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RESUMO

A Hipertensdo Arterial Resistente (HAR) € uma condicdo na qual sobrepeso e obesidade
estdo correlacionados devido a influéncia no controle da pressdo arterial (PA). Embora
ambos os subgrupos resistentes ndo controlados (HARNC) e controlados (HARC) sao,
frequentemente, obesos, estudos recentes demonstram que o primeiro apresenta maior
indice de massa corporal (IMC) comparados com o segundo subgrupo. A reducdo de
adiponectina plasmdtica, um hormonio produzido pelo tecido adiposo, tem sido
correlacionada ao desenvolvimento da hipertensdo e foi considerada um dos fatores de risco
independente para essa doenca. Entretanto, € desconhecida se essa adipocina estd associada
com o ndo controle de PA nestes pacientes. O total de 96 pacientes foi dividido em dois
subgrupos: HARNC (n=44) e HARC (n=52) e distribuido controlando idade, género e
IMC. Foram avaliados os niveis plasméticos de aldosterona e adiponectina (enzyme-linked
immunosorbent assay — ELISA), medidas da PA de consultério e da Monitoragao
Ambulatorial de PA (MAPA), a resposta dependente do endotélio (vasodilatacdo mediada
por fluxo - VMF), indice de massa ventricular esquerda (IMVE) e velocidade de onda de
pulso (VOP). As idades foram 57+1,6 e 59+1,5 em HARNC (26M/18H) e HARC
(35M/17H), respectivamente, e todos os pacientes tinham sobrepeso. Os pacientes HARNC
apresentaram maiores niveis de aldosterona (12,61,4 vs. 8,9+0,8 ng/dL, p=0,02), assim
como, IMVE (142,246,0 vs. 122,9+4,3 g/m* p=0,02) e VOP (12,0 + 1,8 vs. 9,2 + 1,7 m/s,
p<0,0001). Por outro lado, foram encontrados no mesmo subgrupo menores niveis de
adiponectina (6,9+0,7 vs. 9,5+0,8 ug/mL, p=0,01) e prejuizo da resposta no teste da VMF
(6,6£0,3 vs. 7,5+0,3%, p=0,001). A andlise de correlacdo indicou que as pressdes de pulso
braquial e da MAPA foram inversamente correlacionadas com a adiponectina plasmatica (r
= - 0,45, p=0,002; r= - 0,33, p=0,03, respectivamente), assim como, a aldosterona e VOP
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RESUMO

(r=-0,38, p=0,01; r = - 0,36, p=0,02, respectivamente) nos sujeitos HARNC. A regressao
linear multivariada demonstrou que a VOP somente foi influenciada significativamente
pelos niveis de adiponectina nos pacientes HARNC (B= - 0,16, SE= 0,05, p=0,01). A
adiponectina ndo se correlacionou com os mesmos parametros no subgrupo HARC. Nossos
resultados sugerem que a hipoadiponectinemia e niveis elevados de aldosterona estdo
implicados na rigidez arterial e podem ser responsdveis pela resisténcia a terapia anti-

hipertensiva.

Palavras-chave: Hipertensdo arterial resistente, obesidade, adiponectina, aldosterona,

rigidez arterial.
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ABSTRACT

Resistant hypertension (RHTN) is a condition in which overweight and obesity were shown
to influence in blood pressure (BP) control. Although both uncontrolled (UCRHTN) and
controlled (CRHTN) resistant hypertensive subjects are frequently obese, recent studies
have shown that the former group has higher body mass index (BMI) compared to the
latter. Low plasma levels of adiponectin, a hormone produced by adipose tissue, seems to
be related to the development of hypertension and it is considered one of independent risk
factor for this disorder. However, it is unknown if this adipokine is associated with the lack
of BP control in these patients. Ninety-six patients were divided in two subgroups:
UCRHTN (n=44) and CRHTN (n=52) and were matched for age, gender and BMIL.
Adiponectin and aldosterone levels, office BP and ABPM, determination of brachial artery
responses to endothelial-dependent (flow-mediated dilation - FMD), left ventricular mass
index (LVMI) and pulse wave velocity (PWV) were evaluated. Mean ages were 57+1.6 and
59+1.5 years in UCRHTN (26 F/ 18 M) and CRHTN (35 F/ 17 M) subgroups, respectively.
All patients were overweight. UCRHTN patients had increased aldosterone levels (12.6 +
1.4 vs. 8.9 + 0.8 ng/dL, p=0.02) as well as LVMI (142.2 + 6.0 vs. 122.9 + 4.3 g/m?,
p=0.02) and PWV (12.0 £ 0.3 vs. 9.2 £ 0.2 m/s, p<0.0001). On the other hand, lower levels
of adiponectin (6.9 £ 0.7 vs. 9.5 = 0.8 ug/mL, p=0.01) and impaired FMD test response
(6.6 £03 vs. 7.5 £ 0.3%, p=0.001) were found in this same subgroup. Correlation analysis
indicated that brachial and ABPM pulse pressures were inversely associated with plasma
adiponectin levels (r = - 0.45, p=0.002; r= - 0.33, p=0.03, respectively) as well as

aldosterone and PWV (r = - 0.38, p=0.01; r = - 0.36, p=0.02, respectively) in UCRHTN
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subjects. Multivariate linear regression analysis showed that PWV was only significantly

influenced by adiponectin levels in UCRHTN patients (B= - 0.16, SE= 0.05, p=0.01).

Plasma adiponectin levels did not correlate to the same parameters in the CRHTN

subgroup. Taken together, our results suggest that hypoadiponectinemia and high

aldosterone levels are implicated in arterial rigidity, and may be responsible for

antihypertensive therapy resistance.

Key-words: resistant hypertension, obesity, adiponectin, aldosterone, arterial stiffness.
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1 INTRODUCAO



1.1 Consideracoes Gerais

A hipertensao arterial resistente (HAR) persiste como uma condi¢dao sem definicdo
universalmente aceita, sendo ainda a real prevaléncia também muito varidvel [1]. De acordo
com o Seventh Report of the Joint National Committee (JNC VII) [2], a HAR é considerada
aquela em que, ap6s duas consultas consecutivas, os valores presséricos mantém-se acima
da meta, a despeito de tratamento ndao farmacoldgico e farmacolégico otimizado triplice
instituido, incluindo diurético, em pacientes que tiveram adesdo plena ao tratamento
dietético e medicamentoso [3]. Recentemente, foram incluidos a defini¢do, pacientes que
apresentem pressao arterial (PA) controlada, mas que necessitam de quatro ou mais classes
de farmacos anti-hipertensivos [3]. As metas pressoricas sdo as mesmas estabelecidas para
a populacdo em geral de hipertensos (140/90 mmHg) e 130/80 mmHg em pacientes
hipertensos com diabetes ou doenga renal cronica (taxa de filtracdo glomerular <60
ml/min/1,73m?; creatinina sérica >1,5 mg/dL, em homens ou >1,3 mg/dL. em mulheres;
albumintria >300 mg/24h) [2]. A realizacdo da monitoracdo ambulatorial da pressdao
arterial (MAPA) é mandatdria para o diagnéstico de certeza da HAR, pois permite excluir
os pacientes pseudo-resistentes (pseudo HAR) [4-5].

Obesidade e hipertensdo arterial (HA) sdao duas doencas complexas que estdo
intimamente correlacionadas nos diversos sistemas cujos mecanismos fisiopatolégicos
permanecem pouco definidos. Entre eles estdo hiperativagiao do sistema renina angiotensina
aldosterona (SRAA) e do sistema nervoso simpdtico (SNS), alteragdes de funcao endotelial
[6] e de adipocinas inflamatdrias [7] e aumento de rigidez arterial [8].

A hiperatividade do SRAA na obesidade tem sido alvo importante na liga¢ao entre
tecido adiposo (TA) visceral e HAR [9-10]. Evidéncias apontam o elevado nivel da

concentracdo plasmdtica de aldosterona (CPA) como um dos fatores associados a
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patogénese da HAR em individuos obesos [11-12]. Desta forma, a producado pelo TA de um
fator estimulante mineralocorticoide ainda ndo identificado estimularia a secrecdo de
aldosterona e esta, por sua vez, através de receptores mineralocorticoides, promoveria
adipogénese [13] e aumento do estado inflamatério adiposo, com consequente redugdo dos
niveis de adiponectina [14].

A adiponectina € uma adipocina com propriedades anti-inflamatdria, antiaterogéncia
e sensibilizante a insulina [15], correlacionada negativamente com indice de massa
corpérea (IMC) [16] e com possivel regulacdo, entre outras, através da atuacdo de citocinas
pré-inflamatérias em adipdcitos [17]. Estudos transversais demonstraram que a
hipoadiponectinemia é um fator de risco independente para HA [18-20]. Além disso, estudo
prospectivo revelou a hipoadiponectinemia como preditora do desenvolvimento de HA em
normotensos, independente de género, idade, IMC, PA média, resisténcia a insulina e
proteina C reativa de alta sensibilidade [21]. Niveis reduzidos de adiponectina plasmatica
foram correlacionados a prejuizo da resposta vasodilatora mediada pelo endotélio [22-23] e
maior progressdo da hipertrofia ventricular esquerda (HVE) [24]. A adiponectina foi
considerada também preditora independente da rigidez arterial através da determinacdo de
velocidade de onda de pulso (VOP) em hipertensos [25-26].

Diante da forte associac@o entre aldosterona, obesidade, rigidez arterial, disfuncdo
endotelial e HVE na HAR [27-28], o estudo que se segue como capitulo desta tese de
mestrado (modelo alternativo) visa identificar a associacao entre a hipoadiponectinemia e

essas varidaveis na falta de controle pressérico dos subgrupos hipertensos resistentes.

Introducio Pégina 18



1.2 Hipertensao Arterial Resistente — HAR

Apesar da grande disponibilidade de farmacos efetivos para o tratamento da
hipertensdo arterial, o relatério do National Health Nutrition Education Survey revelou que
somente 27% da populacdo americana de adultos hipertensos t€ém a pressdo controlada
(<140/90 mmHg), o restante ndo atinge as metas recomendadas pelo consenso [2, 29].
Embora a baixa adesdo [30] e/ou regimes de tratamento inadequados, medidas incorretas da
pressdo arterial e outras causas de pseudo-hipertensdo possam explicar em parte esse
insucesso no controle da pressao arterial, hd um percentual ainda significativo de pacientes
que, mesmo excluidos esses fatores, apresentam real resisténcia ao tratamento anti-
hipertensivo, sendo considerados hipertensos resistentes. Por definicdo, segundo a
American Heart Association, a HAR € aquela em que os niveis de PA mantém-se acima da
meta pressorica mesmo com o uso de trés classes diferentes de anti-hipertensivos em uma
combinacdo racional de doses maximas, sendo um deles um diurético. Ainda, os pacientes
que estdo com a PA controlada, mas que necessitam de quatro ou mais anti-hipertensivos
também foram incluidos como resistentes ao tratamento nessa diretriz [3]. Recentemente,
demonstramos que tais subgrupos (“resistentes ndo controlados” e “resistentes
controlados™) sdo bastante distintos em vdrias caracteristicas, principalmente quanto ao
grau de obesidade, excesso de aldosterona plasmatica e rigidez arterial [27].

Apesar da prevaléncia exata da HAR ndo ser determinada, evidéncias indiretas de
estudos populacionais e clinicos sugerem que este € um problema clinico relativamente
comum. Por exemplo, somente 48 % do total de pacientes tratados, participantes do
Framingham Heart Study, e menos de 40 % dos pacientes idosos estavam com a pressao

controlada [31]. Em outro exemplo, somente 66 % dos pacientes de alto risco do estudo
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Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack Trial (ALLHAT)
atingiram as metas pressoricas de < 140/90 mmHg [32]. Estudos menores mostram uma
prevaléncia para a HAR de 5% na pratica clinica geral a 50 % em clinicas de nefrologia
[33]. Em resumo, a prevaléncia de HAR varia de acordo com a populagdo estudada e as
ferramentas diagndsticas e terapéuticas utilizadas.

A fisiopatologia da hipertensdao arterial ¢ complexa (Figura 1) e é modulada por
diversos fatores interligados: o sistema nervoso autdonomo, rins com a fun¢do excretora de

sodio e secretora de renina, 0 SRAA, adaptacdo cardiovascular, o endotélio e o TA.

Figura 1: Fisiopatologia da HAR relacionando os principais mecanismos envolvidos
(Modificado de Tsioufis, Kordalis et al.)[34]. Condi¢des como apneia obstrutiva do sono
(AOS), obesidade e excesso de aldosterona sdo fatores desencadeantes de inflamacao,
resisténcia insulinica e disfuncdo endotelial. Como consequéncia, hd hiperativacdo do SNS
e sistema renina angiotensina aldosterona (SRAA) que possuem a propriedade de
hiperativagdo reciproca, podendo incorrer em HAR.
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A resisténcia a terapia anti-hipertensiva € usualmente multifatorial [35], porém, pseudo-
resisténcia, fatores contribuintes e hipertensdo secunddria sdo fatores que t€ém um papel
importante na caracterizacdo da HAR (Quadro 1).

Quadro 1: Fatores que contribuem para caracterizacdo da HAR

Pseudo-resisténcia
e Fendmeno do avental branco
e Mensuracao inadequada da PA
e Falta de adesdo ao tratamento
e Inércia terapéutica

Fatores contribuintes

e Expansio volémica
Ingestao excessiva de sédio
Retencgdo hidrica causada por doenca renal cronica
Terapia diurética inadequada

e Obesidade/resisténcia insulinica

e Substancias exdgenas
Anti-inflamatorios nao esteroides
Anticoncepcionais orais
Alcool
Corticosteroides
Esteroides anabdlicos
Agentes simpatomiméticos
Cafeina
Ciclosporina
Eritropoetina
Agentes quimioterapicos
Antidepressivos

Causas secundarias de HA
e Hiperaldosteronismo
e Apneia obstrutiva do sono
e Doenca renal conica
e Estenose de artéria renal
e Feocromocitoma
e Coarctagdo da aorta

e Doencas da tireoide

Adaptado do Seventh Report of the Joint National Committee on Prevention, Detection,
Evaluation and Treatment of High Blood Pressure [2].
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1.2.1 Condicoes clinicas associadas a HAR
1.2.1.1 Disfunc¢ao Endotelial

O endotélio pode ser considerado um 6rgdo enddcrino ativo que, em respostas a
estimulos humorais, neurais e mecanicos, sintetiza e libera substancias vasoativas que
modulam tonus, calibre vascular e fluxo sanguineo, desempenhando papel fundamental na
regulagdo da circulacio e na proliferacdo e migracao das células do musculo liso vascular e
adesdo de leucocitos [36-37].

Quando exposto aos fatores de risco, como HA, o endotélio apresenta alteracdes
funcionais, denominadas genericamente de disfuncdo endotelial (DE) [38] caracterizada por
diminui¢do na biodisponibilidade de 6xido nitrico (NO) secunddrio ao estresse oxidativo
[39]. As células endoteliais estdo disfuncionais em vdrias doencas cardiovasculares e na
HA. Usualmente, essa disfungdo é expressa como ‘alteracdo do relaxamento dependente do
endotélio’ causada, principalmente, por reducdo da liberacdo e/ou agdo dos fatores
dilatadores derivados do endotélio, podendo também ocorrer liberacdo de fatores
constritores derivados do endotélio, contribuindo dessa forma, para DE. Portanto, a DE
constitui um marcador precoce dessa lesdo e é elemento-chave na patogénese das doencgas
cardiovasculares [40]. Grandes evidéncias indicam que pacientes hipertensos, inclusive
com HAR, sdo caracterizados por disfun¢do endotelial, tanto em distritos vasculares
periféricos como coronarianos [41]. Em estudo foi relatado que a funcdo endotelial esta
claramente reduzida nos hipertensos ndo controlados em relacdo aos sujeitos normotensos
[42]. Além disso, mais especificamente, foi demonstrado em estudo recente que, em relagdo
aos subgrupos da HAR, pacientes resistentes nao controlados (HARNC) apresentam piora

da fun¢do endotelial quando comparados ao subgrupo resistente controlado (HARC) [28].
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A avaliacdo ndo invasiva da fun¢do endotelial, por meio de ultrassom (US) [43] de
alta resolucdo e do estudo do fluxo arterial, vem sendo utilizada, ultimamente, com bastante
acurdcia e reprodutibilidade. Ela pode ser realizada antes e ap6s qualquer intervencgao fisica
ou farmacoldgica, permitindo a demonstracdo das alteracdes e dos efeitos da exposicdo a
fatores de risco para doenga cardiovascular. Sobretudo, hd ainda excelente correlagdo
hemodinamica e laboratorial, como relatam os trabalhos citados anteriormente de
Celermajer e colaboradores e de outros grupos [44]. Uma importante consequéncia da DE é
a inabilidade de liberacdo dos fatores de relaxamento derivados do endotélio. A DE pode
ser avaliada de forma ndo invasiva, quantificando-se a resposta da artéria braquial ao
estimulo mecanico como a resposta a manobra de compressao/descompressdao da artéria
braquial (aumento do fluxo provocado por vasodilatagcdo dependente do endotélio), ou apds
estimulo farmacolégico de substancias vasodilatadoras, como a nitroglicerina, cuja agcao €
direta sobre a musculatura lisa vascular. Através do uso do US de alta resolugdo, o grau da
disfuncdo € expresso em diferenca percentual de acréscimo do didmetro, comparando-se os
valores obtidos em repouso, durante a primeira amostragem, com o registrado pds-estimulo

mecanico e ou farmacolégico [45].

1.2.1.2 Rigidez Arterial

A rigidez arterial é determinada pela estrutura da parede arterial e pelas condi¢des
da parede, em especial da camada média. Esta rigidez arterial em hipertensos ¢é
praticamente atribuivel a alteragcdes estruturais na parede deste vaso [46]. A complacéncia
da parede vascular depende da contribui¢io do coldgeno e elastina (principalmente por
proliferacao de coldgeno e quantidades diminuidas de elastina ou quebra delas), que

conferem integridade estrutural e elasticidade ao vaso. Além de mudancas estruturais, a
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rigidez arterial também € afetada pelas células musculares lisas. O tonus vascular pode ser
modificado por deposicdo de célcio e pela acdo de mediadores pardcrinos como
angiotensina II, endotelina, estresse oxidativo e 6xido nitrico [47-48]. Além do préprio
processo de envelhecimento das grandes artérias que resulta em menor complacéncia [49]
patologias como o diabetes [50], hipertensdo arterial [51], doenca renal crbnica e o
tabagismo [52] participam como aceleradores desse processo.

A rigidez arterial pode ser avaliada de maneira ndo invasiva pela estimativa da
velocidade de onda de pulso (VOP), um método simples e reprodutivel [53-54]. Estudos
epidemioldgicos demonstraram que o aumento da VOP, marcador de rigidez arterial, esta
associado com aumento de risco da morbidade e mortalidade por doenca cardiovascular
[55-57].

Estudo recente, avaliando a rigidez arterial nos subgrupos da HAR, demonstrou

maior VOP nos pacientes nao controlados em relacio aos controlados [27].

1.2.1.3 Hipertrofia Ventricular Esquerda

A hipertrofia ventricular esquerda (HVE) é a resposta cardiaca a sobrecarga
pressdrica e/ou volumétrica cronica, e sua prevaléncia e incidéncia elevam-se de acordo
com a progressao de niveis de pressdo arterial [58]. Essa adaptacdo estd associada a maior
morbidade e mortalidade dos seus portadores. E possivel que o mecanismo adaptativo
esteja acompanhado de alteracdes intrinsecas dos midcitos cardiacos ou de outras células
miocérdicas, predispondo a um déficit contritil e instabilidade elétrica do coragdo. Com

relacdo ao aumento da massa do VE, os resultados do Framingham Heart Study

demonstraram de forma inequivoca o valor progndstico da deteccao de hipertrofia
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ventricular esquerda na estratificacdo de risco para doenga cardiovascular, morbidade e
mortalidade [59-60]. Estudos epidemioldgicos t€ém implicado HVE como fator de risco para
o infarto do miocardio (IM), insuficiéncia cardiaca congestiva (ICC) e morte sibita [61].
Estudo englobando HAR demonstrou maior HVE nos pacientes portadores de resisténcia
aos farmacos anti-hipertensivos em relacio aos hipertensos controlados e ao grupo controle
de normotensos [62]. Além disso, mais recentemente foi evidenciado que o subgrupo de
HARNC apresentou maior indice de massa ventricular esquerda comparado aos individuos

portadores de HARC [27].

1.3 Sistema Renina Angiotensina Aldosterona - SRAA

O SRAA regula o balango hidro-eletrolitico e a PA, além de outros subsistemas. O
papel do SRAA na fisiopatologia da HA foi estabelecido a partir dos experimentos
classicos de Goldblatt, demonstrando a importancia da pressdo de perfusdo renal na
secrecdo de renina [63]. A renina é uma enzima proteolitica, sintetizada como pré-pro-
renina, que € clivada em pré-renina e, posteriormente, em renina ativa, a qual € armazenada
nos rins e liberada imediatamente apds estimulo. Quando € liberada na circulacdo, a renina
cliva o angiotensinogénio (AGT) que é produzido pelo figado, formando a angiotensina I
(decapeptideo). A enzima de conversdao de angiotensina I (ANG-I) em angiotensina II
(ANG-II), a ECA, ¢é encontrada no endotélio vascular de varios 6rgdos. Estas reacdes
ocorrem no plasma e em varios tecidos como rins, cérebro, adrenais, ovarios, musculo liso
vascular e células endoteliais. Uma vez ativada a cascata, surgem a ANG-I e a ANG-II
(octapepitideo), que circulam pelo sangue ativando suas estruturas-alvo: vasos sanguineos
(sobretudo arteriolas e veias sist€micas), rins, corag¢do, adrenais e o sistema nervoso
simpatico [64-65].
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A répida expansdo das técnicas de biologia molecular permitiu que os respectivos
genes associados aos componentes do SRAA fossem clonados e sequenciados [66], o que
possibilitou a determinacdo da distribuicdo tecidual de seus componentes. Por isso,
diferentemente da visdo endocrina classica, atualmente é aceito o SRAA tecidual, com
funcgdes paricrinas, autdcrinas e epicrinas [67], tendo-se observado todos ou quase todos os
seus componentes em tecidos como coracdo [68], vasos [69] e rins [70]. H4 décadas a
ANG-II € estudada, e acreditava-se que seu efeito fosse mediado por um tnico receptor,
mas, no final dos anos 80, estudos com antagonistas especificos identificaram os subtipos
de receptores de angiotensina 1 e 2 (AT1 e AT2) [71]. Até o inicio da década de 90, as
acoOes da angiotensina Il eram atribuidas ao receptor AT1, sendo as fun¢des do AT2 pouco
conhecidas [72]. Em 1992, porém, estudiosos clonaram e caracterizaram duas isoformas do
AT1: ATIA e ATIB. Atualmente sdo reconhecidos vdrios tipos de receptores AT,
envolvidos em acdes especificas da ANG-II ou das outras angiotensinas (ANG-III, ANG-
IV e ANG-1-7) [73-74]. Além disso, sabe-se hoje que as acdes dos receptores AT2,
funcionalmente, se opdem as acdes dos receptores AT1 [75], podendo a prépria ANG-II
agir simultaneamente sobre ambos os receptores, de modo a permitir uma modulagcdo de
seus efeitos [76].

Estudos recentes tém ampliado nosso conhecimento sobre eventos celulares
mediados pela ANG-II, sugerindo, que seu papel bioldgico € tdo amplo que vai do
intracelular ao tecido ou ao sistema [77]. As principais acdes hemodinamicas da ANG-II
sdo: estimular a reabsorcdo de sddio; estimular a secre¢do de aldosterona; a liberacdo de
hormoénio antidiurético e citocinas; promover vasoconstri¢io e aumentar o tonus simpéatico
facilitando a liberacdo de noradrenalina, potencializando a ag¢do das catecolaminas e

reduzindo o ganho de reflexo barorreceptor. Entre as acdes ndo hemodinamicas citam-se:
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aumento da producdo de radicais de oxigé€nio; proteindria; efeitos metabdlicos; pro-
trombdticos; estimulo da sintese de coldgeno e reducdo da sua recaptacido e degradacdo;
proliferacdo e hipertrofia vascular e cardiaca.

Além das fungdes ja caracterizadas, a ANG-II vem sendo considerada uma citocina
multifuncional com propriedades nao hemodinamicas. Nesse contexto, destacam-se fator de
crescimento, citocina pro-fibrinogénica e pré-inflamatéria [78] e modulador da resposta
imunolégica, como quimiotaxia, proliferacdo e diferenciacdo de mondcitos em macréfagos
[79].

Tradicionalmente, o tratamento para insuficiéncia cardiaca e hipertensdo se baseava
principalmente no bloqueio do SRA, em vez de SRAA, com base na teoria de que a
aldosterona seria suprimida desde que a formacdao de ANG-II estivesse bloqueada.
Observou-se, entretanto, que a formagao de aldosterona nao permanece suprimida durante
bloqueio cronico do SRA. Apds 3 meses de terapia, os niveis de aldosterona comeg¢am a se
elevar devido a “reativacdo da ANG-II” ou “escape da aldosterona” [80]. Este escape
também pode ocorrer com diuréticos tiazidicos [81], comumente utilizados em HAR.
Estudos clinicos tém mostrado que niveis elevados de aldosterona e renina plasmaética estao
associados com HVE [82], hipertensdo e doenca cardiovascular [83].

Dado ao emergente papel da aldosterona como um fator de risco cardiovascular é
importante entender sua relacdo com fatores de risco estabelecidos e identificar
caracteristicas adicionais que influenciam os niveis séricos. Correlacdo descrita na literatura
em relacdo a aldosterona inclui idade, sexo, ingestao de sal, etnia, hipertensdo e obesidade
[84].

Por fim, a hiperativagdo do SRAA tem sido extensivamente abordada devido ao seu

potencial envolvimento na fisiopatologia da HAR associada a obesidade, sendo que o
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bloqueio desse sistema pode ser uma estratégia terapéutica benéfica para ambas condi¢des

[9].

1.3.1 Aldosterona

Virias publicagdes recentes tém enfocado o papel da aldosterona sobre a volemia,
funcdo renal e vasos arteriais, principalmente quanto a induc¢do de disfunc@o endotelial,
inflamacdo, fibrose e rigidez vascular. O conjunto dessas altera¢cdes promove mudangas
funcionais e estruturais de pequenas e grandes artérias, levando, consequentemente, ao
aumento da pressdo arterial, frequentemente resistente as classes de anti-hipertensivos
atualmente utilizadas [27, 62]. Por outro lado, a prépria utilizagdo de diuréticos, inibidores
da enzima conversora e antagonistas dos receptores de angiotensina Il pode causar aumento
da aldosterona plasmadtica (escape da aldosterona) que contribui para a resisténcia ao
tratamento anti-hipertensivo [81, 85]. Ainda, ha fortes evidéncias que consideram o SRAA
intrinsecamente ligado a obesidade, resisténcia a insulina e dislipidemia [12]. Niveis
elevados de aldosterona contribuem diretamente para a patogénese da resisténcia a insulina
e disfuncdo endotelial, processos estes que contribuem para os efeitos de remodelamento
renal e cardiovascular. O excesso de aldosterona estimula vias ndo cldssicas (agdes nao
genOmicas), envolvendo inflamacdo e estresse oxidativo, o que contribuiu para aceleragao
do desenvolvimento da HAR através de multiplos mecanismos [86].

Estudos recentes demonstram que pacientes hipertensos frequentemente exibem
prejuizo na sinaliza¢do metabdlica de insulina, dislipidemia, microalbumintria e obesidade
[87]. Relatos demonstram a possivel interacdo da aldosterona em receptores para
mineralocorticoide com a func¢do de promover adipogénese e aumento da infiltracdo de

macréfagos [13], caracterizada pela inflamacdo do TA e expressao modificada de
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adipocinas inflamatdrias. Além disso, o bloqueio do receptor mineralocorticoide reduziu a
expressao de fatores pro-trombdéticos e pro-inflamatdrios no TA e aumentou a expressao de

adiponectina no cora¢do e no TA de camundongos obesos e diabéticos [14] (Figura 2).
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Figura 2: AcOes da aldosterona plasmdtica nos mais diversos sistemas (Modificado de
Sowers, Whaley-Connell et al.)[86]. O TA produz um fator estimulador de aldosterona que
ao agir sobre as glandulas adrenais promove o aumento da aldosterona circulante. Além de
promover a reabsorcdo de sédio nos tibulos coletores, 0 aumento da aldosterona circulante
estd associado com vdrias alteracdes no organismo. Entre elas: o aumento da atividade do
sistema nervoso simpatico, a hipertrofia ventricular esquerda, disfun¢cdo endotelial, dano
glomerular, além de processos inflamatodrios e de estresse oxidativo. Em relacdo ao TA, a
aldosterona, em receptores mineralocorticoides, promove adipogénese, inflamagdo e
expressao alterada de adipocinas.
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O TA sempre foi conhecido como isolante térmico e reservatdrio de energia, porém,
por muito tempo, pouca aten¢do foi dada a andlise de outras fun¢des do mesmo. Foi
descoberta a sua capacidade de secretar hormdnios, denominados adipocinas, consolidando
a ideia do TA como um 6rgdo enddcrino [88], que medeiam inflamagdo sistémica, estresse

oxidativo e resisténcia a insulina [89].

1.4 Obesidade e resisténcia a insulina

Na sociedade moderna a obesidade aumentou de forma alarmante, tornando-se um
grave problema de sadde publica em razdo do aumento expressivo da morbidade e
mortalidade cardiovasculares, secunddrias a progressio e o agravamento da doenca
aterosclerética [90-91]. Estudos experimentais e clinicos tém demonstrado que o excesso de
peso eleva a PA. Os mecanismos fisiopatolégicos da hipertensao associada a obesidade sdo
complexos. O aumento da atividade simpdtica, a ativacdo do SRAA, a resisténcia a acao da
leptina, a alteracdo de fatores pré-inflamatdrios e de coagulacao, a disfung¢do endotelial e os
fatores hemodinamicos relacionam-se entre si de forma direta ou indireta [92-93], porém o
mecanismo exato pelo qual a obesidade provoca esta alteracio ndo estd totalmente
esclarecido. Também a menor acdo protetora da adiponectina parece explicar a relacdo
entre obesidade e hipertensao [94].

Sabe-se que a obesidade estd associada a aumento do débito cardiaco, resisténcia
vascular periférica e fluxo sanguineo regional, que promovem expansdao do volume
extracelular e alteracdo da funcdo renal, manifestada por alteracdo da curva
pressao/natriurese e retencdo renal de sédio. Inicialmente, por um aumento da reabsorc¢ao
tubular na fase inicial da obesidade e, posteriormente, secunddria a lesdo glomerular com
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perda de funcdo [95-96]. Outro importante fator € a atividade de renina plasmatica (ARP)
que estd aumentada em obesos, independente da reten¢do de sédio e aumento do volume
extracelular. O papel da ANG-II € reforcado pela eficicia observada no tratamento de
jovens obesos hipertensos com inibidores da IECA [97]. Estudo demonstrou que niveis
elevados de aldosterona em obesos relacionam-se a distribui¢ao centripeta de gordura do
que a adiposidade geral [98]. Além disso, foi descrito um fator derivado do adipdcito, como
um derivado do 4cido graxo livre, que aumenta a liberacdo de um estimulador hepético de
sintese de aldosterona [99]. Pacientes obesos com hipertensdo de dificil controle, também
exibem maior grau de resisténcia a insulina, obesidade centripeta e hipertrofia das fibras
musculo esqueléticas quando comparados a hipertensos bem controlados pareados por
idade, sexo e IMC [100]. Isto sugere que a hipertrofia do musculo liso dos vasos de
resisténcia, induzida pela insulina, seja responsdvel pelo aumento da resisténcia vascular
periférica em pacientes obesos com resisténcia a insulina e HA. A obesidade e a
hiperinsulinemia bloqueiam a efetividade das drogas anti-hipertensivas, contribuindo desta
maneira para a resisténcia ao tratamento medicamentoso da HA.

Finalmente, as adipocinas, secretadas ativamente pelo TA, possuem ampla
diversidade estrutural e funcional, podendo compreender desde proteinas relacionadas ao
sistema imune, da via alternativa de complemento, fatores de crescimento, regulacdo de
pressdo, coagulacdo sanguinea, angiogénese e homeostase glicémica (adiponectina) entre

outras [88].
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1.4.1 Adiponectina e Desfechos Clinicos Cardiovasculares

A adiponectina foi identificada em meados de 1990 como uma proteina plasmaética
relativamente abundante produzida pelo tecido adiposo. O gene da adiponectina humana se
localiza no cromossomo 3q27, um sitio associado com suscetibilidade a diabetes tipo 2
(DM2) [101].

Estudos demonstraram que os niveis plasmadticos de RNA mensageiro de
adiponectina foram correlacionados negativamente com a porcentagem de gordura
corpérea, distribui¢cdo de gordura central, insulina plasmética em jejum, tolerancia oral a
glicose e com fatores de risco cardiovascular associados a obesidade, incluindo pressdo
arterial sistdlica e diastélica, colesterol total, triglicerideos, LDL colesterol e 4cido trico.
Entretanto, foi encontrada correlagdo positiva com a utilizagdo de glicose durante clamp
euglicémico (método de determinacdo de resisténcia a insulina), indicando, portanto,
correlacdo negativa com resisténcia a insulina. Além disso, houve correlagcdo positiva com
niveis de HDL colesterol [102]. Niveis reduzidos sdo observados na presenca de obesidade,
doenca arterial coronariana, hipertensdo arterial e resisténcia a insulina [103] e podem
refletir aumento de risco cardiovascular e inflamacdo [104]. Estudos atuais sugerem que a
atividade bioldgica da adiponectina se deve em grande parte aos multimeros de elevado
peso molecular [105], tendo a mesma o valor progndstico para eventos cardiovasculares em
pacientes com doenga coronariana [106].

Na vasculatura, os niveis de adiponectina estdo fortemente ligados a funcdo
endotelial [107], principalmente por alterar efeitos vasculares mediados por citocinas, como
TNF-a, suprimir geragdo de espécies reativas ao oxigénio e possibilitar a geracdo de NO
endotelial. Desta forma, a adiponectina tem propriedades anti-inflamatdrias,

antiaterogénicas e antiproliferativas nos vasos. Estudos prévios tém evidenciado ser a
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adiponectina um fator de protecdo contra hipertensido arterial através do mecanismo
dependente do endotélio, como demonstrado em camundongos deficientes da proteina com
resposta vasodilatadora prejudicada induzida pela acetilcolina [22]. Ainda assim, em
relacdo ao sistema vascular, a adiponectina se associou inversamente a rigidez arterial em
pacientes hipertensos [25-26, 108]. Essa associagdo pode ser explicada pelo fato da
adiponectina estimular a atividade da sintase endotelial para produgdao de NO [21] e inibir a
proliferagcdo da musculatura lisa vascular [109] e de componentes da matrix extracelular,
como coldgeno e fibronectina [110].

No estudo Health Professionals Follow-up Study, com 18.225 pacientes, o nivel
plasmatico de adiponectina correlacionou-se com risco diminuido de infarto do miocérdio
[111]. Em outro estudo com desfecho semelhante, niveis plasmdticos baixos de
adiponectina foram associados com infarto do miocérdio em individuos abaixo de 60 anos,
independentemente de histéria prévia de hipertensao arterial, dislipidemia (HDL colesterol
reduzido), tabagismo e indice de massa corporal elevado [112].

A adiponectina parece ser negativamente regulada por ativacdo do sistema nervoso
simpatico. Agonistas beta-adrenérgicos, via estimulacio AMPc, inibem a expressao génica,
producdo e secrecio de adiponectina em camundongos in vitro € in vivo. Também inibem a
expressdo génica de adiponectina no tecido adiposo visceral humano in vitro [113].

A liberacdo de adiponectina na circulacdo estd associada com severidade de
sintomas e mortalidade na insuficiéncia cardiaca (IC) [114-115]. Niveis elevados, por sua
vez, refletem uma tentativa de atenuar estados pré-inflamatérios e demonstram um balango
entre vias prejudiciais e protetoras na disfuncao sistélica do ventriculo esquerdo e IC [104].
Desta forma, a adiponectina também influencia o remodelamento cardiaco inibindo o

processo de hipertrofia cardiaca [116].
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Estudos transversais relataram a hipoadiponectinemia como sendo um fator de risco
independente para hipertensdo arterial e como marcador de predisposi¢do de hipertensdao
em homens [20, 117]. Em estudo prospectivo com duragdio de 5 anos, a
hipoadiponectinemia foi relacionada como preditora do desenvolvimento da hipertensio
arterial em chineses ndo diabéticos, independente da idade, parimetros de obesidade,
pressdo arterial média, resisténcia a insulina e proteina C reativa de alta sensibilidade [21]

(Figura 3).
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Figura 3: A relacdo entre adiponectina e os sistemas fisiologicos (Modificado de
Antoniades, Antonopoulos et al.)[118]. A adiponectina, uma adipocina com propriedades
anti-inflamatéria e antiaterogénica, € correlacionada negativamente com doengas
cardiovasculares (hipertensdo arterial, disfun¢do endotelial e rigidez vascular) e outras
condi¢des patoldgicas como diabetes tipo 2 e resisténcia insulinica.
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E desconhecida, entretanto, a associacio da adiponectina plasmética com as
principais varidveis (disfunc¢do endotelial, HVE, rigidez arterial e elevacdo da CPA) que
estdo frequentemente associadas a falta de controle da PA. Também € desconhecida se os
subgrupos hipertensos resistentes controlados e ndo controlados apresentam

comportamentos diferenciados quando correlacionados a essas varidveis.
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2 JUSTIFICATIVA DO ESTUDO



A adiponectina plasmdtica tem sido investigada extensivamente em doengas
cardiovasculares, resisténcia insulinica/diabetes mellitus tipo 2 e obesidade. Entretanto,
pouco se conhece sobre a relacdo entre essa adipocina e a resisténcia ao tratamento
farmacoldgico em pacientes hipertensos. Além disso, ¢ desconhecida a influéncia em
padrdes hemodindmicos como rigidez vascular aumentada e em pacientes com hipertensao
resistente.

A identificacdo de possiveis associagdes da adiponectina plasmatica a hipertensao
resistente e obesidade, e também sobre o perfil hemodindmico destes pacientes devera
contribuir para o melhor entendimento dos mecanismos fisiopatolégicos relacionados a
resisténcia farmacoldgica.

Os mesmos aspectos serdo estudados nos subgrupos HARNC e HARC para
estabelecermos se os mesmos apresentam diferencas fenotipicas que expliquem os achados
distintos encontrados por nosso grupo em trabalhos anteriores, bem como, a prépria

natureza da resisténcia pressodrica a farmacos.

Justificativa do estudo Pégina 37



3 OBJETIVOS



1- Comparar niveis plasmadticos de adiponectina e caracteristicas fenotipicas como
hipertrofia ventricular esquerda, disfuncao endotelial, rigidez arterial e aldosterona,
frequentemente associadas a dificuldade de controle da PA em hipertensos
resistentes controlados e ndo controlados;

2- Avaliar se os niveis plasmaticos de adiponectina correlacionam-se com as variaveis

PA sistélica, PA diastdlica e pressao de pulso de consultério e da MAPA, indice de

massa ventricular esquerda, vasodilatacao mediada por fluxo, VOP e CPA.
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4 CONCLUSOES



1- Pacientes com HAR nio controlada apresentaram niveis diminuidos de adiponectina
associados a maior rigidez vascular quando comparados com o0s pacientes
resistentes com pressao arterial controlada.

2- Em seu conjunto, além da participagdo da pressao arterial e aldosterona (elevados),
valores reduzidos de adiponectina e maior rigidez arterial podem ser responsdveis

pela resisténcia a terapia anti-hipertensiva.
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ABSTRACT

Objective: Obesity, arterial stiffness, cardiac hypertrophy, high aldosterone and endothelial
dysfunction may interact in causing Resistant Hypertension (RHTN). Lower adiponectin
(APN) and aldosterone excess may be significantly associated with hypertension. However,
the importance of hypoadiponectinemia as complicating factor for the lack of blood
pressure (BP) control in RHTN has not been demonstrated. Methods: Ninety-six RHTN
patients were divided in uncontrolled (UCRHTN, n=44) and controlled (CRHTN, n=52)
subgroups. APN and aldosterone, office BP and ambulatory BP measurement (ABPM),
brachial artery responses to endothelial-dependent [flow-mediated dilation (FMD)], left
ventricular mass index (LVMI) and pulse wave velocity (PWV) were evaluated. Results:
UCRHTN had increased aldosterone (12.6 £ 1.4 vs. 8.9 + 0.8 ng/dL, p=0.02) as well as
LVMI (142.2 + 6.0 vs. 122.9 + 4.3 g/m* p=0.02) and PWV (12.0 + 0.3 vs. 9.2 + 0.2 m/s,
p<0.0001). However, lower APN (6.9 £ 0.7 vs. 9.5 + 0.8 pg/mL, p=0.01) and impaired
FMD response (6.6 £ 0.3 vs. 7.5 + 0.3%, p=0.001) were found in this same subgroup.
Brachial and ABPM pulse pressures were inversely associated with APN (r = - 0.45,
p=0.002; r= - 0.33, p=0.03, respectively) as well as aldosterone and PWV (r = - 0.38,
p=0.01; r = - 0.36, p=0.02, respectively) in UCRHTN. PWV was only significantly
influenced by APN levels in UCRHTN (B= - 0.16, SE= 0.05, p=0.01). APN did not
correlate to the same parameters in the CRHTN. Conclusion: Hypoadiponectinemia and
high aldosterone may be implicated in antihypertensive therapy resistance in respect to
arterial rigidity.

Key-words: resistant hypertension, refractory hypertension, obesity, adiponectin,

aldosterone, vascular stiffness.
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INTRODUCTION

Resistant hypertension (RHTN) refers
to patients whose blood pressure (BP) remains
above goal (140/90 mmHg) in spite of the
concurrent use of three or more
antihypertensive drugs of different classes.
Ideally, one of the agents should be a diuretic,
and all agents should be prescribed at optimal
doses [1]. This revised definition includes a
subgroup of resistant hypertensive patients
whose BP is controlled with the use of four or
more antihypertensive medications, and are
referred to as having ‘controlled resistant
hypertension” (CRTHN) [1]. This designation
may serve to be useful in terms of better
categorizing RHTN with regard to an etiology
and prognosis, but recently we demonstrated
that some important clinical and mechanistic
CRHTN and

findings differ between

uncontrolled resistant

(UCRHTN) subjects [2-3]. Also, emerging

hypertensive

data suggest that obesity, arterial stiffness,
cardiac hypertrophy, high plasma aldosterone
levels and endothelial dysfunction are not only
associated with RHTN but may also interact to
have an important role in causing RHTN [2,
4]. Moreover, vascular rigidity assessed by
pulse wave velocity (PWV) has been
correlated with resistant hypertension [5].
Putative mechanisms for obesity-
related hypertension include increased activity
of the sympathetic nervous, stimulation of the
renin—angiotensin—aldosterone system,

impaired endothelial function and reduced

urinary  sodium  excretion [6]. These
mechanisms underlie the concept that obesity
and RHTN are linked through
hyperaldosteronism, and that aldosterone has a
significant role in the pathogenesis of
metabolic syndrome and RHTN [7]. A
growing body of evidence indicates that
cardiovascular and renal abnormalities
associated with insulin resistance are mediated
in part by aldosterone acting on the
mineralocorticoid receptor. Furthermore, not
only hyperaldosteronism has its importance
for cardiometabolic disease, but the state of
“aldosterone excess”, which is the increased
level of aldosterone concentration without
hyperaldosteronism. Aldosterone excess has
detrimental metabolic effects that likely
contribute to metabolic syndrome and
endothelial dysfunction. Thus, excess of
aldosterone  also  contributes to the
development of RHTN, as well as to
cardiovascular disease and chronic kidney
disease [7].

Presently, adipose tissue is considered
to be a large endocrine gland that takes part in
the regulation of diverse biological functions
[8]. The communication between adipose
tissue and other biological systems is
accomplished through the expression of a
large number of bioactive mediators that are
collectively named adipokines  [8]
Adiponectin (APN) is distinguished as one of
the most important adipokines involved in

multiple biological processes in the human
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body [9]. Some previous evidences suggest
that lower plasma APN concentration is
significantly associated with hypertension [10-
11], however the importance of
hypoadiponectinemia as an  important
complicating factor for the lack of blood
pressure (BP) control has not been evaluated
in RHTN.

The aim of this study was to evaluate
whether low plasma APN levels are associated
with the lack of BP control in the RHTN and

some clinical features frequently associated

with vascular stiffness.

METHODS

This transversal study was approved
by the Institutional Research Ethics
Committee at the Medicine School, State
University of Campinas (Sao Paulo, Brazil)
and all participants gave written informed
consent form before enrolling in the study
(Approval No. 222/2011).
Patient Population

Ninety-six RHTN subjects, regularly
followed in the Outpatient Resistant
Hypertension Clinic of the Campinas State
University (Campinas, Brazil) complying with
pharmacological prescription for RHTN, were
recruited to participate in this observational
study. Patients were divided in two groups:
uncontrolled (UCRHTN, n=44) and controlled
(CRHTN, n=52) and were matched for age,
gender and BMI. The diagnosis of RHTN

required a good office blood pressure (OBP)

measurement technique and ambulatory blood
pressure monitoring (ABPM) to confirm
persistently elevated blood pressure levels [1].
White coat hypertension (WCH) was excluded
by ABPM [1]. Pseudoresistance cases,
including lack of blood pressure control
secondary to poor medication adherence, as
well as secondary forms of hypertension were
properly observed and excluded [12-14].
Regarding obstructive sleep apnea (OSA),
only patients classified as “low risk” by Berlin
sleep questionnaire were enrolled [15]. All
individuals were regularly followed up during
the first 6 months for drug therapy
optimization [16]. ABPM (Spacelabs 90207,
Spacelabs Inc, Redmon, WA, USA) was used
not only to exclude pseudoresistanse to
antihypertensive treatment but also as an
auxiliary method to characterize UCRHTN
and CRHTN patients.

The exclusion criteria comprised:
presence of type 1 and type 2 diabetes, acute
or moderate-severe renal or liver dysfunction,
non-complied pharmacological prescription,
obesity (body mass index >30 kg/m?), heart
failure (ejection fraction < 50%), valvular
heart disease, cardiomyopathies, primary
hyperaldosteronism [aldosterone-PRA ratio
(ARR) > 20 ng per 100 mL per ng.ml(-1)h (-
1)], sleep apnea (classified as “high risk” by
the Berlin sleep questionnaire), cardiac
arrhythmias, aortic  disease = (Marfan’s

syndrome, coarctation of the aorta, aneurysms

or aortic surgery), clinical history of coronary
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artery disease or proven coronary artery

disease by coronary angiography or
noninvasive tests, previous stroke, peripheral
vascular disease familial hyperlipidemia,
pregnancy or oral contraceptive use,
connective tissue disorders, neurological
problems, malignancies, psychiatric diseases,
smoking, alcohol use and drug abuse.
Non-pharmacologic therapies were
optimized, including salt-restricted diet
monitored by measuring urinary sodium
(<100 mEq/24h). APN and

levels, OBP, ABPM,

excretion
aldosterone
determination of brachial artery responses to
endothelial-dependent [flow-mediated dilation
(FMD)], left ventricular mass index (LVMI)
and pulse wave velocity (PWV) were
evaluated as described below.
Office BP measurements

Blood pressure was assessed at
approximately 8:00 a.m. by considering the
orientations of the last guideline on
hypertension of the FEuropean Society of
Cardiology [17]. Blood pressure (SBP -
systolic blood pressure, DBP —diastolic blood
pressure and PP —pulse pressure) was
measured three times for each subject using a
digital sphygmomanometer (Omron HEM-
711DLX, OMRON
Bannockburn, IL, USA) on the right upper

Healthcare Inc.,

arm in the sitting position after a 10-minute
rest. The average of two consecutive
measurements was used with a variation lower

than 5 mmHg.

Ambulatory BP measurements (ABPM)

The 24-h ABPM was evaluated with a
Spacelabs 90217 ambulatory blood pressure
monitor (Spacelabs Inc, Redmon, WA, USA)
[18]. Patients were instructed to keep normal
daily activities [19] and to note their sleep
period in a personal diary.

Echocardiography

Measurements of the dimensions of
the left ventricle (LV) were performed using
the American Society of Echocardiography
(ASE) recommendations [20] utilizing 2-
dimensional M-mode
echocardiography. Diastolic LV (LVDD) and
systolic LV (LVSD) diameters and the

targeted

interventricular septal (IVS) and posterior wall
(LVPW) thickness at the end of diastole were
measured according to the QRS wave of
electrocardiography. LV mass was calculated
by the ASE recommended formula [21]. Left
ventricular mass index (LVMI) was calculated
by dividing LV mass by the body surface.
Echocardiography measurements were
evaluated by two blinded independent

investigators

Ultrasound Machine (Siemens Acuson CV70,

using Cardio-Vascular

Munich, Bavaria, Germany) with transdutor
setorial multifrequencial (2-4MHz). The intra-
observer and inter-observer coefficients of
variation of the LVDD, LVSD, IVS and
LVPW thickness were less than 5.5% and
9.5% for LVML
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Endothelial function

Brachial artery dilation was measured
by linear vascular transducer (7-12 MHz,
Toshiba Powervision 6000, Tokyo, Japan)
coupled to computer-assisted analysis
software and automated brachial analyzer
software device (Brachial Analyzer, Medical
Imaging Applications, Coralville, IA, USA).
The brachial artery responses to endothelial-
dependent (flow-mediated dilation, FMD) and
independent (glyceryl-trinitrate  mediated)
stimuli were determined using a modification
of the technique described by Celermajer et al.
[22] and in accordance with current guidelines
[23]. All studies were initiated at 08:00 hours
after overnight fasting, with the subjects in a
supine position in a quiet, air-conditioned
room (22-24 °C). Changes in the brachial
artery diameter in both dependent and
independent procedures were expressed as a
percentage change relative to the vessel
diameter immediately before cuff inflation and
drug  administration, respectively.  The
vascular function examination was performed
by only one experienced blinded examiner and
there was no significant intra-observer
measurement variability.
Aortic PWV measurement

Aortic PWV was measured by the
velocity method with the patients in a supine
position, with a previously validated Complior
SP equipment and software (Artech-Medical,

Paris, France) [24]. Waveforms were obtained

transcutaneously using the right common

carotid and femoral arteries simultaneously
during a minimum period of 10-15 s. Time
delay (t) was measured between the two
waveforms, and the distance (D) covered by
the waves was measured directly between the
femoral recording site and the supra-sternal
notch minus the distance from the supra-
sternal notch to the carotid recording site.
PWYV was calculated as D (m)/t (s). Three
consecutive readings were obtained and the
PWYV is reported as the mean, whose values
were corrected for mean arterial pressure.
Laboratory assessment
Baseline blood samples for

measurement ~ of  plasma  aldosterone
concentration (PAC), plasma renin activity
(PRA) and plasma APN were collected at
08:00 hours after overnight fasting. During
this time, the volunteers rested in the supine
position for 8 h, followed by 1 h in an upright
position in an air-conditioned room (22-24
°C). PAC and total plasma APN was measured
by Enzyme-Linked Immunosorbent Assay
(ELISA) (DRG International, New Jersey,
USA; Quantikine® Human total
adiponectin/Acrp30 Immunoassay DRP 300,
R&D Systems, Inc., Minneapolis, USA,
respectively) according to the manufacturer's
instructions. PRA radioimmunoassay was
measured by a private laboratory (Mayo Clinic

Laboratories, Rochester, Minnesota, USA)

using standard techniques.
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Statistical analysis

Data were expressed as mean and
standard error of the mean (SEM). Normality
of distribution was assessed by the
Kolmogorov—Smirnov test. Significant
differences between the study groups were
determined using the Student independent
samples t-test and categorical variables were
assessed by Fisher’s test while correlation
analyses were expressed by Pearson’s
correlation coefficient. Multiple regressions
analysis was used to predict PWV from age,
aldosterone and APN, and to predict FMD
from aldosterone and APN plasma levels,
aiming to identify the relative influence of
these variables on PWV and FMD. The level

of statistical significance accepted was less

than 0.05.

RESULTS

Table 1 lists the general characteristics
of the study groups. No statistical differences
were observed between the UCRHTN and
CRHTN subgroups with respect to age, gender
and BML. In brief, the mean ages were 57 £1.6
and 59 +1.5 years in UCRHTN (26 F/ 18 M)
and CRHTN @35 F/ 17 M) groups,
respectively, and all patients were overweight.
As expected, higher office and ABPM SBP
and DBP were found in UCRHTN individuals
as well as calculated pulse pressures.
Although  both
hypertrophy, LVMI was higher in UCRHTN
compared to CRHTN patients. Also, the

subgroups had LV

UCRHTN subgroup showed higher aortic
PWV  measurements and more severe
impairment in the FMD test response
compared with the CRHTN subjects. The
NTG responses in the UCRHTN and CRHTN
subgroups were similar.

Biochemical test results did not show
differences between UCRHTN and CRHTN
subgroups, except for PAC, ARR and APN
(Table 2). PAC and ARR were found higher
and APN was lower in UCRHTN compared to
CRHTN patients.

As expected, it has been observed that
the UCRHTN subjects were taking more
classes of antihypertensive drugs than the
CRHTN subgroup (4.95 £ 0.1 vs. 4.55 £ 0.1,
p= 0.01) and also its distribution was distinct
in both subgroups (Table 3).

Correlation analysis indicated that
aldosterone and PWV were inversely
associated with plasma APN levels (r = - 0.38,
p=0.01; r = - 0.36, p=0.02, respectively)
(Figure 1) as well as brachial (Figure 2.B) and
ABPM pulse pressures (r = - 0.45, p=0.002;
r= - 0.33, p=0.03, respectively) only in
UCRHTN subjects. Also, office (Figure 2.A)
and ABPM systolic blood pressures inversely
correlated with plasma APN levels (r = - 0.33,
p=0.03; r= - 0.42, p=0.01, respectively) in
UCRHTN patients. However, office (Figure
2.C) and ABPM diastolic blood pressures,
LVMI, FMD (Figure 3.B) and ARR did not

associate with plasma APN in the same group.

Although this study was not designed to test
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this hypothesis, aldosterone levels directly
correlated with PWV (r = 0.43; p=0,003) in
uncontrolled patients but not in the controlled
ones. Multivariate linear regression analysis
showed that PWV was only significantly
influenced by APN levels in UCRHTN
patients (Table 4). By the other hand, APN
and aldosterone did not influence the FMD
test in this subgroup. Finally, plasma APN
levels did not correlate with any parameters in
CRHTN subjects as above-mentioned in

UCRHTN subgroup.

DISCUSSION

As far as we know, this study is novel
in showing plasma APN levels in RHTN
patients. Lower plasma APN levels, higher
PAC and ARR, increased vascular stiffness,
greater LV hypertrophy and impairment of
endothelial  function are identified as
distinguishing characteristics of patients with
uncontrolled versus controlled RHTN. APN
was inversely associated with PWV, PAC,
office and ABPM pulse and systolic blood
pressures in UCRHTN subgroup, but not in
CRHTN. Finally, PWV was only dependent
on APN in patients with UCRHTN while
FMD was not dependent to any variable.
These findings suggest several important
differences in pathophysiology that may
underlie the development of RHTN with
respect to subgroups.

There has been expanding interest in

increased levels of aldosterone as it related to

pathogenesis of RHTN in obese individuals
and mediate several maladaptive changes [7].
The elevated PAC and blood pressure fall
when patients successfully lose weight [25]
and its increase in obese subjects appear to be
independent of plasma renin activity [26].
Finally, there is emerging evidence that
adipose tissue produces a lipid-soluble factor
that stimulates aldosterone secretion [7, 27]
and aldosterone acts through the aldosterone
target mineralocorticoid receptors (MRs) to
promote adipogenesis [27] with consequent
reduction of APN [28].

In the current study, UCRHTN
subgroup presented a higher PAC and ARR,
increased vascular stiffness, greater LV
hypertrophy and impairment of endothelial
function compared with CRHTN subgroup.
Taken together, these results support previous
studies using RHTN subgroups [2-3]. Poorly
controlled hypertension undoubtedly leads to
progressive vascular and heart damage [3].

Previous studies have suggested that
involved in

[10-11, 29].

hypoadiponectinemia s
hypertension in  humans
Hypoadiponectinemia can cause hypertension
via multiple mechanisms such as insulin
resistance, sympathetic activation, increased
circulating fatty acid levels, impaired
endothelium-dependent ~ vasodilation  and
vascular inflammation [11]. In turn, we
showed that APN was inversely associated
with office SBP and pulse pressures in

UCRHTN patients, but did not with office
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diastolic. Even so, APN was inversely
associated with the same components of OBP
in respect to ABPM pressures. SBP rises more
than DBP with onset of middle age, resulting
in elevation of PP [30]. SBP and PP are highly
correlated because both BP components rise
with increases in vascular resistance and large-
artery stiffness. So, cardiovascular risk can be
more related to the pulsatile stress caused by
large-artery stiffness during systole than to the
steady-state stress due to the small-vessel
resistance during diastole [31-32]. However,
some other studies did not show correlation
between APN and systolic and diastolic
(office and ABPM) BP levels in patients with
hypertension [33-34].

We found that APN was not
associated with vascular function (Figure 3)
and left ventricular mass index. Previous
studies reported that hypoadiponectinemia was
associated with impaired endothelium-
dependent vasorelaxation [35-36]. Also, APN
was inversely correlated with LVMI in cross-
sectional study [37] and lack of APN in

aldosterone-induced  cardiac  remodeling
exacerbated systolic blood pressure and LV
hypertrophy [38]. We hypothesized that
plasma APN may be associated with
endothelial dysfunction and LV hypertrophy
in the early stages of hypertension.
Endothelial dysfunction is characterized by
loss of endothelium-dependent vasodilatation
[39] and should be considered restricted to an

early phase in the pathogenesis of

cardiovascular disease. Moreover, several
studies have established an effect of
endothelial dysfunction on arterial stiffening,
so reduced bioavailability of NO impairs
vascular smooth muscle relaxation and thus
causes progressive stiffening of the arteries
[40]. Measurement of the APN might be
helpful as a marker of endothelial dysfunction
and it useful to assess the early stages of
atherosclerosis [35]. By the other hand, the
correlation between endothelial function and
arterial rigidity might be reduced in the
advanced stages of hypertension, as observed
in the RHTN group [41] (Figure 4). It may
explain the scanty correlation between APN
and brachial FMD in both UCRHTN and
CRHTN subgroups.

Our results showed a significant and
moderate inverse relationship between PWV
and APN levels in UCRHTN subjects. Recent
studies confirm that APN was inversely
associated  with  arterial  stiffness in
hypertensive patients [42-44]. The association
may be explained by some possible
mechanisms. APN may stimulate the activity
of endothelial nitric oxide synthase [45] and
also is associated with reduced vascular
smooth muscle cell proliferation [46]. APN
inhibits almost every pathological conditions
involved in vascular disease, and exerts its
multiple pleiotropic effects through its direct
actions on several vascular cells types [47].

APN was not associated with ARR,

but with aldosterone, which in turn positively
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associated with arterial stiffness. The ARR
have validated as a screen for primary
aldosteronism [48] and the ratio itself may be
influenced by plasma renin activity, and not
just elevated plasma aldosterone [49]. Li et al.
[50] demonstrated that aldosterone decreases
APN expression in adipocyte cells and this
effect may be one of the main causes that link
aldosterone to metabolic and cardiovascular
disorders. High aldosterone results in the
dysregulation of proinflammatory cytokines
and APN mRNA levels in adipocyte cells
[28]. In respect to arterial stiffness,
aldosterone promotes collagen deposition
enhancing vascular remodeling at the expense
of arterial elasticity [51].

The weight loss is a possible way to
increase plasma APN: significant reductions
of the body weight such as by important
changes in the lifestyle (almost 14% reduction
of BMI value) [52] resulted able to modify the
circulating levels of APN. Another study
suggests that a weight loss greater than 18.4%
is required for significant improvements in
plasma APN levels [53].

APN and its receptors may be
considered as targets of potential therapeutic
agents for RHTN and related diseases. The
direct administration may be difficult in the
clinical practice, thus the up-regulation of
APN can be achieved by pharmacological
treatment and by weight loss [54].

In front of our results, some

pharmacological aspects must be taken in

account. The beneficial effects of RAAS
inhibition may be better explained by the

blockade of the pathologic phenomena such as

increased oxidative stress and
vasoconstriction, promotion of a
proinflammatory and proliferative

environment [55]. By the other hand,
angiotensin-converting enzyme (ACE) and
angiotensin receptor blockers (ARBs) can
augment circulating APN levels probably by
increasing this adipokine secretion [56]. More
importantly, the MR blockade has been shown
to reverse obesity-related increases in the
proinflammatory adipokines and improve
expression of APN. The effects on APN and
this adipokine gene expression may represent
a novel mechanism for the cardioprotective
effects of MR blockade [28]. Moreover,
aldosterone synthetase inhibitors may be a
potential new therapeutic agents in managing
metabolic disorders [50]. In our study, both
groups had similar proportions of MR
blockade minimizing its bias regarding the
significant difference of adiponectinemia.

Agonists of the thiazolidinedione class
of peroxisome proliferator-actived receptor y
(PPAR- v) [57] as well as statins, such as
pravastatin [58], are also effective means to
increase APN levels and APN mRNA
expression of adipose tissue.

It can be expect that management of
RHTN includes non pharmacologic approach
aimed at reducing the amount of adipose

tissue through rigorous lifestyle changes and
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early administering intensive pharmacological
therapies mainly targeting the RAAS and
MRs.  Also, optimizes the therapy as to
RHTN-related disorders, such as diabetes and
dyslipidemia.

The main limitation of this study is the
small number of UCRHTN and CRHTN
patients enrolled. This study did not evaluate
plasma APN multimeric species existing in the
circulation [59] and further research is needed
to verify whether any specific multimeric
species is more associated with variables
assessed in this study. The 24-hour urinary
aldosterone excretion rate test was not
evaluated since this assay could help to assess
patients with changes in aldosterone
physiology. As previously reported [60], APN
levels are higher in women than men (data not
shown); for this reason, in this study, both
UCRHTN and CRHTN groups were carefully
gender-matched to avoid this bias.

In summary, we demonstrated that PP,
PAC and PWYV were inversely associated with
APN plasma levels only in the UCRHTN
patients. Beyond the involvement of higher
levels of BP and PAC, lower APN levels and
increased arterial rigidity can contribute to the
uncontrolled group being more resistant to
antihypertensive treatment and exposed to
increased cardiovascular risk. These outcomes
suggest important considerations in terms of
preventing and better treating RHTN,
specifically with an intensive approach to the

lifestyle changes. The findings of the current

study need to be confirmed in prospective
clinical assessments with larger RHTN

population.
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Table 1. General characteristics of the study groups

UCRHTN CRHTN p-value
(n=44) (n=52)

Gender (F/M) 26/18 35/17 0.52
Age (years) 57+1.6 5915 0.20
BMI (kg/m®) 279+0.2 28.2+0.1 0.40
Office SBP (mmHg) 159.1 £2.7 1304 £ 1.1 <0.0001
Office DBP (mmHg) 97.5+1.1 78.7+0.9 <0.0001
Office PP (mmHg) 642+ 1.6 559+0.7 <0.0001
ABPM SBP (mmHg) 1403 £ 1.5 117.9+1.3 <0.0001
ABPM DBP mmHg) 86.9+0.9 69.7£0.9 <0.0001
ABPM PP (mmHg) 533+1.1 48.1+£1.0 <0.001
LVMI (g/m?) 142.2 £6.0 122.9+4.3 0.02
FMD (%) 6.6 +0.3 7.5+£0.3 <0.01
NTG (%) 22.5+1.0 23.5+1.3 0.61
PWYV (m/s) 120+£0.3 9.2+£0.2 <0.0001

The values are expressed as means + standard error of the mean. UCRHTN: uncontrolled
resistant hypertension group; CRHTN: controlled resistant hypertension group; F: female;
M: male; BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood
pressure; PP: pulse pressure; ABPM: ambulatory blood pressure monitoring measurements;
LVMI; left ventricular mass index; FMD; flow-mediated dilation; NTG: nitroglycerin;
PWV: pulse wave velocity.
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Table 2. Biochemical parameters of the RHTN subgroups

UCRHTN CRHTN p-value
(n=44) (n=52)

Glucose (mg.dL™") 99.7+1.4 98.8+ 1.5 0.88
Cholesterol (mg.dL™) 193.3+4.6 189.2 +£4.3 0.35
HDL-c (mg.dL™) 47.1+09 478 1.1 0.72
LDL-c (mg.dL™) 117.8 £3.5 113.3+3.7 0.33
Triglycerides (mg.dL'l) 144.2 £10.9 139.8 £6.8 0.29
Creatinine (mg.dL'l) 097 £0.03 0.94 £0.03 0.38
Creatinine clearance 98.6 +1.8 100.1 £ 1.7 0.21
(ml per min per 1.73m?%)

Urea (mg.dL™) 36.2+1.5 37.8+1.3 0.39
Microalbuminuria (mg.g'l) 434 +£9.8 30.8+7.9 0.14
Sodium (mEq.L™") 141.0+£0.3 140.8 £0.3 0.76
Potassium (mEq.L'l) 4.2 +0.06 43 +0.05 0.17
PRA (ng.mL"' per h) 3.7+£03 43+03 0.19
PAC (ng.dL™") 126 + 1.4 89+0.8 0.02
ARR (ng.dL"' per ng.mL"' per h) 4.8+12 27403 0.04
APN (ug.mL™) 6.9+0.7 9.5+0.8 0.01

The values are expressed as means + standard error of the mean. UCRHTN: uncontrolled
resistant hypertension group; CRHTN: controlled resistant hypertension group; LDL and
HDL: low- and high-density lipoproteins, respectively; PRA: plasma renin activity; PAC:
plasma aldosterone concentration; AR: aldosterone—renin ratio; APN: plasma adiponectin
concentration.
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Table 3. Anti-hypertensive (anti-HTN) drug distribution

UCRHTN CRHTN p-value
(n=44) (n=52)

Total anti-HTN drugs 4.95+0.1 4.55+0.1 0.01
Diuretics 100% (44) 100% (52) -
Spironolactone 31.8% (14) 23.1% (12) 0.37
B-blockers 52.3% (23) 46.2% (24) 0.68
ACE inhibitors 27.3% (12) 32.7% (17) 0.65
Angiotensin receptor blocker 77.3% (34) 34.6 % (18) <0.0001
Calcium channel blocker 65.9% (29) 28.8% (15) 0.0004
Centrally acting anti-hypertensive drug 11.4% (5) 3.8% (2) 0.24

UCRHTN: uncontrolled resistant hypertension; CRHTN: controlled resistant hypertension.

Table 4. Multivariate linear regression analyses of PWV with age, aldosterone and

adiponectin in the UCRHTN group

B SE p-value
APN (ug/mL) -0.16 0.05 0.01
PAC (ng/dL) 0.01 0.03 0.57
Age (years) -0.02 0.02 0.45

R’= 0.20; Adjusted R* = 0.14; B: beta coefficient; SE: standard error; APN: plasma

adiponectin; PAC: plasma aldosterone concentration.

Capitulo I

Pégina 60



A) B)

~ 304 o
3 o g
> E
< >
O
2 2
o [ ]
L]
54
20 0 5 10 15 20
APN (pg/mL) APN (pg/mL)

Figure 1. Correlations between plasma adiponectin and PAC (r= -0.38; p=0.01; Fig. 1.A)
and plasma adiponectin and PWYV in UCRHTN patients (r= -0.36; p=0.02; Fig. 1.B).
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Figure 2. Correlations between plasma adiponectin and office SBP (r= -0.33; p=0.03; Fig.
2.A), plasma adiponectin and office PP (r= -0.45; p=0.002; Fig. 2.B) and plasma
adiponectin and office DBP (r=-0.05; p=0.73; Fig. 2.C) in UCRHTN patients.
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Figure 3. Correlations between plasma adiponectin and FMD in CRHTN patients (r= 0.10;
p=0.46; Fig. 3.A) and plasma adiponectin and FMD (r= 0.06; p=0.72; Fig. 3.B) in

UCRHTN patients.
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Figure 4. The progression from early to severe stages of hypertension and difficult to
control high blood pressure levels is characterized by crescent arterial rigidity and impaired
endothelial function. Therefore, correlation between endothelial dysfunction and arterial
rigidity might be reduced or even absent in the advanced stages of hypertension.
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