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RESUMO

Considerando a forte associagao entre a atividade do sistema nervoso autbnomo,
a obesidade e a resisténcia insulinica na hipertensao arterial resistente (HAR),
esta pesquisa teve a finalidade de identificar a associagdo entre a fungdo do
sistema nervoso autonémico e importantes horménios relacionados a sindrome
cardiometabdlica como adiponectina, leptina e aldosterona. Vinte e cinco
pacientes portadores de hipertensado arterial resistente foram divididos em dois
grupos: com (DM2) e sem diabetes mellitus tipo 2 (NDM2). Ambos 0s grupos
foram avaliados em relagdo a variabilidade da frequéncia cardiaca (VFC) pelo
sistema Holter de 24 horas, nos dominios do tempo e da frequéncia, e aos
hormdnios plasmaticos adiponectina, leptina e aldosterona. A analise dos
resultados demonstrou maior disfungdo autondémica e hipoadiponectinemia no
subgrupo DM2 em relagéo ao subgrupo NDM2, correlagao positiva entre VFC no
dominio do tempo e a adiponectina no total de pacientes, ruptura do ritmo
circadiano de ambos os grupos (tdnus simpatico aumentado no periodo noturno e
diminuido no periodo diurno; tdnus parassimpatico aumentado no periodo diurno e
diminuido no periodo noturno) e correlagdo positiva entre a banda de baixa de
frequéncia em unidades normalizadas (LFnu) e aldosterona, e correlagdo negativa
entre a banda de alta frequéncia em unidades normalizadas (HFnu) e aldosterona
no total de pacientes e em ambos os grupos. O grupo DM2 obteve maiores
valores de leptina e indice de massa corporal. Entretanto, ndo houve correlagéo
entre a VFC e leptina em ambos os grupos. Desta forma, identificou-se ruptura do
ritmo circadiano e a associagao entre o balango autondmico e os niveis de

adiponectina e aldosterona plasmatica na HAR com e sem diabetes tipo 2.

Palavras-chave: variabilidade da frequéncia cardiaca, aldosterona, adiponectina,
leptina, hipertensdo arterial resistente, sistema nervoso simpatico, sistema

nervoso parassimpatico, ritmo circadiano.



ABSTRACT

Considering the strong association between the autonomic nervous system
activity, obesity and insulin resistance in resistant hypertension (RH), this research
aimed to identify the association of the autonomic nervous system function and
important hormones related to the cardiometabolic syndrome such as adiponectin,
leptin and aldosterone. Twenty five RH patients were divided into two groups: with
(T2D) and without type-2 diabetes (NT2D). Both groups were evaluated regarding
the heart rate variability (HRV) by the Holter system in 24 hours, in time and
frequency domains, and the plasma hormones adiponectin, leptin and aldosterone.
The analysis of the results demonstrated greater autonomic dysfunction and
hypoadiponectinemia in T2D subgroup compared to the NT2D subgroup, positive
correlation between HRV in time domain and adiponectin in all patients, circadian
disruption in both groups (increased sympathetic drive during nighttime and
decreased during daytime; increased parasympathetic drive during daytime and
decreased during nighttime) and positive correlation between the low frequency
band in normalized units (LFnu) and aldosterone, and negative correlation between
the high frequency band in normalized units (HFnu) and aldosterone in all patients
and both subgroups. The T2D subgroup had higher levels of leptin and body mass
index. However, there was no correlation between HRV and leptin in both groups.
Thereby, it was found circadian disruption and the relationship between autonomic
balance and plasma adiponectin and aldosterone in RH with or without type 2

diabetes.

Key words: heart rate variability, aldosterone, adiponectin, leptin, resistant
hypertension, sympathetic nervous system, parasympathetic nervous system,

circadian rhythm.
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1.1 Aspectos preliminares

O conceito de que a origem da hipertensdo essencial depende
grandemente das alteracbes da homeostase do controle adrenérgico da pressao
arterial foi desenvolvido ha algumas décadas e recebeu continuamente evidéncias

robustas de estudos experimentais e clinicos (1.2)

Nos ultimos anos, novas descobertas em relagdo ao papel do sistema
nervoso simpatico (SNS) na fisiopatologia da hipertensdo arterial foram feitas.
Entre elas, incluem-se a ativacdo simpatica no desenvolvimento da hipertensao
arterial (HTN) ndo apenas nos estagios iniciais da doengca, mas na sua
manutengdo e agravamento com o surgimento de ledes de 6rgao-alvo tais como
hipertrofia ventricular esquerda, disfuncdo diastdlica do ventriculo esquerdo e

enrijecimento e remodelamento arteriolares @),

Adicionalmente, foram descobertas fortes associacdes entre o SNS, as
alteragdes hemodinamicas (aumento da resisténcia vascular periférica, diminuigao
da distensibilidade arterial e reducdo da perfusdo tecidual) e metabdlicas
(resisténcia insulinica, obesidade e dislipidemia), frequentemente encontradas no

paciente hipertenso &),

Logo, diante do acumulo de evidéncias do comportamento da atividade
simpatica na doenca hipertensiva associada a varias outras condicbes morbidas
como insuficiéncia cardiaca, obesidade e sindrome metabdlica, o conceito de

“reforco neuroadrenérgico” surgiu na literatura cientifica "" 2. Este conceito visa

Introdugao
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demonstrar que a hiperativacdo simpatica prepondera na doenga hipertensiva com

complicacdes clinicas 2.

Diante da forte associagao entre a atividade do sistema nervoso auténomo
(SNA), a obesidade e a resisténcia insulinica na hipertensao resistente (HAR), os
estudos que se seguem como capitulos desta tese de doutorado (modelo
alternativo) visam a identificagdo da associagdo entre a atividade do sistema
nervoso simpatico e importantes hormdnios relacionados a sindrome

cardiometabdlica como adiponectina, leptina e aldosterona.

1.2 A hipertensao arterial resistente e o sistema nervoso autbnomo

A hipertensdo resistente (HAR) é uma doenga hipertensiva com
complicacdes clinicas em que se figura o “reforco neuroadrenérgico” * '°). 0O
diagnostico de HAR pode ser estabelecido pela pressdo arterial que permanece
acima das metas apesar do uso concomitante de trés agentes anti-hipertensivos
de diferentes classes farmacoldgicas. |dealmente, um destes trés agentes deve
ser um diurético e todos os farmacos devem estar com suas doses plenas.
Ademais, o diagnéstico de HAR também é estendido aos pacientes cuja pressao
arterial foi controlada com quatro ou mais medicagoes .

De acordo com as diretrizes da American Heart Association para HAR (4,

baseando-se em dados demograficos e resultados dos estudos de Framingham e

ALLHAT, os maiores preditores de auséncia de controle pressorico sao a idade

Introdugao
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avangada, pressao arterial demasiadamente elevada na avaliagéo inicial,
obesidade, excesso de ingestdo de sddio, diabetes mellitus (DM) e doenga renal
cronica (DRC). O envelhecimento e sua interface com a ativagao do SNS estao

bem documentados (1620

. Varios estudos demonstraram que toda a atividade
nervosa simpatica esta aumentada com o envelhecimento e alguns indices de
atividade simpatica, especialmente a atividade simpatica muscular, estdo mais

relacionadas a press3o arterial nas idades avancadas (62"

Além do envelhecimento, obesidade, excesso de aldosterona, DM e
apneia obstrutiva do sono (AOS) cobrem uma grande area do mosaico de

(14.22) Em coortes com

caracteristicas dos pacientes hipertensos resistentes
pacientes com HAR, a média do indice de massa corporal (IMC) foi maior do que
32 km/m?, a prevaléncia de hiperaldosteronismo foi de aproximadamente 20% e os
casos de AOS diagnosticados ou suspeitos foram de alta prevaléncia @3 2%,
Ademais, entre os pacientes com HAR, o hiperaldosteronismo foi mais prevalente
nos pacientes com diagnostico de AOS confirmado do que nos pacientes com
baixo risco desta comorbidade. Os dados existentes suportam que a AOS, o

excesso de aldosterona e a obesidade sdo comorbidades frequentes nos

pacientes hipertensos resistentes e influenciam a atividade simpatica (Figura 1).

Com relagdo a importancia da resisténcia insulinica na HAR, estudos
clinicos tém indicado que o controle adequado da pressao arterial em hipertensos
diabéticos é obtido com a variagcdo média de 2,8 a 4,2 farmacos anti-hipertensivos

prescritos @5 A intensidade com que a resisténcia insulinica diretamente contribui

Introdugao
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para o desenvolvimento da HTN ou se simplesmente esta associada a ela ainda
nao esta completamente determinada (14) Os efeitos fisiopatoldgicos atribuidos a
resisténcia insulinica que podem contribuir para a piora da HTN incluem o
aumento da atividade simpatica, a proliferagdo das células musculares lisas dos

vasos e o aumento da retencéo de sodio (.

O progndstico dos pacientes com HAR comparado aos pacientes com
HTN de mais facil controle nido foi avaliado profundamente até o momento.
Presumivelmente, o progndéstico € menos favoravel, visto que estes pacientes
possuem um histérico prolongado de HTN nao controlada somada a outros fatores
de risco cardiovascular como diabetes, AOS, hipertrofia do ventriculo esquerdo e
doenga renal crénica. O grau de redugdo dos riscos cardiovasculares ao

tratamento da HAR também é desconhecido .

A estratégia terapéutica na HAR visa ao bloqueio de todos os mecanismos
possiveis para a elevacao da pressao arterial. A terapia combinada com diurético
permanece como “pedra angular’ do tratamento atual 22) Ademais, ha consenso
de que o tratamento da HAR necessitara da administracdo de trés ou mais

farmacos 9.

Estudos clinicos tém sugerido que a adicdo de espironolactona ou
eplerenone aos regimes terapéuticos de pacientes hipertensos resistentes

(14.26.27) Também ¢ digno de nota

proporciona redugdes pressoricas significativas
que as redugdes pressoricas foram similares em pacientes com e sem

hiperaldosteronismo primario e que nao foram preditas pelos niveis basais

Introdugao
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plasmaticos ou urinarios (24 horas) da aldosterona, atividade plasmatica de renina

ou relacéo aldosterona: renina %)

Com relagao as opcoes terapéuticas para a hiperatividade do SNS, além
do bloqueio periférico dos receptores adrenérgicos com o uso de alfa e beta-
bloqueadores, faz-se necessario mencionar as emergentes evidéncias da
atividade simpato-inibitéria dos antagonistas dos receptores de angiotensina

(ARA) e mineralocorticéide 3.

Agentes de acao central sdo efetivos como anti-hipertensivos na HAR,
mas possuem alta incidéncia de eventos adversos e falta de evidéncias de
desfecho cardiovascular primario (14)Entretanto, resultados promissores tém sido
alcancados com recentes estudos intervencionistas de inibicdo simpatica através

(32)

da ativagdo de barorreceptores carotideos com estimulos elétricos e

desnervagao simpatica renal seletiva 2.

Introdugao
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HIPERTENSAO
RESISTENTE

Figura 1: Fisiopatologia da HAR relacionada a hiperatividade simpatica (Modificado de Tsioufis,
Kordalis et al.) 2, Condigbes como AOS, obesidade e excesso de aldosterona séo fatores
desencadeantes de inflamacgéo, resisténcia insulinica e disfungdo endotelial. Como conseqiéncia,
ha hiperativagdo do SNS e sistema renina-angiotensina-aldosterona (SRAA) que possuem, por
suas vezes, a propriedade de hiperativacao reciproca podendo incorrer em HAR.

1.3 A avaliagao do sistema nervoso autonomo em pacientes hipertensos

Os métodos clinicos para avaliagdo regional da funcdo do SNS em
pacientes hipertensos séo trés: a eletrofisiologia (utilizando-se a microneurografia),
a neuroquimica [utilizando-se a dosagem da diluicdo plasmatica de is6topos de

noradrenalina (NA) em veias de 6rgaos especificos como o coragédo e o rim] e a

Introdugdo
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utiizacdo da eletrocardiografia ambulatorial, como o sistema Holter, para

avaliacdo da variabilidade da freqiiéncia cardiaca ? (Figura 2).

A microneurografia € uma técnica que permite o estudo dos disparos
nervosos em fibras simpaticas subcutaneas distribuidas na pele e no musculo
esquelético. A técnica envolve a insercdo de eletrodos de tungsténio
posicionando-os sobre as fibras simpaticas, mais comumente, os nervos fibular ou
mediano. Registros na forma de bursts da atividade nervosa autondmica,

sincronizados com os batimentos cardiacos, sdo gerados (34),

A dosagem das taxas de NA liberada pode ser avaliada clinicamente
utilizando-se medidas radioisotopicas de noradrenalina plasmatica nos 6rgaos dos
individuos. Como os métodos microneurograficos sao incapazes de avaliarem a
atividade dos nervos simpaticos dos 6rgaos internos, a dosagem de NA organica
regional pode ser utilizada. Através da infusdo de NA tritiada e as dosagens locais
do plasma do seio coronario e das veias renais, € possivel estimar o grau de

liberacdo do neurotransmissor no coracéo e nos rins 37,

Embora a investigagao clinica tenha aumentado o nosso conhecimento
sobre a funcédo do SNS e seu envolvimento na fisiopatologia de varias doencas
cardiovasculares, incluindo a HTN, ndo ha nenhuma recomendacdo para a
estimativa da atividade adrenérgica na HAR. Apesar das avaliagdes da fungao
adrenérgica feitas com a microneurografia da atividade simpatica muscular e as
medidas de NA plasmatica em o6rgaos especificos terem sido realizadas em

estudos clinicos, nenhuma técnica pode ser classificada como “padrao ouro” e as

Introdugao
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metodologias descritas acima sdo basicamente utilizadas como ferramentas de
investigacao clinica para estudos cientificos 8 A freqUéncia cardiaca em repouso
e ao estimulo sao reguladas ndo apenas pelo sistema nervoso simpatico, mas
pelo sistema nervoso parassimpatico (SNP), que é também dependente dos
receptores cardiacos adrenérgicos. Ademais, a frequéncia cardiaca em repouso
na posi¢cao supina denota limitada correlagdo com outros indices da atividade

r 39 Com relagao

simpatica como a NA plasmatica e atividade simpatica muscula
a excrecao urinaria de catecolaminas em 24 horas, a inabilidade de avaliagao
dindmica da atividade do SNS e a dificuldade de se determinar se a origem das
catecolaminas é sistémica ou renal sdo dignas de nota “9) Especificamente com
relacdo aos niveis de NA plasmatica, constituem-se limitacbes substancias a
andlise e interpretacdo dos dados a sua baixa reprodutibilidade, baixa
sensibilidade e a incapacidade de discriminacdo se os niveis de NA sao
decorrentes do aumento da secregao ou diminuigdo do clearance dos niveis

elevados de neurotransmissores circulantes ©& 4",

A analise do poder espectral da frequéncia cardiaca € comumente
aplicada como alternativa nao-invasiva do estudo da atividade simpatica do
coracdo “* ). A variabilidade da freqiiéncia cardiaca (VFC) pode ser usada para
avaliacdo dos disturbios autondémicos, doengas e mortalidade geral “4) As
medidas da VFC nos dominios do tempo e da frequéncia tém sido utilizadas com

sucesso para avaliagdo do ténus simpatico e parassimpatico “®

. Embora haja
ainda diferencas nos valores de referéncia da VFC em diversos estudos, ha

consenso de que menores valores destes indices referentes a fungao vagal estao

Introdugao
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associados, prospectivamente, a morte e

incapacidade

“46) A atividade

parassimpatica e a VFC estdo associadas a disfungéo imunologica e inflamagéo

by

que estdo, direta ou indiretamente, relacionadas a grande gama de doencgas

cardiovasculares e a diabetes “7-49),

Cadeia
simpatica

 EEEEEEEEENE
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Dosagem de NA
plasmatica cardiaca

Variabilidade du FC
Holter-24horas

Dosagem de NA
plasmatica renal

Microncurografia
muscular

Figura 2: Métodos para avaliagao da atividade simpatica em pacientes hipertensos (Modificado de
Esler) @ A dosagem plasmatica de noradrenalina em 6rgdos como o coragdo e rim, a
microneurografia do nervo fibular e a analise da variabilidade da freqiéncia cardiaca pela
eletrocardiografia ambulatorial (Sistema Holter) sdo métodos utilizados para avaliagdo do sistema

nervoso simpatico em pacientes hipertensos.
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1.3 O ritmo circadiano e o cosmo

A atividade do sistema nervoso autbnomo n&o se encontra, porém,
dissociada do meio ambiente “®.. A harmonia entre o cosmo e a vida no planeta
Terra demanda a existéncia de um reldgio biolégico sincronizado com os ciclos
regulares de nosso planeta no Sistema Solar “9. O reldgio biolégico localizado
essencialmente no sistema nervoso central no nucleo hipotalamico
supraquiasmatico integra-se, por mecanismos ainda n&do bem compreendidos,
com o relégio biolégico de cada célula periférica de todo o organismo ©%. Esta
adequacao néo é exclusiva dos seres humanos e o comportamento do relégio
biolégico de roedores, insetos, plantas, algas, fungos e até mesmo bactérias

também esta programado para ciclos de 24 horas ©'°®),

A fisiologia cardiovascular e a homeostase do organismo estédo
relacionadas ao ritmo circadiano em ciclos endoégenos com duragdo de
aproximadamente 24 horas ©°, adaptando-se perfeitamente & média do dia solar
€9 A freqiiéncia cardiaca, pressdo arterial, funcdo endotelial e a secregdo de

horménios relacionados ao metabolismo glicidico e lipidico demonstram variagdes

durante o dia ©",

Entretanto, o estilo de vida ocidental tem sido modificado intensamente
nas ultimas décadas levando os seres humanos a ruptura do ritmo circadiano por
trés comportamentos preocupantes: a hiperalimentacdo, principalmente com

alimentos gordurosos, o sedentarismo e o encurtamento do periodo de sono,
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principalmente pela disponibilidade de Iluz artificial e a necessidade de

agendamento de atividades laborais e recreativas durante o periodo noturno ©?.

Esses comportamentos sao influenciadores epigenéticos conhecidos
como zeitgebers -“guardadores do tempo” — que tém a propriedade de promover o
reset dos relogios bioldgicos podendo levar a dessincronizagao do ritmo circadiano

que é conhecida como “ruptura do ritmo circadiano” ®® (Figura 3).

“ZEITGEBERS”
(guardadores do tempo)
(s N

%  RELOGIO
= 2 4} BIOLOGICO
Luz artificial 39 CENTRAL
', Niicleo
! Supraquiasmatico
.1
— SIST.NERV. AUTONOMICO v
Alimentos SISTEMA ENDOCRINO
gordurosos l
Atividade fisica FUNCAO
\_ ) CIRCADIANA

(genes temporizadores)

Figura 3: A ruptura do ritmo circadiano (Modificado de Maury, Ramsey et al.) ©9 Fatores

conhecidos como zeitgebers (luz artificial, alimentos gordurosos e atividade fisica) influenciam o
relégio biolégico central localizado no nucleo supraquiasmatico do hipotalamo reprogramando-o
(reset) para a fungéo diurna. As células periféricas também possuem um relégio biolégico que se
harmoniza com o relogio bioldgico central. Quando n&o ha harmonizagédo entre os relégios
biolégicos (central e periférico), ha ruptura do ritmo circadiano.

Introdugdo

-23-



1.4 A ruptura do ritmo circadiano e suas consequéncias fisiopatolégicas

A ruptura do ritmo circadiano tem consequéncias fisiopatolégicas de curto
e longo prazo ®®. O aumento do apetite e diminuicdo do metabolismo da glicose e
lipides com o disturbio da secrec¢ao de adipocitocinas, vasopressina, aldosterona e
outros reguladores da sensagao de saciedade tém promovido o aumento do IMC e
a deterioracao do perfil metabdlico laboratorial a niveis que se traduzem em maior
risco cardiovascular acumulado, como o desenvolvimento de HTN, resisténcia

insulinica e diabetes mellitus tipo 2 (DM2) ©®*%® (Figura 4).

Desta forma, a compreensao de como o SNA desarmoniza-se com 0s
reldgios bioldgicos por meio de adipocitocinas e outros horménios € fundamental

para o aprofundamento do conhecimento da cronofarmacologia.
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Figura 4: Ruptura do ritmo circadiano e complicagbes cardiovasculares (Modificado de Maury,
Ramsey et al.) ®9 0 sincronismo entre os ritmos do estimulo externo e do relégio bioldgico interno
garantem a homeostase. Entretanto, na ocorréncia da dessincronizacdo destes ritmos ha maior
propenséao de lesdo de 6rgaos-alvo cardiovasculares.

1.5 O sistema nervoso autonémico e a adiponectina na doenga hipertensiva

A atividade do sistema nervoso autbnomo possui varias interfaces com o
sistema enddcrino através de importantes horménios como as adipocitocinas
(adiponectina e leptina).

A adiponectina &€ um hormodnio produzido pelos adipocitos ©9. A

adiponectina circulante existe no plasma humano nas formas de alto peso

molecular monomeérica, oligomérica e multimérica, e os efeitos bioldégicos de cada
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uma destas isoformas permanecem desconhecidos (79 Entretanto, sugere-se que
a adiponectina de alto peso molecular tenha importancia através dos receptores
AdipoR1 e AdipoR2 ™" por sensibilizagdo a insulina e efeitos vasoprotetores ("%,
Nao esta bem estabelecido se a adiponectina melhora a captagdo de glicose
mediada por insulina pelo musculo esquelético e supressao da produgao hepatica

("2) " Adicionalmente, por promover oxidacdo de acidos graxos, a

de glicose
adiponectina diminui o conteudo de triglicérides tecidual no musculo esquelético e
melhora a resisténcia insulinica > ™ (Figura 4). Em pacientes com DM2, baixos
niveis de adiponectina estdo associados com resisténcia insulinica e tém sido

considerados um independente fator preditor de DM2 79,

Devido a sua acdo no metabolismo de carboidratos, lipides e a
homeostase energética geral 70 a adiponectina parece ter um importante papel
na homeostase vascular humana. As evidéncias sugerem que a adiponectina
afeta importantes mecanismos inflamatérios envolvidos na doenca cardiovascular
e especialmente a aterogénese. Demonstrou-se que a adiponectina interfere nas
sinalizag¢des intracelulares do fator nuclear kappa- (NF-kB) suprimindo, portanto,
a expressao de moléculas de adesao ('") Ademais, o fator de necrose tumoral alfa
(TNF-a) - a molécula que inicia e organiza as mudangas inflamatérias no tecido
vascular e cuja expressao é controlada pelo NF-kB - parece ter relagdo reciproca
com a adiponectina (Figura 4). Ratos sem expressao de adiponectina demonstram
altos niveis de acido ribonucléico mensageiro (RNAm) de TNF-a no tecido adiposo

e altos niveis de TNF-a plasmatica "®.
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Também se demonstrou que a adiponectina possui a habilidade de regular
negativamente a ativagcao de células natural killers (NK) induzidas pelo IL-2 e de
inibir a sintese de citocinas inflamatérias derivadas do endotélio 9. A
adiponectina induziu a produ¢dao de mediadores anti-inflamatérios IL-10 e IL-1A

em células inflamatérios e prejudicou a produgdo de inteferon-y, outro alvo

genético do NF-kB ® (Figura 4).

A adiponectina também possui efeitos sobre o endotélio vascular. Estudos
in vitro demonstraram que a adiponectina estimula diretamente a produgéo
endotelial de oOxido nitrico pelas vias dependentes de PI-3, que aumentam a
atividade da o6xido nitrico sintase (eNOS) ativando sua AMPK induzida pela

@0 Outros estudos em cultura de células demonstraram a habilidade

fosforilagao
da adiponectina na diminuigdo da produgao induzida por TNF-a de dimetilarginina
assimétrica - um analogo de L-arginina que inibe a formagao de éxido nitrico (NO)
e, portanto, pode prejudicar a fungao vascular ®1) Esta ativacao e up-regulation da
eNOS poderia explicar algumas das propriedades vasoprotetoras da adiponectina.
Aparte dos efeitos benéficos sobre a eNOS, a adiponectina melhora o estado
redox do endotélio pela supressdo do NADPH-oxidase derivado da geragéo de
superoxido ®2)As evidéncias também sugerem que a adiponectina de alto peso

molecular suprime a apoptose das células endoteliais e promove a regeneragao

vascular e angiogénese ©*®¥ (Figura 4).

A hiperativagdo do sistema nervoso simpatico esta associada a

hipoadiponectinemia @) Ha evidéncias de que a expressao de RNAm da
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adiponectina foi inibida pela estimulagao p-adrenérgica via proteina quinase A nos
adipocitos 3T3LA1 ) ¢ que a estimulagdo (-adrenérgica provocou o down-
regulation do RNAm de tecidos viscerais e subcutdneos de roedores ®7),
Baseando-se nestas observagdes experimentais, € possivel postular que em
paciente com resisténcia insulinica substancial hiperativagcdo simpatica pode
reduzir a expressao génica de adiponectina ) Entretanto, ainda n&o esta claro
se a concentragao baixa de adiponectina, como a observada na pratica clinica, € a
causa ou o resultado da hiperatividade simpatica. Em relagdo a fungéo vagal, a
sensibilidade barorreflexa foi menor em pacientes com hipoadiponectinemia do
que em pacientes com normoadiponectinemia e foi, positivamente, correlacionada
com a adiponectina plasmatica. Devido a alta interacao entre atividade simpatica e
vagal, é incerto se os baixos valores de sensibilidade barorreflexa observados em

pacientes hipoadiponectinémicos refletem, relativamente, a atividade vagal

suprimida em resposta a hiperativacao simpatica (88),

Entretanto, apesar das evidéncias expostas acima, ainda ha escassez de
dados sobre a relagao entre adiponectinemia, obesidade, DM2 e a fungao do SNA

cardiaco na HAR.
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Figura 5: A relagéo_entre adiponectina e os sistemas fisiologicos (Modificado de Antoniades,
Antonopoulos et al.) 4 A adiponectina produzida no tecido adiposo, além do seu efeito autécrino,
colabora com a homeostase do musculo esquelético, sistema imunolégico, vasos sanguineos e
miocardio.

1.6 O sistema nervoso autonémico e a leptina na doenga hipertensiva

Estudos iniciais com a leptina demonstraram que ela regula o apetite e
aumenta o gasto energético pela ativagcdo do sistema nervoso simpatico

@9 Outros efeitos benéficos como o

termogénico do tecido adiposo marrom
aumento da excrecdo de sodio, manutencdo do tbnus vascular e até mesmo
reparo do miocardio tém sido associados com os efeitos da leptina em seus niveis

normais plasmaticos ©%. Entretanto, altos niveis plasmaticos de leptina tém sido
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associados com glomeruloesclerose, aumento do ténus vascular, diminuigcdo da
excrecado de sédio, aumento da atividade do SNS, hipertrofia miocardica e lesao

vascular ® (Figura 6).

A descoberta da leptina, horménio produzido proporcionalmente ao grau
de adiposidade, também trouxe novos conhecimentos sobre o0s mecanismos

®") Foi demonstrado que a

fisiopatolégicos da obesidade e doengas associadas
leptina ativa o SNS renal levando ao aumento da pressao arterial ®) A leptina
atravessa a barreira hematoencefalica pela via saturada do sistema de transporte
mediada do receptor ©2) A forma curta do receptor de leptina (LRa), altamente
expressada na microvasculatura cerebral, é tida como uma das principais

©2) Entretanto, outros fatores modulam o transporte de leptina

transportadoras
através da membrana hematoencefalica, e na obesidade, a eficiéncia da captacao
de leptina pelo cérebro esta reduzida ©?. Altos niveis de triglicérides, os quais
inibem o transporte de leptina através da barreira hematoencefalica, podem,
parcialmente, explicar a reducdo da eficiéncia do transporte de leptina na

obesidade ©?.

A leptina se liga a varios receptores em varias regides do sistema nervoso
central, incluindo o hipotalamo e o sistema nervoso, onde ativa as vias que
diminuem o apetite e aumentam a atividade do sistema nervoso simpatico e gasto
energético (®3) Evidéncias de que a leptina € um potente controlador do balanco
energético provém de estudos em ratos e seres humanos que demonstraram que

mutacdes do gene da leptina ou de seu receptor (LR) causavam intenso quadro de
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obesidade ®¥. Entretanto, mutagdes do gene da leptina em seres humanos sao
raras e ha poucas evidéncias de que as mutagdbes do LR contribuam
significativamente para o ganho de peso na maioria das pessoas obesas (95),
Todavia, a obesidade pode causar “resisténcia” aos efeitos anorexigenos da
leptina, talvez analogamente a resisténcia induzida por obesidade dos efeitos

metabdlicos da insulina ©°.

Injecdes agudas de leptina possuem pouco efeito sobre a pressao arterial
apesar da ativacdo do SNS, provavelmente devido ao efeito vasodilator da
producdo de NO que também é estimulada pela leptina ©. Igualmente, os
aumentos da atividade do SNS mediados pela leptina podem nao ser tao intensos
ao ponto de provocarem vasoconstricao periférica e aumento agudo da pressao

arterial ®9.

Entretanto, aumentos cronicos da leptina plasmatica, comparaveis aqueles
encontrados na obesidade grau lll, podem aumentar a pressédo arterial. Os
aumentos da presséao arterial mediados pela leptina ocorrem no periodo de alguns
dias e sao completamente abolidos pelo bloqueio a e B-adrenérgico, indicando

®9) 0O fato de que o aumento da

que eles sao mediados pela ativagcdo do SNS
pressao arterial ocorre vagarosamente com a hiperleptinemia sugere que nao ha
um massivo aumento da atividade do SNS capaz de causar intensa

vasoconstricao periférica; ao invés, o aumento da atividade adrenérgica aumenta

a pressao arterial por mecanismos mais lentos, incluindo os seus efeitos renais

(89)
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Os efeitos hipertensivos da leptina em animais magros sao modestos, mas
ocorrem apesar da diminuicdo da alimentagao e perda de peso que deveriam, por

@) Ademais, os efeitos

outro lado, tender a reducdo da pressao arterial
hipertensivos cronicos da leptina sdo exacerbados pela redugéo da sintese de NO,
como ocorre frequentemente em individuos obesos com disfuncdo endotelial.
Logo, o aumento da leptina, comparavel com o achado em individuos obesos,

pode aumentar a pressao arterial por ativagao adrenérgica especialmente quando

a sintese de NO esta prejudicada 9.

Outras evidéncias possiveis para a ligacdo entre a leptina, obesidade e
HTN provém da observacéo de que a deficiéncia de leptina esta presente em ratos
nao-hipertensos apesar da obesidade grave, resisténcia insulinica e dislipidemia
%8) Resultados similares foram encontrados em criangas obesas com mutacdes
genéticas da leptina que apresentavam pressdo arterial normal apesar da
presenca de obesidade e outras caracteristicas da sindrome metabdlica, incluindo
a resisténcia insulinica e dislipidemia ®7) Essas criancas tiveram a atividade do

SNS diminuida ao invés de aumentada, assim como hipotensdo postural e

resposta atenuada do SRAA na posicao ereta 7).
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Figura 6: Os niveis plasmaticos de leptina e seus efeitos biolégicos (Modificado de Kshatriya, Liu
et al) ®0) Niveis normais de leptina promovem excregao renal de sédio, balango do ténus vascular
e, possivelmente, reparo do miocardio, cooperando para a homeostase cardiovascular e renal.
Niveis elevados de leptina com resisténcia leptinica podem provocar glomeruloesclerose, aumento
do ténus vascular, diminuigdo da excregao de sodio, aumento da atividade do sistema nervoso
simpatico, hipertrofia miocardica e lesdo vascular, predispondo a hipertensdo e lesao
cardiovascular e renal.

1.7 O sistema nervoso autondmico e a aldosterona na doencga hipertensiva

A aldosterona, a proteina conhecida ha mais tempo entre os trés

hormonios abordados nesta revisao, figura entre os principais fatores causadores

(98

de disturbios cardiovasculares ). Os efeitos classicos da aldosterona estdo

relacionados ao balango hidroeletrolitico de sodio e potassio levando a expanséo
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do volume intravascular e hipocalemia (22), Entretanto, a aldosterona também
promove mudancgas mal adaptadas renais, cardiovasculares e do sistema nervoso
central levando a hiperativacdo simpatica 8) 'Ha evidéncias recentes de que o
tecido adiposo produz um fator lipofilico que estimula a secrecdo de aldosterona
©9) Em contrapartida, ha também evidéncias de que tanto a aldosterona como os
glicocorticéides podem interagir via receptores de mineralocorticéides na
promogao da adipogénese e aumento da infiltragdo macrofagocitaria no tecido
adiposo ® 1% Desta forma, ha nitida interacdo de coestimulacdo entre o tecido
adiposo, o coértex adrenal e a aldosterona: adipdcitos aumentam a produgao de

aldosterona e glicocorticoides e estes horménios, por sua vez, promovem a

adipogénese, inflamacao do tecido adiposo '°? (Figura 7).

Evidéncias recentes sugerem que o aumento ndo gendmico da sinalizagéao
dos receptores de mineralocorticoide, em resposta aos elevados niveis de
aldosterona, estd envolvido na fisiopatologia da resisténcia insulinica e outros
componentes da sindrome cardiometabdlica ®® (Figura 7). De fato, os receptores
de mineralocorticéide possuem alta afinidade tanto pela aldosterona como pelas
11-B-hidroxiglicocorticéides, os quais estao frequentemente elevados nos estados
clinicos de obesidade central como a sindrome cardiometabdlica ®®. A enzima 11-
B-hidroxi-esteroide desidrogenase, que previne a sinalizagdo dos glicocorticéides
através do receptor de mineralocorticoides, esta presente em niveis mais baixos
em tecidos cardiovasculares e metabdlicos como o musculo esquelético, figado e
tecido adiposo, permitindo, portanto, que tanto a aldosterona como os 11-3-

hidroxiglicocorticdides atuem através do receptor de mineralocorticdide na
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sinalizagao insulinica e subsequente remodelamento tecidual mal adaptado (102,

103)  Este fato ¢ de significativa importancia visto que as concentracdes de

glicocorticéides sao, geralmente, bem maiores que a de aldosterona (%8),

Outros mecanismos de resisténcia insulinica mediada pela aldosterona
tém sido sugeridos incluindo seus efeitos negativos sobre a funcdo da célula B
pancreatica e a estimulagdo da gliconeogénese hepatica. Neste contexto, a
hipocalemia tem sido demonstrada como atuante direto na funcdo da célula 3
pancreatica @3 % 104)

A resisténcia insulinica, por sua vez, parece possuir forte influéncia sobre

(101) " Na resisténcia insulinica, ha

a HAR através da disfuncdo endotelial
diminuicao da estimulacdo da bioatividade do NO com diminuida ativagao da NO
sintase (e aumento da destruicdo de NO), diminuicdo da vasodilatagcédo e prejuizo

(98)

do transporte de substratos para a producdo de NO As evidéncias

demonstram que niveis elevados de aldosterona contribuem para a diminui¢ao da

105-1%8) O gumento da

sinalizagdo metabdlica insulinica no tecido vascular (
producdo de NO tem importante papel na sinalizacdo metabdlica insulinica
mediada pela aldosterona e angiotensina Il. A hiperativacdo do SRAA, que gera
espécies reativas de oxigénio, promove a ativagdo de quinases de serina redox-
sensiveis, as quais promovem a fosforilagdo da serina dos substratos tipo 1 dos
receptores de insulina. Este aumento de fosforilacdo da serina nestes receptores

reduz a ligacdo da fosfoinositol 3-quinase resultando na diminuigdo da proteina

quinase B (Akt) e ativagdo atipica da proteina quinase da fosforilagcdo da NO
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sintase endotelial '%'%) Como resultado, individuos com resisténcia a insulina,
obesidade e niveis elevados de aldosterona sdo mais propensos a disfuncao

endotelial e subseqiiente desenvolvimento de HTN ‘%" (Figura 7).

Tecido adiposo

| atividade parassimpatica
Diminui¢io do transp. glicose 1 atividade simpatica
Remodelamento tecidual 1 atvidade do SRA
Disfuncio diastolica

T estresse oxidativo
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" Fibrose dailhota
pancreatica ALDOSTERONA Fator

Apoptose da célula § SN N WS cstimulador

| Secrecin de insulina
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a2 ' de
4 f sodio
| capraciio /
de glicose
Néfron

Musculo & A )
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Figura 7: O fator estimulador da secrecgao de aldosterona (Modificado de Sowers, Whaley-Connell
et al) ®. O tecido adiposo produz um fator estimulador de aldosterona que ao agir sobre as
glandulas adrenais promove o aumento da aldosterona circulante. Além de promover a reabsorgéo
de sodio nos tubulos coletores, o aumento da aldosterona circulante esta associado com varias
alteragbes no organismo como o aumento da atividade do SNS, diminuigdo da atividade do SNP,
disfungao diastdlica miocardica, apoptose das células beta pancreaticas, fibrose da ilhota
pancredtica, diminuicdo da captacdo de glicose pelo musculo esquelético e aumento do estresse
oxidativo.

Introdugdo

-36 -



2. OBJETIVOS




2.1 Subestudo 1

O objetivo primario do primeiro estudo visou a averiguagado das seguintes

hipoteses:

¢ Hipoétese nula: Nao ha diferenca da VFC entre hipertensos resistentes
com e sem DM2.
o Hipodtese alternativa: Ha diferenca da VFC entre os hipertensos

resistentes com e sem DM2.

Os objetivos secundarios do estudo compreenderam: avaliagcdo dos
indices de adiponectina e suas correlagbes com a VFC em pacientes hipertensos

resistentes com ou sem DM2.

2.2 Subestudo 2

O objetivo primario do segundo estudo visou a averiguagédo das seguintes

hipoteses:

e Hipotese nula: Nao ha correlacdo entre a leptina e aldosterona
plasmaticas com a atividade SNS através do estudo da VFC no

dominio do tempo.

Objetivos
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o Hipodtese alternativa: Ha correlacdo entre a leptina e aldosterona
plasmaticas com a atividade do SNS através do estudo da VFC no

dominio do tempo.
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3. CONCLUSOES




3.1 Subestudo 1

1.

Os pacientes hipertensos resistentes com DM2 possuem menores
indices de VFC do que os pacientes hipertensos resistentes sem DM2.
Os indices de adiponectina correlacionaram-se com a VFC
demonstrando associacdo entre hipoadiponectinemia e disfuncao
autondmica em pacientes hipertensos resistentes com ou sem DM2.

Os pacientes hipertensos resistentes que participaram deste estudo
demonstram padrao de ruptura do ritmo circadiano a analise da VFC
no dominio da frequéncia (periodo diurno: tbnus parassimpatico maior
do que o ténus simpatico; periodo noturno: tbnus simpatico maior do

que o ténus parassimpatico).

(Publicado no Cardiovascular Diabetology: Boer-Martins L, Figueiredo VN, Demacq C,
Martins LC, Consolin-Colombo F,Figueiredo MJ, Cannavan FP, Moreno H Jr. Relationship
of autonomic imbalance and circadian disruption with obesity and type 2 diabetes in
resistant hypertensive patients. Cardiovasc Diabetol. 2011 Mar 22;10:24.)

3.2 Subestudo 2

1.

A aldosterona correlacionou-se com a atividade do SNS a analise da
VFC no dominio da freqiéncia em pacientes hipertensos resistentes

com e sem DM2.
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2. A leptina plasmatica ndo se correlacionou com a atividade do SNS a
analise da VFC no dominio da freqiéncia em pacientes hipertensos

resistentes com e sem DM2.

(Trabalho submetido a revista Arquivos Brasileiros de Cardiologia no dia 1 de novembro
de 2011)
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Boer-Martins et al. Cardiovascular Diabetology 2011, 10:24 CARDIO

http:/www.cardiab.com/content/10/1/24 VASCULAR
DIABETOLOGY
ORIGINAL INVESTIGATION Open Access

Relationship of autonomic imbalance and
circadian disruption with obesity and type 2
diabetes in resistant hypertensive patients

Leandro Boer-Martins*", Valéria N Figueiredo', Caroline Demacqa'®, Luiz C Martins', Fernanda Consolin-Colombo®,
Mércio J Figueiredo?, Fernando PS Cannavan? and Heitor Moreno Jr'

Abstract

Background: Hypertension, diabetes and obesity are not isolated findings, but a series of interacting interactive
physiclogic derangements. Taking into account genetic background and lifestyle behavior, Al (autonomic imbalance)
could be a common reot for RHTN (resistant hypertension) or RHTN plus type 2 diabetes (T2D) comorbidity
development. Moreover, circadian disruption can lead to metabolic and vasomotor impairments such as obesity, insulin
resistance and resistant hypertension. In order to better understand the triggered emergence of obesity and T20D
comorbidity in resistant hypertension, we investigated the pattem of autonomic activity in the circadian rhythm in
RHTN with and without type 2 diabetes (T2D), and its relationship with serurn adiponectin concentration.

Methods: Twenty five RHTN patients (15 non-T2D and 10 T2D, 15 males, 10 females; age range 34 to 70 years)
were evaluated using the following pararneters: BMI (body mass index), biochemical analysis, serum
adiponectinemia, echocardiogram and ambulatory electrocardiograph heart rate variability (HRV) in time and
frequency domains stratified into three periods: 24 hour, day time and night time.

Results: Both groups demonstrated similar characteristics despite of the laboratory analysis concerning T2D like fasting
glucose, HbATc levels and hypertriglyceridemia. Both groups also revealed disruption of the circadian rhythrm: inverted
sympathetic and parasympathetic tones during day (parasympathetic > sympathetic tone) and night periods
(sympathetic > parasympathetic tone). T2D group had increased BMI and serum triglyceride levels (mean 33.7 + 4.0 vs
266+ 3.7 lxg:’mz -p=000;2548 + 2264 vs 1086 + 487 mg/dL - p = 0.04), lower levels of adiponectin (6729.7 + 33815
vs 109115 + 55540 ng/ml - p = 0.04) and greater autonomic imbalance evaluated by HRV parameters in time domain
compared to non-T12D RHTN patients. Total patients had HRV correlated positively with serum adiponectin (r = 037
[95% CI -0.04 - 1.00] p = 0.03), negatively with HbA1c levels (r = -0.58 [95% C1-1.00 - -0.3] p = 0.00) and also adiponectin
correlated negatively with HbATc levels (r = -040 [95% CI -1.00 - -0.07] p = 0.02).
Conclusion: Type 2 diabetes comorbidity is associated with greater autonomic imbalance, lower adiponectin levels
and greater BMI in RHTN patients. Similar circadian disruption was also found in both groups indicating the

| importance of lifestyle behavior in the genesis of RHTN.
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Background

Hypertension, diabetes and cbesity are not isolated find-
ings, but a series of interactive physiclogic derangements
[1]. For instance, it is well known that obesity and dia-
betes mellitus are factors associated with resistance to
antihypertensive drugs. An understanding of interactions
among these pathophysiologic pathways can assist in
choosing treatment and thereby improving total cardio-
vascular risk management [1].

Autonomic imbalance, characterized by a hyperactive
sympathetic system and a hypoactive parasympathetic
system, is associated with various pathological condi-
tions [2,3]. Over time, excessive energy demands on the
system can lead to premature aging and diseases [2,3].
Therefore, autonomic imbalance may be a final commeon
pathway to increased morbidity and mertality from a
host of conditions and diseases, including cardiovascular
disease [4,5].

Heart rate variability (HRV) may be used to assess
autonomic imbalances, diseases and mortality [6]. Mea-
sures of heart rate variability (HRV) in beth time and
frequency domains have been used successfully to index
vagal activity [7]. Nevertheless, while there are some dif-
ferences among HRV parameters found in many studies,
the consensus is that lower values of these indices of
vagal function are associated prospectively with death
and disability [8]. Parasympathetic activity and HRV
have been associated te immune dysfunction and
inflammation, which have been implicated in a wide
range of conditions including CVD and diabetes [2,3].

There is a pathogenic link between autonemic imbal-
ance and insulin resistance and hypertension onset
[9-14]. In addition to genetic background and environ-
ment, Al (autonomic imbalance) could be a commen
root of HTN (hypertension) or HTN plus T2D (type 2
diabetes) comorbidity development. T2D comorbidity
can be added te HTN by decreased energy dissipation,
gaining weight and then insulin resistance [15]. It is
known that a chronic increase in sympathetic outflow
has been reported to decrease p-adrenergic responsive-
ness itself, by a down-regulation of j-adrenergic recep-
tors, which are known to mediate energy expenditure
either at rest or after food intake [16].

These obesity-related disorders including metabolic
syndrome, diabetes, atherosclerosis, hypertension, and
coronary artery disease are associated with dysregulated
adipokine(s) expression such as adiponectin [17].

Adipenectin is a hormone that is produced by adipo-
cytes [18]. In patients with type 2 diabetes mellitus, low
plasma adiponectin levels are associated with insulin
resistance and have also been shown to be an indepen-
dent predictor of type 2 diabetes mellitus [19]. In addi-
tion, sympathetic nervous overactivity is associated with
hypoadiponectinemia [20,21]. However, there is still
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limited information on the relationship between plasma
adiponectin, obesity, T2} and cardiac autonemic nervous
function, especially in resistant hypertension (RHTN).

In order to better understand the triggered emergence
of obesity and T2D comorbidity in resistant hyperten-
sion, we investigated the pattern of autonomic activity
in the circadian rhythm in this population with and
without type 2 diabetes (T2D) and its relationship with
serum adipeonectin concentration.

Methods

Twenty-five (25) RHTN subjects [22] [15 non-T2D and
10 T2D, 15 (60%) females and 10 (40%) males], regularly
followed in the ambulatory service of cardiovascular
clinical pharmacelogy, complying with pharmacological
prescription for HTN and T2D, were recruited to parti-
cipate in this transversal study. The diagnosis of resis-
tant hypertension required a good otfice blood pressure
measurement technique and ambulatory blood pressure
monitoring (ABPM) to confirm persistently elevated
blood pressure levels [23]. Pseudoresistance cases,
including lack of blood pressure control secondary to
poor medication adherence, were properly observed and
excluded [24]. White coat hypertension (WCH) was
excluded by ABPM [23]. Regarding obstructive sleep
apnea (OSA), only patients classified as “low risk” by
Berlin sleep questionnaire were enrolled [25]. Resistant
hypertension include patients whose bloed pressure is
uncentrolled with use of more than three medications
or patients whose blood pressure is controlled, but
required four or more medications to achieve blood
pressure goals [23]. All subjects provided written
informed consent and the study was approved by the
local ethics committee.

The exclusion criteria comprised: acute or moderate-
severe renal dysfunction, non-complied pharmacologi-
cal prescription, use of beta-blockers within the last six
months, severe obesity (body mass index > 35 kg/mz),
heart failure (ejection fraction < 50%), valvular heart
disease, cardiomyopathies, primary hyperaldosteronism
[aldosterone:PRA ratio > 20 ng per 100 mL per ng.ml
(-1)h(-1)], sleep apnea (classified as “high risk” by the
Berlin sleep questionnaire), atrial fibrillation, sick sinus
syndrome, supraventricular and ventricular tachycar-
dias, aortic disease (Marfan’s syndrome, coarctation of
the aorta, aneurysms or aortic surgery, etc), history of
coronary artery disease or proven coronary artery dis-
ease by coronary angiography or noninvasive tests,
familial hyperlipidemia, asthma or chrenic obstructive
lung disease, pregnancy or oral contraceptive use,
connective tissue disorders, neurolegical problems,
malignancies, psychiatric diseases, other than T2D
endocrinclogical diseases, smoking, alcohol use and
drug abuse.
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Blood pressure measurements

Blood pressure was assessed by considering the orienta-
tions of the last guideline on hypertension of the Eur-
opean Society of Cardiology [26]. Blood pressure (SBP -
systolic blood pressure/DBP - diastolic blood pressure)
was measured three times for each subject using a digi-
tal sphygmomanometer (Omren HEM-711DLX) on the
right upper arm in the sitting position after a 10-minute
rest. The average of two consecutive measurements was
used with a variation lower than 5 mmHg.

Laboratory analysis

All subjects underwent the following laboratory tests:
hemogram, serum fasting glucose, glycolized hemoglobin
(HbAlc), serum urea and creatinine, serum total choles-
terol, serum LDL-cholesterel fraction, serum HDL-choles-
terol fraction, serum triglycerides, serum uric acid, serum
sodium and potassium, and plasma adiponectin levels
(Quantikine® Human total adiponectin/Acrp30 Immu-
noassay DRP 300, R&D Systems, Inc., Minneapolis, USA).

Echocardiographic examination

All subjects were submitted to standard transthoracic
echocardiography in the left lateral decubitus position
by using a Vivid 7 Pro machine with a 2.5 Mhz probe
(General Electric, Florida, USA). Standard transthoracic
views were used to determine end-diastolic and end-sys-
tolic volumes, stroke volume index, left ventricular ejec-
tion fraction (LVEF), transmitral E and A waves
velocities, E/A ratio, tissue doppler velocity of the mitral
annulus and left ventricular mass index (LVMI). The
left ventricular diastolic dysfunction (LVDD) was
assessed by the Omnen SR and Nishimura RA algo-
rithm|[27]. The echocardiographic examination was per-
formed by only one experienced cardiclogist examiner.
There was no intra or inter-observer measurement
variability.

Heart rate variability

Heart rate variability (HRV) parameters were derived
from the recording of 24-hour Holter monitoring and
analyzed in time and frequency domains. Measures were
stratified into three time periods for time domain:
24 hour period (24 h), day time peried (DT}, 1 p.m. to
5 p.m. and night time period (NT), from 2 a.m to 6 a.m.
Frequency domain measures were stratified into two per-
iods of one hour each at 3 a.m. (night time period - NT)
and 3 p.m. (day time period - DT). A three-channel, 24-
hour Holter recording was obtained from each subject
using the Cardio light digital 24-hour recorder device
and the CardioSmart Institutional CS 550 software
(Cardio Sistema Comércic e Indistria Ltda, Sdo Paulo,
SP, Brazil).
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Time demain HRV parameters included the following
measures [6,28]:

- rMSSD (ms): Square root of the mean of the
squares of differences between successive RR
intervals.

- SDNN (ms): Standard deviation of all normal RR
intervals in 24-hour Holter recording.

- SDANN (ms): Standard deviation of RR intervals
means in all 5-minute segments of 24-hour
recording.

- pNN50 (%): Percentage of differences between suc-
cessive RR intervals that are greater than 50 ms.

Frequency domain measures were calculated using the
Fast Fourier Transform (FFT) to break down the time
series to its underlying periodic function. Frequency
domain HRV parameters included the following mea-
sures [6,28]:

- Low frequency (LF) and high frequency (HF) mea-
sured in normalized units, which represent the rela-
tive value of each power component in proportion
to the total power minus the very low frequency
(VLF) component. Normalized LF (LF nu) was cal-
culated as LF power in normalized units LF/(total
power-VLF) x 100, and normalized HF (HF nu) as
HF power in normalized units HF/(total power-VLF)
x 100. Low frequency (LF) and high frequency (HF).
LF nu and HF nu denote the energy in the heart
period power spectrum between 0.04 and 0.15 Hz
(which is due to the joint action of the vagal and
sympathetic components on the heart, with a predo-
minance of the sympathetic ones) and 0.15 and 0.40
Hz (which corresponds to the respiratory modula-
tion and is an indicator of the performance of the
vagus nerve on the heart), respectively. “Day time”
and “night time” were established at 3:00 p.m. and
3:00 a.m., respectively, in order to collect HRV data
during wake and sleep periods.

Statistical analysis

Data were expressed as mean (y) and standard deviation
(SD) or mean (p) and standard error of the mean (SEM)
for HRV measures. Unpaired groups were compared
using Mann-Whitney U test while correlation analysis
were performed using Spearman’s rank test. Fisher’s
exact test was used to determine whether a certain
group had significantly different proportion of a particu-
lar characteristic. The level of statistical significance
accepted was less than 0.05. All data were entered into
a spreadsheet program (MS Excel Microsoft Corp,
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Table 1 General characteristics of study groups
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Characteristic/Variable Non-T2D group {n = 15) T2D group (n = 10) p-value
Gender 60% {female)/40% (male) G0% (female)/40% (male) 1.0
Age (year) 547 + 100 [492 - 603] 549 + 87 [487 - 61.1] n.8e
Hemogalobin (g/dl) 136 + 1.1 [130 - 14.3] 136 + 14126 - 1446 097
Hematocrit (%) 4101 £ 27 [396 - 427] 404 £ 40 [37.5 - 433) 0.56
Body mass index {kg/m?)* 266 + 37 (245 - 287) 337 £ 40 [308 - 36.6) 0.00
Fasting glucose (mg/dL)* 929 1+ 92 [879 -920] 1678 £ 640 [117.8 - 2582) 0.00
HbAle (%)% 584 03 [56-60] 93421 [77-108] 0.00
Serum adiponectin {hg/mL)* 10911.5 £ 55540 67297 = 33815 0.04

[7835.7 - 13987 2] [43108 - 91487]

Serurn urea {ma/dL) 342 £ 128 [27.1 -41.3) 380 4+ 78 [324 - 4358) 0.46
Serurn creatinine {mg/dL) 09+ 02[08-10] 09 0. [0.7-1.0 093
Teral cholesteral (ma/dL) 193.7 + 488 [166.7 - 2208] 1935 + 332 [1698 - 217.2] 0.36
LOL-cholesterol {ma/dL) 1194 £ 470 [93.4 - 1454] 1043 = 31.1 [820 - 1266) 0.24
HOL-chelestercl (g/dL) 508 £ 170 [414 - 602 429 4 11.0 [350 - 508] 0.2

Serurn trighycerides {rmg/dL)* 1086 + 48.7 [B1 6 -1356] 2548 + 2264 [929 - 4167] 0.04
Uric Acid {mg/dL) 53+ 1.0 [47 -60) 57+ 12[48-65) 0.80

Na (mEcy/l) 1401 + 2.2 [1389 - 141.3] 1388 + 201373 - 1403) 0.17

K {rmEg/L) 4.3 £ 05 1.0 8] 42 04 [3.8-4.5) 0.42

UACR (ma/g) 1M3£132M40-187) 1382 & 2298 [[26.2 - 3026) 0.17

Office SBP (mmHag) 1543 + 21.6 1423 -166.2] 1565 £ 306 [134.7 - 1784] 093
Office DBP (mmHg) 929 4+ 108 [86.9 - 988] 901 + 182 [77.0 - 103.1] 0.33

The values are expressed as means + standard deviation; [95% confidence interval]; (%) Statistical significance (p < 0.05); Non-120: non type ? diabetes resistant

hypertension; 121 fype ? diabetes resistant hypertension.

Phoenix, Arizona, USA) for statistical analysis. Analytical
statistics were performed by Analyse-it version 2.21
Excel 12+ (Anulyse—ii Software Ltd,, Leeds, UK), a statis-
tical add-in program for Excel (MS Excel Microsoft
Corp, Phoenix, Arizona, USA).

Results

The general characteristics of the study groups are listed
in table 1. No statistical differences were observed between
the non-T2D and T2D subgroups with respect to age and
gender. The mean ages were 54.7 and 54.9 in non-T2D
and T2D patients, respectively. Women made up equally
40% of the patients in these groups. Both groups demon-
strated similar characteristics despite of the laboratory
analysis concerning T2D diagnosis like fasting glucose
(167.8 £ 9.2 vs 92.9 + 9.2 mg/dL - p < 0.0001) and HbAlc
levels (9.3 + 2.1 vs 5.8 + 0.3% - p < 0.0001) (Table 1).
However, the T2D group showed a greater BMI and
higher serum triglyceride levels than the non-T2D group
(33.7 + 4.0 vs 26.6 + 3.7 kg;‘mz, - p = 0.0002; 254.8 + 2264
vs 108.6 + 48.7 mg/dL - p = 0.041) (Table 1). Concerning
HRYV parameters, the following evaluations were reduced
in T2D: 24 hour-SDNN (89.1 + 19.9 vs 122.9 + 39.5 ms;
p = 0.0009), Day time SDNN (58.2 + 13.6 vs 78.5 + 24.9
ms; p = 0.03), 24 hour-SDANN (79.8 + 17.1 vs 1229 +
39.5 ms; p = 0.0012), Day time SDANN (47.8 + 3.5 vs 65.5
+ 6.5 ms; p = 0.03), Day time rMSSD (13.8 + 1.9 vs 19.8 +
2.2; p = 0.05), 24 hour-pNN50 (1.8 + 2.1 vs 5.3 + 6.4%;

p = 0.047), Day time pNN50 (0.5 + 0.5 vs 2.6 + 2.9%; p =
0.035) and Night time pNN50 (4.2 + 1.6 vs 124 + 4.7; p =
0.04) (Figure 1). Although the remaining HRV parameters
in time domain have demonstrated greater autonomic
imbalance in the T2D group, they did not achieve statisti-
cally significance (p > 0.05) (Figure 1).

Frequency domain parameters demonstrated inverted
pattern of tone intensity for both branches of the auto-
nomic system during day and night periods in both
groups. Regarding the non-T2D group, LF nu during
day and night were 22.5 + 3.2 vs¢ 51.0 £ 7.1 (p = 0.00)
and HF nu were 77.5 + 3.2 vs 48.9 + 7.1 (p = 0.00),
respectively. For the same group, HF nu during day and
night were 77.5 + 3.2 vs 48.9 + 7.1 (p = 0.00), respec-
tively. Regarding the 12D group, LF nu during day and
night were 257 + 7.1 vs 47.1 # 7.3 (p = 0.01) and HF
nu were 74.2 + 7.1 vs 52.8 + 7.3 (p = 0.01), respectively
(Figure 2). For the same group, HF nu during day and
night were 74.2 + 7.1 vs 52.8 + 7.3 (p = 0.01), respec-
tively (Figure 2). There were no differences between
non-T2D and T2D groups in frequency domain para-
meters (Table 2).

Total patients (non-T2D and T2D groups) had HRV cor-
related positively with serum adiponectin (r = 0.37 [95% CI
-0.04 - 1.00] p = 0.03) and negatively with HbAlc levels
(r = -0.58 [95% CI -1.00 - -0.3] p = 0.00). Total patients
had also adiponectin correlated negatively with HbAlc
levels (r = -0.40 [95% CI -1.00 - -0.07] p = 0.02) (Figure 3).
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Table 2 Heart rate variability {HRV) in time and frequency domain between nen-T2D and T2D resistant hypertension

patients
HRV variable Non-T2D group {n = 15) T2D group (n = 10) p-value
24 hour-SDNN * 131.5+£99110-1529] 891 £ 62 [749-1033) 0.00
Day time SDNN * 785 + 64 [647 - 92.3] 582 + 43 [485 - 67.5] 0.03

Night time SDNN
24 hour-5DANN *
Day time SDANN *
Night time SDANN
24 hour-pNNSsD *
Day time pNMN50 *
Night time pNN5O *
24 hour-MssD
Day time MSSD *
Night time tMS5D
Day time LF nu

1047 £ 11.1 [80.8 -1285)
1229 £ 102 [101.0 - 144.8]
65.5 £ 65 [51.5 - 794]
732+ 107 [50.] - 96.3]
5.3+16[0.8-89
26+ 0709 -47
124 £ 4.7 [2.3 - 225)
274 + 40 [187 - 36.1]
198 £ 22 [14.9 - 24.7)
373 £ 82196 - 550
225+ 320154 - 29.5)
51.0 £ 7.1 [358 - 66.3]
775 £ 321704 - 84.5)
489 +£ 7.1 [336 - 64.1]

Might time LF nu
Day time HF nu
Night time HF nu

847 £ 12010576 - 111.8] 42]
798 + 54 [67.6 - 920] 0.00
478 £ 3.5 [39.7 - 55.9] 0.03
673 £ 11.0 [42.3 - 23] 080

18+ 08 [03-33) 0.05

05+ 0. [0 - 08] 0.04

42+ 16[05-79] 0.04
197 £ 36 [116 - 27.8] 017
138 £ 18 (95 T8 0.05
278 £ 61 [140 - 41.6] 021
257 £ 7.1 [96 - 41.8] 097
47.1 £ 7.3 [30.5 - 63.8] 080
742 £ 70 [58.) - 803] Loy
528 + 7.3 [36.2 - 694] 080

The values are expressed as means + standard error of the mean; [95% confidence interval]; (%) Statistical significance {(p < 0.05). SDNN (ms): Standard deviation
of all normal RR intervals in 24-hour Holter recording; SDANN {ms): Standard deviation of means of RR intervals in all 5-minute segments of 24-hour recording;
pNN50 (%): Percentage of differences between successive RR intervals that are greater than 50 ms; rMSSD (ms): Square root of the mean of the squares of
differences between successive RR intervals; LF nu: Low frequency in normalized units from the power spectra of HRV by computer analysis using Fast Fourier
Transformation (FFT); HF nu: High frequency in normalized units from the power spectra of HRV by computer analysis using FFT; Non-T2D: non type 2 diabetes

resistant hypertension; T2D: type 2 diabetes resistant hypertension.

It has also been observed that the T2D group was tak-
ing more anti-hypertensive drugs than the non-T2D
group (Table 3). In addition, the T2D group demon-
strated greater prevalence of left ventricular diastolic
dysfunction than the nen-T2D group despite of similar
left ventricle hypertrophy index (Table 4).

Discussion

Impartant findings

We found that the AT is more impaired in T2 RHTN
patients than the non-T2D group. As expected, the T2D
group had greater BMI and serum triglycerides than the
non-T2D group. Considering the total of patients, an
established negative correlation between HbAlc levels
and serum adiponectin concentration was also observed.
In addition to these well-known characteristics between
non-T2D and T2D patients, considering the total
patients, HRV correlated positively with adipenectin and
negatively with HbAlc levels. Interestingly, despite of
the higher AI in the T2D subgroup, both groups
demonstrated similar inverted pattern of sympathetic
and parasympathetic tones during day and night periods.
As far as we know, this is the first time that AI and
circadian disruption (CD) were evaluated in RHTN
patients with or without T2D in order to better under-
stand their synergistic role in obesity and T2D associa-
tion with RHTN.

Historical aspects of autonomic dysfunction

Since the fifth decade, cardiovascular autonomic research-
ers have cogitated whether Al would be a cause or conse-
quence of hypertension [29]. Subsequently, it was
demonstrated that Al could lead net only to hypertension,
but also to T2D [7]. Reasonable amocunt of data provide
evidences for prediction hypertension or diabetes onset
due autenomic imbalance evaluated by HRV parameters
in time or frequency domain [$-14]. Autonomic imbalance
causes, at first, increased insulin sensitivity and reduced
energy dissipation [15]. Concomitantly, insulin resistance
impairs the overall mean levels of cardiac autonomic mod-
ulation among persons with T2D [30].

Pathogenesis of autonomic dysfunction and metabolic
disorders

The increased concentration of angiotensin II inhibits
intracellular signaling to GLUT 4 expression on the sur-
face of the cells leading to insulin resistance [31,32].
However, the observation that not all subjects follow
this link suggests that other factors, including genetic
predisposition and environment, can influence it at var-
ious levels [33-38].

A chronic increase in sympathetic outflow has been
reported to decrease B-adrenergic responsiveness itself,
through down-regulation of B-adrenergic receptors,
which are known te mediate energy expenditure both at
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Figure 3 A: Correlation between HRV and glycosylated hemoglobin (HbA1c) levels of total RH patients (r = -58; [95% CI -1.0 - -0.3];
p = 0.00); B: Correlation between HRV and adiponectin of total RH patients (r = 0.37; [95% Cl -0.04 - 1.0]; p = 0.03); C and D: Matrix
plot of the distribution of values between HRV and adiponectin; E and F: Matrix plot of the distribution of values between HRV and
HbA1c levels; G and H: Matrix plot of the distribution between HbA1c levels and adiponectin. Non-T2D group: white circles; T2D group:
black circles. Parameters for the matrix plot in means: Adiponectin (5548 ng/ml - Healthy volunteers evaluated with plasma EDTA of Quantikine™
lab test), SONN 24 h (141 ms)[6] and HbA1C (6.0%).
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Table 3 Anti-hypertensive {anti-HTN) drugs distribution
Characteristic/Variable Noen-T2D group (n = 15) T2D group (h = 10) p-value
Total anti-HTN drugs*® 3310537 -36] 41 £07 B6-44 0.02
Thiazide diuretic 100% (15) 100% {10) -
Aldosterone receptor inhibitor 26.6% (4) 50% (5) 040
Angiotensin converting enzyme inhibitor 6E6% (10) 50% (5) 068
Anglotensin receptor blocker 40% (6) 70% {7) 023
Caleium channel blocker 86.6% (13) 100% {10 050
Centrally acting anti-hypertensive drug 6.6% (1) 40% (4) 012

The values are expressed as means + standard deviation; [95% confidence interval]; (*) Statistical significance (p < 0.05). Non-T2D: non fype 2 diabetes resistant

hypertension; T2D: fype 2 diabetes resistant hypertension.

rest and after food intake [16]. This mechanism could
result in a reduced ability to dissipate energy leading to
weight gain. At first glance, it appears to be in contrast
to the previous reports in rats, where the down-regula-
tion of B-adrenergic receptors, following chronic cate-
cholamine stimulation, has been associated with
increased insulin sensitivity [39]. Moreover, the hypotha-
lamus is a regulatory center of satiety and of the auto-
nomic nervous system (ANS). Therefore, abnormalities
in the hypothalamus may cause obesity and autonemic
dysfunction. This may explain the alterations cbserved
in the HRV indices [40].

Corroberating the mechanism above, the correlation
between high sympathetic activity and hypoadiponecti-
nemia was previously established [21]. Since we evalu-
ated RHTN patients and hypoadiponectinemia is also
associated with sympathetic activation and severity of
OSA [41], only true RHTN patients classified as “low
risk” (Berlin sleep questionnaire) of OSA diagnosis were
included in this study. We have found positive correla-
tion between HRV and adiponectinemia and it is prop-
erly presumable to us that this adipocytokine may play
an impertant role in the development of obesity and
T2 in RHTN by the AI patient status. Recently, an
interventional clinical trial with prolonged insulin-glu-
cose infusion was performed with healthy human sub-
jects in order to evaluate the effect of insulin on
adiponectin multimers and nuclear factor-kappaB (NF-
kB) activity in human endothelial cells [42]. Hyperinsuli-
nemic induction significantly decreased high molecular
weight and total adiponectin levels but increased NF-kB

Table 4 Echocardiographic parameters of study groups

activity in serum treated microvascular endothelial cells

[42].

Lifestyle and circadian disruption

Regarding the contribution ef environment in the
genesis of resistant hypertension, obesity and T2D, the
circadian disruption seems to be an important compli-
cating factor. Disrupted circadian rhythms caused by
disturbed sleep-wake cycles, inactivity during the active
period, enhanced activity during the rest period and
high food consumption might lead to attenuated feeding
rhythms, disrupted metabolism and obesity [43]. This
lifestyle may cause high parasympathetic output to
the viscera leading to obesity, hyperinsulinemia, and
hyperlipidemia, or high sympathetic output to the mus-
cle and heart leading to vasoconstriction and hyperten-
sion [44]. In addition to the impairment of Al, circadian
disruption was found in both groups. Since the genetic
background allied to the disruption of the circadian
rhythm favers HIN and metabolic disorders, our results
are in accordance with the literature: findings in murine
models show the strong link between genetic back-
ground and circadian rhythm disruptien in determining
the severity of metabolic disorders [43].

Hypoadiponectinemia and metabolic disorders

Diabetic patients had greater BMI and lower adiponectin
values compared to non-T2D patients. It was also nota-
ble that the diabetic group had greater BMI and higher
serum triglyceride levels than the non-diabetic group.
The association between BMI and hypertriglyceridemia

Characteristic/Variable Non-T2D group {n = 15) T2D group {n = 10) p-value
LVEF {94) 703 £ 7.3 [66.3 -744] 66.5 £ 21.7 [51.0 - 82.0] Q.28
LyMI fg/m?) 1340 £ 3091169 -1517 1484 + 316 1258 -171.0] 0.31
LyDD Present in 60% Present in 100% .05

The values are expressed as means + standard deviation; [95% confidence intervall; Non-T2D: non type 2 diabetes resistant hypertension; T2D: type 2 diabetes
resistant hypertension; LVEF: left ventricle gjection fraction; LYMI: left ventricle mass index; LVDD: |eft ventride diastolic dysfunction (assessed by the Omnen SR

and Nishimura RA algorithm [27]}.
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is also in line with the scientific literature [45]. In addi-
tion, hypoadiponectinemia per se may not be the main
issue in metabolic alterations associated with obesity, A
harmonized pattern of rhythmic expression of adiponec-
tin by visceral and subcutaneous abdominal adipose
tissue seems to be crucial to body fat distribution home-
ostasis as well as to prevent metabolic alterations asso-
ciated with obesity [46].

Based on the above considerations, the imbalance of
autonomic function represents a primary defect leading to
RHTN and insulin resistance. Moreover, circadian disrup-
tion caused by behavior and genetic background disturbs
the balance between sympathetic and parasympathetic
branches during day and night periods. In our opinion, a
higher degree of Al underlies obesity and 12D onset in
RHTN compared to non-12D RHTN (Figure 4).

Severity of hypertension and autonomic imbalance

However, the significant worsing in Al found in the
T2D group is of interest because we considered the null
hypothesis of no difference between groups due the
severity of hypertension such in RHTN. At first, we pre-
sumed that Al could be different in mild to moderate
stages of hypertension whilst in RHTN this difference
would be strongly attenuated, Since the degree of
impairment in cardiac autonomic control is proportional
to the severity of hypertension, and not necessarily
impaired in mild long-lasting essential hypertension
[47], T2D comorbidity would be determinant of Al in
mild to moderate hypertension, but not so decisive for
Al in RHTN, In fact, Mussalo H et al [47] compared
HRYV between severe and mild hypertension. However,
the severe group was not stratified into non-T2D and
T2D subgroups. Once more, in accordance with the
clinical trials of our laboratory [48], RHTN proved to
have a plural complexity. The Al gap between both

GENETICBACKGROUND
LIFESTYLE

AL

PARASYMPATHETIC OUTPUT TO VISCERA
(OBESITY, HYPERINSULINEMIA, HYPERLIPIDENIA)

CIRCADIAN DISRUPTION

SYMPATHETICACTIVITY
DAY PERIDD < NIGHT PERIOD
PARASYMPATHETIC ACTIVITY
DAY PERIOD > NIGHT PERIOD
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groups demonstrated that RHTN per se is not an end
stage of hypertension disease. Especially in RHTN with-
out T2D, there is still a favorable residual autonemic
function which needs to be preserved or enhanced.

Pharmacologic perspectives for RHTN and T2D treatment

It is important to point out that in cases of T2D comor-
bidity, a better awareness of specific characteristics of
diabetes such as decreased energy expenditure, lipolysis
and insulin sensitivity can guide doctors to avoid drugs
W}'Ii(.'.}'l can en}lanc:e L}lese p}len(}mena S'Ll[:}'l as conven-
tional or non-vasodilating beta-blockers [49]. However,
considerable heterogeneity exists within the B-blocker
class, Perhaps most important is a variation in adrener-
gic receptor selectivity; nevertheless, there is also varia-
bility in lipophilicity, intrinsic sympathomimetic activity
(ISA), membrane-stabilizing action, and vasodilating
properties [50]. Carvedilol, for instance, is a highly non-
selective lipophilic B-blocker with a;-blocking activity
and no ISA [51]. Its pharmacologic properties may be
associated with a more comprehensive treatment of Al
since they can improve insulin sensitivity in T2D
patients [52-54]. This mechanism, although very intri-
guing, needs further support from more complete
(possibly longitudinal) studies and opens a new and sti-
mulating field towards pharmacology intervention focus-
ing the improvement of autonomic imbalance in 'T2D
patients in order to optimize glucose metabolism in
addition to BP control in RHTN patients,

Non-pharmacologic treatment of RHTN in real-life
settings

There are different methods to measure the circadian
rhythm: sleep diaries, polysomnographic recording,
actimetry, chronotype identification, body temperature,
pre-sleep measures of melatonin secretion, cortisol

T2D in RH.
.

Figure 4 Circadian disruption and autonomic imbalance and their relationship with vasomotor and visceral disturbances in non-T2D
and T2D resistant hypertensive patients. The circadian disruption maximizes the autonomic imbalance in the development of obesity and

SYMPATHETIC OUTPUT TO VASOMOTOR SYSTEM
(RESISTANT HYPERTENSION)
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secretion and activity of clock genes [55]. However, the
approach of circadian rhythm may not need all these
methods, but simple oriented questions regarding day-
night behavior. In additien te the well-known lifestyle
factors to be assessed by anamnesis such as obesity, diet-
ary salt intake and alcohol consumption [22], we endorse
that the approach of the chronotype of RHTN patients
should also be encouraged by all hypertension guidelines.
The circadian disruption found in this study alse rein-
forces the need for lifestyle change in RHTN. Even in
asymptomatic obese adults, abnormalities in circadian
blood pressure variability and endothelial function
exhibited unfavorable cardiometabolic profiles such as
elevated high-sensitivity C-reactive protein, fibrinogen,
fasting serum glucose and cardiac risk ratios (Total
Cholesterol:HDL-cholesterol and LDL-cholesterol:HDL-
cholesterol ratios) [56]. A more comprehensive ana-
mnesis over feeding behavior, physical inactivity during
the day, hyperactivity during the night (or repose) and
duration of sleepiness may help physicians and patients
think about strategies to avoid the circadian disruption.

Limitations of the study

Our main limitation was the recruitment of “true”
RHTN patients and then the small sample size is note-
worthy. Despite of the small sample size, it was possible
to identify greater AI in the T2D subgroup. We
assumed that the small sample size of the T2D group is
a result of the prevalent exclusion criteria of moederate
to severe renal dysfunction, history of coronary artery
disease and B-blocker already in use in this population.

General findings and future perspectives

We concluded that, in spite of circadian disruption, even
in RHTN patients there is a residual autonomic function
compared to T2D patients. Furthermore, it is clear that
the evaluation of BMI, adiponectin and HRY of RHTN
patients can reveal the risk of T2D association or future
development in this high risk population. However, an
appropriate risk matrix to evaluate this prognostic infor-
mation will demand a longitudinal clinical study with
significant greater sample size of RHTN patients.

Conclusion

Type 2 diabetes comorbidity is associated with greater
autonomic imbalance, lower adiponectin levels and
greater BMI in RHTN patients. Moreover, similar circa-
dian disruption was also found in both groups indicating
the importance of lifestyle behavior in the genesis of
RHTN. A better comprehension of the patterns of auto-
nomic imbalance and circadian disruption in RHTN is
one more parameter to guide clinicians toward a helistic
treatment of hypertension and diabetes.

Page 10 of 12

List of Abbreviations Used

Al autonomic imbalance; HTH: hypertension; TZC: type 2 diabetes; HRV:
heart rate variability; BMI: body mass index RHTN: resistant hypertension;
SBP: systolic blood pressure; DBP: diastolic blood pressure; EDTA:
ethylenediamine tetraacetic acid; LVEF: left ventricle ejection fraction; LvMI:
left ventricle mass index; DT: day time; NT: night time; rhSSD: Square root of
the mean of the squares of differences between successive RR intervals;
SDNN: Standard deviation of all normal RR intervals in 24-hour Holter
recording; SCANN: Standard deviation of RR intervals means in all S-minute
segments of 24-hour recording; pNNSQ: Percentage of differences between
successive RR intervals that are greater than 50 ms; FFT: Fast Fourier
Transformation; LF nu: low frequency in normalized units; HF nu: high
frequency in normalized units; VLF: very low frequency; SD: standard
deviation; SEM: standard error of the mean; ANS: autonomic nervous system;
OSA: obstructive sleep aprea; ISA: Intrinsic sympathomimetic activity, NF-kB:
nuclear factor-kappaB.
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Relationship of aldosterone and high sympathetic activity in resistant
hypertension with or without type 2 diabetes

Associagao da aldosterona e aumento da atividade simpatica em hipertensos
resistentes com ou sem diabetes tipo 2

Summarized title: Aldosterone in sympathetic activity
Total electronic word count: 4215

Keywords: leptin, aldosterone, sympathetic activity, heart rate variability, resistant
hypertension.

ABSTRACT:

Study Basis: The finding of adipocyte-derived hormone leptin as an overstimulator of
sympathetic activity brought a new perspective to the pathophysiological mechanisms of
obesity-hypertension. Objectives: As aldosterone also increases sympathetic activity, we
aimed to assess the relationship between sympathetic overactivity and plasma leptin and
aldosterone levels in resistant hypertension (RHTN), comparing the groups with and
without T2D. Methods: Twenty-five RHTN patients underwent ambulatory
electrocardiography to analyze heart rate variability (HRV) in time and frequency domains,
which were stratified into two periods: 24 hours and daytime (DT), comprising the records
between 2:00 p.m to 6:00 p.m (time domain) and one hour at 3:00 p.m (frequency domain).
Results: T2D group (n=10) had higher serum aldosterone and plasma leptin levels than the
non-T2D (n=15) (26.0+11.5 vs 16.9£7.0 ng/dL — p=0.021; 81,368.7+47,086.1 vs
41,228.1+24,523.1 pg/mL — p=0.048, respectively). Both groups had aldosterone correlated
with HRV in frequency domain. Non-T2D had aldosterone correlated with DT low
frequency in normalized units (LF nu) (r=0.6 [0.12—0.85] p=0.018) and DT high frequency
in normalized units (HF nu) (r=-0.6 [-0.85- -0.12] p=0.018). Type-2-diabetes group had
aldosterone correlated with DT LF nu (r=0.72 [0.16—0.93] p=0.019) and DT HF nu (r=-0.72
[-0.93- -0.16] p=0.019). However, despite of the importance of leptin in sympathetic
overactivity in hypertension, leptin did not correlate with HRV. Conclusion: Aldosterone
seems to overdrive sympathetic activity in RHTN with and without T2D. This information
combined with the clinical efficacy of mineralocorticoid receptor blocker in RHTN
reinforces that aldosterone is a major player to be a therapeutic target in RHTN.
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RESUMO

Racional: A descoberta da leptina como um estimulador da atividade simpatica trouxe uma
nova perspectiva para os mecanismos fisiopatologicos da obesidade-hipertensao.
Objetivos: Avaliamos a relagdo entre a atividade simpatica aumentada e as concentragdes
plasmaticas de leptina e aldosterona em hipertensos resistentes (HR), comparando os
grupos com e sem diabetes tipo 2 (DT2). Métodos: Vinte e cinco pacientes HR foram
avaliados por eletrocardiografia ambulatorial para andlise da variabilidade da frequéncia
cardiaca (VFC) nos dominios do tempo e frequéncia, os quais foram estratificados em dois
periodos: 24 horas e periodo diurno (D), compreendendo as medidas entre 14 e 18h
(dominio do tempo) e uma hora as 15h (dominio da frequéncia). Resultados: O grupo DT2
(n=10) apresentou maiores concentragdes de aldosterona e leptina que o non-DT2 (n=15)
(26.0+11.5 vs 16.9£7.0 ng/dL — p=0.021; 81,368.7+47,086.1 vs 41,228.1+24,523.1 pg/mL
— p=0.048, respectivamente). Houve correlagdo entre aldosterona e VFC no dominio da
frequéncia em ambos os grupos. Nao-DT2 apresentaram a aldosterona correlacionada com
D baixa frequéncia em unidades normalizadas (LFnu) (r=0.6 [0.12—0.85] p=0.018) e D alta
frequéncia em unidades normalizadas (HFnu) (r=-0.6 [-0.85- -0.12] p=0.018). No grupo
com diabetes, a aldosterona correlacionou-se com DLFnu (r=0.72 [0.16-0.93] p=0.019) e
DHFnu (r=-0.72 [-0.93- -0.16] p=0.019). Apesar da importancia da leptina na atividade
simpatica aumentada na hipertensdo, ndo houve correlagdo com VFC. Conclusdao: A
aldosterona parece estimular a atividade simpatica em HR com ou sem DT2. Esta
informagdo combinada com a eficicia clinica dos bloqueadores de receptor
mineralocorticoide em HR reforga a aldosterona como alvo terapéutico relevantes em HR.
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INTRODUCTION

diabetes
comprise a series of interactive physiologic
disorders (1). For instance, it is well known

Hypertension, and obesity

that obesity and diabetes mellitus are factors
associated with resistance to antihypertensive
drugs. Therefore, a better knowledge on the
interactions among these pathophysiologic
pathways can aid treatment choice and thereby
improving total cardiovascular risk
management (1).

The discovery of leptin brought new
insights to the pathophysiological mechanisms
of obesity and associated diseases (2). Initial
studies of leptin showed that it regulates
appetite and enhances energy expenditure by
activating sympathetic nerve activity to
thermogenic brown adipose tissue (3). It was
also demonstrated that leptin

sympathetic excitation to the kidney that, in

causes

turn, increases arterial pressure (3).

It is also well-known the high
prevalence of hyperaldosteronism in resistant
hypertension (RHTN) (4). Moreover, primary
aldosteronism patients showed significantly
higher levels of leptin than essential
hypertension (HTN) subjects (5). However, a
growing body of evidence suggests that

aldosterone contributes broadly to the
METHODS

We included twenty-five (25) RHTN
subjects (13), 15 non-T2D and 10 T2D,
regularly followed in the Ambulatory Service
of Cardiovascular Clinical Pharmacology,
complying with pharmacological prescription
for HTN and T2D (taking 80% to 120% of the
prescribed daily dose). This group of patients
has already been recently described by our
group (14).

An accurate office blood pressure
measurement technique and ambulatory blood

development and severity of HTN separately
from the presence of classically defined
primary aldosteronism (6). In addition,
aldosterone promotes RHTN by mediating
maladaptive  changes in  the  renal,
cardiovascular and central nervous systems (7).
Sympathetic nervous system (SNS) activation
seems to be a basic component of the adverse
impact of aldosterone excess in the central
nervous system (8).

Heart rate variability (HRV) may be
used to assess autonomic imbalances, diseases
and mortality (9). Measures of heart rate
variability (HRV) in time and frequency
domains have been used successfully to index
sympathetic and vagal activity (10).
Nevertheless, while there are some differences
among HRV parameters found in many
studies, the consensus is that lower values of
function are

these indices of vagal

prospectively associated with death and
disability (11).

Considering the significant influences
that leptin and aldosterone exerts on the
pathophysiology of RHTN (8, 12), we aimed to
access the relationship between sympathetic
activity and these two hormones in RHTN with

and without type 2 diabetes (T2D).

pressure monitoring (ABPM) were applied to
diagnosis resistant hypertension (15). We
excluded cases of pseudoresistance, including
lack of blood pressure control secondary to
poor medication adherence (16). White coat
hypertension (WCH) was excluded by ABPM
(15). Resistant hypertension included patients
whose blood pressure was uncontrolled with
the use of more than three medications or
patients whose blood pressure was controlled,
but required four or more drugs to achieve
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blood pressure goals (15). All subjects
provided written informed consent, and the
study was approved by the local -ethics
committee.

The exclusion criteria comprised: acute
or  moderate-severe  renal  dysfunction
(creatinine clearance < 40 mL/min/1,73 m?),
non-complied pharmacological prescription,
use of beta-blockers within the last six months,
severe obesity (body mass index > 35 kg/m?),
heart failure (ejection fraction < 50%), valvular
heart disease, cardiomyopathies, primary
hyperaldosteronism [aldosterone:PRA ratio >
20 ng per 100 mL per ng.ml(-1)h(-1)], atrial
fibrillation, sick sinus syndrome,
supraventricular and ventricular tachycardias,
aortic disease (Marfan’s syndrome, coarctation
of the aorta, aneurysms or aortic surgery,
history of coronary artery disease or proven
coronary artery disease by  coronary
angiography or noninvasive tests, familial
hyperlipidemia, asthma or chronic obstructive
lung disease, pregnancy or oral contraceptive
use, connective tissue disorders, neurological
problems, oncological malignancies,
psychiatric  diseases, other than T2D
endocrinological diseases, smoking, alcohol

use and drug abuse.
Blood pressure measurements

Blood pressure was assessed by
considering the orientations of the last
guideline on hypertension of the European
Society of Cardiology (17). The blood pressure
(SBP — systolic blood pressure/ DBP —
diastolic blood pressure) of each subject was
measured three times, wusing a digital
sphygmomanometer (Omron HEM-711DLX)
on the right upper arm, in the sitting position,
after a 10-minute rest. The average of two
consecutive measurements was used, with a
variation lower than 5 mmHg.

Laboratory analysis

All subjects underwent the following
laboratory tests: hemogram, fasting serum
glucose, glycolized hemoglobin (HbAlc), urea
and creatinine, total cholesterol, LDL-
cholesterol fraction, HDL-cholesterol fraction,
triglycerides, uric acid, sodium and potassium,
aldosterone (collected during DT) and plasma
leptin levels (collected during DT) using
ethylenediaminetetraacetic acid (EDTA) as an
anticoagulant (Quantikine® Human Leptin
Immunoassay, Catalog Number DLP00, R&D
Systems, Inc., Minneapolis, USA).

Heart rate variability

Heart rate variability (HRV) parameters
were derived from the recording of 24-hour
Holter monitoring and analyzed in time and
frequency domains. Measures were stratified
into two time periods for time domain: 24-hour
period (24h), daytime period (DT), comprising
the records from 1:00 p.m. to 5:00 p.m.
Frequency domain measures were obtained
from one hour records at 3:00 p.m. (daytime
period — DT). A three-channel, 24-hour Holter
recording was obtained from each subject,
using the CardioLight digital 24-hour recorder
device and the CardioSmart Institutional CS
550 software (Cardio Sistema Comércio ¢
Industria Ltda, Sao Paulo, SP, Brazil).

Time domain HRV parameters included
the following measures (9, 18):

- tMSSD (ms): Square root of the mean
squared differences between
successive RR intervals.

- SDNN (ms): Standard deviation of all
normal RR intervals in a 24-hour
Holter recording.

- SDANN (ms): Standard deviation of
mean RR interval in all 5-minute
segments of a 24-hour recording.

- pPNN50 (%): Percentage of differences
between successive RR intervals
greater than 50 ms.
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Frequency domain
calculated using the fast Fourier transform

measurces  were

(FFT) to break down the time series to its
underlying periodic  function.
domain HRV parameters

Frequency
included the
following measures (9, 18):

Low frequency (LF) and high frequency
(HF) measured in normalized units, which
represent the relative value of each power
component in proportion to the total power
minus the very low frequency (VLF)
component. Normalized LF (LF nu) was
calculated as LF power in normalized units
LF/(total power-VLF) x 100, and normalized
HF (HF nu) as HF power in normalized units
HF/(total power-VLF) x 100. Low frequency
(LF) and high frequency (HF), LF nu and HF
nu denote the energy in the heart period power
spectrum between 0.04 and 0.15 Hz (which is
due to the joint action of the vagal and
sympathetic components on the heart, with a
predominance of the sympathetic ones) and
0.15 and 0.40 Hz (which corresponds to the
respiratory modulation and is an indicator of
the performance of the vagus nerve on the
heart), respectively. “Daytime” was established
at 3:00 p.m. in order to collect HRV data
during wake.

RESULTS

We found no differences in age and
gender between the non-T2D and T2D
subgroups (54.7 = 10.0 vs 54.9 £+ 8.7 years and
equally 60% of female prevalence for both
groups - p > 0.05). Both groups demonstrated
similar characteristics despite of laboratory
analysis concerning T2D diagnosis like fasting
glucose (167.8 £9.2 vs 92.9 £ 9.2 mg/dL —p <
0.0001, T2D vs non-T2D) and HbAlc levels
(93+£21vs58+0.3%-p<0.0001, T2D vs
non-T2D). However, the T2D group showed a
greater body mass index (BMI) and higher

The LF nu/HF nu ratio reflects the
global sympatho-vagal balance and can be used
as a measure of this balance. In a normal adult
under resting conditions, the ratio is generally
between 1 and 2.

Statistical analysis

Data were expressed as mean (u) and
standard deviation (SD) or mean (n) and
standard error of the mean (SEM) for HRV
measures according its correct use. Unpaired
groups were compared using Mann-Whitney U
test, while correlation analysis was performed
using Spearman’s rank test. Fisher’s exact test
was used to determine whether a certain group
had significantly different proportion of a
particular characteristic. The level of statistical
significance accepted was less than 0.05. All
data were entered into a spreadsheet program
(MS Excel Microsoft Corp, Phoenix, Arizona,
USA) for statistical analysis.  Analytical
statistics were performed by Analyse-it version
2.21 Excel 12+ (Analyse-it Software Ltd.,
Leeds, UK), a statistical add-in program for
Excel (MS Excel Microsoft Corp, Phoenix,
Arizona, USA).

serum triglyceride values than the non-T2D
group (33.7 + 4.0 vs 26.6 + 3.7 kg/m?, —
p=0.0002; 190.2 + 103.6 vs 108.6 + 48.7
mg/dL — p=0.041). Similarly, plasma leptin
(81,368.7 + 47,086.1 vs 41,228.1 + 24,523.1
pg/mL — p=0.048) and serum aldosterone (26.0
+ 11.5 vs 16.9 = 7.0 ng/dL — p=0.021) were
increased in the T2D group compared with the
non-T2D.

Regarding the anti-hypertensive drugs
distribution, the T2D group was taking more
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antihypertensive drugs than the non-T2D group
(4.1+£0.7vs3.3+0.5-p=0.02).

Concerning HRV  parameters, the
following evaluations were reduced in T2D
when comparing with non-T2D: 24-hour-
SDNN (89.1 += 199 vs 1229 £+ 39.5 ms;
p=0.0009), daytime SDNN (58.2 + 13.6 vs 78.5
+ 24.9 ms; p=0.03), 24-hour-SDANN (79.8 £
17.1 vs 122.9 = 39.5 ms; p=0.0012), daytime
SDANN (47.8 £ 3.5 vs 65.5 = 6.5 ms; p=0.03),
daytime rMSSD (13.8 + 1.9 vs 19.8 £ 2.2;
p=0.05), 24-hour-pNN50 (1.8 + 2.1 vs 53 £
6.4 %; p=0.047), daytime pNN50 (0.5 £ 0.5 vs
2.6 £ 2.9 %; p=0.035) (Fig. 1). Although the
remaining HRV parameters in time domain
tended to lower values in T2D group, they did
not achieve statistically significance. There
were no differences between non-T2D and
T2D groups in frequency domain parameters
(data no shown).

Considering total patients (non-T2D and
T2D groups), BMI correlated positively with
aldosterone (r=0.47 [0.09 — 0.73] p=0.018; Fig.

DISCUSSION

2a) and leptin (r=0.58 [0.24 — 0.8] p=0.002;
Fig. 2b). In addition, total patients had HRV in
frequency domain correlated with serum
aldosterone. Aldosterone also correlated with
LF nwHF nu ratio (r=0.60 [0.28 — 0.81]
p=0.001), LF nu (r=0.60 [0.28 - 0.81] p=0.001;
Fig. 2¢) and HF nu (r= -0.60 [-0.81 - -0.28]
p=0.001; Fig. 2d). However, we found no
correlation with plasma leptin (daytime LF
nw/HF nu: r=-0.09 [-0.48 — 0.33] p=0.68;
daytime LF nu: r=0.01 [-0.39 - 0.41] p=0.95;
daytime HF nu: r=-0.01 [-0.41 -0.39] p=0.95).

Both groups (non-T2D and T2D)
separately also had aldosterone correlated with
HRV in frequency domain. Non-T2D had
aldosterone correlated with daytime LF nu
(r=0.60 [0.12 — 0.85] p=0.018; Fig. 2¢) and
daytime HF nu (=-0.60 [-0.85 - -0.12]
p=0.018; Fig. 2f). In addition, T2D group had
aldosterone correlated with daytime LF nu
(r=0.72 [0.16 — 0.93] p=0.019; Fig. 2g) and
daytime HF nu (r=-0.72 [-0.93 - -0.16]
p=0.019; Fig. 2h).
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The main finding of our study was that
serum aldosterone levels correlated positively
with sympathetic activity in RHTN with and
without T2D. Moreover, in spite of the
importance  of leptin in  sympathetic
overactivity in hypertension, we found no
correlation between leptin and HRV.

We also found that the HRV is lower
in T2D RHTN patients than in the non-T2D
group. In addition, the group T2D showed
higher correlations between aldosterone and
HRYV than the non-T2D. These results are in
accordance with previous studies showing that
aldosterone exerts a major influence on both
sympathetic overactivity and disturbances of
hepatic gluconeogenesis (7, 19-22).

The role of aldosterone in hypertension

Aldosterone mediates several
maladaptive changes in the nervous and
cardiovascular ~ systems  that  promote
hypertension in addition to cardiovascular
disease (CVD) and chronic kidney disease
(CKD) (23). Elevated levels of aldosterone, in
association with obesity and insulin resistance,
promote nongenomic inflammation and
oxidative stress pathways that advance the
development of resistant hypertension through
a number of mechanisms(7). These actions
potentiate the elevation of blood pressure that

occurs from the classic effects of aldosterone

to promote salt retention and volume
expansion, causing severe hypertension
resistant to treatment, unless a

mineralocorticoid receptor (MR) antagonist
such as spironolactone or epleronone is used as
part of the therapeutic regimen (7, 24).
Similarly to the heart, vasculature, pancreas,
skeletal muscle and fat, high levels of
circulating aldosterone can also overactivate
local renin-angiotensin-aldosterone system in
brain regions that contribute to increased
sympathetic tone in hypertension (7, 21, 22).

Supplementarily, aldosterone also causes

disturbances in hepatic insulin metabolic
signaling, contributing, in part, to increased
hepatic gluconeogenesis (19, 20). Our results
are aligned with this information due the

correlation between serum aldosterone and

sympathetic and parasympathetic activity
during daytime.

Pharmacologic  perspectives for RHTN
treatment

Mineralocorticoid receptor blockade
has been a therapeutic target for RHTN in
several studies (25, 26). There is an agreement
on its results toward safety and efficacy in
RHTN with the MR blocker spironolactone.
These data reinforce the importance of
aldosterone in RHTN pathophysiology.
Corroborating these evidences, this study
demonstrated a strong correlation between
serum aldosterone and sympathetic activity,
which has a major influence on RHTN.

Therefore, the panorama of evidences
indicates that the encouragement of the use of
MR blockers in RHTN is evidence-oriented
and may be
guidelines.

supported by hypertension

The role of leptin in hypertension

The evidence that increasing plasma
leptin to levels similar to those found in obesity
raises arterial pressure in non-obese rats is
consistent with the hypothesis that leptin is an
important link between obesity, sympathetic
activity and hypertension (27). Since obesity
plays a major role in contributing to human
essential hypertension, it is not surprising that
plasma leptin concentrations are often elevated
in hypertensive patients, or that leptin and
blood pressure are correlated (27). Illustrating
this statement, it has been found that serum
leptin levels were highly correlated with mean
arterial pressure and BMI in male Japanese
adolescents. Moreover, heart rate was also
correlated with

serum leptin even after



adjustment for age and BMI (28). It was also
observed that systolic blood pressure correlated
with plasma leptin after adjustment for BMI in
hypertensive women and in nonhypertensive
men, but not in hypertensive men (29). Most of
the data suggest that the correlation between
leptin and blood pressure in hypertensive men
is related mainly to the correlation between
adiposity and blood pressure. However, not all
studies have demonstrated a close relationship
between leptin and hypertension. For example,
leptin gene polymorphisms were not linked to
hypertension in African Americans (30).
Regarding our findings, although leptin
correlated with BMI, we have not found a
correlation between leptin and sympathetic

CONCLUSION

Aldosterone correlated positively with
sympathetic  activity in  RHTN. This
information summed with the recent clinical
trial evidences, reinforces the effectiveness of
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FIGURE LEGENDS

Figure 1: Autonomic imbalance. Heart rate variability (HRV) in time domain between non
type 2 diabetes (non-T2D) (white column) and T2D (black column) RHTN patients. A:
SDNN (ms): Standard deviation of all normal RR intervals in 24-hour Holter recording; B:
SDANN (ms): Standard deviation of mean RR interval in all 5-minute segments of 24-hour
recording; C: rMSSD (ms): Square root of the mean squared differences between
successive RR intervals; D: pNN50 (%): Percentage of differences between successive RR
intervals that are greater than 50 ms; DT: Daytime (1 p.m. — 5 p.m.); 24h: 24 hours; (*)
Statistical significance (p < 0.05).

Figure 2: A and B: Correlations between BMI and the hormones aldosterone and leptin,
respectively, in the all group of patients (black-white circle). C-H: Correlations between
HRV (sympathetic and parasympathetic activities) and aldosterone in the all group of
patients (black-white circle), non-T2D (white circle), and T2D (black circle). C: LF nu DT
and aldosterone in all patients; D: HF nu DT and aldosterone in all patients; E: LF nu DT
and aldosterone in non-T2D; F: HF nu DT and aldosterone in non-T2D; G- LF nu DT and
aldosterone in T2D; H- HF nu DT and aldosterone in T2D. BMI: body mass index; HRV:
heart rate variability; T2D: type 2 diabetes; LF: low frequency; DT: daytime; HF: high
frequency.
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