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RESUMO

Introducido: A Hipertensdo arterial resistente (HAR) € uma doenca multifatorial e poligénica,
frequentemente associada a obesidade, e definida como niveis pressoricos acima das metas
recomendadas, embora o uso de 3 ou mais farmacos anti-hipertensivos de diferentes classes em
doses otimizadas e incluindo, se possivel, um diurético. Estudos prévios demonstraram que niveis
reduzidos de adiponectina, um horménio produzido pelo tecido adiposo, foram associados a
resisténcia ao tratamento anti-hipertensivo. Além disso, os polimorfismos de nucleotideo tinico
(SNPs) 15266729 e rs1501299 no gene da adiponectina ADIPOQ foram relacionados a risco de
doengas cardiovasculares. O presente estudo avaliou a associacdo entre os dois SNPs mais
estudados (-11377C/G e +276G/T) e os niveis de adiponectina nos pacientes resistentes. Desenho
de estudo e Métodos: Este estudo do tipo transversal incluiu 109 pacientes com HAR genotipados
para ambos os polimorfismos genéticos pelo método de reacdo em cadeia da polimerase (PCR) em
tempo real com sondas fluorescentes. As caracteristicas clinicas e bioquimicas foram comparadas
entre os sujeitos homozigotos CC (n=56) vs. portadores do alelo G (n=53) para o SNP -11377C/G e
homozigotos GG (n=49) vs. portadores do alelo T (n=60) para o SNP +276G/T. Os niveis
plasmaticos de adiponectina foram determinados por ELISA. Resultados: Os niveis de PA de
consultério e da MAPA, assim como os marcadores de lesdo em drgdos-alvo, foram semelhantes
nos subgrupos genotipicos estudados. Os niveis de adiponectina foram significativamente maiores
em CC comparados aos portadores do alelo G (CC = 7,0 (4,0-10,2) vs. alelo G = 5,5 (2,5-7,9), p =
0,04) e reduzidos em GG quando comparados aos portadores do alelo T (GG = 5,3 (2,3-7,7) vs.
alelo T =7,1 (3,6-10,5), p = 0,04). As anélises de regressdo linear miltipla revelaram que os alelos
menos frequentes G (coeficiente beta = -0,14, SE = 0,07, p = 0,03) e T (coeficiente beta = 0,12, SE
= 0,06, p = 0,04), ajustados para as varidveis MAPA sistdlica, indice de massa corporal, idade,
género, raca e presenca de diabetes tipo 2, foram preditores independentes dos niveis de
adiponectina. Conclusdo: Os SNPs -1377C/G e +276G/T no gene ADIPOQ foram associados aos
niveis de adiponectina em hipertensos resistentes.

Palavras-chave: Hipertensdo arterial refratdria, obesidade, adiponectina, polimorfismos genéticos.
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ABSTRACT

Background: Resistant hypertension (RHTN) is a multifactorial and polygenic disease, frequently
associated with obesity, and defined as high blood pressure (BP) maintained in spite of concurrent
use of three or more antihypertensive drugs of different classes, combined at optimal doses and
including a diuretic. Previous studies demonstrated that low plasma adiponectin levels, a hormone
produced by the adipose tissue, were associated with RHTN. Indeed, single-nucleotide
polymorphisms (SNPs) rs266729 and rs1501299 in adiponectin coding gene ADIPOQ were
associated with hypertension and risk of cardiovascular disease. This study evaluated the
association between two of the most widely studied SNPs (-11377C/G and +276G/T) and
adiponectin plasma levels in RHTN subjects.

Design and Methods: This study comprised 109 RH patients genotyped for both polymorphisms
by Real-time Polymerase Chain Reaction (PCR) method using fluorescent probes. We conducted a
cross-sectional design comparing clinical and laboratorial characteristics of CC homozygous (n=56)
vs. G allele carriers (n=53) for -11377C/G and GG homozygous (n=49) vs. T allele carriers (n=60)
for +276G/T. Adiponectin levels were measured by enzyme-linked immunoassay.

Results: Office and ambulatory BP measurements were similar among genotypes subgroups in both
SNPs as well as the markers of target organ damage. Adiponectin levels were significantly higher in
CC compared to G-carrier for -11377C/G (CC = 7.0 (4.0-10.2) vs. G allele = 5.5 (2.5-7.9), p=0.04)
and lower in GG compared to T-carrier for +276G/T (GG = 5.3 (2.3-7.7) vs. T allele = 7.1 (3.6-
10.5), p=0.04). Adjusting for systolic ambulatory BP, body mass index, age, gender, race and
presence of type 2 diabetes, multiple linear regression revealed that the minor alleles G (beta
coefficient = -0.14, SE = 0.07, p = 0.03) and T (beta coefficient = 0.12, SE = 0.06, p = 0.04) were
independent predictors of adiponectin levels.

Conclusion: The -1377C/G and +276G/T polymorphisms in ADIPOQ were associated with
adiponectin levels in RH subjects.

Keywords: Refractory hypertension; obesity; adiponectin; polymorphisms.
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1.1 Consideracoes Gerais

A hipertensdo arterial resistente (HAR) persiste como uma condi¢gdo sem defini¢do
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) e a European Society of
Hypertension / European Society of Cardiology (ESH/ESC) (3), a HAR ¢é considerada aquela em
que, apds duas consultas consecutivas, os valores pressdricos mantém-se acima da meta, a despeito
de tratamento ndo farmacoldgico e farmacolégico otimizado triplice instituido, incluindo diurético,
em pacientes que tiveram adesao plena ao tratamento dietético e medicamentoso. Recentemente, a
American Heart Association (AHA), em seu “Scientific Statement” especificamente sobre HAR
incluiu a defini¢do pacientes que apresentem pressao arterial (PA) controlada, mas que necessitam
de quatro ou mais classes de farmacos anti-hipertensivos (4). As metas presséricas sao as mesmas
estabelecidas para a populacdo em geral de hipertensos <140/90 mmHg e <130/80 mmHg em
pacientes hipertensos com diabetes tipo 2 (DM2) ou doenga renal crénica (2). A realizacdo da
monitoracdo ambulatorial da pressdo arterial (MAPA) é mandatdria para o diagndstico de certeza da
HAR, pois permite excluir os pacientes considerados pseudorresistentes (hipertensdo do jaleco
branco) (5, 6).

Obesidade e HAR sdo duas doencas complexas que estdo intimamente relacionadas nos
diversos sistemas cujos mecanismos fisiopatolégicos permanecem ainda pouco definidos. Entre eles
estdo hiperativacdo do sistema renina angiotensina aldosterona (SRAA) e do sistema nervoso
simpatico (SNS), disfunc¢do endotelial (7), lesdes em drgdos-alvo incluindo rigidez arterial (8),
hipertrofia ventricular esquerda (HVE) (9) e microalbumindria (10) e alteragdes de adipocitocinas
inflamatérias (11). Além disso, a hiperatividade do SRAA na obesidade tem sido alvo importante na
ligacdo entre tecido adiposo visceral e HAR (12, 13), uma vez que evidéncias apontam elevados
niveis plasmaticos de aldosterona como um dos fatores associados a patogénese da HAR em
individuos obesos (14, 15). Nesse contexto, a producdo pelo tecido adiposo de dcidos graxos

estimula a secrecdo de aldosterona e esta, por sua vez, através de receptores mineralocorticoides,
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promove adipogénese (16) e aumento do estado inflamatdrio adiposo, com consequente reducdo dos
niveis de adiponectina (17). Por fim, a concentracdo de aldosterona tem sido considerada relevante
por mediar a falta de controle pressérico e também alteragdes fisiopatolégicas nos sistemas renal,
cardiovascular e nervoso central (18).

A adiponectina € uma adipocitocina com propriedades anti-inflamatoria, antiaterogénica e
sensibilizante a insulina (19), correlacionada negativamente com indice de massa corpérea (IMC)
(20) e com possivel atuacdo em regular citocinas pré-inflamatérias em adipdcitos (21). Estudos
transversais demonstraram que a hipoadiponectinemia é um fator de risco independente para HA
(22-24). Além disso, estudo prospectivo revelou a hipoadiponectinemia como preditora do
desenvolvimento de HA em normotensos, independente das covaridveis género, idade, IMC, PA,
resisténcia a insulina e proteina C reativa (25). Niveis reduzidos de adiponectina plasmética foram
correlacionados a lesdes em orgdos-alvo em prejuizo da resposta vasodilatora mediada pelo
endotélio (26, 27), maior progressdao da HVE (28) e preditora independente da rigidez arterial em
hipertensos (29, 30). Finalmente, a adiponectina plasmética foi associada a lesdes em 6rgaos-alvo e
concentracao de aldosterona em hipertensos resistentes (31, 32).

Diante da forte associacdo entre obesidade e HAR (33, 34) e estudos prévios que
potencialmente sugerem a participacdo da adiponectina na fisiopatologia da HAR (31, 32), o estudo
que se segue como capitulo I (submetido) visa identificar marcadores genéticos no gene que
codifica a adiponectina (ADIPOQ) que podem estar relacionados a resisténcia a terapia anti-
hipertensiva. O estudo que se segue como capitulo II desta tese de doutorado (publicado) visou

identificar os niveis plasmaticos da adiponectina e as lesdes em 6rgaos-alvo na HAR

1.2 Hipertensao Arterial Resistente — HAR
A hipertensao arterial essencial (HA) representa a doenga crénica mais comum no mundo
ocidental com uma prevaléncia estimada na populagdo adulta maior que 25% (35), e é considerada

o maior fator de risco para doencas cardiovasculares (36). Apesar da grande disponibilidade de
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farmacos efetivos para o tratamento da HA, o relatério do National Health Nutrition Education
Survey revelou que somente 27% da populacdo americana de adultos hipertensos tém a pressao
controlada (<140/90 mmHg), o restante ndo atinge as metas recomendadas pelo consenso (2, 36).
Embora a baixa adesdo (37) e/ou regimes de tratamento inadequados, medidas incorretas da PA e
outras causas de pseudo-hipertensdo possam explicar em parte esse insucesso no controle da PA, ha
um percentual ainda significativo de pacientes que, mesmo excluidos esses fatores, apresentam real
dificuldade do controle pressérico. Portanto, a complexa etiologia € os numerosos fatores
contribuintes para a patogénese da HA podem variar substancialmente entre os individuos,
comprometendo a eficdcia dos regimes terapéuticos. Dessa forma, esses diversos mecanismos
etiolégicos podem resultar em grandes dificuldades no controle da PA, mesmo quando
administrados multiplos fdrmacos com comprovada aderéncia, proporcionando resisténcia ao
tratamento anti-hipertensivo (38, 39).

1.2.1 Definicao

A HAR ¢ definida, segundo a American Heart Association, como a PA que mantém acima
das metas recomendadas (>140/90mmHg), apesar do uso concomitante de 3 farmacos anti-
hipertensivos de diferentes classes em doses otimizadas, sendo, idealmente, um deles diurético
(HARNC). Além disso, os pacientes cuja PA estd controlada com o uso de 4 ou mais anti-
hipertensivos sdo considerados resistentes ao tratamento (HARC). Embora a definicdo seja
arbitraria em termos de niimero de medicagdes necessdrias ao tratamento, a HAR € atribuida a
identificacdo dos pacientes que apresentam alto risco cardiovascular (4).

O fendtipo do hipertenso resistente tem caracteristicas comuns consistentemente
demonstradas (em estudos nacionais e internacionais): idade mais avancada (>55 anos), sexo
feminino, afrodescendéncia, obesidade, diabete melito, nefropatia cronica, sindrome metabdlica,
aumento de ingestao de sal, maiores niveis pressoricos iniciais e sedentarismo (40-43). No entanto,
o subgrupo de resistentes nao controlados parece apresentar um pior progndstico, sugerindo que que

talvez haja uma gradagdo do risco, mesmo dentro do grupo de hipertensos resistentes.
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Recentemente, demonstramos que os subgrupos (resistentes controlados - HARC e
resistentes nao controlados - HARNC) sdo bastante distintos em varias caracteristicas,
principalmente quanto ao excesso de aldosterona plasmdtica, rigidez arterial, HVE,
microalbumindria e adipocitocinas plasmdticas (31-33, 44).

Existe, portando, controvérsia se todos estes pacientes deveriam ser colocados em conjunto,
sendo uma nova terminologia proposta, na qual deveriam ser separados em dois subgrupos:
resistentes e refratdrios (45-47). Essa nova classificacdo ainda estd em discussdo, ndo sendo
totalmente aceita (48), existindo, contudo, dados novos consistentes de que esses grupos seriam
distintos e deveriam ser separados (49). No entanto, a simples divisdo em pacientes controlados e
ndo controlados ja € consagrada e torna grupos reconhecidamente diferentes. Uma andlise
epidemioldgica com pacientes diagnosticados para HAR, segundo a AHA, divididos em dois grupos
de acordo com os niveis pressoricos, os controlados (com, no minimo 4 firmacos) e os ndo
controlados, mostrou que no grupo nao controlado os niveis presséricos (PAS e PAD), pressao de
pulso, IMC, atividade de renina plasmdtica, concentracdo de aldosterona plasmdtica e relacdo
aldosterona/renina s@o significativamente maiores quando comparados ao grupo controlado (33).
Além disso, apresentou maior espessura intima-média, velocidade de onda de pulso (VOP), HVE
(33, 50), disfuncdo endotelial e menor queda noturna dos niveis presséricos (51). Com isso, foi
demonstrado que existem diferencas importantes entre os individuos controlados e ndo controlados,
0 que aumenta ainda mais a morbimortalidade do grupo que apresenta nao controle da PA.

1.2.2 Prevaléncia

A prevaléncia da HAR ainda ¢ incerta e varia conforme a especializa¢do do centro e o tipo
de andlise epidemioldgica. Estudos populacionais observacionais estimaram indiretamente a
prevaléncia da HAR entre 15-18% na populacdo geral de hipertensos (52, 53). Esses estudos,
normalmente, ndo submeteram 0s pacientes a uma avaliagdo sistematizada para o diagndstico de
HAR e exclusdo de causas secunddrias ou removiveis e de pseudorresisténcia pela avaliacdo de

pressdo ambulatorial da PA (54, 55). O estudo de Framingham mostrou 52% de pacientes sem
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controle adequado de PA (56). Entretanto, esses altos indices estdo acrescidos de ma aderéncia e
tratamento inadequado. O estudo Antihypertensive and Lipid-Lowering Treatment to Prevent Heart
Attack Trial (ALLHAT), no qual havia diversidade étnica importante e o tratamento dos pacientes
era mais adequado e controlado, apds 5 anos de seguimento aproximadamente 50% dos individuos
necessitavam de 3 ou mais classes de farmacos para o tratamento (57). Contudo, esse valor deve
estar superestimado, devido aos regimes terapéuticos restritos permitidos neste estudo, além das
principais associacoes terapéuticas utilizadas, sendo que o uso de diuréticos tiazidicos, inibidores da
ECA (IECA) e bloqueadores de canais de cdlcio ndo foram encorajados (40). Uma anélise dos
pacientes do National Health and Nutrition Examination Survey, entre 2003 e 2008, classificou em
hipertensos resistentes 12,8% dos individuos tratados com HA (52). Talvez, o estudo mais criterioso
para tal fim seja o da Universidade do Alabama (Birmingham) (58), onde os pacientes foram
encaminhados como pacientes com hipertensio de dificil controle e acompanhados por pelo menos
6 meses antes de considerados verdadeiros hipertensos resistentes. Destes, 9,5% permaneceram
refratdrios ao tratamento (58). Outros estudos corroboram estes dados, mostrando uma prevaléncia
aceita, hoje, entre 5 e 15% (59), demonstrando, inclusive, um aumento na prevaléncia ao longo das
duas ultimas décadas, de 5,5% para 8,5% e, entdo, 11,8% entre 2005 e 2008 (41, 58, 60). Por fim,
estudo recente brasileiro estimaram uma prevaléncia menor de aproximadamente 3,0-4,5% de
hipertensos (61).
1.2.3 Diagnostico e Pseudorresisténcia

Segundo o 1° Posicionamento brasileiro sobre a HAR, o diagndstico recai inicialmente no
afastamento da pseudorresisténcia como causa. A pseudorresisténcia € descrita como o aparente nao
controle pressérico que, na verdade, € devido a medidas inadequadas da PA, escolha terapéutica,
tanto de farmacos quanto de dosagens inapropriadas (40), falta de aderéncia ao tratamento
farmacoldgico e nao farmacoldgico e hipertensdo do jaleco branco (62). Portanto, é de extrema
importancia para qualquer avaliacdo diagnéstica definir a presenca de pseudorresisténcia entre os

individuos considerados hipertensos resistentes. A hipertensdo do jaleco branco é excluida pela
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realizacdo da MAPA ou MRPA (63). Conforme comprovacdo prévia, uma intensiva monitorizacao
de aderéncia ao tratamento, ajuda na identificacdo dos pacientes hipertensos “verdadeiramente”
resistentes (64). As causas removiveis incluem, de forma geral, ingestao elevada de sal e dlcool ou
de outras substincias exdgenas que dificultam o controle pressérico (anti-inflamatérios ndo
hormonais, corticosteroides, contraceptivos  orais, simpatomiméticos, quimioterapicos,
antidepressivos, imunodepressores, descongestionantes nasais, anorexigenos e cocaina). Por fim,

deve-se pesquisar causas secunddrias de HAR, cujas principais entdo listadas na tabela 1.

Tabela 1: Principais causas de hipertensdo secunddria

Frequentes:
Apneia Obstrutiva do Sono
Doenca Renal Parenquimatosa
Estenose de Artéria Renal
Hiperaldosteronismo Primario
Raras:
Feocromocitoma
Doenca de Cushing
Hiperparatireoidismo
Coarctagio de Aorta

Tumor Intracraniano

Adaptado de Calhoun et al (40)

1.2.4 Fisiopatologia
A fisiopatologia da HAR ¢é multifatorial (65), o que reflete pior prognéstico quando

comparada a HA. Ainda os mecanismos de resisténcia ao tratamento ndo sdo totalmente conhecidos

podendo ser modulados por diversos fatores interligados: hiperativacdo do SNS e sistema renina-
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angiotensina-aldosterona (SRAA) (66-68); excesso de aldosterona (18, 69); expansdo volémica
(70), disfuncdo endotelial (50, 71, 72); e elevacdo da resisténcia vascular periférica (73).
Recentemente, apneia obstrutiva do sono (74, 75), resisténcia a insulina (76) e alteragdes na funcgdo

de adipocitocinas inflamatdrias (77) também tém sido associados a patogenia da doenca (Figura 1).

OBSTRUTIVA  OBESIDADE  EXCESSODE

HIPERTENSAO
RESISTENTE

Figura 1: Fisiopatologia da HAR relacionando os principais mecanismos envolvidos (Modificado
de Tsioufis, Kordalis et al.)(78). Condi¢cdes como apneia obstrutiva do sono (AOS), obesidade e
excesso de aldosterona sdo fatores desencadeantes de inflamacao, resisténcia insulinica e disfun¢do
endotelial. Como consequéncia, hd hiperativacdo do SNS e SRAA que possuem a propriedade de
hiperativagado reciproca, podendo incorrer em HAR.

1.2.5 Tratamento
1.2.5.1 Nao Farmacolégico
O tratamento da HAR requer sempre o uso de farmacos anti-hipertensivos, conforme sua

propria defini¢do. Contudo sd@o de suma importancia as recomendacdes nao farmacoldgicas
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adjuvantes (40). Pacientes com HAR devem ser orientados quanto a importincia da redugdo de sal
na dieta, perda de peso, pritica de exercicios fisicos regulares e diminuicdo no consumo de bebidas
alcodlicas (40, 79).

Apesar da dieta hipossddica reduzir os niveis presséricos moderadamente, os pacientes com
HAR sdo particularmente sal-sensiveis. Em estudo prévio, um consumo didrio de até 2,5g de sal por
dia reduziu em 23,0/9,0 mmHg a PA (80), mostrando a importancia da reducdo da ingestdo de sal,
mesmo sendo uma meta de dificil alcance. E recomendado pela Organiza¢io Mundial de Satide um
consumo didrio de 1,2g de sal por dia (79).

O consumo de 4lcool estd intimamente ligado a elevacdo da PA. Homens que consomem
mais de 4 doses de dlcool por dia t€m 50% mais chance de apresentar valores presséricos fora das
metas (56). A abstinéncia de dlcool em grandes consumidores reduziram os niveis de PAS e PAD
em 7,2 e 6,6 mmHg, respectivamente, além da prevaléncia de HA entre os participantes ter reduzido
de 42% para 12% (81). O consumo alcoolico se possivel deve ser <20g de etanol por dia ou
abstinéncia total (79).

A reducido de peso diminui a PA de forma significativa devido redugio da retencao hidrica,
da apneia obstrutiva do sono e da estimulacio do SNS (40, 82, 83). Pacientes com IMC >30
apresentam chance 50% maior de apresentar PA ndo controlada em comparagao a pessoas com IMC
normal (33, 56). Com isso, a perda de peso deve sempre ser estimulada entre os individuos com
HAR (59). Existe um beneficio claro entre atividade fisica e reducdo da PA (40, 84). A prética de
exercicios fisicos regulares, além de reduzir os niveis presséricos, também melhora o perfil
metabdlico, tanto com exercicios de resisténcia quanto aerdbicos (84). Assim, estes pacientes dever
ser encorajados a realizar atividade fisica leve a moderada (79).

1.2.5.2 Farmacolégico

A terapéutica na HAR nao apresenta estratégia definida. Preconiza-se atingir a meta

pressorica de PA de consultério ou MRPA de 130/80mmHg ou 125/75mmHg na MAPA (85).
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O esquema anti-hipertensivo deve almejar o bloqueio de todos os possiveis mecanismos
envolvidos na HAR. Logo, o bloqueio do SRAA, seja utilizando um IECA, antagonista do receptor
de angiotensina II, associado a um antagonista dos canais de cdlcio dihidropiridinico e um diurético
tiazidico, é considerada a melhor combinacao tripla, eficaz, sinérgica e tolerada (86).

Em relagdo ao uso de um quarto farmaco, ndo ha consenso sobre sua escolha, tendo em
vista que faltam estudos comparativos entre as classes demostrando superioridade em poténcia anti-
hipertensiva e protecdo cardiovascular (59). Segundo o estudo Anglo-Scandinavian Cardiac
Outcomes Trial (ASCOT), a adi¢do de espironolactona, um antagonista de receptores
mineralocorticoides, ao esquema triplice tradicional apresentaram quedas de 21,9 mmHg de PAS e
9,5 mmHg da PAD ap6s 1,3 ano de tratamento (87). Outro estudo realizado em 2009, com pacientes
hipertensos resistentes controlados e ndo controlados também mostrou resultados semelhantes (88).
Esta reducdo € independente da presenca de hiperaldosteronismo primério e ndo relacionadas aos
niveis plasmdticos ou urindrios basais iniciais de aldosterona, atividade plasmadtica de renina ou
relacdo aldosterona/renina (89, 90).

A escolha de farmacos que sejam adicionados ao esquema quadruplo deve ser
individualizada (79) de acordo com a experiéncia de cada médico e de outras comorbidades que o
paciente possa ter. Inibidores adrenérgicos, incluindo beta e alfa-bloqueadores e inibidores de acdo
central, vasodilatadores e inibidores de renina, também sdo muito importantes como opcdes
terapéuticas aos pacientes com HAR (59). Entretanto, seu uso estd mais condicionado a situagdes
especiais, como a necessidade de reducdo de frequéncia cardiaca, em relacdo ao uso de
betabloqueadores. Além disso, apresentam maior incidéncia de efeitos adversos (40, 79).

Recentemente, uma nova classe de fairmaco foi testada no tratamento anti-hipertensivo: os
inibidores de fosfodiesterase-5 (91, 92). No entanto, apesar de algum grau de sucesso ter sido

demonstrado, estudos maiores ainda sao necessarios para conclusdes mais representativas.

Introducio Pagina 23



1.2.5.3 Outros Tratamentos

Existem ainda, novas modalidades terap€uticas que estio em desenvolvimento para
ajudarem o tratamento farmacolégico no controle pressorico dos pacientes resistentes.

A estimulag@o dos barorreceptores presentes no seio carotideo estimula o sistema nervoso
parassimpdtico, propiciando, além de bradicardia, aumento na excrecdo renal de NaCl e dgua. A
hipervolemia é um dos principais mecanismos envolvidos na resisténcia da HA destes pacientes,
sendo que o aumento da diurese é um alvo terapéutico importante a ser atingido. As tentativas de
reduzir a hiperatividade do SNS para reduzir os niveis pressoricos arteriais remontam ao inicio do
século 20 (93). A estimulacdo tanto aguda quanto cronica do seio carotideo para a reducdo da HA
comegou a mostrar resultados positivos nos anos 1960. No entanto, na ocasido, os aparelhos
responsaveis pela estimulacdo eram grandes e com baterias de pouca duracdo (94). Nos dias de
hoje, essa terapia estd novamente em desenvolvimento, com técnicas novas de implantacdo, que
reduzem seus efeitos colaterais e aparelhos mais modernos, menores e de duracdo maior. Estudos
recentes t&ém demonstrado beneficio da estimulagdo crénica como adjuvante ao tratamento da HAR,
inclusive com reducdo do niimero de farmacos administrados diariamente (95, 96).

Outro tratamento que vem ganhando destaque é a desnervagdo simpdtica renal. Os nervos
simpdticos renais contribuem para o surgimento e manutencdo da HA, por meio de liberacdo de
renina, retencdo de sédio e aumento da volemia (97). Entre os anos 1920 e 1930 a simpatectomia
radical era um tratamento utilizado para reduzir a PA em hipertensos graves. Contudo, este
procedimento apresentava altos indices de complicacdes (98). Recentemente, novas técnicas
intervencionistas com bloqueio da acdo simpdtica eferente por radiofrequéncia tém mostrado
redugdo significativa da PA em HA, sem maiores complicagdes descritas (99). No entanto, ainda

faltam estudos que mostrem reprodutibilidade dos resultados (59).
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1.2.6 Condicoes clinicas associadas

1.2.6.1 Lesoes em érgaos-alvo

1.2.6.1.1 Rigidez Arterial

A rigidez arterial é determinada pela estrutura da parede arterial e pelas condicdes da
parede, em especial da camada média. Esta rigidez arterial em hipertensos é praticamente atribuivel
a alteracdes estruturais na parede deste vaso (100). A complacéncia da parede vascular depende da
contribuicdo do coldgeno e elastina (quantidades diminuidas de elastina ou quebra delas), que
conferem integridade estrutural e elasticidade ao vaso. Além de mudangas estruturais, a rigidez
arterial também ¢é afetada pelas células endoteliais da musculatura lisa. O tonus vascular pode ser
modificado por deposicdo de cdlcio e mediadores pardcrinos como angiotensina II, endotelina,
estresse oxidativo e 6xido nitrico (101, 102). Além do préprio processo de envelhecimento das
grandes artérias que resulta em menor complacéncia (103), doencas como o DM2 (104), HA (105),
doenga renal cronica e o tabagismo (106) participam como aceleradores desse processo.

A rigidez arterial pode ser avaliada de maneira ndo invasiva pela estimacdo da velocidade
de onda de pulso (VOP) por um método simples e reprodutivel (107, 108) de tonometria de
aplanacdo. A VOP ¢ obtida através dos dados das artérias carétida e femoral, que € o padrao-ouro
para avaliacdo da rigidez, sendo que o valor considerado como preditor de lesao em 6rgao-alvo € de
10m/s (109).

Estudos epidemioldgicos demonstraram que o aumento da VOP estd associado a aumento
de risco da morbidade e mortalidade por doenca cardiovascular (110-112). Além disso, estudo
recente, avaliando a rigidez arterial nos subgrupos da HAR, demonstrou maior VOP nos pacientes
ndo controlados em relacdo aos controlados (33).

1.2.6.1.2 Hipertrofia Ventricular Esquerda

A HVE ¢ a resposta cardiaca a sobrecarga pressdrica e/ou volumétrica crénica, e sua
prevaléncia e incidéncia elevam-se de acordo com a progressdo de niveis de PA (113). Essa

adaptacdo estd associada 2 maior morbidade e mortalidade dos seus portadores. E possivel que o
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mecanismo adaptativo esteja acompanhado de alteracdes intrinsecas dos midcitos cardiacos ou de
outras células miocdrdicas, predispondo a um déficit contratil e instabilidade elétrica do coragao.

Com relagdo ao aumento da massa do VE, os resultados do Framingham Heart Study
demonstraram de forma inequivoca o valor progndstico da deteccio de HVE na estratificacdo de
risco para doenca cardiovascular, morbidade e mortalidade (114, 115). A HVE ¢ determinada pela
andlise da massa ventricular esquerda (MVE), sendo corrigida pela superficie corporal, obtendo
desta forma, o indice de massa ventricular esquerda (IMVE), considerado normal até 95g/m” para o
sexo feminino e até 115 g/m” para o sexo masculino (116).

O desenvolvimento de HVE é multifatorial, e estd relacionada & HA, intolerancia a glicose,
perfil lipidico e tabagismo (117). Estudos epidemioldgicos t€ém implicado HVE como fator de risco
para o infarto do miocdrdio (IM), insuficiéncia cardiaca (IC) e morte subita (118). Estudo
englobando HAR demonstrou incidéncia de HVE nos pacientes portadores de resisténcia aos
farmacos anti-hipertensivos em relagdo aos hipertensos controlados e ao grupo controle de
normotensos (88). Além disso, mais recentemente foi evidenciado que o subgrupo nio controlado
da HAR apresentou maior IMVE comparado aos individuos HAR controlados (33).

1.2.6.1.3 Microalbuminuria

Microalbumintria € geralmente definida como uma taxa de excrecio urindria de albumina
entre 30 a 299 mg/dia (119). Embora muitas vezes visto como um sinal de doenga renal precoce, a
MA interage com vdrios fatores de risco convencionais vasculares e ¢ também um marcador
independente de disfuncdo endotelial (120). Inicialmente foi identificada como um marcador de
doenca renal (121), e atualmente, tem sido considerada como um fator de risco de morbidade e
mortalidade cardiovascular (122). Estudos demonstraram que fatores de risco cardiovasculares
como HA, metabolismo da glicose e dislipidemia, aumentam o risco de desenvolvimento de

microalbumintria (123-125).
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1.2.6.2 Aldosterona

A hiperativacdo do SRAA tem sido extensivamente abordada devido ao seu potencial
envolvimento na fisiopatologia da HAR associada a obesidade, sendo que o bloqueio desse sistema
pode ser uma estratégia terapéutica benéfica para ambas condicdes (12).

A aldosterona tem importante papel sobre a volemia, fun¢do renal e vasos arteriais,
principalmente quanto a inducgdo de disfun¢do endotelial, inflamagao, fibrose e rigidez vascular. O
conjunto dessas alteragdes promove mudangas funcionais e estruturais de pequenas e grandes
artérias, levando, consequentemente, ao aumento da PA, frequentemente resistente as classes de
anti-hipertensivos atualmente utilizadas (33, 88). Por outro lado, a prépria utilizacdo de diuréticos,
inibidores da enzima conversora e antagonistas dos receptores de angiotensina II pode causar
aumento da aldosterona plasmaética (escape da aldosterona) que contribui para a resisténcia ao
tratamento anti-hipertensivo (126, 127). Ainda, h4 fortes evidéncias que consideram o SRAA
intrinsecamente ligado a obesidade, resisténcia a insulina e dislipidemia (15). Niveis elevados de
aldosterona contribuem diretamente para a patogénese da resisténcia a insulina e disfungdo
endotelial, processos estes que contribuem para os efeitos de remodelamento renal e cardiovascular.
O excesso de aldosterona estimula vias classicas de retencdo sédica e expansao volémica e também
as ndo cldssicas (acdes ndo gendmicas) envolvendo inflamacdo e estresse oxidativo, o que
contribuiu para aceleracdo do desenvolvimento da HAR (18). Além disso, recentemente tem sido
considerado um crosstalk entre essas vias cldssicas e ndo cldssicas potencializando as ac¢des da
aldosterona (128, 129).

Estudos recentes demonstram que pacientes hipertensos frequentemente exibem prejuizo na
sinalizacdo metabdlica de insulina, dislipidemia, microalbumintria e obesidade (130). Relatos
demonstram a possivel interagcdo da aldosterona em receptores mineralocorticoides com a fungéo de
promover adipogénese e aumento da infiltracdo de macréfagos (16), caracterizada pela inflamacao
do tecido adiposo e expressdo modificada de adipocitocinas inflamatérias. Além disso, o bloqueio

do receptor mineralocorticoide reduziu a expressdao de fatores pro-inflamatérios e aumentou a
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expressdo de adiponectina no coragdo e no tecido adiposo de camundongos obesos e diabéticos (17)

(Figura 2).

Cérebro

Tecido adiposo

| atividade parassimpatica
Diminui¢io do transp. glicose 1 atividade simpatica
Remodelamento tecidual 1 atividade do SRA
Disfungio diastélica

1 estresse oxidativo

T inflamagdo

f / | estresse oxidativo
" Fibrose dailhota

pancreatica ALDOQTERON A Fator
Apoptose da célula ﬁ CIRCUIANTE estimulador

Pancreas ' Se™5% dm7 1

de aldosterona

"

Reabsorcio
de
sodio
ANSS | captagio
de glicose
. Néfron
Musculo 14 )
. Glandula Lesdo glomerular
esqueletlco adrenal Fibrose tubulointersticial

Figura 2: Acdes da aldosterona plasmdtica nos mais diversos sistemas (Modificado de Sowers,
Whaley-Connell et al.)(18). 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 reabsorgao
de sédio nos tdbulos coletores, o aumento da aldosterona circulante esta associado com varias
alteracdes no organismo. Entre elas: o aumento da atividade do SNS, a HVE, disfunc¢édo endotelial,
dano glomerular, além de processos inflamatdrios e de estresse oxidativo. Em relagdo ao TA, a
aldosterona, em receptores mineralocorticoides, promove adipogénese, inflamagdo e expressdo
alterada de adipocitocinas.

Finalmente, o tecido adiposo foi reconhecido com a capacidade de secretar hormoénios,
denominados adipocitocinas, consolidando a ideia de um 6rgdo endécrino (131), que medeia
inflamacdo sistémica, estresse oxidativo e resisténcia a insulina (132).

1.2.6.3 Obesidade e resisténcia a insulina

A obesidade aumentou de forma alarmante, tornando-se um grave problema de saide

publica em razdo do aumento expressivo da morbidade e mortalidade cardiovasculares, secunddrias
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a progressdo e o agravamento da doenca aterosclerdtica (133, 134). Estudos experimentais e
clinicos tém demonstrado que o excesso de peso eleva a PA. Os mecanismos fisiopatolégicos da
HA associada a obesidade sdo complexos. O aumento da atividade simpdtica, a ativagdo do SRAA,
a resisténcia a acdo da leptina, a alteracdo de fatores pré-inflamatdrios e de coagulacio, a disfungdo
endotelial e os fatores hemodinamicos relacionam-se entre si de forma direta ou indireta (62, 135).
Também a menor agdo protetora da adiponectina parece explicar a relacdo obesidade e HA (136).
Sabe-se que a obesidade estd associada a aumento do débito cardiaco, resisténcia vascular periférica
e fluxo sanguineo regional, que promovem expansdo do volume extracelular e alteracdo da funcgéo
renal, manifestada por alteracdo da curva pressdo/natriurese e retencao renal de sédio. Inicialmente,
por um aumento da reabsor¢do tubular na fase inicial da obesidade e, posteriormente, secundaria a
lesdo glomerular com perda de funcdo (137, 138). Outro importante fator € a atividade de renina
plasmaética que estd aumentada em obesos, independente da reteng@o de sddio e aumento do volume
extracelular. O papel da angiotensina € reforcado pela eficicia observada no tratamento de jovens
obesos hipertensos com IECA (139). Além disso, foi descrito um fator derivado do adipécito, como
um derivado do acido graxo livre, que aumenta a liberagdo de um estimulador hepdtico de sintese
de aldosterona (140). Pacientes obesos com HA de dificil controle também exibem maior grau de
resisténcia a insulina e obesidade e quando comparados a hipertensos bem controlados pareados por
idade, sexo e IMC (141).

Finalmente, as adipocitocinas, secretadas ativamente pelo tecido adiposo, possuem ampla
diversidade estrutural e funcional, podendo compreender desde proteinas relacionadas ao sistema
imune, da via alternativa de complemento, fatores de crescimento, regulacdo de PA, coagulacdo
sanguinea, angiogénese e homeostase glicémica, entre outras (131).

1.2.6.4 Adiponectina e Desfechos Clinicos Cardiovasculares

A adiponectina foi identificada em meados de 1990 como uma proteina plasmatica
relativamente abundante produzida pelo tecido adiposo. O gene da adiponectina humana se localiza

no cromossomo 3g27, um sitio associado com suscetibilidade ao DM2 (142).
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Estudos demonstraram que a adiponectina estd correlacionada negativamente com a
porcentagem de gordura corpdrea, distribuicdo de gordura central, insulina plasmdtica em jejum,
tolerancia oral a glicose e com fatores de risco cardiovascular associados a obesidade, incluindo PA
sistélica e diastdlica, colesterol total, triglicerideos, LDL colesterol e dcido drico. Além disso,
houve correlacio positiva com niveis de HDL colesterol (143). Niveis reduzidos sido observados na
presenca de obesidade, doenca arterial coronariana, HA e resisténcia a insulina (144) e podem
refletir aumento de risco cardiovascular e inflamacao (145). Estudos atuais sugerem que a atividade
bioldgica da adiponectina se deve em grande parte aos multimeros de elevado peso molecular (146),
tendo a mesma o valor progndstico para eventos cardiovasculares em pacientes com doenca
coronariana (147).

Na vasculatura, os niveis de adiponectina estdo fortemente ligados a funcdo endotelial
(148), principalmente por alterar efeitos vasculares mediados por citocinas, como TNF-a, suprimir
geracdo de espécies reativas ao oxigé€nio e possibilitar a geracdo de 6xido nitrico endotelial. Desta
forma, a adiponectina tem propriedades anti-inflamatdrias, antiaterogé€nicas e antiproliferativas nos
vasos. Estudos prévios sugerem que a adiponectina é um fator de protecdo contra HA através do
mecanismo dependente do endotélio, como demonstrado em camundongos deficientes da proteina
com resposta vasodilatadora prejudicada induzida pela acetilcolina (26). Ainda assim, em relacdo ao
sistema vascular, a adiponectina se associou inversamente a rigidez arterial em pacientes
hipertensos (29, 30, 149). Essa associag¢do pode ser explicada pelo fato da adiponectina estimular a
atividade da sintase endotelial para produgdo de NO (25) e inibir a proliferacdo da musculatura lisa
vascular (150) e de componentes da matriz extracelular, como coldgeno e fibronectina (151).

No estudo Health Professionals Follow-up Study, com 18.225 pacientes, o nivel plasmatico
de adiponectina correlacionou-se com risco diminuido de IM (152). Em outro estudo com desfecho
semelhante, niveis plasmaticos baixos de adiponectina foram associados com IM em individuos
abaixo de 60 anos, independentemente de histéria prévia de HA, dislipidemia (HDL colesterol

reduzido), tabagismo e IMC elevado (153).
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A adiponectina parece ser negativamente regulada por ativacdo do SNS. Agonistas beta-
adrenérgicos, via estimulacdo AMPc, inibem a expressdo génica, producdo e secrecdo de
adiponectina em camundongos € em modelos in vifro. Também inibem a expressdo génica de
adiponectina no tecido adiposo visceral humano in vitro (154).

A liberacdo de adiponectina na circulagio estd associada com severidade de sintomas e
mortalidade na IC (155, 156). Niveis elevados, por sua vez, refletem uma tentativa de atenuar
estados pré-inflamatérios e demonstram um balango entre vias prejudiciais e protetoras na
disfuncdo sistdlica do ventriculo esquerdo e IC (145). Desta forma, a adiponectina também
influencia o remodelamento cardiaco inibindo o processo de hipertrofia cardiaca (157).

Estudos transversais relataram a hipoadiponectinemia como sendo um fator de risco
independente para HA e como marcador de predisposi¢do de HA em homens (24, 158). Em estudo
prospectivo com duragdo de 5 anos, a hipoadiponectinemia foi relacionada como preditora do
desenvolvimento da HA em ndo diabéticos, independente das varidveis idade, parimetros de
obesidade, PA média, resisténcia a insulina e proteina C reativa de alta sensibilidade (25) (Figura

3).
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Figura 3: A relacdo entre adiponectina e os sistemas fisiolégicos (Modificado de Antoniades,
Antonopoulos et al.)(159). A adiponectina, uma adipocitocina com propriedades anti-inflamatéria e
antiaterogénica, é correlacionada negativamente com doencas cardiovasculares (HA, disfuncdo
endotelial e rigidez vascular) e outras condicdes patolégicas como DM 2 e resisténcia insulinica.
1.2.7 Aspectos genéticos

Além dos fatores ambientais convencionais, hd fatores genéticos que podem influenciar os
mecanismos de controle da PA. A heranca na HA é complexa, assumida como poligénica e
heterogénea, com contribuicio importante do ambiente (multifatorial). Assim, as doencas
poligénicas continuam a representar desafio consideravel para a investigacdo genética e as
tentativas de esclarecé-las estdo apenas em seu inicio (160, 161).

A identificacdo de variacdes de genes (alelos) que contribuem para o desenvolvimento de

HA € complicada pelo fato de dois fenétipos que determinam PA, o débito cardiaco e a resisténcia

periférica, estarem controlados por fendtipos intermedidrios, incluindo atividade do SNS, SRAA,
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sistemas renais calicreina-cininas e os fatores endoteliais, os quais por sua vez influenciam outros
fatores intermedidrios como a excrecdo de sédio, a reatividade vascular e a contratilidade
miocdrdica (162). Desta forma, existem muito genes que podem participar no desenvolvimento da
HA.

A localizagdo de regides no DNA responsaveis por determinado fendtipo € facilitada pela
identificacdo de marcadores polimérficos ou sequéncias de DNA em localizacdes especificas no
genoma que podem variar individualmente, definindo diferentes alelos. O termo “polimorfismo” ¢é
utilizado para referir-se a uma série de variacdes genéticas estaveis presentes ao menos em 1% da
populacdo. Os polimorfismos genéticos ocorrem devido a substituicio de uma base nitrogenada
(nucleotideo), insercdo ou dele¢do de sequéncias de DNA e finalmente por varia¢des do niimero de
repeti¢des. O tipo mais comum de polimorfismo é o chamado polimorfismo de nucleotideo tinico
(Single Nucleotide Polymorphism - SNP). O polimorfismo de nucleotideo tnico € resultado da
substituicdo de um unico par de bases da sequéncia de DNA, sendo o tipo mais comum de variagdo
genética interindividual. Estima-se que um polimorfismo em um tnico nucleotideo (pontual) ocorre
em cada 1000 pares de bases. O genoma completo possui 3 a 10 milhdes de polimorfismos de base
Unica, destes, aproximadamente 1-1,5 milhdes foram caracterizados pelo consércio internacional de
deteccao de polimorfismos de base Unica (163).

Muitas destas alteragdes estdo presentes em sequéncias de DNA que ndo sao codificadores,
as quais correspondem a 90% do total do DNA. Assim, apenas uma minoria dos polimorfismos
pontuais ocorre em regides codificadoras dos genes. Os polimorfismos de nucleotideo tnico
presentes nas sequéncias de DNA que sdo codificadores (chamados “coding SNP”) podem produzir
alteracdes se o cédon for modificado, ocasionando uma substituicdo de um aminodcido, resultando
em uma modificacdo qualitativa na estrutura da proteina (e na sua fungéo) ou alteracdo da expressdo
da proteina (164, 165). Por outro lado, alguns polimorfismos posicionados tanto em sequéncias

reguladoras como nos introns, podem afetar a transcricdo aumentando-a ou diminuindo-a. Devido a
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redundancia do cdédigo genético, determinados polimorfismos ndo resultam em qualquer efeito
(166).

Uma vez que a HAR € considerada um fenétipo extremo, € razodvel predizer que fatores
genéticos podem ter papel importante na determinacdo de resisténcia a terapia anti-hipertensiva.
Porém, os estudos genéticos envolvendo hipertensos resistentes ainda sio limitados (4).

O estudo Genetics of Hypertension Associated Treatment (GenHAT), um sub estudo
complementar ao ALLHAT, considerou 78 polimorfismos genéticos como potenciais candidatos ao
desenvolvimento de HAR e doenga cardiovascular. Houve 2 variantes genéticas localizadas no gene
do angiotensinogénio (AGT M235T rs699 e AGT-6G rs5051), que demonstraram significativa
associacdo entre os participantes brancos apds ajuste de varidveis de confusdo e multiplas andlises.
Além disso, foram observadas sugestivas associagdes envolvendo as variagdes genéticas da
metaloproteinase de matriz 3 (SA/6A rs3025058) e do fator de necrose tumoral alfa — TNF-a (G/A
1s361525) (167), substratos fisiopatolégicos amplamente estudados em HA (168, 169).

Estudo recente do nosso laboratério avaliou o polimorfismo genético -344C/T CYP1IB2
(rs1799998) que codifica a aldosterona sintase (enzima responsdvel pelo passo final na sintese de
aldosterona nas células da zona glomerulosa). Foi demonstrado que a concentracio de aldosterona
estava menor em portadores do alelo C quando comparados aos homozigotos TT. Além disso,
quando os pacientes (CC/CT vs. TT) foram divididos em uso de espironolactona ou ndo, os
individuos TT em uso de espironolactona apresentaram maior concentracdo de aldosterona
plasmatica em comparagdo com portadores do alelo C em uso da medicacdo e também em
comparacdo aos individuos TT sem o uso do farmaco. Por fim, o gendtipo TT e o uso de
espironolactona foram preditores dos niveis de aldosterona nos hipertensos resistentes. Esses
achados fortemente sugerem que o escape da aldosterona ocorre em resposta ao tratamento com

minerolocorticoide em individuos homozigotos TT para esse polimorfismo [170].
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Esses estudos genéticos, embora ainda escassos, tem contribuido para o melhor
entendimento das bases genéticas que envolvem a HAR. Desta forma, estudos futuros nesta drea sdo
promissores ¢ devem sem incentivados, pois podem auxiliar na abordagem terapéutica dos
individuos resistentes.
1.2.7.1 Polimorfismos genéticos da adiponectina

O gene que codificam a adiponectina podem apresentar SNPs clinicamente relevantes para
a resisténcia anti-hipertensiva. O gene codificador da adiponectina, ADIPOQ, esta localizado no
cromossomo 3q27, e representa o maior l6cus gé€nico associado a sindrome metabdlica (142) e
DM2 (170). O gene ADIPOQ apresentou variacdes genéticas que estdo associadas a alteracdo nas
concentracdes de adiponectina (171-173). Entre os polimorfismos clinicamente relevantes e
amplamente estudados na literatura estio os SNPs -11377C>G (rs266729) e o +276G>T
(rs1501299).

O -11377C>G foi correlacionado com baixos niveis de adiponectina circulante em
individuos com menos de 60 anos (174). O alelo G foi associado a menores niveis de adiponectina e
a maior chance de ocorréncia de HA ap6s ajuste de covariaveis (175). O -11377C>G também foi
associado com doenga cardiovascular (174); IM (176) e doenca arterial coronariana (177, 178).

O polimorfismo +276G>T do gene ADIPOQ associou a presenca do alelo G com a presenca
de HA e sindrome metabdlica (179). Ainda, o alelo T foi associado a maior concentracdo sérica de
adiponectina em pacientes com DM 2 (180). Em um estudo prospectivo com homens diabéticos o
gen6tipo TT foi associado a baixo risco de doenga cardiovascular e a maiores concentracdes de
adiponectina (181). Ainda, este polimorfismo foi associado a redugdo de risco de IM e na presenca
de diabetes. Particularmente, o gendtipo TT demonstrou ser protetor para doenca coronariana (178),
apresentando, aproximadamente, metade de risco frente a qualquer doenga cardiovascular ou

associado ao diabetes, em comparag¢do com portadores do alelo G (182).
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E desconhecida, entretanto, a associacio dos polimorfismos genéticos no gene ADIPOQ
com os niveis de adiponectina, assim como, com as principais caracteristicas que estdo
frequentemente associadas a falta de controle da PA. Também ¢é desconhecida se os subgrupos
hipertensos resistentes controlados e ndo controlados apresentam diferentes variantes genéticas, que

poderiam explicar o distinto perfil fenotipico desses subgrupos.
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2 JUSTIFICATIVA DO ESTUDO



A adiponectina plasmdtica tem sido investigada extensivamente em doencas
cardiovasculares, resisténcia insulinica/diabetes mellitus tipo 2 e obesidade. Entretanto, pouco se
conhece sobre a relagdo entre essa adipocitocina e a resisténcia ao tratamento farmacolégico em
pacientes hipertensos. Além disso, é desconhecida a influéncia de variacdes genéticas, como 0s
SNPs no gene que codifica a adiponectina ADIPOQ, sobre os niveis de adiponectina em pacientes
com hipertensao resistente.

A identificacdo de possiveis associacdes entre os polimorfismos genéticos e os niveis de
adiponectina plasmatica, e também algumas caracteristicas clinicas frequentemente encontradas em
pacientes com HAR, deverd contribuir para o melhor entendimento dos mecanismos
fisiopatoldgicos relacionados a resisténcia farmacoldgica.

Os mesmos aspectos serdo estudados nos subgrupos HARNC e HARC para estabelecermos
se 0os mesmos apresentam diferencas genotipicas que potencialmente expliquem os achados
distintos encontrados por nosso grupo em trabalhos anteriores, bem como, a prdopria natureza da

resisténcia pressdrica a farmacos.
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3 OBJETIVOS



Avaliar a associagdo dos dois SNPs amplamente estudados, rs266729 e rs1501299, com os niveis

plasmaticos de adiponectina total em hipertensos resistentes e nos subgrupos HARC e HARNC;

Identificar possiveis associacdes dos dois SNPs com as caracteristicas fenotipicas frequentemente

associadas a dificuldade de controle da PA em hipertensos resistentes.
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ABSTRACT

Background: Resistant hypertension (RHTN) is a multifactorial and polygenic disease, frequently associated
with obesity. Previous studies demonstrated that low adiponectin levels, a hormone produced by the adipose
tissue, were associated with RHTN. Single-nucleotide polymorphisms (SNPs) -11377C/G (rs266729) and
+276G/T (rs1501299) in adiponectin gene (ADIPOQ) were associated with risk of cardiovascular disease.
This study evaluated the association between two SNPs -11377C/G and +276G/T and adiponectin plasma
levels in RHTN subjects. Methods and Results: This study comprised 109 RHTN patients genotyped for
both polymorphisms by allelic discrimination assay using fluorescent probes. Adiponectin levels were
measured by ELISA. We compare clinical and laboratorial characteristics of CC homozygous vs. G-allele
carriers for -11377C/G and GG homozygous vs. T-allele carriers for +276G/T. Office and ambulatory BP
measurements were similar among genotypes subgroups in both SNPs as well as the markers of target
damage. Adiponectin levels were significantly higher in CC compared to G-carrier for -11377C/G (CC = 7.0
(4.0-10.2) vs. G allele = 5.5 (2.5-7.9), p=0.04) and lower in GG compared to T-carrier for +276G/T (GG = 5.3
(2.3-7.7) vs. T allele = 7.1 (3.6-10.5), p=0.04). Adjusting for systolic ambulatory BP, body mass index, age,
gender, race and presence of type 2 diabetes, multiple linear regression revealed that the minor alleles G (beta
coefficient = -0.14, SE = 0.07, p = 0.03) and T (beta coefficient = 0.12, SE = 0.06, p = 0.04) were
independent predictors of adiponectin levels. Conclusion: The -1377C/G and +276G/T in ADIPOQ were

associated with adiponectin levels in RHTN subjects.

Keywords: Refractory hypertension; blood pressure control; obesity; adipokines; polymorphisms.
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INTRODUCTION

Resistant hypertension (RHTN) is a
multifactorial disease defined as uncontrolled
blood pressure (BP) despite the use of >3
antihypertensive agents from different classes or
controlled BP with the use of >4 agents'. The
mechanisms of resistance to antihypertensive
treatment are not fully elucidated, but have been
associated to hyperactivity of renin-angiotensin-
aldosterone and sympathetic systems, endothelial
dysfunctionz’ 3, arterial stiffness4, left ventricular
hypertrophy’, microalbuminuria® and deregulation
of inflammatory adipokines ’. In this context, a
relationship between obesity and RHTN has been
recognized since deregulation of adipokines may
be relevant as a complicating factor in the lack of
BP control ® .

Low circulating levels of adiponectin — an
adipocyte-derived hormone - are found in
hypertensive patients’, supporting an aetiological
role of

adiponectin in hypertension.

Hypoadiponectinaemia  may  predispose  to
hypertension via several mechanisms such as
sympathetic ~ activation, insulin  resistance,
increased circulating fatty acid levels via reduced

fatty acid oxidation, vascular inflammation and

impaired endothelium-dependent vasodilation®"".

ADIPOQ — the gene encoding adiponectin —
is located at 3q27 chromosome region and has been
linked to presence of single nucleotide
polymorphisms (SNPs) that modulate circulating

13 Moreover,

concentration of this adipokine'”
ADIPOQ has been associated with several features
of the metabolic syndrome'*, diabetes type 2 and
cardiovascular disease'. Among the SNPs,
1s266729 (-11377C/G) is located in the promoter
region and the presence of minor allele has been
associated with down-regulation of adiponectin'®
whereas rs1501299 (+276G/T), situated in the
intron 2 region, have opposite effects on up-
regulating adiponectin levels'®.

We hypothesize that genetic variants may
affect the levels of adiponectin, which in turn may
contribute to resistance of antihypertensive
therapy. This study was designed to evaluate the
impact of ADIPOQ 15266729 and rs1501299
polymorphisms on plasma adiponectin levels in
resistant hypertensive subjects, as well as the
associations between these SNPs and other clinical
features frequently associated with RHTN.
METHODS
Study Population

A cross-sectional study was conducted with
109 subjects diagnosed for "true" RHTN from the

Outpatient Clinic  specialized in Resistant
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Hypertension of the University of Campinas

(Campinas, Brazil). Resistant hypertension
(RHTN) was defined according to American Heart
Association Statement as blood pressure (BP)
levels that remain 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. Also
the definition includes controlled BP using four or
more antihypertensive medications .

All subjects were submitted to a 6-month
period clinic follow-up for screening and exclusion
of  secondary  causes of  hypertension
(pheochromocytoma, coarctation of the aorta,
Conn’s or Cushing’s syndrome, renal artery
stenosis). Patients with pseudoresistance
hypertension, including lack of BP control
secondary to poor medication adherence'’ as well
as patients with white coat hypertension were
properly identified and excluded by pill counts and
ambulatory BP monitoring (ABPM), respectively.
Inclusion criteria were subjects > 35 years. We
excluded patients with symptomatic ischemic heart
disease, impaired renal function, liver disease and

history of stroke, myocardial infarction and

peripheral vascular diseases.

We calculated a minimum sample size of 50
RHTN subjects per subgroup (CC vs. G-allele
carriers for -11377C/G and GG vs. T-allele carriers
for +276G/T) to detect a difference of mean at least
2.5 pg/mL (standard deviation of 5.0 pg/mL,
power of 75%) on adiponectin levels — our primary
outcome — among both studied polymorphisms.

This study was approved by the Research
Ethics Committee of the Faculty of Medical
Sciences, University of Campinas (Campinas,
Brazil), and all participants were informed about
the investigative nature of this study and gave
written informed consent form before enrolling in
the study (approval n. 222/2011).

Blood Pressure measurements

Office systolic BP (SBP) and diastolic BP
(DBP) were evaluated at approximately 8:00 a.m in
the right arm wusing a validated digital
sphygmomanometer (HEM-907XL, OMRON
Healthcare Inc., Bannockburn, IL, USA) in the
sitting  position after a 10-minute rest.
Measurements were assessed by a trained health
professional three consecutive times with a 3-
minute interval between measurements.

Twenty-four hour ABPM was taken using
automatic oscillometric monitor (Spacelabs 90207,

Spacelabs Inc, Redmon, WA). The patients were

instructed to keep normal daily activities and to
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take notes of the 24 hour-time period activities in a
personal diary.
Echocardiography

The left ventricular (LV) dimensions were
measured using two-dimensional targeted M-mode
echocardiography according to the American
Society of Echocardiography (ASE)
recommendations '®. The diastolic and systolic LV
diameters, as well as the interventricular septal and
LV posterior wall thicknesses at the end of
diastole, were determined using the features of the
QRS wave. The LV mass index (LVMI) was
calculated by dividing the LV mass by the body
surface area. Two  blinded independent
investigators evaluated the echocardiographic
measurements using a cardio-vascular ultrasound
machine (Siemens Acuson CV70, Munich,
Bavaria, Germany) with a multi-frequency sector
transducer (2-4 MHz). The intraobserver and
interobserver coefficients of variation were less
than 9.5% for the LVMI.
Pulse Wave Velocity Assessment

Pulse wave velocity (PWYV) is a noninvasive
and reproducible method to determine arterial
stiffness measured by Sphygmocor System (Artcor,
Sidney, Australia). With patients in a supine
position we

determined pulse waves

transcutaneously using the right common carotid

and femoral arteries. PWV measurement was
calculated from the distance traveled by the pulse
waves between the supra-sternal notch and the
femoral recording site minus the distance from the
supra-sternal notch to the carotid recording site,
divided by the transit time (distance in
meters/Atime in seconds) '°. Three consecutive
readings were obtained and we used the average of
PWYV wvalues in the analyses, when differences
were not greater than 0.5m/s.
Biochemical Measurements

Blood samples for the measurement of
aldosterone and adiponectin plasma levels were
collected at 08:00 hours after overnight fasting
with the patients in the seated position.
Aldosterone was measured by radioimmunoassay
(RIA) (Immunotech SAS, Marseille, France) and
total adiponectin levels were measured using
enzyme-linked immunosorbent assays (ELISA)
(R&D Systems, Inc., Minneapolis, USA), both
according to the manufacturer’s instructions. The
inter-assay and intra-assay coefficients of variance
for the adiponectin ELISA kit were less than 5.5%.
-11377C/G and +276G/T ADIPOQ Genotyping

Venous blood samples were collected in
tubes containing EDTA after overnight fasting.
Genomic DNA was extracted using the Illustra

blood genomicPrep Mini Spin Kit (GE Healthcare,
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Buckinghamshire, UK). ADIPOQ genotypes -
11377C/G and +276G/T were determined using the
TagMan allelic discrimination assay (Applied
Biosystems, Foster City, CA). In brief, polymerase
chain reaction (PCR) was conducted with 10 ng of
DNA followed by the steps: (1) 10 minutes at
95°C; (2) 40 cycles of DNA denaturation at 90°C
for 15 seconds; and (3) annealing/extension at
60°C for 1 minute. Fluorescence signals were
detected using StepOnePlus Real Time PCR
System (Applied Biosystems) and analyzed with
manufacturer’s software.
Statistical Analyses

Continuous variables were expressed as
mean and standard deviation or median (Ist, 3rd
quartiles), according to data distribution, assessed
by the Kolmogorov—Smirnov test. Clinical data of
the genotype subgroups (CC vs. G allele carriers
(rs266729) and GG wvs. T allele carriers
(rs1501299)) were compared using the Student’s t-
test or the Mann Whitney test. Categorical
variables were presented in frequencies and/or
percentages and compared by chi-square test.
Multiple linear regression analyses were performed
by SigmaPlot program version 12.5 (Systat
Software, Inc., USA) for both studied
polymorphisms to evaluate the effect of minor

allele on log adiponectin levels, adjusted for age,

gender, race, ambulatory systolic BP, body mass
index and presence of type 2 diabetes. Hardy-
Weinberg equilibrium was evaluated using chi-
square test. Haplotypes were estimated by PHASE
program version 2.1 ** and analyzed using Kruskal-
Wallis test followed by a Dunn's post-hoc test. The
level of significance accepted was 0.05.

RESULTS

Table 1 shows alleles, genotypes and
haplotypes frequencies among resistant
hypertensive patients. For both polymorphisms, no
deviation from Hardy-Weinberg equilibrium was
found (p>0.05). We did not found statistical
differences in genotype, allele and haplotype
frequencies for the -11377C/G and +276G/T
ADIPOQ polymorphism between controlled and
uncontrolled RHTN subgroups.

General  characteristics  of  resistant
hypertensive subjects according to -11377C/G and
+276G/T ADIPOQ genotypes are shown in table 2
and table 3, respectively. Genotype subgroups CC
vs. G carriers demonstrated differences among
gender, race, and aldosterone levels; however, no
difference was observed analysing GG vs. T
carriers  subgroups. Indeed, the use of

antihypertensive drugs was similar between

genotypes studied.
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We found reduced levels of adiponectin in
G allele carriers compared to CC genotype for the -
11377C/G ADIPOQ polymorphism (figure 1A).
Among uncontrolled RHTN subgroup, the G allele
carriers had lower levels of adiponectin compared
to CC genotype (figure 1B), but no difference was
found in the controlled RHTN subgroup. For the
+276G/T ADIPOQ polymorphism we observed
higher adiponectin levels in T allele carries than in
subjects with GG genotype (figure 2A). Moreover,
we observed that T allele carriers of the controlled
RHTN subgroup showed increased adiponectin
levels compared with GG genotype subjects;
however, this was not found in uncontrolled
resistant hypertensive subjects (figure 2B).

Multiple regression analyses indicated that
minor allele for both studied polymorphisms was
predictors of log-adiponectin levels in RHTN
subjects (-11377C/G, table 4 and +276G/T, table
5). Additionally, in another regression model, the
presence of TT genotype for +276G/T ADIPOQ
polymorphism — in addition to BMI and age — was
also predictor of log-adiponectin levels in resistant
hypertensive patients, revealing an additive effect
(beta coefficient=0.151, SE=0.06; p=0.02).

Finally, none of the haplotypes reached
statistical significance. Adiponectin levels were not

statistically different among haplotypes, although

declining trend has been observed (CT: 8.1+5.8 vs.
CG: 7.2455 vs. GG: 6.444.7 vs. GT: 4.943.7
pg/mL, p>0.05). Additionally, regression analysis
indicated that presence of CT haplotype was not
considered predictor of log-adiponectin levels
(beta-coefficient=0.08, SE=0.05; p>0.05).
DISCUSSION

Previous studies have suggested that
adiponectin  has an important role in
pathophysiology of RHTN * ' which justifies the
search of its potential genetic markers near
ADIPOQ that may be implicated in resistance to
antihypertensive therapy. This current study
showed the association between two of the most
widely studied SNPs (-11377C/G and +276G/T)
and adiponectin plasma levels in RHTN subjects.
Also, those genetic variations seem to affect
differently the circulating levels of adiponectin in
controlled and uncontrolled subgroups of RHTN.

Studies have suggested that minor allele of -
11377C/G SNP is associated with lower levels of
adiponectin in hypertensive and type 2 diabetic

: 10, 21
subjects '*

. Minor G allele was significantly
associated with higher odds of hypertension and
also those patients required greater number of anti-
hypertensive medication to control BP '°. The

mechanism of adiponectin levels variation lacks

complete explanation. The presence of the minor
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allele G has shown to destroy the binding site of
transcriptional stimulatory protein (SP1). Thus, the
presence of allele G of SNP —11377C/G in the

22
and

genome results in loss of SP1 binding
consequently influence adiponectin gene regulation
and expression. In addition, altering DNA-binding
promoter activity leads to lower basal and
inducible promoter ADIPOQ activity in mice 3T3-
L1 adipocytes =,.

Similarly with our findings, some studies
have revealed association between the presence of
minor allele of +276G/T SNP and increased
adiponectin levels in cardiovascular diseases such
as hypertension and coronary artery disease '* **.
Moreover, a reduction of coronary artery disease
risk was observed with recessive genetic model
(TT vs. GT+GG: Odds Ratio= 0.81, p=0.01) *.
However, there are conflicting results, mainly due
to differences in studied population and ethnicity

25, 26 .
. There is no data on

among the studies
functional study of this intronic SNP, although
transcription enhancers have been reported in
adiponectin gene introns >’. On the other hand, it
has been suggested that this SNP is in linkage
disequilibrium (LD) with other genetic variations,
such as ADIPOQ +45 T/G, not evaluated in our

study, which might explain the up-regulation of

adiponectin **. The +45T/G SNP may alter RNA

splicing or stability and thus expression of
adiponectin®.

The two studied SNPs seem to influence
adiponectin levels differently among controlled
and uncontrolled subgroups of RHTN. Although
we did not find differences in allele, genotype,
neither in haplotype frequencies, those findings
require special attention since recent studies raised
evidences that some features are different among
RHTN subgroups ***2. Therefore, those aspects
may have important implications because negative
findings in clinical studies may be due to the
inclusion of both controlled and uncontrolled
individuals, which can decrease the chance of
obtaining accurate associations between
polymorphisms and RHTN .

We found increased aldosterone levels in G
allele carriers compared to CC genotype subgroup
for -11377C/G SNP. It has been demonstrated that
detection of aldosterone excess (an increased level
of aldosterone without diagnosis of primary
hyperaldosteronism) is clinically important for
RHTN ** once aldosterone may be responsible for:
(i) the lack of BP control in RHTN and (ii) causing
maladaptive changes associated with
cardiovascular abnormalities °. Moreover, studies

have indicated that mineralocorticoid receptor

(MR) antagonism rises as a therapeutic strategy to
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downregulate proinflammatory adipokines *> *,

and particularly to increase the expression of
adiponectin *’. Recent findings have shown that
higher aldosterone and lower adiponectin levels
may play a role on mediating the resistance to
antihypertensive treatment "' Finally, both
polymorphisms were not associated with the other
clinical features frequently associated with RHTN
such as left ventricular hypertrophy (assessed by
echocardiography), arterial stiffness (pulse wave
velocity) and microalbuminuria (early marker of
renal damage). This absence of associations does
not necessarily indicate a lack of effect of ADIPOQ
polymorphisms. It is well known that hypertension
comprehends heritable characteristics and originate
from the interactions of multiple genes,
environmental factors and behavior **. This might
explain the lack of the aforementioned associations
in our resistant hypertension-based study.
Estimation of haplotypes has provided
greater statistical power to detect disease
susceptibility if they are directly responsible for the
phenotype variation; or if they are in much higher
LD with the functional polymorphism than
individual markers *°. However, we did not observe
significant ~ differences  between  haplotypes

subgroups formed by clustering the two

polymorphisms assessed in this current study. In

addition, studies have estimated that these two
SNPs are in weak pairwise LD with one another '*
0 which suggests that rs266729 and rs1501299
represent distinct association signals and thus,
adiponectin levels seem to be influenced by both
regulatory segments as an independent effect.

It should be mentioned some limitations.
Although the sample size examined in the present
work is smaller than those included in other large-
scale studies, the power calculation suggests that
our sample had sufficient power to detect the
primary outcome — adiponectin levels — with
genetic effects in RHTN. On the other hand, the
lack of association in the analyses of controlled and
uncontrolled subgroups may be attributed to low
statistical power to identify true association. A
study has demonstrated no significant sex
interaction  between  genetic  variants and
adiponectin level or hypertension '°. Although we
found difference on gender frequency — also on
race distribution — between genotype subgroups in
-11377C/G SNP, those findings did not affect our
results because we performed the multiple
regression analysis including gender and race as
potential confounding factors. Some studies have
reported that antihypertensive drugs interfering
with renin-angiotensin  system (angiotensin-

converting enzyme inhibitors and angiotensin
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receptor blockers) can improve adiponectin profile
in hypertensive individuals *" **. MR blockade
improves expression of adiponectin and reduces
expression of proinflammatory factors reversing
obesity-related changes *’. Although that, those
possible sources of interferences did not affect our
findings since genotype subgroups have similar
proportion of antihypertensive agents use.
Furthermore, RHTN subjects cannot be assessed
withdrawing the antihypertensive drugs due to
ethical concerns. Finally, as we could not control
dietary trends and physical activity levels, those
conditions may have influenced adiponectin levels.

In conclusion, this study supported the

significant role of ADIPOQ variations, -11377 C/G
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TABLES

Table 1. Allele, genotype and haplotype frequencies for -11377C/G (rs266729) and +276G/T (rs1501299)

ADIPOQ polymorphisms in total RHTN subjects and RHTN subgroups

RHTN CRHTN UCRHTN p-
(n=109) (n =37) (n =72) value
Allele frequencies
ADIPOQ -11377 0.71/0.29 0.65/0.35 0.74/0.26 0.38
(C/G)
ADIPOQ +276 0.67/0.33 0.69/0.31 0.65/0.35 0.67
(G/T)
Genotype frequencies
ADIPOQ-11377 0.51/0.39/0.10 0.40/0.49/0.11 0.57/0.33/0.10 0.24
(CC/CG/GG)
ADIPOQ+276 0.45/0.43/0.12 0.46/0.46/0.08 0.44/0.42/0.14 0.67
(GG/GT/TT)
Haplotype frequencies
ADIPOQ -11377, 4276 0.30/0.41/0.25/0.04 0.28/0.37/0.32/0.03 0.31/0.43/0.22/0.04 0.41
(CT/CG/GG/GT) (N=218) (N=74) (N=144)
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Table 2. General characteristics of resistant hypertensive subjects according to genotype subgroups (CC vs.

CG/GG) for ADIPOQ -11377C/G (rs266729)

CC G allele carriers p-value
(n=56) (n=53)

Clinical data
Age (years) 59+10 6011 0.46
Female gender, n (%) 33(59) 42 (79) 0.02
White race, n (%) 23 (41) 34 (64) 0.02
BMI (kg/m?) 316 3246 0.84
Blood Pressure, mmHg

office SBP 145 (134-158) 145 (128-160) 0.63

office DBP 83 (74-92) 82 (76-90) 0.62

office PP 60 (55-72) 59 (49-69) 0.44

ABPM SBP 132418 131£20 0.80

ABPM DBP 75 (69-90) 75 (69-82) 0.58

ABPM PP 52 (46-56) 52 (44-61) 0.76
LVMI (g/m?) 115432 114435 0.91
PWYV (m/s) 10.0+2.3 9.6£2.2 0.37
Biochemical data
Microalbuminuria (mg/g) 35457 25432 0.17
HbA1C (%) 6.4 (5.8-8.1) 6.4 (6.0-7.5) 0.61
Glucose (mg/mL) 100 (88-133) 110 (91-128) 0.70
Urea (mg/mL) 38+16 37+15 0.71
Creatinine (mg/mL) 0.9 (0.8-1.3) 0.9 (0.7-1.1) 0.21
Creat Clear (mL/min/1,73m?) 8332 85+31 0.82
Cholesterol (mg/mL) 200+46 199439 0.93
HDL-c (mg/mL) 44 (39-52) 45 (39-55) 0.60
LDL-c (mg/mL) 120+£39 117433 0.70
Triglycerides (mg/mL) 141 (95-185) 149 (104-217) 0.63
Aldosterone (pg/mL) 53.3(28.0-113.0) 87.7 (56.8-176.3) 0.03
Renin (pg/mL) 26 (11-48) 33 (17-42) 0.64
AntiHT drugs
Number of classes 4.3+1 4.5+1 0.42
Diuretics, n (%) 56 (100) 53 (100) 1
Spironolactone, n (%) 22 (39) 25 (47) 0.44
ACEIs, n (%) 19 (34) 23 (43) 0.33
ARBs, n (%) 29 (51) 27 (51) 1
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CCBs, n (%) 44 (79) 46 (87) 0.32
Beta-blockers, n (%) 33 (59) 38 (72) 0.23
Others, n (%) 10 (18) 06 (11) 0.42

Values are expressed as mean + standard deviation or median (1st, 3rd quartiles), according to data
distribution. BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure; PP: pulse
pressure; ABPM: ambulatory blood pressure monitoring; LVMI; left ventricular mass index; PWV: pulse
wave velocity; HbA1C: glycated hemoglobin; Creat Clear: creatinine clearance; LDL and HDL: low- and
high-density lipoproteins, respectively; antiHT: antihypertensive drugs; ACEIls: angiotensin-converting

enzyme inhibitors; ARBs: angiotensin receptor blockers; CCBs: calcium channel blockers.
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Table 3. General characteristics of resistant hypertensive subjects according to genotype subgroups (GG vs.

GT/TT) for ADIPOQ +276G/T (rs1501299)

GG T allele cariers p-value
(n=49) (n=60)

Clinical data
Age (years) 59+11 6010 0.64
Female gender, n (%) 32 (65%) 43 (72%) 0.54
White race, n (%) 28 (57%) 29 (48%) 0.44
BMI (kg/m?) 3146 3246 0.58
Blood Pressure, mmHg

office SBP 147423 147422 0,99

office DBP 82 (74-92) 83 (76-91) 0,76

office PP 60 (52-69) 60 (50-73) 0,88

ABPM SBP 131 (119-145) 125 (117-143) 0,28

ABPM DBP 77 (69-88) 74 (67-83) 0,39

ABPM PP 54 (46-60) 50 (45-58) 0,37
LVMI (g/m?) 109 (88-136) 109 (90-136) 0.85
PWV (m/s) 10.0£2.3 9.5+2.6 0.33
Biochemical data
Microalbuminuria (mg/g) 8.9 (6-31) 9.3 (6-34) 0.81
HbAIC (%) 6.4 (5.9-8.1) 6.5 (5.8-7.7) 0.59
Glucose (mg/mL) 108 (91-138) 106 (90-128) 0.57
Urea (mg/mL) 40+16 36x15 0.26
Creatinine (mg/mL) 1.0 (0.8-1.3) 0.9 (0.7-1.1) 0.07
Creat Clear (mL/min/1,73m?) 82433 90+39 0.37
Cholesterol (mg/mL) 203+48 197+38 0.52
HDL-¢ (mg/mL) 44 (37-52) 46 (40-57) 0.14
LDL-c¢ (mg/mL) 123441 115432 0.32
Triglycerides (mg/mL) 150 (116-191) 133 (78-226) 0.21
Aldosterone (pg/mL) 72 (38-127) 89 (38-155) 0.81
Renin (pg/mL) 35 (13-44) 31 (13-73) 0.82
AntiHT drugs
Number of classes 4.4+1 4.5+1 0.44
Diuretics, n (%) 49 (100) 60 (100) 1
Spironolactone, n (%) 21 (43) 25 (42) 1
ACEIs, n (%) 16 (33) 26 (43) 0.32
ARBs, n (%) 24 (49) 32 (53) 0.70
CCBs, n (%) 40 (82) 50 (83) 1
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Beta-blockers, n (%) 30 (61) 41 (68) 0.54
Others, n (%) 08 (16) 08 (13) 0.79

Values are expressed as mean + standard deviation or median (1st, 3rd quartiles), according to data
distribution. BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure; PP: pulse
pressure; ABPM: ambulatory blood pressure monitoring; LVMI; left ventricular mass index; PWV: pulse
wave velocity; HbA1C: glycated hemoglobin; Creat Clear: creatinine clearance; LDL and HDL: low- and
high-density lipoproteins, respectively; antiHT: antihypertensive drugs; ACEIs: angiotensin-converting

enzyme inhibitors; ARBs: angiotensin receptor blockers; CCBs: calcium channel blockers.

Capitulo I Pagina 61



Tabela 4. Multiple linear regression for log-transformed adiponectin levels in total RHTN

B SE p-value
Allele G carriers (rs266729) -0.14 0.07 0.03
ABPM SBP (mmHg) -0.003 0.002 0.13
BMI (kg/m2) -0.01 0.006 0.04
Age (anos) 0.01 0.003 0.02
Gender -0.12 0.07 0.08
Race -0.006 0.07 0.93
Type 2 Diabetes -0.03 0.07 0.64

BMI: body mass index; SBP: systolic blood pressure; ABPM
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Tabela 5. Multiple linear regression for log-transformed adiponectin levels in total RHTN

B SE p-value
Allele T carriers (rs1501299) 0.12 0.06 0.04
ABPM SBP (mmHg) -0.002 0.002 0.21
BMI (kg/m2) -0.01 0.006 0.01
Age (anos) 0.01 0.003 0.02
Gender -0.04 0.06 0.53
Race 0.03 0.06 0.64
Type 2 Diabetes -0.06 0.06 0.36

BMI: body mass index; SBP
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FIGURES

Figure 1. Plasma levels of adiponectin according to genotype subgroups (CC vs. CG/GG) for ADIPOQ -
11377C/G (1rs266729) in total RHTN subjects (7.0 (4.0-10.2) vs. 5.5 (2.5-7.9) ug/mL, respectively, p<0.05;
figure 1A) and subgroups CRHTN (5.6 (2.4-10.1) vs. 6.2 (2.9-9.6) ug/mL, respectively, p>0.05) and

UCRHTN (7.1 (4.4-10.7) vs. 5.1 (2.4-8.4) pg/mL, respectively, p<0.05), figure 1B.
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Figure 2. Plasma levels of adiponectin according to genotype subgroups (GG vs. GT/TT) for ADIPOQ
+276G/T (rs1501299) in total RHTN subjects (5.3 (2.3-7.7) vs. 7.1 (3.6-10.5) pg/mL, p=0.04; figure 1A) and
subgroups CRHTN (3.7 (1.7-7.5) vs. 7.2 (3.8-10.7) pg/mL, respectively, p<0.05) and UCRHTN (5.8 (3.5-7.9)

vs. 6.9 (2.7-10.3) ug/mL, respectively, p>0.05), figure 2B.
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Hypoadiponectinemia and aldosterone excess
are associated with lack of blood pressure control
in subjects with resistant hypertension
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Obesity, arterial stiffness and high aldosterone levels can interact to cause resistant hypertension {(RHTN}. Lower adiponectin
(APN} levels may be significantly associated with hypertension. However, the importance of hypoadiponectinemia as a
complicating factor in the lack of blood pressure (BP) control in individuals with RHTN has not been demonstrated. Ninety-six
RHTN patients were classified into uncontrolled (UCRHTN, n=44) and controlled (CRHTN, n=52} subgroups. Their APN and
aldosterone levels, office and ambulatory BP (ABPM) measurements, endothelium-dependent brachial artery responses (flow-
mediated dilation (FMD)), left ventricular mass index (LVMI} and pulse wave velocity (PWV) were evaluated. The UCRHTN
subgroup had increased aldosterone levels, as well as higher LVMI and PWY. In addition, lower APN levels and impaired FMD
response were found in this subgroup. The brachial and ABPM pulse pressures were inversely associated with the APN levels
(r= —-0.45, P=0.002; r= —0.33, P=0.03, respectively), as were the aldosterone levels and the PWV (r= —0.38, P=0.01;
r= —0.36, P=0.02, respectively} in UCRHTN patients. The PWV was only significantly influenced by the APN level in the
UCRHTN subgroup in the multivariate regression analysis. None of the correlations mentioned above were observed in the
CRHTN subgroup. Hypoadiponectinemia and high aldosterone levels may therefore be implicated in resistance to

antihypertensive therapy related to arterial stiffness.

Hyperfension Research (2013) 0, 000-C0C. doi:1C.1038/Mr.2013.52

Keywords: adiponecting aldosterone; arterial stiffness; obesity; resistant hypertension

INTRODUCTION

Resistant hypertension (RHIN} is a condition in which the blood
pressure (BP) remains above the target level {140/90 mm Hg) despite
the concurrent use of three or more antihypertensive drugs of
different classes. Ideally, one of these agents should be a diuretic,
and all agents should be prescribed at optimal doses.! This
revised definition includes a subgroup of resistant hypertensive
patients whose BP is controlled using four or more antihypertensive
medications; these patients are referred to as having controlled
RHTN (CRHTN}.! This designation may be useful for better
categorizing RHTN with regard to etiology and prognosis, but we
recently demonstrated that some important clinical and mechanistic
findings differ between CRHTN and uncontrolled RHTN (UCRHTN)
subjects.> In addition, emerging data suggest that obesity, arterial
stiffniess, cardiac hypertrophy, high plasma aldostercne levels and
endothelial dysfunction are not only associated with RHTN but may
also interact to have an important role in causing RHTN?#

Moreover, vascular stiffness, as assessed by the pulse wave velocity
(PWV), has been shown to be correlated with RHTN.?

Putative mechanisms of obesity-related hypertension include
increased sympathetic activity, hyperstimulation of the renin—
angiotensin—aldosterone system, impaired endothelial function and
reduced urinary sodium excretion.® These mechanisms underlie the
hypothesis that obesity and RHTN are linked to excess circulating
aldosterone, which has a significant role in the pathogenesis of
metabolic syndrome and RHTN 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. FPurthermore, the detection of
hyperaldosteronism is important not only to treat cardiometabolic
disease but also to indicate the state of ‘aldosterone excess, which is
an increased level of aldosterone without hyperaldosteronism.
Aldosterone excess has detrimental metabolic effects that contribute
to metabolic syndrome and endothelial dysfunction, as well as to the
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development of RHTN, cardiovascular disease and chronic kidney
disease.”

Adipose tissue is currently considered to be a large endocrine gland
that participates in the regulation of diverse biological functions.® The
communication between adipose tissue and other biological systems
is accomplished by the expression of a large number of bio-
active mediators that are collectively called adipokines® Adiponectin
(APN) is one of the most important adipokines. Previous evidence
suggests that lower plasma APN concentrations are significantly
associated with hypertension”'! however, the importance of
hypoadiponectinemia as a complicating factor for the lack of BP
control has not been evaluated in individuals with RHTN.

This study sought to determine the plasma APN levels and its
association with the lack of BP control in RHTN patients. The
associations between the APN levels and other clinical features
frequently associated with this condition were also evaluated.

METHODS

This cross-sectional study was approved by the Research Ethics Committee of
the Faculty of Medical Sciences, University of Campinas (Campinas, Brazil),
and all participants gave written informed consent form before enrolling in the

study (approval no. 222/2011).

Patient population

Ninety-six RHIN subjects regularly evaluated at the Qutpatient Resistant
Hypertension Clinic of the University of Campinas (Campinas, Brazil) who
complied with the pharmacological treatment regimen for RHIN were
recruited to participate in this observational study. Patients were classified in
two groups—the UCRHTN (n=44) and CRHTN (n=52) groups—and were
matched for age, sex and body mass index (BMI). The diagnosis of RHTN
requires a good office BP measurement technique and ambulatory BP
monitoring (ABPM) to confirm persistently elevated BP levels.! White coat
hypertension was excluded by ABPM.! Patients with pseudoresistance,
including a lack of BP control secondary to poor medication adherence, as
well as patients with secondary forms of hypertension, were properly identified
and excluded.!? All individuals were regularly assessed during the first 6
meonths for drug therapy optimization. ABPM was used not only to exclude
pseudoresistance to antihypertensive treatment but also as an auxiliary method
to characterize UCRHIN and CRHTN patients.

The exclusion criteria were the presence of type 1 and type 2 diabetes, acute
or moderate-severe renal or liver dysfunction, nencompliance with the
pharmacological treatment regimen, obesity (BMI 30 kgm~2), heart failure
(ejection fraction <<50%), valvular heart disease, cardiomyopathies, primary
hyperaldosteronism  (aldosterone—plasma renin activity ratie  [ARR)
>20ngdl~! per ngml~'h~!), 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), a clinical
history of corenary 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, con-
nective tissue disorders, neurological problems, malignancies, psychiatric
diseases, smoking, alcohol use and drug abuse.

Nonpharmacological therapies were optimized, including a salt-restricted
diet, which was menitored by measuring urinary sodium excretion (<100
mEq per 24 h).

Office BP measurements

BP was assessed at ~0800 hours. Each subjects BP (SBP—systolic BP;
DPBP- diastolic BP and PP—pulse pressure) was measured three times using a
digital sphygmemanometer (Omron HEM-711DLX, OMRON Healthcare,
Bannockburn, IL, USA) on the right upper arm in the sitting position after
a 10-minute rest.

Hypertension Research

Ambulatory BP monitoring

The 24-hour ABPM was taken using a Spacelabs 90217 ambulatory BP
monitor (Spacelabs, Redmond, WA, USA).!® Patlents were instructed to
perform nermal daily activities and to note their sleep period in a personal
diary.

Echocardiography

Measurements of the left ventricular (LV) dimensions were performed
according to the American Society of Echocardiography recommendations'
using two-dimensional targeted M-mode echocardiography. The diastolic LV
and systolic LV diameters, as well as the interventricular septal (IVS) and LV
posterior wall thicknesses at the end of diastole, were measured using the
features of the QRS wave assessed by electrocardiography. The LV mass index
(LYMI) was calculated by dividing the [V mass by the body surface area. The
echocardiographic measurements were evaluated by two-blinded independent
investigators using a cardiovascular ultrasound machine (Siemens Acuson
CV70, Munich, Bavaria, Germany) with a multifrequency sector transducer
(2-4 MHz). The intraobserver and interobserver Ok! coefficients of variation
were <55% for the diastolic LV diameter, systolic LV diameter,
interventricular septal and LV posterior wall thicknesses, and <9.5% for the
LVMI.

Endothelial function

Brachial artery dilation was measured using a linear vascular transducer
(7-12 MHz, Toshiba Powervision 6000, Tokyo, Japan) coupled with computer-
assisted analysis software and automated brachial analyzer software (Brachial
Analyzer, Medical Imaging Applications, Coralville, 14, USA). The endothe-
lium-dependent brachial artery responses (flow-mediated dilation, FMD) and
endothelium-independent brachial artery responses (glyceryl-trinitrate
mediated) were determined in accordance with current guidelines.!® All
studies were initiated at 0800 hours after overnight fasting, and the subjects
were placed in a supine position in a quiet, air-conditioned room (22-24°C).
Changes in the brachial artery diameter in both the endethelium-dependent
and endothelium-independent analyses were expressed as a percentage change
relative to the vessel diameter immediately before cuff inflation and drug
administration, respectively. The vascular function was assessed by only one
experienced blinded examiner, and there was no significant intraobserver
measurement variability.

Aortic PWV measurement

The aortic PWV was measured using the velocity method with the patients ina
supine position using a previously validated Complior SP system and software
(Artech-Medical, Paris, Frzmce).16 Waveforms were obtained transcutaneously
using the right commen carotid and femoral arteries simultaneously during a
minimum peried of 10-15s. The time delay (t) between the two waveforms
was measured, and the distance (D) covered by the waves was measured
directly between the femoral recording site and the suprasternal notch minus
the distance to the carotid recording site. The PWV was calculated as D (m)/t
(sec). Three consecutive readings were obtained, and the PWV is reported as
the mean. The values were corrected to account for the mean arterial pressure.

Laboratory assessment

Baseline blood samples for the measurement of the plasma aldosterone
concentration (PAC), plasma renin activity and plasma APN level were
collected at 0800hours after overnight fasting. During this time, the
volunteers rested in a supine position for 8, followed by 1h in an upright
position in an air-conditioned room (22-24 °C). The PAC and total plasma
APN levels were measured using enzyme-linked immunosorbent assays
(ELISA; DRG International, NJ, USA; and Quantikine Human total adipo-
nectin/Acrp30 Immunoassay DRP 300, R&D Systems, Minneapolis, MN,

USA, respectively) according to the manufacturer’s instructions. Plasma renin

activity radioimmunoassay was performed using standard technique (Mayo
Clinic Laborateries, Rochester, MN, USA). The inter-assay and intra-assay
coefficients of variance were <8.5% for the PAC ELISA kit and < 5.5% for
the APN ELISA kit.
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Statistical analysis

The data are expressed as the mean and and standard erron of the mean (s.e.m)
or median (Ist and 3rd quartiles). The normality of the distributions was
assessed using the Kolmogorov—Smirmov test. Significant differences between the
study groups were Identified using Student’s #test or the Mann-Whitney test for
independent samples and Fisher’s test for categprical variables. Pearsons or
Spearman’s correlation test was used for the correlation analyses. Multiple
regression analysis was used to predict the PWV from the age, aldosterone
concentration and APN level, and to predict the EMD from the aldosterone and
APN plasma level, with the aim of identifying the relative effects of these
variables on the FWVY and FMD. The level of significance accepted was 0.05.

RESULTS

Table 1 lists the general characteristics of the study groups. No
significant differences were observed between the UCRHTN and
CRHTN subgroups with respect to age, sex and BMI. The mean ages
of patients were 57+ 1.6 and 591 1.5 years in the UCRHTN (26
fermale/18 male} and CRHTN (35 female/17 male) groups, respec-
tively, and all patients were overweight (25.0<BMI<29.9). As
expected, higher office and ABPM §BPs and DBPs, as well as PPs,
were found in UCRHTN individuals. Although both subgroups had
LV hypertrophy, the LVMI was higher in the UCRHTN patients than
the CRHTN patients. In addition, the UCRHTN subgroup had higher
aortic PWV and more severe impairment in the FMD test than the
CRHTN subgroup. The NTG responses in the UCRHIN and
CRHTN subgroups were similar.

The biochemical test results did not show differences between the
UCRHTN and CRHTN subgroups except with respect to the PAC,
ARR and APN levels {Table 2}. The PAC and ARR levels were higher
and the APN levels were lower in UCRHTN than in CRHTN patients.

UCRHTN subjects were taking a mean of 4.9 classes of anti-
hypertensive drugs daily, and their drug distribution was diuretics
(10094}, spironolactone (31.8%4), B-blockers (52.394), angiotensin-
converting enzyme inhibitors (27.3%), angiotensin receptor blockers
(77.3%), calcium channel blockers (65.9%) and centrally acting
antihypertensive drugs (11.4%}. The CRHTN subgroup was taking
a mean of 4.5 drugs daily, with the prescribed medications being
diuretics (100%), spironolactone (23.1%}), B-blockers (46.2%}, angio-
tensin-converting enzyme inhibitors (32.7%), angiotensin receptor
blockers (34.6%), calcium channel blockers (28.8%) and centrally
acting antihypertensive drugs (3.8%).

Correlation analysis for the UCRHTN subjects indicated that the
plasma APN levels were inversely associated with the aldosterone
concentration and the PWV (r= —0.38, P=0.01; and r= —0.36,
P=0.02, respectively} (Figure 1}. Furthermore, the plasma APN
levels were inversely correlated with the office (Figure 2a) and
ABPM SBPs (r= —0.33, P=0.03; and r= —0.42, P=0.01, respec-
tively), as well as the brachial (Figure 2b} and ABPM PPs
(r= —0.45, P=0.002; and r= —0.33, P=0.03, respectively) in
UCRHTN patients. However, the plasma APN levels were not
associated with the office (Figure 2¢) and ABPM DBPs, the LVMI,
the FMD or the ARR in the same group. The aldosterone
concentrations were correlated with the PWV (r=0.43;
P=0.003) in uncontrolled patients but not in the controlled
patients. Multivariate linear regression analysis showed that the
PWV was only significantly influenced by the APN level in
UCRHTN patients (Table 3}. The APN and aldosterone levels did
not influence the FMD test results in the same subgroup (data not
shown). Finally, the plasma APN levels were not correlated with any
parameter in CRHTN subjects, in contrast to the findings for the
UCRHTN subgroup.
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Table 1 General characteristics of the RHTN subgroups

UCRHTN (n= 44) CRHTN (n = 52} Pvalue
Gender (F/M) 26/18 3517 0.52
Age (years) 5716 59+1.5 0.20
BMI {kgm 2) 27.9+02 282+01 0.40
Cffice SBP (mmHg) 157.8(143.1, 169.1) 1329 {1256.0, 137.4) <0.0001
Office DBP (mmHg)  $4.3 (92,9, 1002) 793 (74.1,841)  <0.0001
Office PP (mmHg)  59.7 (57.7, 69.1) 54.8(52.4, 58.&)  <0.0001
ABPM SBP {(mmHg) 136.5(135.0, 139.0) 119.0(111.3, 1268) <0.0001
AEPM DBP mmHg)  85.0 (83,0, 88.8) 70.0(64.3, 75.0)  <0.0001
AEPM PP (mmHgl  52.0 (50,0, 54.0) 49.0 (42,3, 54.0)  <0.001
WMl (gm 2) 1422460 1229+43 0.02
FMD (%) 6.6 (6.3,7.0) 7368, 7.8 <0.01
NTG (%) 225+1.0 235+1.3 0.61
YWY tm/s) 120£0.3 92402 «0.0001

Abbreviations: ABPM, ambulatory blood pressure monitoring measurements; BM I, body mass
index; CRHTM, controlled resistant hypertension sub groups DBP, diastolic blood prassurs; Fy
female; FMD, flow-mediated dilation; LYMI, left ventricular mass index; M, male; NTG,
nitroglycering PP, pulse pressure; PWV, pulse wave welocity; SBF, systolic blood pressure;
UCRHTM, uncontrolled resistant hypertension sub group.

Values are expressed a3 meens+ s.e.m. or median (18, Srd quartiles).

Table 2 Biochemical parameters of RHTN subgroups

UCRHTN in=44) CRHTN (n=252) P-value

Glucose tmgdl b 997+1.4 98.8+15 0.88
Chalesteral (mgdl 1) 1833148 1892143 0.35
HDL-c (mgdl 1) 47109 478+1.1 072
LDL<c (mgdl b 117.8+35 1133+37 0.33
Triglhycerides (mgdl 1 144 2+10.9 1398+6.8 0.29
Creatinine {mgd| 1) 0.97+0.03 0.94+0.03 0.38
Creatinine clearance 986118 1001+1.7 0.21
{ml per min per 1.73m?)

Urea fmgdl 1 3B2+15 37.8+13 0.39
Microalbuminuria (mgg 1) 43.4+4.38 308+7.9 0.14
Sodium (mEq | 1) 141.0+0.3 1408+0.3 076
Potassium (mEql 1) 4.2t0.06 43£0.06 0.17
Urinary sodium excretion 98 7+1.4 9h7+27 071
PRA (ngml 1h1) 37+03 43+£03 0.19
PAC fngdl 1) 126+£1.4 89£08 0.0z
ARR (ngdl ! perngml 'h 1) 4812 27£03 0.04
APN (ugml 1) 69+0.7 95+0.8 0.01

Abbreviations: APN, plasma adiponectin level; ARR, aldosterane—renin ratio; CRHTN, contralled
resistant hypertension sub groups HOL, high-density lipoproteing LDL, low-d ensity lipoproteing
PAC, plasma aldosterone concentration; PRA, plasma renin activity; RHTN, resistant
hypertension; UCRHTN, uncontrolled resistant hypertension sub group.

Walues are expressed as meanst s.e.m.

DISCUSSION

To the best of our knowledge, this is the first study to analyze the
plasma APN levels in RHTN patients. We found that a lower plasma
APN level, a higher PAC, increased vascular stiffness and LV
hypertrophy, and greater impairment of endothelial function are
characteristics that distinguish patients with UCRHTN from those
with CRHTN. Taken together, these results, except the APN levels,
support the results of previous studies using RHTN subgroups??
Poorly controlled hypertension undoubtedly leads to progressive
vascular and heart demage’ In addition, the APN levels were
inversely associated with the PWV, PAC and office and ABPM
pulse, and SBPs in the UCRHTN subgroup but not in the CRHTN
subgroup. Finally, the APN level was predictor of the PWV in patients

w

Hypertension Research

Pégina 70



Hypsadiponectinemia in resistant hyperension
APC de Faria st af

IS

a 40+
.
ed o+ s,
) el . et
=] L]
2 20 = * .
o . .
= e $
104 **ee o =
& . N '-. o &
. .o be ®
B .
0 T T T 1
0 5 10 16 20
APN (pg/mL)

b 20-
o
.
‘D .'
§
54
0 5 10 15 20
APN (ug/mL)

Figure 1 Correlations between the plasma APN level and the PAC {r— —0.38; P— 0.01)} {a}; and between the plasma APN level and the PWV {r— —0.36;

P—0.02 {b) in UCRHTN patients.
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Figure 2 Correlations between the plasma APN level and the office SBP {r— —0.33;, P—0.03) {a}; office PP {r— —0.45; P—0.002} {b}; and office DBP

{r— —0.05, P—0.73} {c} in UCRHTN patients.

Table 3 Multivariate linear regression analysis of PWV with age,
aldosterone and adiponectin in UCRHTN subgroup

B SE Pvalua
APN (ugml 018 0.06 0.01
PAC fngdl 1) 0.01 0.03 0,67
Age fyears) 0.02 0.02 0,45

Abbreviations APN, plasma adiponectin level; PAC, plasma aldosterone concentration; PWY
pulse wave velocity; UCRHTN, uncontrollad resistant hypertension subgroup.
RE—0.20; edjusted R% —0.14; p, beta cosfficient.

with UCRHTN. These findings suggest that there are several
important differences in pathophysiolegy that may underlie the
development of RHTN with respect to subgroups.

Hypoadiponectinemia can be related to hypertension via multiple
mechanisms, such as insulin resistance, sympathetic activation,
increased circulating fatty acid levels, impaired endothelium-depen-
dent vasodilation and vascular inflammation.!? In turn, we showed
that the APN level was inversely correlated with the office SBP and
PPs in UCRHTN patients but not with the office diastolic pressure. In
addition, the APN level was inversely associated with the systolic and
pulse ABPM pressures. The observed correlations between the APN
level and the SBP and PP can be explained by the fact that both BP
components increase in response to increases in vascular resistance
and large-artery stiffness. Therefore, cardiovascular risk may be more
closely related to the pulsatile stress caused by large-artery stiffness
during systole than to the steady-state stress due to small-vessel
resistance during diastole.!”!®

Our results revealed a significant inverse relationship between the
APN levels and the PWV in UCRHTN subjects. Recent studies
confirm that the APN level is inversely associated with arterial
stiffness in hypertensive patients.'**" Different mechanisms have
been suggested to explain this association. APN may stimulate the
activity of endothelial nitric oxide synthase,>" and also it is associated
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with reduced vascular smooth muscle cell proliferation® APN
inhibits almost all pathological conditions involved in vascular
disease and exerts its multiple pleiotropic effects by its direct
actions on several vascular cell types.??

We found that the APN level was not associated with vascular
function or the IVMI Previous studies have found that hypoadi-
ponectinemia was associated with impaired endothelium-dependent
vasorelaxation** In addition, the APN level was found to be inversely
correlated with the IVMI in a cross-sectional study?® We
hypothesized that the plasma APN level may be associated with
endothelial dysfunction and LV hypertrophy in the early stages of
hypertension. Endothelizl dysfunction should be considered to be
restricted to the early phase in the pathogenesis of cardiovascular
disease. Moreover, several studies have established an effect of
endothelizl dysfunction on arterial stiffening, and the reduced
bicavailability of nitric oxide impairs vascular smooth muscle
relaxation, causing progressive arterial stiffening®® The APN level
might be helpful as a marker of endothelial dysfunction and might be
useful in assessing the early stages of atherosclerosis** Conversely, the
correlation between endothelial function and arterial stiffness might
be reduced in advanced stages of hypertension, as observed in the
RHTN group.”” This pattern may explain the poor correlation
between the APN level and the brachial FMD in both the
UCRHTN and CRHTN subgroups (Figure 3).

Accumulating evidence indicates that increased levels of aldoster-
one are related to the pathogenesis of RHI'N in obese individuals and
mediate several maladaptive changes” The PAC and BP both fall
when patients successfully lose weight?® The APN level was inversely
associated with the aldosterone concentration, which in turn was
positively associated with arterial stiffness. Similarly, higher leptin
levels have been shown to be associated with increased aldosterone
and BP levels in UCRHTN patients when compared with CRHTN
and well-controlled hypertensive patients>® Li et al** demonstrated
that aldosterone decreases APN expression in adipocytes, and this
effect may be one of the primary mechanisms by which aldosterone is
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Figure 3 Progression from the early to severe stages of hypertension and
difficult-to-control high BP levels are characterized by increased arterial
rigidity and impaired endothelial function. Therefore, the correlation
betwaan endothalial dysfunction and arterial rigidity might be reduced or
avan absent in the advanced stages of hypertension {NT, normotensive
patients; HTN, hypertensive patients; RHTN, resistant hypertensive
patients).

related to metabolic and cardiovascular disorders. High aldosterone
concentration results in the dysregulation of proinflammatory
cytokines and the APN mRNA levels in adipocytes through the
activation of mineralocorticoid receptors.’! With respect to arterial
stifiness, aldosterone promotes collagen deposition, enhancing
vascular remodeling and impairing arterial elasticity.”

‘Weight loss is one possible way to increase the plasma APN level,
and significant reductions in the body weight due to important
lifestyle changes (almost 14% reduction in the BMIY® modify
circulating the APN level

The management of RHTN should include nonpharmacelogical
approaches aimed to reduce the amount of adipose tissue by rigorous
lifestyle changes; the early administration of intensive pharmaco-
logical therapies, primarily those targeting the renin—angiotensin—
aldosterone system and mineralocorticoid receptors; and the optimi-
zation of the treatments of RHTN-related disorders, such as diabetes
and dyslipidemia.

The main limitation of this study was the small number of
UCRHTN and CRHTN patients enrolled. This study did not evaluate
the identity of the multimeric APN species present in the circula-
tion,™ and further research is needed to determine whether any
specific multimeric species is more closely associated with the
variables assessed in this study. The 24-hour urinary aldosterone
excretion rate test was not performed, although this assay could help
to assess patients with changes in aldosterone physiclogy. As
previously reported in Fasshauer et al,’® the APN levels were higher
in women than in men (data not shown). For this reason, the
UCRHTN and CRHIN groups were carefully sex-matched in this
study to eliminate the effects of this bias. Some pharmacological
aspects of our results should be taken imto account. Although
antihypertensive drugs can influence the APN level %7 these
possible sources of interferences did not affect our findings. The
UCRHTN subjects had reduced APN levels even though they used a
greater number of antihypertensive agents. Furthermore, the lack of
standard antihypertensive therapy was because of the use of
individualized care. Resistant hypertensive subjects could not be
assessed withdrawing the antihypertensive drugs—and trying to
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exclude the influence of these medications on the adipomnectin
levels—due to ethical concerns.

Because this study was cross-sectional, causal inferences cannot be
made. However, our findings support a possible link between
hypoadiponectinemia and vascular disease in RHTN condition.

In summary, we demonstrated that the PP, PAC and PWYV were
inversely associated with the plasma APN level only in UCRHTN
patients. In addition to the involvement of a higher BP and PAC,
lower APN levels and increased arterial stiffness can contribute to the
greater resistance to antihypertensive treatment in the uncontrolled
group and expose this group to increased cardiovascular risk. These
outcomes have important implications for preventing and treating
RHTN, with an intensive approach to lifestyle changes being
important. The findings of the current study need to be confirmed
in prospective clinical assessments using a larger RHTN population.
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6 CONCLUSOES



Os SNPs -11377C/G (1s266729) e +276G>T (rs1501299) foram associados aos niveis plasmaticos

de adiponectina total em pacientes com HAR;

Os dois SNPs parecem influenciar diferentemente os niveis de adiponectina nos subgrupos HARC e
HARNC. No entanto, ndo houve diferencas nas frequéncias genotipicas, alélicas e haplotipicas

entre os subgrupos;

Por fim, os portadores do alelo menos frequente nos dois polimorfismos genéticos estudados foram
preditores independentes para os niveis de adiponectina, sugerindo a participacdo dessa

adipocitocina na resisténcia a terapia anti-hipertensiva.
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