1
Previous CVE 184/15.4 38/16.4 45/10.1 101/19.5 0.0179 0.0001

Values are expressed as mean + standard error.

ACEI, angiotensin-converting enzyme inhibitor; Alx, augmentation index; AP, augmentation pressure; ARB, angiotensin receptor blocker; bDBP, bra-
chial diastolic blood pressure; bMAP, brachial mean arterial pressure; BMI, body mass index; bPP, brachial pulse pressure; bSBP, brachial systolic blood
pressure; CCB, calcium channel blocker; cDBP, central diastolic blood pressure; cf-PWV, carotid-femoral pulse wave velocity; cPP, central pulse pres-
sure; cSBP, central systolic blood pressure; CVE, cardiovascular event.

?P: normotension (NT) vs controlled hypertension (CH).

: CH vs uncontrolled hypertension (UH).

“Adjusted by central mean arterial pressure (cMAP), sex, and age.
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TABLE 2 Peripheral and central blood pressure, pulse wave velocity, and Alx in patients with NT, CH, and UH by sex
NT (n = 231) CH (n = 444) UH (n = 517)
Male Female P value Male Female P value Male Female P value
No. 100 131 170 274 201 316
Age,y 702+7.6 66.3 £59 <0.0001 705+6.4 676+ 64 <0.0001 70376 701 +70 0.3861
Heart rate, 67.0+97 69.2 +10.6 0.9478 65.9+12.0 71.6+11.7 <0.,0001 674+ 119 70.5+11.8 <0.0001
beats per min
Race, No./%
White 10/10 12/9 1 19/11 19/7 1 21/10 18/6 1
Black 20/20 18/14 il 40/24 55/20 1 37/18 69/22 il
Nonblack 70/70 101/77 1 111/65 200/63 1 143/72 229/72 1
Height, m le6x0:1 15 +0.1 <0.0001 1.6201 1.5x01 <0.0001 1610 Loy o) <0.0001
Weight, kg 705+13 63+0.1 <0.0001 751+11 69.7+£0.9 0.0002 752+11 68.2+0.8 <0.0001
Abdominal 943+1.2 924+1.0 0.1043 99.9+0.9 99.1+0.7 0.2603 100.2 +1.0 99.2+0.7 0.2115
circumfer-
ence, cm
Body mass 2604 271+04 0.9335 27.3+0.3 298104 1 279+03 296+0.3 0.9977
index, kg.‘m2
Blood pressure, mm Hg
bSBP 126 £ 9.0 123 +£9.7 0.0081 124 +11.8 125+8.9 0.2706 154 £13.7 156 + 16.5 0.0216
bDBP 74+ 7.5 72277 0.0045 72+8.1 72178 0.5877 86+11.6 83 +10.3 0.0002
bPP 47 £ 144 48 +£12.8 0.5096 49+13.1 49+12.6 0.4904 60+ 21.2 64+23.0 <0.0001
bMAP 94+ 8.1 92+ 89 0.0865 94+ 8.6 94+89 0.7135 111 +11.0 110+ 11.2 0.4331
cSBP 117 +12.0 120+ 13.7 0.0121 121+ 13.5 125+ 14.6 0.0049 139 + 16.2 147 + 17.7 <0.0001
cDBP 79+£91 77 £ 10.0 0.6897 79101 80x11.1 0.1867 90+12.6 89+12.6 0.8598
cPP 38+9.0 43+11.4 0.0002 42+11.7 45+11.4 0.0064 48+12.8 58+15.5 <0.0001
cMAP 92+94 92 + 10.3 0.6783 93 +10.2 95+111 0.0269 107 £ 12.6 108+ 12.7 0.0779
Arterial stiffness®
AP, mm Hg 11.6+1.0 16.8 £0.96 0.0003 13.4+0.84 17.7 £0.66  <0.0001 15.4 £0.78 220+0.64 <0.0001
Alx, % 27.8+129 36.5+13.3 <0.0001 28.0%14.2 36.7+14.3 <0.0001 292 +14.8 36.5+13.5 <0.0001
cf-PWV,m/s 9.04+018 9.20+0.20 0.5585 8.96+0.12 9.36 £0.16 0.0491 933012 9.56+0.14 0.2038

Values are expressed as mean * standard error.

Alx, augmentation index; AP, augmentation pressure; bDBP, brachial diastolic blood pressure; bMAP, brachial mean arterial pressure; bPP, brachial
pulse pressure; bSBP, brachial systolic blood pressure; cDBP, central diastolic blood pressure; cf-PWV, carotid-femoral pulse wave velocity; cPP, central

pulse pressure; cSBP, central systolic blood pressure.
?Adjusted by central mean arterial pressure (cMAP), sex, and age.

associated with lower cf-PWV values. The most frequent p-blocker
used by the patients was atenolol. Figure 1 shows the overall cor-
relation between age and unadjusted cf-PWV in all patients (A) and
in the NT (B), CH (C), and UH (D) groups. Despite the wide variabil-
ity in the distribution, there was a positive linear relationship be-
tween age and cf-PWV (r = 0.301; P < 0.001). Figure 2 shows the
cf-PWV values adjusted for sex and cMAP and separated by age
(in 5-year strata). The values in the highest age groups (75-80 and
>80 years) were similar (P = 0.99), thus indicating a “ceiling” for the
cf-PWV. Figure 3 shows the cf-PWV slope of predictive margins
of cf-PWYV, stratified by group (NT, CH, and UH) at 60, 70, and
80 years of age, and the respective confidence intervals, adjusted
by MAP and age.

4 | DISCUSSION

This study provides detailed normative data on the central BP
and measures of arterial stiffness in a large population of patients
with NT, CH, and UH from an older urban-living Brazilian cohort.
Arterial stiffness has been evaluated in other large Brazilian co-
horts; however, unlike that in the present study, these cohorts
were not restricted to the elderly, and the studies focused on
other clinical and epidemiological factors, not directly related to
hypertension.?*"2% Qur data provide relevant novel information
on the impact of age, sex, race, and hypertensive status on arte-
rial stiffness in an older population, the major target of arterial
stiffening.
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TABLE 3 Peripheral and central blood pressure, pulse wave velocity, and Alx by race

Alll patients
(N =1192) White (n = 99)
Age,y 69.2+0.20 70.7 +0.75
Male/female sex, % 39.5/60.5 51/49
Weight, kg 70.4 +0.41 68.8+1.58
Abdominal circumfer- 98.2+0.38 96.6+1.42
ence, cm

Blood pressure, mm Hg

bSBP 138.7+0.58 138.5+£1.93

bDBP 82.8+0.85 80.5+1.20

bPP 55.5+0.56 55.6+191

bMAP 101.3+0.38 99.8x1.2

cSBP 132.4 £ 0.57 130.2+1.82

cDBP 84.2+0.37 81.7+1.21

cPP 48.2 +0.42 48.4+1.30

cMAP 100.1 £0.39 97.9 +1.30
Arterial stiffness®

AP, mm 16.7 £ 0.59 174 £ 1.09

Alx, % <lhsianlning 32.4+142

cf-PWV, m/s 9.21+0.84 9.22+0.20

Values are expressed as mean + standard error.

Nonblack
Black (n = 237) (n =856) P value P value®
68.6 +0.42 69.2+0.24 0.055 0.701
40/60 39/61 0.0792 0.5179
712099 70.2+0.53 0.197 0.3594
97.3+0.86 98.5+045 0.6775 0.2033
140.1 £ 1.34 138.1 £ 0.67 1 0.739
85.0+0.81 82.3+043 0.009 0.014
53.5+1.28 56.0 £ 0.65 al 0.213
103.3£0.86 100.9 £ 0.44 0.078 0.047
133.4+1.30 1321+ 0.67 0478 1
86.4+0.83 83.7+044 0.005 0.011
470+093 48.4 £ 0.50 it 0.506
102.1 £ 091 99.8+ 047 0.026 0.073
15.6 £0.70 17.7 £ 0.37 0.178 0.008
327+091 33.9+0.48 0.944 0127
942 +0.13 9.22 +0.07 0.988 0.1821

Alx, augmentation index; AP, augmentation pressure; bDBP, brachial diastolic blood pressure; bMAP, brachial mean arterial pressure; bPP, brachial
pulse pressure; bSBP, brachial systolic blood pressure; cDBP, central diastolic blood pressure; cf-PWYV, carotid-femoral pulse wave velocity; cPP, central

pulse pressure; cSBP, central systolic blood pressure.

P: white vs black.

?P: black vs nonblack.

"Adjusted by central mean arterial pressure (cMAP), sex, and age.

Evidence from several observational and controlled randomized
trials suggests that antihypertensive treatment reduces arterial wall
thickening. This effect seems to be attributed to not only reduced
brachial systolic BP but also to arterial remodeling. Moreover, cf-
PWYV data can be considered strong evidence of arterial destiffen-
ing.?”*° Our data suggest that elderly patients with hypertension
whose BP is controlled by antihypertensive medication have cf-PWV
values similar to those of aged individuals without hypertension. The
data shown in Table 4 confirm that patients who used f-blockers for
antihypertensive therapy had the lowest cf-PWV values. It should
be noted that p-blockers (atenolol) could be combined with other
antihypertensive agents and that the observed reduction in cf-PWV
has been previously described.** The recognized effectiveness of
inhibitors of the renin-angiotensin system®*2 in reducing vascular
wall thickening was not demonstrated by our analysis. However, our
study was not designed for this specific analysis. Because we did
not design our study to compare the effects of individual classes of
medications on arterial stiffness, we cannot rule out confounding by
indication and other possible confounders relevant to this analysis.

Regarding the race/ethnicity classification, analysis of BP val-
ues showed significant differences in cMAP, cDBP, and bDBP be-
tween whites and blacks, whereas the vascular thickening markers

(cf-PWV and Alx) were not different. Comparison of nonblacks and

blacks showed the same results. It is necessary to consider that the
classification used in our work was arbitrary and dependent on the
interpretation by the researchers. In contrast to the data based on
the Brazilian Institute for Geographic Statistics classification, which
uses a self-reference for race determination, our percentage of
whites was equal to that of blacks, while nonblacks constituted the
overwhelming majority. Therefore, we are cautious about making
strong comments about the impact of race/ethnicity on our results.

Another interesting observation is that the cf-PWV values (not
adjusted for sex and cMAP) progressively increase throughout
older age ranges (Figure 1); however, after adjustment, the cf-PWV
values seem to reach a plateau after age 75 (Figure 2). We speculate
that at the age of 75 years and older, new damage to the arterial
wall results in a modest increase in cf-PWV. However, this pattern
was not observed for Alx. Of nate, the Alx is generally not consid-
ered an accurate marker of arterial stiffness because it is strongly
influenced by heart rate, height, and contractility and decreases in
older age.“3

The cf-PWV values were indistinguishable between the NT
and CH groups. Figure 3 shows an overlap in the predictive values
of cf-PWV and age between patients with NT and those with CH
at age 60, 70, and 80 years. The patients with UH had higher cf-
PWYV values than patients with NT and CH in all age strata, but the
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TABLE 4 Peripheral and central blood pressure, pulse wave velocity, Alx, and antihypertensive drugs
Diuretic ARB ACEI p-Blocker CcCB

No. 501 324 347 296 179

Age, years 69.8+0.3 69.3+£0.3 69.5+0.3 68.8+0.3 70305

Heart rate 7 S S 73.8207 745 +0.7 68 +1.4d 755+2.0

Blood pressure, mm Hg
bSBP 139.5 +2.57 141.3+1.14 139.3+1.15 138.3+2.21 141.6 + 3.30
bDBP 86.7 +1.60° 83.5+0.70 82.5+0.71c 81.2+1.36 829 +2.03
bPP 54.5+2.44 57.6+1.08 55.6 + 1.09 57.7+2.09 59.9+3.12
bMAP 104.4 + 1.66 102.7 £ 0.71 101.5 £ 0.74 100.3+1.4 103.7 £ 1.07
cSBP 132.7 £2.49 136.5 +1.08 132.3+1.0%9a 134.2+1.25 133.8+3.11
cDBP 84.2 +0.57 85.0+0.73 83.8 + 0.67 83.8+0.77 85.2+1.03
cPP 49.8 £ 0.67 514x081 48.6 £0.79 53.3+0.89 52.8+1.20
cMAP 102.3+1.75 102.1 £0.76 100.0 £ 0.74a 99.7 £1.47 102.5+0.73

Arterial stiffness®
AP, mm Hg 145+ 1.0 19.0 £ 0.96 17.5+0.84 21.3+0.66 153 +0.78
Alx, % NTELIT 34.5+0.78 33.4+0.78 36.9 +1.50d 30.7+2.22
cf-PWV, m/s 9.72+0.23 948 +0.11 948 +0.11 8.39 +0.21d 9.47 +0.15

Values are expressed as mean * standard error.

AP, augmentation pressure; Alx, augmentation index; bDBP, brachial diastolic blood pressure; bMAP, brachial mean arterial pressure; bPP, brachial
pulse pressure; bSBP, brachial systolic blood pressure; cDBP, central diastolic blood pressure; cf-PWV, carotid-femoral pulse wave velocity cPP, central

pulse pressure; cSBP central systolic blood pressure.

“Angiotensin receptor blocker (ARB) vs angiotensin-converting enzyme inhibitor {ACEI): P = 0.047.

bp-Blacker vs diuretic: P = 0.0093.

SiECA vs diuretic: P = 0.016.

“[!~B\ocker vs diuretic, ACEl, ARB, and calcium channel blocker (CCB).
°P < 0.05: adjusted by age and central mean arterial (cMAP).

15 -
P=0.031 P=0.999
P=0.038
P =0.003 10.2 10.1
0 104 9.21 907 9.58
E 8.51
:
T 54

All 60 <65 65<70 70<75 75<80 =280

patients

Age range,y

FIGURE 2 Carotid-femoral pulse wave velocity (cf-PWV) values
adjusted for sex and central mean arterial pressure and stratified by
each 5 y of age

slope of the age-related increase was similar in all three groups. In
addition, all components of bBP and central BP in the CH group
exhibited values similar to those of the NT group, thus suggesting
that antihypertensive therapy maintains the above parameters at

levels indistinguishable from those in patients with NT. Because

of the cross-sectional nature of our data, we do not know whether
control of BP would lead to normalization of arterial stiffness
during follow-up. Qur longitudinal analysis of patients with UH at
baseline will allow us to address this question in the future.

Regarding sex-related differences, hypertensive women had
higher systolic values than men, but PWVs were similar between
both sexes (Table 2). Among the values observed in elderly men
and women, brachial systolic BP, central pulse pressure, brachial
pulse pressure, and Alx were higher among women in the UH and
CH groups (Table 3). Differences between sexes regarding the cen-
tral pressure and arterial wall thickening are not completely under-
stood.** Fu rthermore, the higher Alx in women could be attributable
to an early return of the wave reflection caused by their shorter
height®® or decreased aortic diameter®; it could also be associated
with sex-related hormonal differences.*®

The PWYV values in elderly patients from the urban center in
Brazil were higher than those obtained in other studies from Latin
American countries. In Argentina, Diaz et al*® reported a PWV value
for patients aged 60 to 70 years that was below the overall value
obtained in the present study (8.4 vs 9.3 m/s, respectively). The
data from the Argentine study were closer to those found in our NT
and CH groups. In Uruguay, Farro et al** reported a PWV value of
10.4 m/s for a hypertensive population younger than 60 years. In

Brazil, for healthy patients aged between 55 and 65 years, Baldo
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etal®” reported a mean cf-PWV value (9.48 +1.39 m/s)*” sim-
ilar to that found in our study for individuals with NT. Data from
Boutouyrie et al*® from different European centers showed cf-PWV
values of 9.3 m/s and 11.1 m/s in elderly patients with NT and hyper-
tension, respectively,*® and Fu et al*? have reported a cf-PWV value
of 12.5 m/s for Chinese patients with hypertension. Both studies

showed values slightly higher than those found in our study.

5 | STUDY LIMITATIONS

The present investigation has limitations typical of cross-sectional
studies, such as the measurements of BP and applanation tonom-
etry on a single occasion. These values may differ from those of
repeated measurements on different occasions, although the re-
producibility of these measurements (at the same BP) is usually
adequate.*®

6 | CONCLUSIONS

In an urban cohort of older Brazilian individuals, central BP and
cf-PWV values were higher in patients with UH than in patients
with NT and CH. The PWV values increased with age even in this
older cohort, reaching a peak at an approximate age of 75 years.
Women had a higher Alx, which was possibly attributable to their
shorter stature, but their cf-PWV values were similar to those of
their male counterparts. Patients with NT and CH exhibited simi-
lar cf-PWV values, thus suggesting that effective antihypertensive
treatment may delay or reverse the hypertension-associated arte-
rial stiffening.
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Abstract

Background/Aims: Elderly patients with normal systemic arterial blood pressure associated
with femoral carotid pulse velocity (cf-PWV) less than 7.6 m/s and without associated
comorbidities are considered to have good vascular health. The aim of the current study
was to verify the probability that elderly patients with good vascular health have at least one
blood pressure measurement above the different thresholds for systolic blood pressure (120,
130 and 140 mmHg) during two years of follow-up. Methods: We selected 72 normotensive
patients (<140/90 mmHg) without comorbidities and divided them into group A, with cf-PWV
< 7.6 m/s (n = 27; 65 + 4 years), and group B, with cf-PWV > 7.6 m/s (n = 45; 66+ 8 years).
These patients were followed for two years and were observed in 3 outpatient visits (0, 12 and
24 months). At each visit, the brachial pressures were indirectly measured in triplicate, and
applanation tonometry was performed. Results: When group A and group B were compared,
the odds ratio (OR) of having a systolic pressure measurement > 140 mmHg in two years
of follow-up was 0.22 (P < 0.0001); = 130 mmHg, the OR was 0.49 (P < 0.0007), and > 120
mmHg, the OR was 0.54 (P < 0.001). Group A and group B showed increased values of cf-PWV
during the two years of follow-up (P < 0.05). Changes in the average systolic brachial pressure
were not significant during the two years in groups A or B. Conclusion: Vascular health in
elderly individuals seems to protect against occasional elevations in systemic arterial pressure.
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Introduction

Vascular health in aging has been defined as carotid-femoral pulse wave velocity (cf-
PWV) <7.6 m / s (mean + SD 2 of a reference group of individuals <30 years of age) in
combination with the absence of arterial hypertension [1]. This definition is consistent with
evidence that increased cf-PWV is an independent predictor of cardiovascular events and
improves prediction over traditional risk factors alone, including high blood pressure (BP)
[2-4]

Information about longitudinal changes in PWV and SBP parameters in people with
good vascular health come from Sardinian data examining the simultaneous trajectories of
repeated measures of PWV and SBP, and thisanalysis demonstrated a remarkable dissociation
in the paths of these parameters with advancing age [5]. On the other hand, there are different
definitions to consider for the limits of arterial hypertension, especially after reports that
lower systolic levels are consistent with a reduction in the morbimortality rate [6]. Thus, the
possibility of older adults defined as having good vascular health becoming hypertensive is
dependent upon the criteria adopted for the definition of arterial hypertension.

The present study aimed to verify the probability that elderly patients with good
vascular health will have at least one blood pressure measurement with levels above
different thresholds for systolic blood pressure (120, 130 and 140 mmHg) during two years
of follow-up.

Materials and Methods

The present study is a longitudinal analysis of normotensive elderly patients who have been included
in the data bank of Estudo da Velocidade da Onda de Pulso em Idosos de regido Urbana no Brasil - Pulse
Wave Velocity in the Elderly in a Brazilian Urban Area (EVOPIU), which was a prospective, observational,
multiclinic study with a planned four-year follow-up and was designed to correlate cardiovascular endpoints
with different groups of elderly hypertensive patients. A total of 1192 elderly individuals were enrolled in
EVOPIU, and subjects were followed with laboratory exams and applanation tonometry performed at each
medical visit [7]. All the collected data are stored electronically and are the responsibility of the Federal
University of Uberlandia, MG, Brazil. EVOPIU was approved by the Research Ethics Committee under CAAE
number 37440114.3.0000.5152 and was financed by the Minas Gerais State Agency for Research and
Development (FAPEMIG).

Elderly patients with vascular health conditions: Inclusion/Exclusion Criteria

Data from normotensive patients were extracted from the EVOPIU database according to the following
inclusion/exclusion criteria: age 2 60 y.0. and baseline systemic arterial blood pressure <140/90 mmHg
without the use of antihypertensive drugs or diuretics. Patients with related comorbidities, such as diabetes
mellitus, chronic kidney disease, and known malignant neoplasm, were excluded from this study. After the
inclusion and exclusion criteria were applied, a total of 72 normotensive patients constituted our sample.
The present article represents a preliminary study of the first two years of follow-up. The patients were
examined at baseline (0) and after one (1) and two (2) years of follow up, respectively denoted visits VO,
V1 and V2. Patients were separated into two groups: group A, with baseline cf-PWV <7.6 m / s (n = 27), and
group B, the control group, with basal cfPWV 2 7.6 m/s (n= 45).

Biochemical/Hematological Data

General demographic and clinical data were collected for each subject. Serum levels of uric acid, urea,
creatinine, blood glucose, and the lipid profile were assessed using colorimetric methods (Cobas 6000;
Roche Hitachi®, Brazil, As 2400® (Roche®, Brazil), whereas hematological examination was performed
with a Sysmex XED-2100®, Sysmed Brazil, JP. Patients were considered to have hypercholesterolemia when
they had total fasting cholesterol > 200 mg/dL, HDL cholesterol < 40 mg/dL, triglycerides >190 mg/dL, or
used statins; diabetes mellitus was defined as fasting plasma glucose = 126 mg/dL or when patients were
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using insulin/oral hypoglycemic drugs; and chronic kidney disease was defined as a glomerular filtration
rate < 60 ml/min/m? and urinary creatinine/protein < 0.2 mg/g.

Blood Pressure Measurements- Brachial (bBP)

After 10 min of rest, brachial systemic blood pressure was assessed in a seated position three
consecutive times at 3-min intervals labeled the first, second and third blood pressure measurements at
each medical visit. For the first two measurements, an automatic digital oscillometric blood pressure (BP)
device (HE 7200 Intelli-Sense Omron Hem®, Brazil) was used; the third measurement was performed
with a SphygmoCor®, Sydney, AU. We used triplicate measurements of blood pressure, considering each
one of the three measures separately (named the first, second and third measurements) and reporting the
arithmetic mean of the three measurements. A total of 603 blood pressure measurements were taken from
the 72 patients, who attended three medical visits in two years of follow up. For analysis, we considered
three different cutoffs for the definition of elevated blood pressure or hypertension status: 120, 130 and
140 mmHg.

Central blood pressure, PWV, and Alx

Central BP values, carotid-femoral pulse wave velocity (cf-PWV) and the aortic augmentation index
(Alx) were obtained by direct-method applanation tonometry with a SphygmoCor® XCEL device, model
EM4C (AtCor Medical, Sydney, Australia); cf-PWV was measured in meters per second, with the patient in
a supine position. The Alx was automatically adjusted for a heart rate of 75 bpm since the heart rate is an
important modifier of Alx.

Statistical analysis

We assessed the normality of the data set using Skewness/Kurtosis tests. For comparisons of two
samples with a parametric distribution, Student’s t-test was used, and for nonparametric data, a Wilcoxon
rank-sum (Mann-Whitney) test was used with the data being shown as the mean +/- standard error and
median (p50) +/- interquartile interval (IQR), respectively. For comparison of three or more normal
variables, analysis of variance (ANOVA) was performed with Bonferroni posttest adjustment, and for
nonparametric variables, the Kruskal-Wallis equality-of-populations rank test was used. The cf-PWV values
were not adjusted for sex, age or mean arterial pressure (MAP) because of the small number of participants
in each group. The odds ratio was calculated using a 2 x 2 table, and chi-square and Fisher's exact test
were applied. The null hypothesis is as follows: the group with good vascular health would have all arterial
pressure measurements at all medical visits below normal values. The alternative hypothesis is as follows:
at least one of the pressure measurements would be above normal values during medical appointments.
Significance was set at p< 0.05 in all analyses. The STATA 15.1 and Prisma 5.0 software programs were used
for statistical analyses.

Results

Elderly patients who met the criteria for vascular health corresponded to 2.2% (A)
and the control group (B) to 3.7% of the EVOPIU database. Table 1 shows the clinical and
laboratory characteristics of normotensive patients with cfPWV < 7.6 m/s (A) and with
cf-PWV 27.6 m/s (B). Table 1 shows the cfPWV values adjusted by brachial blood arterial
pressure, gender and age. Table 2 shows the probability for the patients to have at least
one high blood pressure reading in a medical visit in two years of follow-up according to
the different thresholds for systolic blood pressure. Fig. 1 demonstrates the cf-PWV values
without adjustments in the first, second and third medical visits for groups A and B. Fig. 2
shows the systolic blood pressure box plot for each visit for both groups (Table 1). Fourteen
patients did not continue the study for 24 months: 2 died from pneumonia (group A), and
12 were followed only by telephone contact. These patients did not have their data included
in this study.
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Table 1. Clinical and Laboratory Characteristics of the Patients by Group and Medical Visit. Mean + SD;
Median (Iq); SBP, DBP, PP, MAP: Systolic, Diastolic; Pulse Pressure and Mean Arterial blood pressure; b:
brachial, c: central; cf-PWV: carotid femoral Pulse Wave Velocity; Aix: augmentation Index; HDL and LDL
High and Low density cholesterol;** P<0.05 A versus B, ": P<0.05 intergroup.

Visits (months)
Parameter 0 12 24
Groups

A (n:27) B (n:45) A (n:27) B (n:44) A(n:21) B (n:37)
Age [years) 65 (4) 66 (8) 66 (4) 67 (7) 66 (3.5) 66 (7)
HR (bpm) 72(12) 71(16) 72(13) 68 (12) 72(11) 72 (17)
Gender (F/M) (%) 74/26 45/55 74/26 46/54 72/28 46/54
BMI (Kg/m2) 24.8(8.1) 26.2 (4.7) 25.6(9.2) 26.2(53) 25.5 (10.4) 25.6 (17.3)
Abdominal waist (¢m) 879+ 155 91.6+129 898+127 943x111 93.3:139 93.3+12.0
Race (%)
White 4 14 5 14 9 8
Non White 96 86 95 86 971 92
Blood Presure (mmHg)
bSBP 118493 121268 1210+ 14.1 125122 1192108 1195123
bDBP 69276 71.0x6.6 70.2+88 728+87 69876 700274
bPP 47 (18) 49 (12) 50(11) 51(11) 48(13) 49 (13)
bMAP 85.5 + 6.4 87.7+56 869193 90.1+93 86.3£7.0 865+ 84
cSBP 111+105 115+ 75 116 £9.1 118+ 117 115+£12.0 112 +11.8
cDBP 728+71 764 +8.1%* 774+9.1 78.7+85 77.2+69 759+9.7
cPP 39 (16) 38(9) 38(13) 39 (12) 37(12) 34 (13)
cMAP 88471 918+ 7.4 92.7+83 939192 92.8+909 909199
Hypertensive Patients (n)(%) o o 0 5(13.5) 0 8(216)
Tonometry
cf-PWV (m/s) 69 (1.1) 8.6 (1.4)** 7.2(1.4) 9.3 (2.3)** 8.4 (2.1) 11 (2.6)**"
Aix (%) 36.5+16.3 28.1 + 16.0** 347 x16.7 26.3+109* 26502 260174
Laboratory
Total cholesterol (mg%) 197 (30) 203 (45) 212 (20) 199 (63.5) 204 (34) 185 (68)
HDL (mg%] 50 (8) 53 (20) 54 (15.5) 49 (15) 51(14) 47 (15.5)
LDL (mg%) 117 (52.3) 118(39) 131.5 (24.9) 120 (52.6) 134 (35.7) 120 (49.9)
Triglycerides 108 (63) 110 (93) 122 (45) 108 (53) 96 (46) 107 (38.5)
Glucose (mg%) 93(9.1) 92 (14.8) 89(9) 91 (17.5) 85(12) 85 (24)
Uric acid (mg%) 4.9(1.1) 5(1.8) 4.5 (0.9) 5.1(2.1) 4.8(0.7) 5.4 (1.6)
Creatinine (mg%) 0601 08+0.1** 07201 0.9 0.1** 09:02 0.8+ 0.1%
Hemataocrit (%) 41.5 (4.9) 42.7 (3.7) 42.2(5.7) 42.7 (4.2) 42.3(3.7) 42.7 (5.2)
Hemoglobin (%) 13.8(1.5) 14.3(1.4) 14.2 (2.5) 14.2 (1.8) 13.6(1.1) 14.0 (1.7)
Urinary Protein/creatinine 0.12 £ 0.01 0.13 + 0.01 0.10%0.01 0.14 + 0.01 0.12 + 0.01 0.13+0.01

Table 2. Pulse Wave Velocity and chance of high Systemic Blood Pressure in Two Years of Follow-up. SBPM*:
Systemic Blood Pressure measurements of Systolic (SBP), Diastolic (DBP) and Pulse Pressure (PP);N*:
number of SBPM by group.

SBPM 0dds Ratio

Variable A group B group P value

N* % N+ % [95% Conf. Interval]
SBP (mmHg)
<140 182 96.3 353 85.2 1
>=140 i 3.7 61 14.8 0.2256 (0.0843 - 0.5011) 0,0001
<130 152 80.4 277 66.9 1
==130 37 19.6 137 33.1 0.4921 (0.3161 - 0.7554) 0,0007
<120 88 46.6 254 61.3 1
>=120 101 534 160 387 0.5488 (0.3818 - 0.7888) 0,001
DBP (mmHg)
<90 188 99.5 375 90.5 1
==90 1 0.5 39 9.5 0.0511 (0.0012 - 0.3080) <0.0001
<80 164 86.7 312 75.3 1
>=80 25 133 102 24.7 0.4662 (0.2773 - 0.7685) 0,0014
PP (mmHg)
<50 98 51.8 191 46.1 1
>=50 91 48.2 223 53.9 0.8546 (0.6078 - 1.2012) 0,3463
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Discussion

Our study showed that elderly patients in a healthy vascular condition have a low
chance of becoming hypertensive during two years of follow up. Finding older adults who
meet the criteria necessary to diagnose good vascular health is not an easy task. Thus, 2.1%
of the 1192 patients participating in EVOPIU could be included in these criteria using a cutoff
for systolic blood pressure < 140 mmHg. Elderly patients belonging to this select group of
individuals did not have diabetes, had no other comorbidities common to the elderly, and
did not use any antihypertensive medications. On the other hand, normotensive patients,
without comorbidities but with a cf-PWV > 7.6 m/s, were also not a frequent finding in our
database, representing only 4.0% of the sample total.

When we compared the cf-PWV of both groups from V0 to V2, we found that the cf-PWV
of group B remained significantly higher than that observed in group A.

If increases in cfPWV are associated with increases in vascular stiffness, one would
suppose that group B had more vascular damage than group A and did not yet show arterial
hypertension. Although arterial stiffness has long been considered to be a complication of
hypertension, there is growing evidence that arterial stiffening can precede the increase in
SBP, and an elevation of SBP further augments arterial stiffness [8-11].

Our study also demonstrated the cfPWV behavior in elderly patients with low and high
cfPWYV during two years of follow-up (Fig. 1). In the unadjusted model, the cfPWV increased
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after two years in both groups, but only group B showed eight hypertensive patients at 24
months (Table 1). These findings indicate that values of cfPWV> = 7.6 m / s may be associated
with so-called prehypertension.

It was interesting to note that the average values of arterial pressures obtained by
triplicate measurements did not change during the follow-up examinations of both groups,
which did not mean that any of the measures did not exceed the cutoff values established for
the diagnosis of arterial hypertension. Table 2 shows that for group A, the chance of having
at least one arterial systolic pressure measurement higher than 140 mmHg is 77.7% lower
than the risk for group B. For the cutoff of 130 mmHg, group A has a 51% lower chance than
group B, and for a cutoff of 120 mmHg, group A has a 46% lower risk than group B. The data
show that the lower the cutoff value for systolic blood pressure is, the lower the difference
in the risk of individuals with and without vascular health to become hypertensive. Another
explanation for the same data is shown in Fig. 2. As we can see, the systolic variations above
140, 130 and 120 mmHg are more notable in group B. For diastolic pressures, the same
occurred, demonstrating that the elderly patients who fit within the vascular health criteria
with any cutoff are less likely to have at least one high blood pressure measurement for two
years than those in group B.

It can be argued that only a measure of BP above the stipulated cutoff would not have
clinical significance, but many studies are proving that pressure-ability cannot be called
physiological, and these oscillatory levels of blood pressure represent damage to target
organs [12, 13]. It is interesting to note that the widening of the pulse pressure, considered
one of the indicators of vascular rigidity [14], did not show different odds in the two groups
studied. The increase in bPP occurred similarly between the high- and low-cfPWV groups. A
follow-up time greater than that used in our study may be able to reveal the outcomes for the
elderly patients in both groups.

An SBP target <130 mmHg has been proposed as reasonable in primary prevention with
alow overall and cardiovascular risk [15]. Prehypertension is also an independent predictor
of decreased glomerular filtration rate in the general population, with the effect being more
pronounced in the elderly [16]. If systolic values higher than 130 mmHg are classified as
a prehypertensive condition, the elderly with a cf-PWV <7.6 m/s have a 51% lower risk of
developing prehypertension. Even with lower limits for the diagnosis of prehypertension,
elderly patients with vascular health are more protected from higher systolic and diastolic
levels over two years (Table 2).

Other parameters obtained by tonometry show different values for Aix, but the number
of female individuals in group A is proportionally higher than that in group B, justifying this
finding [17]. The same reasoning applies to the different serum creatinine levels in both
groups. We also did not find different values for the central pressures between the groups
over two years of follow-up, nor for the laboratory data obtained. As limitations of our study,
we would point out the small number of participants in each group and the blood pressure
measurements being performed in the office. The ambulatory blood pressure measurement
(ABPM) is perhaps more appropriate for this type of study.

In conclusion, patients with good vascular health seem to be better protected against
occasional elevations in systemic arterial pressure than other groups without these
conditions. Longer-term studies should be performed to verify the cardiovascular outcomes
of these patients.
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Abstract

Aging and hypertension are common factors in increased
central arterial stiffness and the prevalence of atrial fibrilla-
tion (AF). Individualized weighing of the risk-benefit of anti-
coagulation is recommended in patients with AF who have
low established risk scores or, conversely, are at increased
risk for bleeding. Parameters of arterial stiffness and wave
reflection could improve risk stratification.

The objective of the present study was to determine wheth-
er pulse pressure (PP), pulse wave velocity (PWV), and
pulse wave morphology, considered markers of vascular
stiffness, change during episodes of paroxysmal AF in el-
derly patients.

Elderly patients with paroxysmal AF (n = 23) attended bian-
nual appointments for four years, totaling 28 sinus rhythm
appointments and 33 AF appointments. Brachial and cen-
tral PP and PWV were assessed using Applanation tonom-
etry (TA). In patients under AF, brachial PP was reduced
(from 67.1 + 23.7 to 56.9 * 17.7 mmHg; P = 0.027) and
PWV was maintained (from 11.0 £ 0.5 to 10.2 + 0.5 m/s; P
= 0.313). These patients showed early reflected wave re-
turn, assessed by the inflection point (Pi) during ventricular
systole (from 39.8 + 15.5 to 34.0 £ 11.5 mm; P = 0.048).
No changes were observed in the augmentation index (from
26.7 £ 15.2 to0 29.8 + 17.4%; P = 0.224). In the multivariate
analysis, only age influenced PWV (P < 0.001). The arterial
vascular stiffness markers (PWV and PP) had different be-
haviors during episodes of paroxysmal AF, and these bio-
markers could be conducted to different risk stratification in
patients with AF.

Introduction

Aging promotes marked changes in the cardiovas-

L))
G

cular system, especially in large arterial vessels. All
arterial vessels layers undergo important modifi-
cations, such as the proliferation of collagen fibers,
accumulation of glucose degradation products, and
reduction in elastin, among others [1]. Such changes
promote a loss of elasticity of the great vessels and a
consequent increase in arterial stiffness [2]. In these
circumstances, the arterial pulse wave velocity (PWV)
increases as vascular stiffness progresses as a result
of aging [2,3]. Measurement of the PWV in the ca-
rotid-femoral section (c-fPWV) using applanation to-
nometry (AT) is considered the gold standard for the
detection of vascular stiffness [4]. The AT is also able,
among other measures, to identify the morphology
of the wave generated by the ventricular contraction
and the reflected wave that returns to the heart, in
addition to being able to measurethe central pres-
sures and identify parts of the cardiac cycle [5,6].
c-fPWV can detect vascular stiffness before the pa-
tient becomes hypertensive [7], and it is directly re-
lated to cardiovascular risk (CVR) [8].

The association of certain arrhythmias, such as atrial
fibrillation (AF), with vascular stiffness, is cited by sev-
eral authors [9,10]. Some of the predisposing factors
of AF are the same factors that promote arterial stiff-
ness, such as aging and systemic arterial hypertension
(SAH), and the prevalence increases with age [11], high
morbidity, and mortality [12]. The constant search for
biomarkers that can predict AF episodes and parame-
ters of arterial stiffness and wave reflection that could
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improve risk stratification may, in the future, indicate
the best pathway for the treatment and prevention of
AF [13]. In this regard, c-fPWV and arterial pulse pres-
sure (PP) have been associated with several markers of
vascular rigidity with inconsistent results [14-16] and
are considered in the stratification of CVR [17]. Exam-
ples of biomarkers include everything from pulse and
blood pressure to basic chemicals to more complex lab-
oratory tests of blood and other tissues. As quantifiable
medical signs, cfPWV, and PP fall into the category of
biomarkers that modern laboratory science allows us to
measure reproducibly [18]. This study aimed to verify
whether these two biomarkers (PP and c-fPWV), would
change their values during episodes of paroxysmal AF in
elderly patients.

Materials and Methods

This retrospective study used the Study of the Pulse
Wave Velocity in the Elderly from the Urban Area in
Brazil (EVOPIU for its acronym in Portuguese) database
of patients evaluated from 2014 to 2016, and the Eth-
ics Committee of the Federal University of Uberlandia
approved it (UFU; CAAE-37440114.3.0000.5152) with
support from FAPEMIG (Minas Gerais Research Foun-
dation). EVOPIU followed upl, 192 patients older than
60 years, for four years (2014 to 2019), with semian-
nual clinical and laboratory evaluations including AT
to evaluate c-fPWV, central pressures, and pulse wave
morphology. Further details on EVOPIU were previous-

ly published [19]. For the present study, patients who
presented with paroxysmal AFduring follow-up, i.e,
with a repetitive pattern in AF, sometimes with AF and
sometimes with sinus rhythm (SR) detected by an elec-
trocardiogram (ECG) performed at each medical visit,
were included. All patients were evaluated at least once
regarding SR and once in AF. Three patients were evalu-
ated more than once in SR and AF throughout the study.

Applanation tonometry

Aortic PWV was measured with AtCor Sphigmo-
cor Xcel device, model EM4C (AtCor Medical, Sydney,
NSW, Australia) by sequentially recording electrocardio-
gram-gated carotid and femoral artery pressure waves,
using the intersecting tangent algorithm to determine
the foot of the waveform. Each result already being cal-
culated as the ensemble average over (on average) 11
beats (standard deviation between repeat PWV mea-
surements were 0.97 m/s before and 0.66 m/s after. For
patients with unstable heart rates, the 20-second cap-
ture may be required to obtain a valid measurement.
The automatic capture section always happens when
the signal quality of the waves is valid (the signal turns
to green). Once the SphygmoCorXCEL system detects
seconds of regular carotid pulse period, the femoral cuff
will be inflated [20].

After AT, if the occurrence of AF was confirmed, the
patient was referred to the outpatient clinic for treat-
ment. In the subsequent medical visit, only those pa-
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Figure 1: Some parameters defined in pulse wave analysis in elderly people [6]: PP: Pulse Pressure; AP: Augmented Pres-
sure, defined by wave reflection; Pi: Inflection Point; TI: The Timing of the Reflected Wave; LVET: Left Ventricular Ejection
Time; DT: Diastolic Time; Aix: Augmentation Index (Alx = AP/PP).
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tients without a previous history of cardioversion or
using antiarrhythmic drugs specific for AF were includ-
ed in the study. Patients whose c-fPWV measurements
were not concomitant with an ECG were excluded
from the study. Of the 1,192 patients included in the
EVOPIU database, 2,689 ECGs were examined during a
4-year follow-up, and 26 patients with AF compatible
with the inclusion criteria were found. Three patients
were excluded because they did not perform an ECG
concomitant with the c-fPWV measurement. The 23 pa-
tients included in the present study attended semian-
nual consultations, totaling 28 consultations in SR and
33 consultations in AF. The following were evaluated:
systolic (bSBP), diastolic (bDBP), pulse (bPP), and mean
(bMAP) brachial pressures; centralsystolic (cSBP), dia-
stolic (cDBP), pulse (cPP), and mean (cMAP) pressures;
pressure amplitude (PA); augmentation index (Aix); and
c-fPWV. For wave morphology, ventricular ejection (VT)
duration in milliseconds, the relative time of ventricular
ejection (RTVE) in %, the height of the reflected wave in-
flection on the ventricular ejection wave (P1) in mmHg,
final systolic pressure (FSP) in mmHg, and amplification
of pulse pressure (bPP/cPP) were evaluated. Figure 1
shows the details of the arterial pulse wave [6].

Statistics

The data were tested for normality using the Shap-

iro-Wilk test and for homogeneity with the Levene test.
For the differences between means, Student’s t-test or
the Mann-Whitney test were used according to the dis-
tribution. c-fPWV was adjusted considering it as the
dependent variable and bMAP, age, and sex as the
independent variables. Univariate and Stepwise mul-
tivariate were used to assess possible associations.
An alpha error of 0.05 was considered significant. For
the statistical calculations, the program STATAv. 16.1
was used.

Results

Table 1 shows the clinical and laboratory character-
istics and the AT values for the patients when experi-
encing SR and AF. The mean interval between visits was
11.1 + 1.4 months. Table 2 shows the univariate and
multivariate analyses in which c-fPWV is the dependent
variable. (Figure 1) shows the morphology of the pulse
wave of an elderly patient and the respective parame-
ters evaluated in the present study. The average ages
of patients with and without AF are similar because
some patients were first examined with AF and then at
a sinus rhythm, while other patients had the opposite
clinical sequence. The percentage of patients using an-
tihypertensive drugs was similar in both periods, with
the exception of calcium channel blockers that reduced
their use during the PA period. We found significant in-

Table 1: Clinical and Laboratory Characteristics of Patients with/without AF (n = 23).

Sinus Rhythm Atrial Fibrillation P Value
Number of visits in the 4-year follow-up period 28 33 -
Age (y) 76.1+55 74.0+6.1 . 0.079
Men/women (%) 57/43 57/43 0.37
Body mass index 29.0+6.8 29375 0.442
Diabetes mellitus (%) 32.10% 18.20% 0.34
Coronary artery disease (%) 74 9 0.784
Heart failure (%) 0 0 1
Smoking (%) 3 3 0.358
Antihypertensives
CCB (%) 25 | 0.025
BB (%) 64.3 455 0.598
ACEi (%) 357 333 .0.847
ARB (%) 286 212 0.509
Diuretic (%) 64.3 515 0.033
Laboratory
Glucose (mg/dL) 104 £+ 8.6 109+ 8.6 0.357
Uric acid (mg/dL) 6.0+15 6.1+14 0.478
Hb (g/L) 137+13 13.7+13 0.46
Ht (%) 41.7+3.4 414 +39 0.393
Creatinine (mg/dL) 1.06 £0.25 1.04 £0.21 0.406
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Urea (mg/dL) 477 +16.4 39.8+16.2 0.086
Total cholesterol (mg/dL) 175£42.2 166 + 31.9 0.25

HDL cholesterol (mg/dL) 44£87 48+118 0113
LDL cholesterol (mg/dL) 102 £ 38.9 94+207 0.222
Triglycerides (mg/dL) 141+ 82.0 116 +32.9 0.102

Tonometry

Heart rate (beats/min) 67.3+14.8 765+ 17.0 0.013
bSBP (mmHg) 145.0 £ 296 13794225 0.143
bDBP (mmHg) 77.8+133 81.0+14.6 0.18

bPP (mmHg) 67.1+237 1569+17.7 [0.027
bMAP (mmHg) 100.3 £ 16.9 100.0 + 15.6 0.476
SBP (mmHg) 1362+ 265 134.0 £20.2 0.352
cDBP (mmHg) 843137 '895+152 10.083
cPP (mmHg) 519215 4444171 0.065
cMAP (mmHg) 1044+174 1085+ 16.8 0177
cfPWV (mis) 111433 101430 0.116
Adj cPWV, m/s (*) 110£05 102+05 0313
Aix 75, % 267+ 152 20.8 +17.4 0.224
Adj Aix 75, % (*) 259428 30627 0.238
Aortic augmentation (AP) (mmHg) 1714126 145+138 0.227
Period HR (ms) 940 236 829 + 226 0.032
Ejection duration (ms) 303 £44.38 295+473 0.257
Ejection duration (%) 332 369 0.013
Aattic T2 (ms) 210238 208 +28.3 10,362
P1 height (mmHg) 39.8+ 155 340+ 11.5 0.048
PTI systole (mmHg) 2446 + 621 2731+ 778 0.058
PTI diastole (mmHg) 3819 + 595 3779 + 454 0.382
End systolic pressure (mmHg) 1249+ 226 125.1 £ 19.1 0.483

(*): £ SE; b:brachial; c: central; SBP: systolic blood pressure; DBP: diastolic blood pressure;

PP: pulse pressure; MAP: mean arterial pressure; cfPWV: carotid-femoral pulse wave velocity;

Adj: adjusted carotid-femoral pulse wave velocity adjusted by bMAP: gender: and age;

Aix 75: augmentation index normalized for a heart rate of 75 bpm; Aortic T2: duration from the start of

the pulse to the 2" systolic peak; P1 height: primary wave pressure at T1; PTI: the area under the pressure pulse during systole
and diastole; CCB: calcium-channel blocker; BB: beta-blocker (Atenolol); ACEi: angiotensin-converting enzyme inhibitor; ARB:
angiotensin receptor blocker; HB: hemoglobin; Ht: hematocrit; HDL: high-density lipoprotein; LDL: low-density lipoprotein.

creases in HR during PA compared to the period in sinus
rhythm in addition to reductions in bPP and Pi height.

Discussion

The data obtained show that during episodes of
AF, the adjusted values of c-fPWV remain unchanged,
while bPP decreases significantly. Additionally, the
reflected wave arrives earlier in the heart at the be-
ginning of ventricular systole (P1) during episodes of
AF (Table 1). Since c-fPWV is a gold standard meth-
od to measure the arterial stiffness and, therefore,
with structural alteration of the vascular wall [4], it
would be rational to think that c-fPWV values do not
change during paroxysmal AF. By adjusting the c-fP-
WV values by bMAP, we eliminated the possibility

Dorneles et al. J Geriatr Med Gerontol 2020, 6:089

that blood pressure reductions or elevations could be
interpreted as real changes in the structure of large
arterial vessels. Even so, the c-fPWV values adjust-
ed or not remained constant during episodes of AF
compared to those found during the SR period. Chu,
et al. demonstrated that patients with AF had a high-
er PWYV than that found in the control group with SR
[21].

However, these authors studied patients with per-
manent AF, and after PWV adjustment by heart rate
(HR), the values were similar to those of the control
group. Lee, et al. also found higher PWV in 33 patients
with chronic AF, regardless of age; however, the authors
do not cite PWV adjustment by MAP [9].
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Table 2: Association between c-f PWV and independent

variables in elderly with Atrial Fibrillation (n = 23).

Univariate

r
Age(Y) 0.561
HR(bpm) 0.521
bSBP 0.800
bDBP 0.770
bPP 0.331
bMAP 0.881
cSBP 0.780
cDBP 0.789
cPP 0.180
cMAP 0.885

b:brachial; c: central; SBP: systolic blood pressure; DBP: dia-

stolic blood pressure;

PP: pulse pressure; MAP: mean arterial pressure; cfPWV: ca-
rotid-femoral pulse wave velocity.

On the other hand, PP has long been described
as a measure of the stiffness of large arterial vessels
[22]. However, it is potentially influenced by other
factors related to cardiac function, such as HR, sys-
tolic volume and ventricular ejection pattern [23],
which seems to have occurred in our study, where
the VE time was shortened about the total cardiac cy-
cle during the AF period (Table 1). Besides, AF may
be associated with significant hemodynamic conse-
quences, such as several detrimental effects on car-
diac hemodynamic data [24-26] including loss of the
atrial contribution to ventricular filling with a reduc-
tion in end-diastolic pressure and volume in the left
and right ventricles [27], and consequently reduction
in systolic and pulse blood pressures, an increase in
the mean diastolic pressure in the atria [27], a re-
duced interval for passive diastolic filling [28-30] and
possible atrioventricular valvular regurgitation [28].

Some antihypertensive drugs may affect ¢SBP and
cPP. The CAFE (Conduit Artery Functional Evaluation)
study showed that reductions in ¢SBP and cPP were
higher in patients who used vasodilators than in those
who used diuretics and beta-blockers (BB) [31]. In con-
trast to our study, in the AF period, patients showed a
significant decrease in bPP and a tendency to reduce
cPP levels, although the use of BB remained constant
between the AF and SR periods. This fact was possibly
due to the presence of arrhythmia rather than the pos-
sible effects of anti-hypertensive medication.

An essential element, which characterizes the systol-
ic phase of the pulse waveform, is the inflection point
(Pi), which represents the point where forward and
backward waves meet. When it appears on the pulse
wave, it is “shoulder shaped.” Ti defines the time delay
in the backward wave, and Pi is the particular inflection
point. Thus, the lower the Pi height, the earlier the reflex

0.005
0.011
0.000
0.000
0.112
0.000
0.000
0.000
0.412
0.000

Multivarite
B

0.111
0.004
0.005
0.056

0.016
0.015

0.016

P
0.000
0.782
0.855
0.539

0.701
0.891

0.782

wave arrives during ventricular systole [6]. Regarding
the morphology of the pulse wave, it was observed that
the height of P1 in mmHg was lower in AF than in SR.
This finding demonstrates that the reflected wave re-
turns earlier to the heart during periods of AF. Increased
HR (from 67.3 £ 14.8 to 76.5 £ 17.0 bpm; P =0.013) and
the relative reduction in the ventricular ejection period
(from 33.2 to 36.9%; P = 0.013) may explain this fact.

Our data differ from those presented by Wilkin-
son, et al. [32], who demonstrated an increase in Ti
(correspondent an increase of Pi) of patients with
cardiac pacemakers after increasing the number of
regular heartbeats per minute. However, the chang-
es detected by these authors were acute; the Ti
mean values were shown without a separation be-
tween young and elderly patients, and the results
of Alx were not normalized to the frequency of 75
bpm. Moreover, for the elderly, it is known that arte-
rial stiffness causes an increased pulse wave velocity
through the arterial system. Therefore, if the forward
(centrifugal) pressure wave travels faster owing to
increased arterial stiffness, similarly, the backward
(centripetal) pressure wave goes back to the center
at a higher speed. Under reduced arterial viscoelas-
ticity, the earlier superimposition of the two waves,
in the protomesosystolic phase of the cardiac cycle,
produces a further increase in systolic blood pressure
and pulse pressure values [6]. Finally, due to irregular
beating frequencies of the heart in AF patients, the Pi
height could be different from those authors.

As expected, the PWV values found in our study are
quite high, exceeding by more than 30% of the values
found in elderly individuals with good vascular health
[7]. On the other hand, the age of patients with AF per-
sists associated with arterial stiffness, even after mul-
tivariate analysis, where the central and peripheral
pressures are the other dependent variables (Table 2).
When the multivariate analysis was performed, the age
of the patients was the independent variable that most
influenced c-fPWV.

However, each of the systemic pressure variables
was also significant in the univariate analysis. We be-
lieve that the age factor, when present in the analyses,
is so dominant that it would hide the participation of
other independent variables. Cecelja, et al. [33], in a
systematic revision study, showed that age and blood
pressure were significantly independently associated
with c-fPWV in 90% of studies, but in 90% of the total
studies, the patients had under 60-years-old.

Our study has some limitations, such as the small
number of paroxysmal AF patients, opening the possi-
bility of “effect size” in the statistical analyses (type Il
error). The absence of measures of ventricular function
could have excluded possible patients with heart fail-
ure, since central PP, Alx, but also aortic c-fPWV, key
measures of arterial function, are susceptible to the left
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ventricular performance [31]. It could have detected
asymptomatic patients with heart failure, which would
make the studied sample more homogeneous concern-
ing heart function. However, patients were their con-
trols, which could make the error constant both with
and without AF.

C-fPWV and brachial PP are two different entities.

C-fPWV represents the aortic component (central), and
brachial PP represents the peripheral component. Both
represent the stiffness of arterial walls. Instead, bPP
to be easily obtained in the clinical practice, it cannot
represent the real conditions of the vessels about the
stiffness in patients with AF fibrillation. In conclusion,
the present datasuggest that the markers of vascular
stiffness (c-fPWV and PP) had different behaviors in par-
oxysmal AF: while c-fPWV did not change, a reduction
in bPP was observed in the periods in which the patient
presented with AF and these biomarkers could conduct
to different risk stratification in patients with AF. Future
studies with a larger number of patients should be con-
ducted.
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