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RESUMO

Hipertensdo arterial resistente (HAR) é uma condicdo clinica que inclui pacientes com
HAR controlada (HARC) e HAR nao controlada (HARNC). Pacientes resistentes
frequentemente apresentam alteracdes nos niveis de adipocinas e lesdes em 6rgdos-alvo
(LOA) como rigidez arterial, hipertrofia ventricular esquerda (HVE) e microalbumintria
(MA). Resistina, leptina e adiponectina podem ter efeitos no controle da pressdo arterial
(PA), contudo, ndo se sabe se os niveis de adipocinas e marcadores de LOA estdo
associados nos subgrupos de HAR. Objetivo: Avaliar a relacdo entre os niveis de
adipocinas e rigidez arterial, HVE e MA em ambos os subgrupos. Métodos: Foram
avaliados em HARC (n=38) e HARNC (n=51) o IMC, PA de consultério ¢ MAPA, niveis
plasmadticos de adiponectina, leptina e resistina (ELISA), velocidade de onda de pulso
(VOP), MA e ecocardiograma. Resultados: Niveis de leptina e resistina estavam
aumentados (30,4+16,8 ng/mL; p = 0,004 e 11,3+4,0 pg/mL; p = 0,007 respectivamente)
em HARNC, enquanto os niveis de adiponectina diminuidos (4,7+ 2,6 ug/mL; p < 0,001).
Rigidez arterial, HVE e MA estavam aumentados (11,3+2,5 m/s; p < 0,001; 153,6£35,1
g/mz;p < 0,001; e 92,4497,0 mg/g; p < 0,001 respectivamente) no subgrupo com HARNC.
Neste subgrupo encontramos correlagdo inversa entre adiponectina e VOP (r = -0,42, p <
0,01) bem como com MA (r = -0,48, p < 0,01). Houve correlagéo positiva entre leptina e
VOP (r = 0,37, p = 0,02) somente no subgrupo HARNC e a resistina ndo se correlacionou
com marcadores de LOA em ambos os subgrupos. Conclusao: Hipoadiponectinemia estd
associada a presenga de maior rigidez arterial e MA somente em pacientes HARNC. Niveis
elevados de leptina estdo associados somente com rigidez arterial neste mesmo subgrupo.
Essas adipocinas podem influenciar a resisténcia a terapia anti-hipertensiva, contribuindo
para a dificuldade de controle pressdrico neste subgrupo de HAR.

Palavras-chave: Hipertensdo, adipocinas, lesdes.
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ABSTRACT

Resistant hypertension (RHTN) is a clinical condition that includes patients with controlled
RHTN (CRHTN) and uncontrolled RHTN (UCRHTN). Patients with RHTN often have
changes in adipokines levels and target organ damage (TOD) as arterial stiffness, left
ventricular hypertrophy (LVH) and microalbuminuria (MA). Resistin, leptin and
adiponectin may have effects on blood pressure (BP) control, however, it is unknown
whether adipokines levels and markers TOD are associated in subgroups of RHTN.
Objective: Was to assess the relationship between adipokines levels and arterial stiffness,
LVH and MA in both subgroups. Methods: Were evaluated in URHTN (n=38) and
UCRHTN (n=51) patients the BMI, ABPM, adiponectin, leptin and resistin plasma
concentrations (ELISA), PWV, MA and echocardiogram. Results: Leptin and resistin
levels were increased (30.4 + 16.8 ng/ml, p = 0.004 and 11.3 + 4.0 pg/mL, p = 0.007
respectively) in UCRHTN, while decreased adiponectin levels (4.7 + 2.6 ug/ml, p < 0.001)
were shown in this same subgroup. Arterial stiffness, LVH and MA were increased (11.3
2.5 m/s, p < 0.001, 153.6 = 35.1 g/m2, p < 0.001, and 92.4 £ 97.0 mg/g, p < 0.001
respectively) in UCRHTN subgroup. UCRHTN, but not in CRHTN showed an inverse
correlation between adiponectin and PWV (r = -0.42, p < 0.01) as well as MA (r =-0.48, p
< 0.01). Indeed, leptin was positively correlated with PWV (r = 0.37, p = 0.02) only in
UCRHTN subgroup and resistin showed no correlation with TOD in both subgroups.
Conclusion: Adiponectin is associated with arterial stiffness and renal injury in the
UCRHTN patients, while leptin is associated with arterial stiffness in the same subgroup.
These adipokines may influence resistance to antihypertensive therapy, and, thus,
contribute to the difficulty of BP control in this subgroup of hypertensive patients.

Key words: Hypertension, adipokines, damage.
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1.1 Consideracoes Gerais

Hipertensio arterial resistente (HAR) € caracterizada como pressiao arterial (PA)
que permanece acima da meta, apesar da utilizacdo simultinea de trés fairmacos anti-
hipertensivos de classes diferentes, sendo, idealmente, um deles um diurético, todos
prescritos em doses otimizadas. Nestas condi¢des, a HAR ¢é considerada como ndo
controlada (HARNC) e quando se atinge a meta pressodrica através do uso de quatro ou
mais drogas, a HAR ¢ classificada como controlada (HARC) [1].

Podemos considerar a presenga de HAR quando apds duas consultas
consecutivas, os valores presséricos mantém-se acima da meta, ou seja, PA superior a
140/90 mmHg, e 130/80 mmHg em pacientes hipertensos com diabetes ou doenca renal
cronica (taxa de filtracdo glomerular <60 ml/min/ 1,73m?; creatinina sérica >1,5 mg/dL,
em homens ou >1,3 mg/dL em mulheres; albumintria >300 mg/24h) [2]. E realizada a
monitoracdo ambulatorial da pressdo arterial (MAPA) para o diagnéstico de certeza da
HAR, e exclusio de pacientes pseudo-resistentes [3-4].

Hipertensdo arterial (HA) e obesidade sdo doengas complexas que estdo
intimamente correlacionadas e, atualmente, tem sido bastante discutida a influéncia da
obesidade na HA e na resisténcia a terapia anti-hipertensiva[5], assim como a correlacéo
dessas doencas na hiperativagdo dos sistemas renina angiotensina aldosterona (SRAA) e
sistema nervoso simpético (SNS), disfuncdo endotelial [6], adipocinas inflamatdrias [7]
e aumento de rigidez arterial [8]. A hiperativacio do SRAA na obesidade tem sido um
elo importante entre tecido adiposo (TA) e HAR [9-10]. Elevados niveis plasméticos de
aldosterona tém sido associados a patogénese da HAR em individuos obesos [11-12]. A
produgdo de fatores lipidicos estimula a secre¢do de aldosterona e esta, por sua vez,
através da ligacdo em receptores mineralocorticdides, promove adipogénese [13],

aumento do estado inflamatério adiposo, e alteracdo nos niveis de adipocinas [14].
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A adiponectina € wuma adipocina com propriedades anti-inflamatoria,
antiaterogéncia e sensibilizante a insulina [15]. Estudos relataram hipoadiponectinemia
como preditora do desenvolvimento de HA [16-17] e preditora independente da rigidez
arterial através da determinacdo de velocidade de onda de pulso (VOP) em hipertensos
[18-19]. Niveis reduzidos de adiponectina plasmdtica foram correlacionados a maior
progressdo da hipertrofia ventricular esquerda (HVE) [20].

A leptina, estd relacionada a fatores metabdlicos, inflamatérios e homeostéticos
envolvidos no desenvolvimento de HA[21], doencas cardiovasculares [22] e disfuncdo
vascular [23]. Atua ligando-se a receptores especificos em diferentes dreas do sistema
nervoso central (SNC), aumentando a atividade do SNS, incluindo o SNS renal. Este é
capaz de estimular o SRAA [24-25] levando ao aumento de aldosterona plasmadtica,
retengdo de sédio, expansdo volémica e, por fim, elevacdo da PA [21].

A resistina, outra importante citocina, sugere uma forte associacdo da resisténcia
insulinica a obesidade [26]. Em humanos a fonte de resistina ndo provém de adipdcitos
[27], mas de macréfagos [28], o que sugere um importante papel inflamatério [29]. Esta
citocina tem sido reconhecida como marcador atrativo para doengas vasculares por estar
associada a aterosclerose e disfuncdo endotelial [30]. Da mesma forma, estd também
associada a HA [31] e a taxa de filtracdo glomerular em estdgios iniciais da hipertensdo
essencial [32-33].

Embora a disfuncao endotelial, lesdo cardiaca, processos inflamatérios, elevacao
dos niveis de aldosterona e fatores de risco para doengas cardiovasculares estejam bem
associados a HA, ainda é desconhecida a relag@o dessas adipocinas com essas varidveis
na HAR. Também € desconhecido se os subgrupos hipertensos resistentes controlados e
ndo controlados apresentam mecanismos diferenciados quando correlacionados a essas

variaveis.
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1.2 Hipertensao Arterial Resistente — HAR

Mesmo com toda diversidade e efetividade de medicacdes anti-hipertensivas
disponiveis para o tratamento da hipertensdo arterial, somente 27% da populacdo
americana de hipertensos tem a pressdo controlada com indices inferiores a 140/90
mmHg, sendo que o restante dessa populacdo ndo consegue atingir as metas
recomendadas pelo consenso [2].

A resisténcia a terapia anti-hipertensiva € multifatorial [34], sendo influenciada
por fatores como a baixa ades@o ao tratamento [35], inadequag@o no regime terapéutico
e hipertensdo secundaria. O fendmeno do avental branco, mensuracdo inadequada da
PA, falta de adesdo ao tratamento e inércia terapéutica, contribuem para pseudo-
resisténcia [2]. J4 a hipertensdo secundédria € decorrente de patologias como
hiperaldosteronismo, apnéia obstrutiva do sono, estenose de artéria renal,
feocromocitoma e coarctacdo da aorta. Outros fatores como expansdo volémica por
excessiva ingestdo de sal, obesidade e resisténcia insulinica, contribuem para
desenvolvimento da HAR [2].

Se excluirmos estes fatores, encontramos aqueles pacientes que apresentam real
resisténcia ao tratamento anti-hipertensivo, sendo considerados hipertensos resistentes.
A American Heart Association define HAR como aquela em que os niveis de PA
mantém-se acima da meta pressorica apesar do uso de trés classes diferentes de anti-
hipertensivos em doses méximas, sendo um deles um diurético. Pacientes que nestas
condicdes ndo conseguem atingir o controle pressdrico, sdo classificados como
hipertensos resistentes nao controlados (HARNC). Além disso, pacientes cuja PA ¢é
controlada, mas requerem quatro ou mais classes de farmacos anti-hipertensivos, sdo

considerados hipertensos resistentes controlados (HARC) [1].
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Embora os portadores de HAR sejam considerados um grupo hipertensivo
homogéneo, tem sido descrito que os subgrupos HARC e HARNC apresentam
diferencas. Entre elas podemos citar valores aumentados de velocidade de onda de pulso
(VOP), de massa cardiaca, de indice de massa ventricular esquerdo (IMVE), de niveis
pressoricos [36] e de disfun¢do endotelial [37] no subgrupo de pacientes HARNC. Estes
achados demonstram diferencas fisioldgicas importantes entre os subgrupos da HAR,
sugerindo heterogeneidade nos mecanismos relacionados a hipertensdo neste grupo.

A HAR tem se tornado um problema clinico relevante, sendo uma patologia com
desenvolvimento crescente desde 1988 [38]. Estima-se que a real prevaléncia de HAR
seja de aproximadamente 9% a 12% da populacao geral de pacientes hipertensos. Estes
valores diminuem para 8% quando realizadas as medidas de pressdo ambulatorial [38-
40].

Mecanismos complexos envolvem a fisiopatologia da HA, (Figura 1) sendo
modulada por diversos fatores interligados: o SRAA, fung¢do excretora renal de sédio e
secretora de renina, sistema nervoso autdnomo, adaptacdo cardiovascular, endotélio e o

TA.
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Figura 1: Fisiopatologia da HAR e mecanismos envolvidos (Modificado de Tsioufis,
Kordalis et al.)[41]. Condi¢des como excesso de aldosterona, obesidade e apnéia
obstrutiva do sono promovem disfun¢do endotelial, inflamagédo e resisténcia insulinica.
Desta forma, a hiperativacdo do SNS e SRAA contribui para o desenvolvimento da
HAR.

1.2.1 Condicoes clinicas associadas a HAR

1.2.1.1 HAR e lesoes de orgiaos-alvo

Niveis elevados de PA podem causar alteracdes estruturais e funcionais em
grupos de 6rgdos especificos, devido a respostas compensatorias [42]. Manifestacdes de
lesdes de orgdos-alvo (LOA) como hipertrofia ventricular esquerda (HVE),
microalbuminuria (MA) e rigidez arterial estdo associados a eventos cardiovasculares e
aumento da mortalidade [43-44]. Alguns estudos demosntram que a rigidez arterial é
um preditor de mortalidade cardiovascular na hipertensio [45], e a VOP realizada para
determinar a rigidez arterial [46], tem sido associada a acidente vascular cerebral,

doencgas coronarianas e maior mortalidade cardiovascular [47].

1.2.1.2 Rigidez Arterial

Grandes artérias tem sua complacéncia diminuida por processos de senescéncia,
ou seja, por processos naturais de envelhecimento [48]. Patologias como HA [49],
diabetes [50], doenca renal cronica e tabagismo [51] contribuem para o
desenvolvimento deste processo.

Alteracdes na estrutura da parede arterial, especialmente, na camada média, sdo
responsdveis pela rigidez arterial [52]. A elasticidade do vaso associa-se a proliferacdo
de coldgeno e quantidades diminuidas de elastina, diminuindo a complacéncia da parede
vascular. Além disso, fatores como endotelina, angiotensina II, 6xido nitrico e estresse

oxidativo, podem alterar o tonus vascular por deposi¢do de cdlcio [53-54].

19



Como relatado anteriormente, a rigidez arterial tem sido considerada preditora
de mortalidade cardiovascular por todas as causas na hipertensao [45]. Para avaliacdo da
rigidez arterial € realizada a VOP através de um método ndo invasivo de tonometria de
aplanacdo. A VOP ¢ obtida através dos dados das artérias carétida e femoral, que € o
padrdo-ouro para avaliacdo da rigidez, sendo que o valor considerado como preditor de
LOA € de 10m/s. [55].

Resultados recentes de rigidez arterial nos subgrupos da HAR, mostraram
maiores valores de VOP nos pacientes ndo controlados quando comparados aos

controlados [36].

1.2.1.3 Hipertrofia Ventricular Esquerda

A HVE ¢ uma alteracdo estrutural e funcional caracterizada por uma resposta
compensatéria a sobrecarga pressorica e/ou volumétrica cronica. De acordo com a
progressdo de niveis de PA, ocorre aumento de sua prevaléncia e incidéncia [56]. Essa
adaptacdo estd associada a maior morbidade e mortalidade dos seus portadores. O
mecanismo envolve um déficit contratil e instabilidade elétrica do coracdo através de
alteracdes intrinsecas dos cardiomidcitos ou de outras células miocardicas. Através do
Framingham Heart Study foi estabelecido o valor prognéstico da detec¢do de HVE na
estratificacdo de risco para doenga cardiovascular, morbidade e mortalidade [57-58].

A HVE ¢ obtida pela andlise da massa ventricular esquerda (MVE), sendo
corrigida pela superficie corporal, obtendo desta forma, o indice de massa ventricular
esquerda (IMVE), considerado normal até 95g/m2 para o sexo feminino e até 115 g/m2
para o sexo masculino [59].

O desenvolvimento de HVE ¢é multifatorial, e estd relacionada a hipertensao,

intolerdncia a glicose, perfil lipidico e tabagismo [60]. A HVE ¢ fator de risco
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independente para insuficiéncia cardiaca congestiva, infarto do miocédrdio, e morte
subita [61]. Recentemente demonstrou-se na HAR, maiores indices de HVE em

pacientes HARNC quando comparados aos pacientes HARC [36].

1.2.1.4 Microalbuminiiria

Microalbuminuria é geralmente definida como uma taxa de excrecio urindria de
albumina de 30 a 299 mg / dia [62]. Embora muitas vezes visto como um sinal de
doenca renal precoce, a MA interage com vdrios fatores de risco convencionais
vasculares e € também um marcador independente de disfuncdo endotelial [63].
Inicialmente foi identificada como um marcador de doenca renal [64], e atualmente, tem
sido considerada como um fator de risco de morbidade e mortalidade cardiovascular
[65]. Estudos demonstraram que fatores de risco cardiovasculares como hipertensio,
metabolismo da glicose e dislipidemia, aumentam o risco de desenvolvimento de MA

[66-68].

1.3 HAR e aldosterona

A aldosterona tem importante papel sobre a volemia, fungcdo renal e vasos
arteriais, principalmente quanto a indug¢do de disfunc¢io endotelial, inflamagao, fibrose e
rigidez vascular. O conjunto dessas alteragdes ocasiona mudancas funcionais e
estruturais de pequenas e grandes artérias, hd aumento da PA, e resisténcia ao
tratamento anti-hipertensivo [36, 69]. Também, a utilizacdo de diuréticos, inibidores da
enzima conversora e antagonistas dos receptores de angiotensina II pode causar
aumento da aldosterona plasmdtica -por escape da aldosterona- contribuindo
paradoxalmente para a ineficicia do tratamento [70-71].

Atualmente, tem sido discutida a ideia de que o SRAA esta fortemente associado

a obesidade, resisténcia a insulina e dislipidemia [12], e tem se apresentado como um
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importante elo entre obesidade e hipertensdo [72-73]. A obesidade estd associada a
hiperativagdo do SRAA que elevando os niveis de aldosterona, contribui para HAR [74]
através de processos como disfunc@o endotelial, doenga cardiovascular [75] e liberacdo
de adipocinas inflamatérias [14]. Desta forma, niveis elevados de aldosterona
contribuem para o desenvolvimento destes processos colaborando para o

remodelamento renal e cardiovascular, piorando assim a agressao ao 6rgado-alvo [74].

1.4 HAR e Obesidade

A obesidade tornou-se um grave problema de saide publica devido ao aumento
expressivo da morbidade e mortalidade cardiovasculares, secunddrias a progressao e o
agravamento da doenca aterosclerdtica [76-77]. Os mecanismos fisiopatolégicos que
envolvem hipertensdo e obesidade sdo complexos, entretanto estudos t€ém demonstrado
que o excesso de peso eleva a PA. A hiperativacdo simpdtica e do SRAA, a disfuncédo
endotelial e fatores hemodinamicos relacionam-se entre si de forma direta ou indireta
[78-79], entretanto o mecanismo pelo qual a obesidade provoca esta alteracdo nédo esta
totalmente esclarecido. Fatores como o aumento do débito cardiaco, fluxo sanguineo
regional e resisténcia vascular periférica, que promovem expansio do volume
extracelular e alteracdo da fungdo renal, estdo associados a obesidade. Este processo
ocorre primariamente, por um aumento da reabsorcdo tubular de sédio na fase inicial da
obesidade e, posteriormente, secundéria a lesdao glomerular com perda de fungdo [80-
81].

A associag@o entre hipertensdo e obesidade envolve mecanismos complexos e
multifatoriais [78]. O tecido adiposo sempre foi conhecido como isolante térmico e
reservatdrio de energia, porém, por muito tempo, pouca atencio foi dada a andlise de

outras fungdes do mesmo. Foi descoberta a sua capacidade de secretar hormonios,
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denominados adipocinas ou adipocitocinas, consolidando a ideia do tecido adiposo
como um 6rgdo enddcrino [82], capaz de atuar na inflamagdo sist€émica, no estresse
oxidativo e na resisténcia a insulina [83]. Um fator derivado do adipécito foi associado
ao aumento da liberacdo de um estimulador hepatico de sintese de aldosterona [84]. A
produgdo de fatores lipidicos pelo TA, estimula a secrec¢do de aldosterona e esta, por sua
vez, através da sua ligacdo em receptores mineralocorticéides, promove inflamacio do

tecido adiposo e expressdo modificada de adipocitocinas inflamatdrias [13].

1.4.1 Adipocinas e Desfechos Clinicos Cardiovasculares
1.4.1.1 Resistina

A Resistina, adipocina descoberta mais recentemente, tem sido associada a
resisténcia insulinica e obesidade [26]. E produzida principalmente por macréfagos [27-
28], o que sugere um importante papel desta adipocina na inflamacdo [29]. A resistina
tem sido reconhecida como um relevante marcador de doenga vascular devido sua
associacdo com disfungdo endotelial e aterosclerose [30].
Trabalhos mostram a influéncia da resistina no aumento de espécies reativas de
oxigénio e diminuicdo da expressdo de Oxido nitrico sintase (eNOS) em células
endoteliais [85-86]. Foi relatado que pacientes pré-hipertensos e ndo diabéticos
apresentaram altos niveis de resistina quando comparados com pacientes normotensos
[87]. Estudos sugerem participacdo da resistina na hipertensdo [31] devido ao seu
envolvimento em processos inflamatérios como regulacdo de tumor necrosis factor-
alpha (TNF- a) e interleucina-6 [88], devido a proliferagdo de células musculares lisas
vasculares [89], ativacdo de células endoteliais por liberacdo de endotelina-1 [90], e

aumento da expressdo de células de adesdo [30]. A resistina tem sido reconhecida com
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um relevante marcador cardiovascular [30] através de vias inflamatérias [88]. Até hoje,
a associagdo entre resistina e VOP foi praticamente inexplorada, exceto por um recente
estudo realizado com 726 participantes sauddveis mostrou que a resistina foi
correlacionada independentemente com VOP em individuos saudaveis [91]. Também,
tem sido associada a hipertrofia e contratilidade cardiaca [92] e a taxa de filtracdo
glomerular em estagios iniciais da hipertensao essencial, representando um mecanismo
fisiol6gico que ndo necessariamente estd associada a doenga renal [32-33]. Ainda que a
resistina esteja fortemente associada a sindrome metabdlica, obesidade e TA, alguns
estudos ndo conseguiram revelar qualquer relagéo entre o nivel de resistina plasmaética e
o indice de massa corporal (IMC) [93-96], enquanto outros produziram uma associa¢io

positiva [97-99].

1.4.1.2 Leptina

A leptina é um hormdnio proteico, identificado em 1994 através de clonagem do
gene ob em camundongos [100]. E produzida e secretada principalmente pelo TA,
porém outros 6rgaos produzem leptina em menor quantidade. Considerada inicialmente
um hormdénio com papel na regulagdo do peso corporal e gasto energético, € responsavel
por mecanismo de sinaliza¢do integral capaz de influenciar o adequado controle
fisiol6gico de numerosas fungdes bioldgicas [101].

A leptina, esta relacionada a fatores metabdlicos, inflamatdrios e homeostéticos
envolvidos no desenvolvimento de HA e doengas cardiovasculares [22]. Atua ligando-
se a receptores especificos em diferentes dreas do SNC, aumentando a atividade do
SNS, incluindo o SNS renal. Este é capaz de estimular o SRAA [24-25] levando ao
aumento de aldosterona plasmatica, retencdo de sédio, expansido volémica e, por fim,

elevacdo da PA [21]. Esta bem estabelecida a associag¢@o entre altos niveis de leptina e
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desenvolvimento de HA, doencas cardiovasculares [22] e disfuncdo endotelial [23].
Estudos mostraram associacdo entre leptina e niveis de PA independente do IMC [102]
e com VOP em individuos sauddveis [91]. Foi demonstrada também correlagdo inversa
entre leptina e complacéncia arterial em pacientes hipertensos, independente da
obesidade e idade [103]. Além disso, apesar de estudos sugerirem a leptina como

indutora de hipertrofia miocardica [104-106], esta ideia ainda € controversa [107].

1.4.1.3 Adiponectina

Em 1990 a adiponectina foi identificada como uma proteina plasmatica
relativamente abundante produzida pelo TA [108]. Os niveis de adiponectina
encontram-se diminuidos na presenca de obesidade, doenca arterial coronariana, HA e
resisténcia a insulina [109] e podem refletir aumento de risco cardiovascular e
inflamacao[110]. A adiponectina esta fortemente ligada & funcdo endotelial [111], por
alterar efeitos vasculares mediados por citocinas, como TNF-a, suprimir geragdo de
espécies reativas ao oxigé€nio e possibilitar a geracdo de 6xido nitrico endotelial. Desta
forma, a adiponectina possui propriedades anti-inflamatérias, antiaterogé€nicas e
antiproliferativas nos vasos. Evidéncias mostram a adiponectina como um fator de
protecdo contra HA através do mecanismo dependente do endotélio [112], sendo que a
adiponectina associou-se inversamente a rigidez arterial através da determinacdo de
VOP em pacientes hipertensos [18-19, 113]. Em estudo prospectivo com duragdo de 5
anos, a hipoadiponectinemia foi relacionada como preditora do desenvolvimento de HA,
independente da idade, parametros de obesidade, PA média, resisténcia a insulina e
proteina C reativa de alta sensibilidade [16]. Além disso, niveis reduzidos de

adiponectina plasmdtica foram correlacionados a maior progressio de HVE [20].
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Embora a disfuncao endotelial, lesdo cardiaca, processos inflamatérios, elevacao
dos niveis de aldosterona e fatores de risco para doengas cardiovasculares estejam bem
associados a HA, ainda € desconhecida a relagdo de adipocinas com essas varidveis na
HAR. Também € desconhecida a relagdo entre adipocinas e LOA nos subgrupos de

hipertensos resistentes controlados e nao controlados.
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2 JUSTIFICATIVA DO ESTUDO
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Adipocinas plasmdticas como adiponectina, leptina e resistina tém sido
associadas a doengas cardiovasculares, resisténcia insulinica/diabetes mellitus tipo 2 e
obesidade. Contudo, ndo se sabe qual a relacdo entre adipocinas e a resisténcia ao
tratamento farmacoldogico em pacientes hipertensos resistentes e a relacdo das
adipocinas com lesdes de oOrgdos-alvo como rigidez arterial, hipertrofia ventricular
esquerda e microalbuminuria.

A identificag@o de possiveis associagdes entre adipocinas, hipertensio resistente
e obesidade, assim como possiveis associacdes a lesdes de 6rgdo-alvo poderd contribuir
para o melhor entendimento dos mecanismos fisiopatoldgicos relacionados a resisténcia
farmacoldgica.

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

pressorica a farmacos.
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3 OBJETIVOS
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1- Comparar niveis plasmdticos das adipocinas nos diferentes subgrupos de HAR
frente a dificuldade de controle da PA em hipertensos resistentes controlados e nao
controlados;

2- Avaliar se ha participagdo das adipocinas a serem estudadas no desenvolvimento das
lesdes de orgdos alvos (rigidez arterial aumentada, HVE e disfuncdo renal) em

hipertensos resistentes.
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4 CONCLUSOES
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1-

Pacientes com HARNC apresentam maior grau de lesdes nos 6rgaos-alvo: coragao,
caracterizado por maior indice de massa ventricular esquerda; renal, caracterizado
por altos niveis de microalbumindria, e vascular, caracterizados por maior rigidez
arterial quando comparados ao subgrupo de hipertensos controlados.

Leptina e resistina encontram-se com niveis aumentados em HARNC, e
adiponectina encontra-se diminuida neste mesmo subgrupo.

Niveis diminuidos de adiponectina associam-se a maior rigidez vascular e maior
lesdo renal, quando comparados com os pacientes resistentes com pressao arterial
controlada. Neste mesmo grupo, niveis de leptina encontram-se aumentados com
possivel associacdo a rigidez arterial. A resistina, mesmo aumentada no grupo de
hipertensos resistentes ndo controlados, ndo apresentou associacdo a lesdo dos
orgios-alvos estudados.

Os niveis diminuidos de adiponectina associados a maiores indices de VOP e MA,
assim como os valores aumentados de leptina associados a maior VOP, podem ser
um dos fatores que contribuem para dificuldade de controle da PA nesse subgrupo

de hipertensos.
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ABSTRACT

Introduction: Resistant hypertension (RHTN) includes patients with controlled blood
pressure (BP) -CRHTN- and uncontrolled BP -UCRHTN. RHTN patients are more
likely to have target organ damage (TOD), such as arterial stiffness, left ventricular
hypertrophy (LVH) and microalbuminuria (MA). In fact, resistin, leptin and adiponectin
may affect BP control in these subjects. However, it is unknown whether adipokine
levels and TOD markers are associated in subgroups of RHTN. Objective: We assessed
the relationship between adipokine levels and arterial stiffness, LVH and MA in both
subgroups of RHTN. Methods: This cross-sectional study included CRHTN (n=38) and
UCRHTN (n=51) patients for evaluating the parameters BMI, ABPM, plasma
adiponectin, leptin and resistin concentrations (ELISA), pulse wave velocity (PWYV),
MA and echocardiographic measurements. Results: Leptin and resistin levels were
increased in UCRHTN (30.4 + 16.8 ng/ml, p= 0.004 and 11.3 £ 4.0 pg/mL, p=0.007,
respectively), while adiponectin levels were decreased in this same subgroup (4.7 £ 2.6
ug/ml, p<0.001). Similarly, arterial stiffness, LVH and MA were increased in UCRHTN
subgroup (11.3 + 2.5 m/s, p<0.001, 153.6 £ 35.1 g/m2, p<0.001, and 92.4 + 97.0 mg/g,
p<0.001, respectively). Adiponectin levels negatively correlated with PWV (r= -0.42,
p<0.01), as well as, with MA (r= -0.48, p<0.01) in UCRHTN, but not in CRHTN.
Conversely, leptin was positively correlated with PWV (r =0.37, p=0.02) only in
UCRHTN subgroup, while resistin showed no correlation with TOD in both subgroups.
Conclusion: Adiponectin is associated with arterial stiffness and renal injury in
UCRHTN patients, while leptin is associated with arterial stiffness in the same
subgroup. Taken together, these adipokines may be responsible for resistance to
antihypertensive therapy and, thus, contribute to the difficult BP control in this
subgroup of hypertensive patients.

Keywords: Resistant hypertension, adipokines, target organ damage.
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INTRODUCTION

Resistant hypertension (RHTN) is a condition in which blood pressure (BP)
remains above goal (140/90 mmHg), despite the use of three or more antihypertensive
drugs of different classes at optimal doses (UCRHTN patients), or controlled BP
requires four or more drugs (CRHTN patients) [1].

Hypertension is the leading risk factor for morbidity and mortality in the world
[2]. Thus, manifestations of hypertensive end organ damage, such as LVH, MA and
arterial stiffness are associated with cardiovascular events and mortality [3-5]. Our
group described recent data for UCRHTN subgroup regarding the increases of body
mass index (BMI), left ventricular hypertrophy (LVH), aldosterone levels and arterial
stiffness [6-7]. Although these characteristics may be interrelated in RHTN subjects, it
is unknown the role of some adipocyte hormones in the pathogenesis of RHTN
subgroups.

Currently, the resistance to antihypertensive treatment has been explored, and

the obesity and higher aldosterone levels seem to be an important factor in this lack of
BP control [6, 8]. Lipid factors seem to stimulate aldosterone secretion [9], which in
mineralocorticoid receptors (MR) on adipose tissue activates proinflammatory
adipokine expression and insulin resistance [10], as well as all mechanisms related to
the development of resistant hypertension.
In addition, adipose tissue secretes hormones, known as adipokines or adipocytokines,
such as leptin, adiponectin and resistin [11]. Those adipokines have already been proven
to correlate with some inflammatory and cardiovascular alterations in essential
hypertensive patients [12-16].

This study aimed to evaluate the association of adipokines and target organ
damage (TOD) (arterial stiffness, LVH and renal impairment) in controlled and
uncontrolled resistant hypertensive subgroups.
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METHODS
This cross-sectional study was approved by the Research Ethics Committee at
the Faculty of medical Sciences of University of Campinas (Campinas, Brazil). All

participants were aware of the investigative study and signed an informed written

consent form (719/2011).

Patient Population

Eighty-nine RHTN patients were followed in the outpatient resistant
hypertension clinic of the University of Campinas. The diagnosis of RHTN was
performed obeying a 6-month protocol. Patients were submitted to drug therapy
optimization, office BP measurement, and ambulatory blood pressure monitoring
(ABPM) to include only true resistant hypertensive subjects [1]. White-coat
hypertension, pseudoresistance, lack of medication adherence, and secondary forms of
hypertension were properly observed and excluded. Patients were classified into two
groups: uncontrolled (UCRHTN, n=38) and controlled resistant (CRHTN, n=51), in
accordance with number of medication and office blood pressure measurements (BP
>140/90 mmHg or BP >130/80 mmHg in patients with diabetes or chronic kidney
disease) [1].
The exclusion criteria were: heart failure (ejection fraction < 50%), primary
hyperaldosteronism, acute or moderate-severe renal or liver dysfunction, valvular heart
disease, non-compliance to pharmacological treatment, sleep apnea (classified as “high
risk” by the Berlin sleep questionnaire), cardiomyopathies, cardiac arrhythmias, aortic
disease (Marfan’s syndrome, coarctation of the aorta, previous stroke, aneurysms or
aortic surgery), clinical history of coronary artery disease or proven coronary artery
disease by coronary angiography or noninvasive tests, peripheral vascular disease,
familial hyperlipidemia, pregnancy or oral contraceptive use, connective tissue
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disorders, neurological problems, malignancies, psychiatric diseases, smoking, alcohol
use and drug abuse. As obesity and glucose intolerance are characteristics of RHTN
subjects, only mild diabetic subjects still on non-pharmacological therapy (lifestyle
changes) were included.

Non-pharmacological therapies were optimized, including salt-restricted diet
monitored by urinary sodium excretion measurement. Adipokine levels, office BP,
ABPM, left ventricular mass index (LVMI) and pulse wave velocity (PWV) were

evaluated as described below.

Office BP measurements

Office BP was measured at least three times with patients in a seated position
after a 10-minute rest, approximately 8:00 a.m., using a digital BP monitor (OMRON
Healthcare Inc., Bannockburn, IL, USA), according to the guideline on hypertension of
the European Society of Cardiology [17]. The average of two consecutive

measurements was used with a variation lower than 5 mmHg.

Ambulatory BP monitoring (ABPM)

The 24-h ABPM was carried out using an automatic oscillometric device (Spacelabs
90207, Spacelabs Inc) [18]. Patients were instructed to keep normal daily activities and
to note their sleep period in a personal diary. BP was measured automatically at 20-min
intervals during an entire 24-h period. ABPM was used not only to exclude
pseudoresistance to antihypertensive treatment but also to characterize both studied
subgroups: uncontrolled resistant hypertensive subjects (UCRHTN) and controlled

resistant hypertensive subjects (CRHTN).
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Aortic PWV measurement

The Sphygmocor system (Artcor, Sidney, Australia) was used to measure pulse
wave velocity (PWV), a noninvasive and reproducible method to determine arterial
stiffness [19]. With the patients in a supine position, the pulse waves were obtained
transcutaneously, using the right common carotid and femoral arteries. PWV was
calculated from the transit time and the distance between these two arterial sites, and the
distance covered by the waves was measured directly between the femoral recording
site and the supra-sternal notch minus the distance from the supra-sternal notch to the
carotid recording site. PWV was calculated as distance (meters)/At (seconds) [19].Three

consecutive readings were sampled and the PWV average value was used in analysis.

Echocardiography

LVH was analyzed by left ventricular mass index (LVMI). Measurements of the
dimensions of the left ventricle (LV) were performed using the American Society of
Echocardiography (ASE) recommendations [20], using 2-dimensional targeted M-mode
echocardiography. Diastolic LV (LVDD) and systolic LV (LVSD) diameters and the
interventricular septal (IVS) and posterior wall (LVPW) thicknesses at the end of
diastole were measured according to the QRS wave of electrocardiography. LV mass
was calculated by the ASE recommended formula [20]. LVMI was calculated by
dividing LV mass by the body surface. Echocardiographic measurements were
evaluated by two blinded independent investigators, using cardiovascular ultrasound
machine (Siemens Acuson CV70, Munich, Bavaria, Germany) with multi-frequency
sector transducer (2-4MHz). The intraobserver and interobserver coefficients of
variation of LVDD, LVSD, IVS and LVPW thicknesses were less than 5.5% and 9.5%

for LVML.
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Laboratory assessment

Blood samples were collected at 08:00 a.m. after overnight fasting by
venipuncture. Plasma resistin, leptin, adiponectin (R&D Systems, Inc., Minneapolis,
USA) and aldosterone levels (DRG International, New Jersey, USA ) were measured by
enzyme-linked immunosorbent assay (ELISA), according to the manufacturer's
instructions. Creatinine clearance (ml per min per 1.73m% and MA (mg/g) were
measured in urine sample collected during 24 hours. We used urine albumin-to-
creatinine ratio (MA) values to analyze renal impairment. Patients presenting values
lower than 30mg/g are classified as normal, while renal impaired patients present values

between 30 and 300mg/g.

Statistical analysis

Descriptive statistics are shown as mean + standard deviation. The distribution
of the data was assessed by Shapiro-Wilk test. Nonparametric data were analyzed by the
Mann-Whitney test to compare continuous variables between the subgroups. We used
the Fisher’s test to compare categorical variables and the Spearman’s correlation
coefficient to correlate analyses. The level of statistical significance accepted was less

than 0.05.

RESULTS
General characteristics showed no differences between CRHTN and UCRHTN
regarding age, gender, BMI and biochemical measurements, except aldosterone levels,
which were increased in UCRHTN subgroup (table 1). All patients in both groups were
classified as overweight (BMI > 25 - 29.9 Kg/mz) or obese (BMI > 30 Kg/mz) [21].
CRHTN subgroup was taking a mean of 4.5 drugs daily with the prescribed

medication being diuretics (100%), spironolactone (36.8%), angiotensin receptor
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blocker (ARB) (34.6%), angiotensin-converting enzyme inhibitors (ACEI) (32.7%),
calcium channel blockers (CCB) (28.8%), B-blockers (46.2%), and others (3.8%).
UCRHTN subjects were taking a mean of 4.9 classes of antihypertensive drugs daily,
i.e., diuretics (100%), spironolactone (77.6%), ARB (77.3%), ACEI (27.3%), CCB
(65.9%), B-blockers (52.3%), and others (11.4%). As expected, we found a greater use
of anti-hypertensive by UCRHTN subgroup. Indeed, statistical differences between
groups were found in ARB and CCB classes (p<0.01).

Office BP, ambulatory BP monitoring, PWV (11.3£2.5 vs 9.242.3 m/s;
p<0.001), LVMI (153.6235.1 vs 118.9+29.0 g/m; p<0.001) and MA values (92.4+97.0
vs 27.9443.6 mg/g; p<0.001) were increased in UCRHTN subgroup when compared
with CRHTN (table 2).

As shown in table 2, UCRHTN subgroup had increased leptin and resistin levels
(30.4£16.8 vs 20.5£10.6 ng/mL; p=0.004; 11.324.0 vs 9.3+3.7 pg/mL; p=0.007,
respectively), while adiponectin levels were decreased in this same subgroup (4.7+ 2.6
vs 8.9+4.6 ug/mL; p< 0.001) (table 2).

Correlation analysis showed that UCRHTN subgroup had PWV inversely
correlated with adiponectin (r= -0.42, p<0.01) (figure 1.B) and positively with leptin
(r=0.37, p=0.02) (figure 2.B). In fact, MA correlated inversely with adiponectin (r= -
0.48, p<0.01) in this same subgroup (figure 1.D). No correlation was found
betweenLVMI and adipokines. Furthermore, resistin did not correlate with any markers

of target organ damage in RHTN subgroups.

DISCUSSION

The main findings of our study are a clear difference regarding adipokine levels
and TOD among RHTN subgroups. Although our group has already stated some
important features of RHTN subgroups [6, 22], this is the first study to associate these
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three hormones and TOD markers. In brief, the subgroup with uncontrolled BP had
higher arterial stiffness, microalbuminuria, left ventricular hypertrophy, as well as
increased levels of adipokines, such as leptin and resistin, and lower levels of
adiponectin. In addition, arterial stiffness correlated with adiponectin and leptin,
although microalbuminuria has had only association with adiponectin. Interestingly,
these associations were only encountered in the subgroup that had no control of their
hypertension.

Hypertension is the leading risk factor for morbidity and mortality in the world
[2]. Thus, manifestations of hypertensive end organ damage, such as LVH, MA and
arterial stiffness, are associated with cardiovascular events and mortality [3-5].
Currently, resistance to antihypertensive treatment has been explored, and obesity seems
to be an important factor in this lack of BP control [6], which may be related to
adipokine expression activation by adipose tissue [10].

It has been well documented that hypoadiponectinemia and hyperleptinemia are
associated with higher blood pressure [22-23]. In addition, recent studies showed that
arterial stiffness was inversely correlated with adiponectin in hypertension [13], and
also it was demonstrated an inverse correlation between leptin and arterial compliance
in hypertension regardless of obesity and age [24]. In addition to having insulin
sensitivity, anti-inflammatory and antiatherogenic actions [25], adiponectin has
beneficial functions such as vasculoprotective effects and may prevent almost every
pathological condition involved in vascular disease [26-27]. Conversely, leptin
promotes vascular smooth muscle cell proliferation [28] and induces reactive oxygen
species formation [29], contributing thereby to arterial stiffness [30]. Taken together,
these findings are consistent with our results, in which arterial stiffness was positively

associated with adiponectin and negatively with leptin in uncontrolled RHTN subgroup.
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MA has been inversely associated with adiponectin in essential hypertension
[31]. In our study, we found association between these variables in UCRHTN patients,
and this may be due to proinflammatory effects of hypoadiponectinemia, contributing to
the development of MA. Conversely, leptin has a crucial role in hypertension, and it is
related to progression of chronic renal failure through abnormal sympathetic neural
stimulation [32]. However, in our sample of RHTN subjects, MA did not correlate with
leptin. We hypothesized that higher levels of leptin may be associated with end stages
of renal disease. In fact, kidney has a substantial role in removing this adipokine from
the plasma [33], implying in an impairment of renal leptin degradation.

Previous cross-sectional [14] study demonstrated that LVMI was inversely
correlated with adiponectin in hypertensive subjects. In addition, leptin correlates with
myocardial hypertrophy [34], although its association with increased risk of
cardiovascular disease is controversial [35-36]. In the present study, LVMI was not
associated with adiponectin and leptin levels. We hypothesized that these adipokines are
not associated with direct effects on cardiac hypertrophy probably because of the
multifactorial mechanism of LVH pathogenesis in RHTN and then, related with early
hypertensive disease [14, 34].

Resistin, another important cytokine, has also been associated with hypertension
[37] and with endothelial dysfunction [12], atherosclerosis [16], cardiac hypertrophy
[38], and renal function impairment [39]. However, in a previous study, resistin did not
correlate with mean BP after age and obesity adjustment [40]. Regarding our negative
findings, it seems that this adipokine could be much more closely linked to
inflammatory cells [41] and inflammatory process [42], which effects may be greater
than adiponectin and leptin roles. Taken together, some lack of explanation of resistin
effects in humans could be due to: (1) differential detection of multiple isoforms of
resistin by immunoassays, (2) diversity among species, (3) variations in concentration
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of resistin in humans and experimental animal models, and (4) variations in model
design [43].

Although some studies suggested association among these adipokines [44] [45-
47], we found no correlation between aldosterone, adiponectin, leptin and resistin in
RHTN subgroups. It may be due to this complex stage of hypertension, once RHTN
patient analysis is complicated by the associated high cardiovascular risk [1].

Some studies demonstrated associations between adipokines and
antihypertensive medication. Growing evidences show increased adiponectin and lower
leptin levels due to the use of ACE inhibitor and ARBs [48-50], amlodipine and, in a
lesser extent, some B-blockers such as atenolol [49]. In addition, amlodipine decreased
resistin levels in HTN subjects, with more impact than ramipril and candesartan
therapies [49]. Although antihypertensive therapy may influence adipokine levels,
higher leptin and resistin and decreased adiponectin levels were maintained even with
the larger use of antihypertensive in UCRHTN subgroup.

Secondary to our findings and confirming previous publications from our
laboratory [6, 22], we found higher aldosterone levels in UCRHTN subgroup. This
subgroup has higher aldosterone levels, even using more antihypertensive classes,
probably because subjects have aldosterone scape, justifying these elevated aldosterone
levels [51]. This alteration may induce adipokine level disturbances, contributing
tocardiovascular disorders, resistant hypertension and target organ damage progression
[8].

The main limitation was the small number of UCRHTN and CRHTN patients
enrolled in this study. Another limitation is the inclusion of obese patients, but we know
that obesity is a common feature of resistant hypertensive patients, making it difficult to
pull apart these alterations [1]. However, no correlation was found between adipokines
and BMI, and the association between adipokines and TOD occurred regardless of
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adiposity. Hence, we suggest that adipokine levels may contribute to lack of BP control
in UCRHTN group regardless of adiposity/BMI.

We concluded that UCRHTN subgroup presents higher TOD when compared
with CRHTN and strengthened the differences between these subgroups. Decreased
levels of adiponectin associated with higher PWV and MA, as well as increased levels
of leptin associated with higher PWV may play a role in the resistance to
antihypertensive therapy and, thus, in part contribute to the difficulty of BP control in

this RHTN subgroup.
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TABLES

Table 1. General characteristics of the study groups

CRHTN UCRHTN P-value
(n=51) (n=38)

Gender (F/M) 34/17 23/15 0.656
Age (years) 58.8+10.5 56.1+11.3 0.253
BMI (kg/m®) 303+4.1 29.7+43 0.503
Glucose (mg.dL™) 986 +108 99.3+9.3 0.997
Sodium (mEq.L™") 140.8 £2.4 141.0+2.2 0.594
Potassium (mEq.L’l) 44+0.3 43+04 0.212
Cholesterol (mg.dL™) 189.9 +30.8 193.9+31.3 0.433
LDL-c (mg.dL™") 113.9 +26.7 117.3 £24.7 0.534
HDL-c (mg.dL™) 478 +82 472 59 0.555
Triglycerides(mg.dL™") 140.9 £49.2 147.1 £72.9 0.388
Urea (mg.dL™) 379 £9.2 347 £10.2 0.121
Creatinine (mg.dL’l) 09+0.2 0.9 +0.2 0.829
Creatinine clearance 100.1 £ 124 99.7+12.1 0.490
(mL per min per 1.73m’)

Renin (pg.mL"™") 19.3+£8.6 22.9+249 0.249
Insulin (WULmL™) 11.7 £13.3(N=36) 10.6 + 12.2(N=30) 0.519
C-reactive protein (mg.dL’l) 0.6 £0.6 (N=41) 0.4 £0.3(N=29) 0.328
Cortisol (ug.dL™) 13.2 + 4.1 (N=40) 13.9 £ 6.7(N=33) 0.838
Aldosterone (ng.dL'l) 8.0+4)5 11.9+£8.7 0.041%*

* It was established as statistically significant value of 0.05.

The values are expressed as mean * standard deviation. UCRHTN: uncontrolled resistant
hypertension group; CRHTN: controlled resistant hypertension group; F: female; M: male;
BMI: body mass index; LDL and HDL: low- and high-density lipoproteins, respectively;
HbA: glycated hemoglobin.
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Table 2. Specific characteristics of the study groups

CRHTN UCRHTN P-value
(n=51) (n=38)

Office SBP (mmHg) 130.3 £8.3 159.6 +18.4 <0.001*
Office DBP (mmHg) 789 +£6.8 97.9+£79 <0.001*
Office PP (mmHg) 55.7+4.4 643+11.2 <0.001*
ABPM SBP (mmHg) 118.2+£9.1 140.1 £10.3 <0.001*
ABPM DBP (mmHg) 69.8 £6.6 86.9 +£6.1 <0.001*
ABPM PP (mmHg) 484 +7.2 532+72 0.016*
LVMI (g.m™) 118.9+£29.0 153.6 £35.1 <0.001*
Microalbuminuria(mg.g™) 279 +43.6 92.4+97.0 <0.001*
PWV (m.s™) 9.2+23 11.3£25 <0.001*
Resistin (pg.mL™) 9.3+£3.7 11.3+4.0 0.007*
Leptin (ng.mL") 20.5+10.6 304 +£16.8 0.004*
Adiponectin (ug.mL"™") 8.9+4.6 47+2.6 <0.001*

* It was established as statistically significant a value of 0.05.
The values are expressed as mean + standard deviation. CRHTN: controlled resistant
hypertension group; UCRHTN: uncontrolled resistant hypertension group; SBP:
systolic blood pressure; DBP: diastolic blood pressure; PP: pulse pressure; ABPM:
ambulatory blood pressure monitoring measurements; LVMI; left ventricular mass

index; PWV: pulse wave velocity.
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Figure 1. Correlations between adipokines and target organ damage markers in
CRHTN and UCRHTN subgroups. A) Adiponectin and PWV in CRHTN (r=0.1;
p=0.45). B) Adiponectin and PWYV in UCRHTN (r= -0.42; p<0.01). C) Adiponectin
and microalbuminuria in CRHTN (r=0.18; p<0.19), D) Adiponectin and

microalbuminuria in UCRHTN (r=-0.48; p<0.01).
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Figure 2. Correlations between adipokines and target organ damage in CRHTN
and UCRHTN subgroups. A) Leptin and PWYV in CRHTN (r=0.03; p=0.84). B)
Leptin and PWYV in UCRHTN (r=0.37; p=0,02). C) Leptin and microalbuminuria
in CRHTN (r=0.05; p=0.71). D) Leptin and microalbuminuria in UCRHTN (r=-

0.2; p=0.26).
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