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RESUMO

A hipertensao arterial € um conhecido fator de risco de morte em todo o mundo
e a principal causa de obitos em paises de baixa e média renda, como o Brasil. A
incidéncia de hipertensao arterial pode variar muito dependendo das caracteristicas
demograficas e da amostra analisada, por estar relacionada a caracteristicas
genéticas e ambientais. No Brasil, ndo ha uma estimativa da incidéncia de hipertensao
e fatores de risco relacionados com base em estudos longitudinais. Portanto, o
objetivo deste estudo foi determinar a hipertensao arterial incidente ao longo do tempo
em uma coorte brasileira, apos seguimento de 10 anos, e investigar possiveis relagoes
com fatores de risco conhecidos. De uma amostra inicial de 1.693 participantes
(ambos os sexos; com idade entre 18-95 anos; distribuidos em 119 familias)
avaliados no inicio do estudo em 2005 e 2006, 498 eram elegiveis para serem
incluidos no estudo apds um acompanhamento de 10 anos. A hipertensao foi definida
pela presencga de pressao arterial sistolica = 140mmHg e/ou pressao arterial diastolica
= 90mmHg e/ou uso de anti-hipertensivos. As medi¢des clinicas e laboratoriais foram
feitas de acordo com um protocolo padrdo. A incidéncia de hipertenséo arterial para
esta amostra foi de 24% (22,3% nos homens e 25,6% nas mulheres). Ao comparar os
dados basais de individuos que desenvolveram hipertensdo arterial com os que
permaneceram normotensos, houve maior prevaléncia de obesidade, valores
aumentados para: pressdo arterial sistdlica e diastdlica, TG, TyG e indice
antropométrico de adiposidade (IMC, CA, relagao cintura-quadril, relagdo cintura-
altura, VA, BAI, indice C e BRI). Demonstramos que os melhores modelos de
predicdo para hipertensao arterial incluem idade, sexo, HDL, PAS e IMC e que o IMC
permanece superior em probabilidade preditiva quando comparado aos indices de
obesidade e adiposidade relagéo cintura-altura e BAI quando corrigido pelos mesmos
cofatores. Em resumo, a incidéncia de hipertensdo arterial em uma amostra da
populagéo brasileira foi de 24% e os individuos que desenvolveram hipertensao
apresentavam, no inicio do estudo, indices de adiposidade mais elevados, sendo o
IMC o melhor indice antropométrico para predizer hipertensao arterial.

Palavras-chave: Pressdo Arterial, Estudos Transversais, Humanos, Hipertensao,
Fatores de Risco



ABSTRACT

Hypertension is known risk factor for all-deaths worldwide and the leading cause
in low- and middle-income countries, such as Brazil. The incidence of hypertension
can vary largely depending on the demographics characteristics of the sample
analyzed due to its relation to genetic and environmental characteristics. In Brazil,
there is paucity of data on determination of incident hypertension and related risk
factors based on longitudinal studies. Therefore, the aim of this study was to determine
the incident hypertension over time in a Brazilian cohort, after 10-year follow-up, and
investigate possible relationships with known risk factors. From an initial sample of
1693 participants (both genders; aged 18-95 years) assessed at baseline in 2005 and
2006, 498 were eligible to be included in the study after a 10-year follow-up.
Hypertension was defined by the presence of systolic blood pressure = 140mmHg
and/or diastolic blood pressure = 90mmHg and/or use of antihypertensive drugs.
Clinical and laboratorial measurements were made according to standard protocol.
The incident hypertension for this sample was 24.3% (22.3% in men and 25.6% in
women). When comparing baseline data from individuals that developed hypertension
with those remining normotensives, there was higher prevalence of obesity, and
increased values for: systolic and diastolic blood pressure, TG, TyG, and
anthropometric index of adiposity (BMI, WC, WHR, WHtR, VAi, BAI, C index, and BRI).
We demonstrated that the best prediction models for incident hypertension include
age, sex, HDL, PAS, and BMI and that BMI remain superior in predictive probability
when compared to the obesity and adiposity indexes WHtR, and BAI corrected using
the same cofactors. In summary, incident hypertension in a sample of Brazilian
population was 24.3% and individuals at risk presented, at baseline, higher adiposity

indexes, being BMI the best anthropometric index to predict incident hypertension.

Keywords: Blood Pressure, Cross-Sectional Studies, Humans, Hypertension, Risk

Factors
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1 INTRODUGAO

O conhecimento dos fatores de risco relacionados ao desenvolvimento de
hipertensao arterial, que € um dos principais fatores de risco para o desenvolvimento
de complicagdes cardiovasculares (FUCHS, 2016), é de suma importancia para
assim, facilitar o seu tratamento e prevencédo. As doencgas cardiovasculares (DCV)
estdo entre os principais problemas de saude no mundo e estdo associadas a uma
alta morbidade e mortalidade (LEWINGTON et al., 2002; LOTUFO, 2015; VIRANI et
al., 2020; WILLIAMS et al., 2018).

Diversos estudos epidemiolégicos longitudinais tém fornecido valiosos dados
para serem usados em muitos campos diferentes da medicina. Alguns exemplos
mostram que a hipertensao esta fortemente relacionada a complicagdes de DCV e
isso esta associado a uma elevada taxa de mortalidade (LEWINGTON et al., 2002;
ZHANG et al., 2006).

Dentre os estudos, o estudo de Framingham identificou que
hipercolesterolemia, intolerancia a glicose (VASAN et al., 2002), idade, IMC, consumo
de cigarro, histérico familiar e sedentarismo (VASAN et al., 2001) sao fatores de risco
associados a hipertensao. Além desses fatores, foram identificados em outros estudos
que sobrepeso e obesidade também estdo associados a hipertensdo e suas
complicagbes (KOTSIS et al., 2010; SHARIQ; MCKENZIE, 2020; WILSON et al.,
2002).

A forte associagcdo entre adiposidade e disturbios cardiometabdlicos e
cardiovasculares motivou o desenvolvimento de técnicas simples e de baixo custo
para determinar a predi¢ao de risco e os fatores de risco relacionados as DCV, como
calculo do indice de massa corporal (IMC), circunferéncia abdominal (CA), entre
outros (WILLIAMS et al., 2018). Como as DCV séo a principal causa de mortalidade
na populagado mundial, o estudo de preditores e fatores de risco relacionados a essas
tem sido de interesse (PARIKH et al., 2008).

Foi identificado em uma meta-andlise de estudos de coorte, incluindo um
milhdo de individuos sob risco (12,7 milhdes de pessoas/ano), com incidéncia de
56.000 mortes por evento cardiovascular, que o risco desse evento aumenta de forma
constante a partir de 75 mmHg de presséao diastdlica e de 115 mmHg de presséo

sistdlica usual, dobrando a cada 10 mmHg no primeiro caso e a cada 20 mmHg no
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segundo caso (LEWINGTON et al., 2002). O mesmo estudo identificou que a pressao
arterial (PA) usual acima de 115/75 mmHg explica a ocorréncia de aproximadamente
2/3 dos acidentes vasculares encefalicos (AVEs) e metade dos infartos do miocardio
(LEWINGTON et al., 2002). Mais de 50% dos individuos que sdo diagnosticados
hipertensos, possuem risco de desenvolver outras doengas cardiovasculares (LOPEZ
et al., 2006). Os principais fatores de risco para hipertensao arterial de acordo com a
National Heart Lung and Blood Institute sdo idade, ragca, sexo, sobrepeso ou
obesidade e habitos de vida pouco saudaveis, como sedentarismo, consumo abusivo
de alcool, tabagismo e ingestao excessiva de sal, além de susceptibilidade genética e
estresse (NATIONAL HEART LUNG AND BLOOD INSTITUTE / NHLBI, 2020).

As estratégias populacionais para reduzir a prevaléncia de hipertensao arterial
implicam em politicas de reduc¢ao da ingestado de sal, controle da ingestao de bebidas
alcodlicas e acgdes para evitar o ganho de peso (UNGER et al., 2020). A eficacia
dessas agdes pode diminuir a morbidade relacionada a hipertensao e diminuir os
niveis de PA em nivel populacional. A nivel individual, além da orientagao tradicional
para mudanca de estilo de vida, a obtencdo de um score de predicdo de risco de
incidéncia de hipertensdo baseado em dados nacionais, seria de suma importancia
no manejo clinico de individuos em risco. Para tal, € necessario o conhecimento dos
fatores de risco para desenvolvimento de hipertensao e o impacto das caracteristicas
da populacdo brasileira sobre estes em comparagdo com os dados conhecidos
advindos de outras populacdes. A analise apresentada no presente trabalho visa
justamente identificar em uma amostra da populagao brasileira os fatores de risco para
o desenvolvimento de hipertensé&o arterial, utilizando dados de um estudo longitudinal

de 10 anos, dessa forma, preenchendo esta lacuna de conhecimento.

1.1 JUSTIFICATIVA

Embora varios fatores de risco para desenvolvimento de hipertensao arterial
sejam conhecidos, como sobrepeso e obesidade, hipercolesterolemia, intolerancia a
glicose, idade, IMC, consumo de cigarro, histérico familiar e sedentarismo (BARROSO
et al., 2020; KURUKULASURIYA et al., 2011; VASAN et al., 2001, 2002; WILSON et
al., 2002), eles advém de estudos populacionais internacionais, existindo caréncia de
estudos epidemioldgicos longitudinais, de longo prazo, para a investigagdo destes

fatores de risco, na populagao brasileira. Assim, a prevengao do desenvolvimento de
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hipertensao arterial no Brasil leva em conta estudos desenvolvidos em outros paises,
com caracteristicas e fatores genéticos populacionais diferentes. O presente estudo
tem como objetivo analisar os dados de um estudo populacional longitudinal, de 10
anos de duracdo, realizado em uma amostra da populacdo de uma cidade rural
brasileira (“Coragcdes de Baependi’) para determinar a incidéncia de hipertensao
arterial e os fatores de risco para seu desenvolvimento com foco na analise de
indicadores antropométricos de adiposidade e obesidade (IMC — indice de Massa
Corporal, CA — Circunferéncia Abdominal, BAl — Body Adiposity Index, relagéo cintura-
quadril, relagao cintura-altura, VAl — Visceral Adiposity Index, BRI — Body Roundness
Index, ABSI — Body Shape Index, C — Conicity Index e TyG - produto da concentragao

sérica de triglicerideos e glicemia de jejum).

1.2 OBJETIVOS

1.2.1 Objetivo geral

Determinar a incidéncia de hipertensao arterial e investigar possiveis fatores
de risco que possam estar relacionadas ao desenvolvimento de hipertensao arterial
em uma populagcdo do municipio de Baependi no periodo de 10 anos de

acompanhamento.

1.2.2 Objetivos especificos

1. Determinar a incidéncia de hipertensao arterial em uma populag¢ao do territorio
brasileiro em seguimento por 10 anos.

2. Analisar indicadores antropométricos de adiposidade (IMC, CA, BAI, relagao
cintura-quadril, relagdo cintura-altura e index de adiposidade visceral) e
indices de obesidade (BRI, ABSI, C, VAl e TyG) e compara-los antes e apds
10 anos de seguimento.

3. Analisar por meio de tratamento estatistico quais os fatores associados ao
desenvolvimento de hipertensdo arterial e determinar o melhor modelo

preditivo, com enfoque em indicadores antropométricos de obesidade.
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2 REVISAO DE LITERATURA

2.1 HIPERTENSAO E FATORES DE RISCO

A hipertensao arterial € uma condi¢cdo assintomatica que €, na maioria das
vezes, identificada por meio de programas de varredura na populagéo ou por meio de
medida aleatoria de PA (WILLIAMS et al., 2018). De acordo com a maior parte das
diretrizes, um individuo é considerado hipertenso quando a pressao sistolica aferida é
2140 mmHg e/ou pressao diastolica € 290 mmHg em exames repetidos (UNGER et
al., 2020; WHELTON et al., 2018). Na diretriz de 2003 do Joint National Committee
propbs-se a classificacdo em que se estratificou o risco de hipertensdo em dois
estagios: estagio 1: pressao sistolica aferida entre 140-159 mmHg e/ou pressao
diastdlica entre 90-99 mmHg; estagio 2: presséo sistolica aferida 2160 mmHg e/ou
pressao diastélica entre 2100 mmHg e se apresentou o conceito de pré-hipertensao
arterial - pressao sistolica aferida entre 120-139 mmHg ou pressao diastolica entre 80-
89 mmHg. O conceito de pré-hipertenséo derivava do risco cardiovascular identificado
para essa faixa de PA, além do fato de muitos individuos com essa condi¢g&o evoluirem
para hipertenséo posteriormente (CHOBANIAN et al., 2003; UNGER et al., 2020).

A PA pode ser altamente variavel, portanto, o diagnéstico de hipertensao nao
deve ser baseado em um Unico conjunto de leituras de PA em uma Unica consulta de
consultério, a menos que a PA esteja substancialmente aumentada (por exemplo,
hipertensao de grau 3, onde a pressao sistolica 2180 mmHg e/ou pressao diastélica é
2110 mmHg) ou haja evidéncias claras de lesdo de 6rgaos mediada por hipertensao
(por exemplo, retinopatia hipertensiva com exsudatos e hemorragias, lesdo vascular
ou renal) (WILLIAMS et al., 2018).

A PA representa a forga exercida pelo sangue contra as paredes das artérias
durante um ciclo cardiaco e € determinada por uma combinagao de processos ligados
ao débito cardiaco (DC) e a resisténcia vascular periférica total (RVPT): PAM = DC x
RVPT. No controle da PA estao envolvidos mecanismos hemodinamicos, neurais e
hormonais que interagem para manter a homeostasia quando ocorrem variagdes
consequentes de varios estimulos. Diferentes mecanismos estdo envolvidos tanto na
manutengdo como na variagao da PA, regulando o calibre e a reatividade vascular, a

distribuicdo de fluido dentro e fora dos vasos e o DC. A hipertensao arterial &
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caracterizada por um aumento na resisténcia vascular periférica e disfungao endotelial
(UNGER et al., 2020; WHELTON, 1994).

A identificacdo e manejo da hipertensdo € um desafio para a saude publica
no mundo inteiro devido a sua elevada prevaléncia e riscos concomitantes de doencgas
cardiovasculares e renais. Entre os individuos que sdo diagnosticados hipertensos,
mais de 50% possuem risco de desenvolver outras doencgas cardiovasculares (LOPEZ
et al., 2006) e a presenga de um ou mais fatores de risco cardiovasculares adicionais
em pacientes hipertensos aumenta as chances de desenvolver doenga renal,
cerebrovascular e coronariana (UNGER et al., 2020).

De acordo com o National Heart Lung and Blood Institute, os principais fatores
de risco para hipertensido séo idade, raca, sexo, sobrepeso ou obesidade e habitos
de vida pouco saudaveis, como sedentarismo, consumo abusivo de alcool, tabagismo
e ingestao excessiva de sal, além de susceptibilidade genética e estresse (NATIONAL
HEART LUNG AND BLOOD INSTITUTE / NHLBI, 2020).

Em individuos jovens, a incidéncia de hipertensdo é maior no sexo masculino
e a incidéncia é maior em mulheres com o passar dos anos (BARROSO et al., 2020).
Em ambos os sexos, a incidéncia aumenta com a idade (MENNI et al., 2013). Esse
aumento de incidéncia de hipertensdo com o envelhecimento, esta relacionado ao
aumento da expectativa de vida e aumento do numero de idosos com mais de 60 anos
na populacgéo brasileira, que tende a ser maior nas préximas décadas (BARROSO et
al., 2020). Com o envelhecimento ocorre do enrijecimento progressivo com perda de
complacéncia das grandes artérias, o que torna a hipertensdo um problema mais
significativo (BARROSO et al., 2020).

A etnia é um fator de risco importante para a hipertensao, porém, condi¢des
socioeconOmicas e habitos de vida parecem ser fatores mais relevantes para as
diferengas na prevaléncia de hipertensdao (BARROSO et al.,, 2020; MENNI et al.,
2013). Dados da Vigilancia de Fatores de Risco e Protegcado para Doengas Cronicas
por Inquérito Telefonico (Vigitel) mostraram que no Brasil ndo houve uma diferencga
significativa entre negros e brancos no que diz respeito a prevaléncia de hipertensao
arterial (24,9% versus 24,2%) (MINISTERIO DA SAUDE, 2016).

A ingestdo elevada de sodio tem se mostrado um fator de risco para a
elevacao da PA e, consequentemente, da maior prevaléncia de hipertensdo. Quando

a ingestdo média de sbdio € superior a 2 g, 0 equivalente a 5 g de sal de cozinha,
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existe maior chance do individuo desenvolver uma DCV e de ter um acidente vascular
cerebral (MENTE et al., 2018).

Ja foi demonstrado que fatores genéticos podem influenciar nos niveis de PA
entre 30-50% (MENNI et al., 2013). No entanto, devido a ampla diversidade de genes,
as variantes genéticas estudadas até o momento e a miscigenagdo em nosso pais,
nao foram identificados dados uniformes com relagao a tal fator (BARROSO et al.,
2020).

A obesidade tem sido descrita como um dos maiores riscos associados ao
desenvolvimento de hipertenséo, juntamente com o desenvolvimento de diabetes
mellitus tipo 2 (FERRANNINI; CUSHMAN, 2012). A obesidade e, em particular, a
distribuicdo excessiva da gordura visceral sdo acompanhadas por varias alteragdes
hormonais, inflamatdérias e endoteliais. Essas alteragdes induzem a estimulagao de
varios outros mecanismos que contribuem para o estado hipertensivo (aumento do
débito cardiaco e frequéncia cardiaca e alteragdes de resisténcia vascular periférica)
e, por outro lado, levam ao aumento morbidade cardiovascular (FERRANNINI, 1992;
FERRANNINI; CUSHMAN, 2012; SERAVALLE; GRASSI, 2017). O acumulo de
gordura visceral, quando medido pela CA ou pela relagao cintura-quadril, tem sido
mostrado como um potencial fator de risco para hipertensdao (KURUKULASURIYA et
al., 2011; SIRONI et al., 2004).

Os mecanismos envolvidos no desenvolvimento de hipertensdo em individuos
obesos sao complexos e neles estdo envolvidas alteragbes em multiplos sistemas.
Dentre eles estdo inclusos ativacdo aumentada do sistema renina-angiotensina
aldosterona (SRAA), aumento da atividade do sistema nervoso simpatico e resisténcia
insulinica (KURUKULASURIYA et al., 2011). A obesidade também esta associada a
um aumento da reabsorgdo renal de sédio e natriurese prejudicada levando a um
aumento de volume intravascular. Além disso, a obesidade pode gerar mudangas
estruturais nos rins que podem eventualmente culminar em doencga renal crbnica e
consequentemente aumento na pressao sanguinea (COOPER et al., 1997).

A ativacdo do sistema nervoso simpatico tem demonstrado ter funcdes
cruciais na patogénese da hipertensdo em individuos obesos. As manifestagdes
fisiologicas da hiperatividade do sistema nervoso simpatico incluem elevagdes na
frequéncia cardiaca, débito cardiaco e reabsorcao de sddio, os quais sdo diretamente
resultantes da estimulagdo dos receptores a-adrenérgicos e [(-adrenérgicos e

indiretamente resultantes da ativagao de outros sistemas, como o SRAA (LAMBERT
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et al.,, 2019). Os mecanismos que tém sido propostos como responsaveis pelo
aumento da atividade simpatica em individuos obesos incluem: alteragdes na
sensibilidade dos barorreceptores (GRASSI et al., 2004); aumento do nivel circulante
de acidos graxos livres devido a dislipidemia; hiperinsulinemia devido ao aumento da
resisténcia insulinica; hiperleptenemia decorrente da resisténcia a leptina que esta
associada a obesidade (IZQUIERDO et al., 2019); aumento da liberagdo de
angiotensina Il por meio do SRAA decorrente da compressao dos rins causada pelo
acumulo de gordura abdominal, levando ao aumento da reabsorgdo de sodio e
vasoconstrigdo, resultando no aumento da PA (IZQUIERDO et al., 2019; KOTSIS et
al., 2010; SHARIQ; MCKENZIE, 2020).

Diante da pandemia de COVID-19, estudos realizados na China e outras
localidades apontaram maior risco de agravamento e morte por COVID-19 em
pessoas que apresentam doengas pré-existentes, como diabetes e hipertenséo, além
de doengas cardiovasculares (GRASSELLI et al., 2020; RICHARDSON et al., 2020;
ZHOU et al., 2020). Apesar de ainda insuficientes, as evidéncias acerca da relacao
entre hipertensdo e COVID-19 merecem atencao (SHIBATA et al., 2020). No Brasil,
de acordo com o Ministério da Saude, até o dia 20 de abril de 2020, 72% dos 6bitos
confirmados de COVID-19 tinham mais de 60 anos e 70% apresentavam pelo menos
um fator de risco. A cardiopatia foi a principal comorbidade associada e esteve
presente em 945 dos 6bitos, seguida de diabetes (em 734 ébitos), pneumopatia (187),
doenca renal (160) e doenga neurolégica (159) (MINISTERIO DA SAUDE, 2020).

2.2 HIPERTENSAO NO BRASIL

Apesar do declinio relativo dos niveis de PA e prevaléncia de hipertensdo (NCD
RISK FACTOR COLLABORATION (NCD-RISC), 2018), a hipertensao ¢é o fator de
risco mais relevante para todas as causas de morte em adultos em paises de renda
média-baixa como o Brasil (GBD 2017 RISK FACTOR COLLABORATORS, 2018).

De acordo com a Sociedade Brasileira de Cardiologia, os principais fatores
associados a hipertensao no Brasil sdo: idade avangada, sexo feminino, excesso de
peso, ingestdo elevada de sal, consumo excessivo de alcool, tabagismo,
sedentarismo, baixa renda e fatores genéticos (BARROSO et al., 2020).

Em pesquisa realizada pela Vigitel a prevaléncia de hipertensao no Brasil em
2006 era de 22,6% e em 2019 subiu para 24,5%, acometendo 59,3% dos adultos com
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65 anos ou mais, sendo 55,5% dos homens e 61,6% das mulheres (MINISTERIO DA
SAUDE, 2016, 2020). As pesquisas realizadas pela Vigitel séo limitadas por serem
baseadas em dados autorreferidos coletados por telefonemas sem nenhuma
avaliacdo clinica, o que poderia implicar em uma prevaléncia maior de hipertensao,
visto que a hipertensao arterial é assintomatica até que o individuo apresente
complicagbes da doenca (WILLIAMS et al., 2018), ou seja, pode-se ter uma

subnotificagcdo de casos.

2.3 INDICES ANTROPOMETRICOS DE ADIPOSIDADE E OBESIDADE

Dados coletados pela Vigitel mostraram que o indice de brasileiros com
excesso de peso passou de 42,6% em 2006 para 55,4% em 2019 (MINISTERIO DA
SAUDE, 2020). Diante do crescente indice de obesidade no mundo todo, melhores
descritores de composicdo corporal e possivelmente melhores preditores do
desenvolvimento de DVCs, incluindo hipertenséo arterial tém sido investigados (DE
OLIVEIRA et al., 2017; RAMIREZ-VELEZ et al., 2019).

Entre os parametros antropométricos que sao utilizados como indicadores de
adiposidade, alguns tém demostrado elevado poder preditor de hipertensao, dentre
eles estdo o IMC, BAI e VAI, CA e circunferéncia de quadril. Também sao utilizadas
medidas de relacdo cintura-quadril e relacdo quadril-altura.

Em um estudo realizado na populacao de Baependi, Minas Gerais, as
medidas de CA e IMC demostraram forte associagdo com o diagnéstico de
hipertensao arterial na populagao estudada (DE OLIVEIRA et al., 2017).

A CA é medida no ponto médio entre a margem da ultima costela e a crista
ililaca com o individuo estando em estado maximo de expiragao e a circunferéncia de
quadril medida no maior perimetro do quadril, levando em consideragao a por¢gao mais
volumosa das nadegas, que é localizada observando-se lateralmente a pelve. Sua
medida aumentada é relacionada a presenca de gordura visceral, que é diretamente
relacionada a obesidade e também ja foi demonstrado que quando elevada esta
correlacionada com hipertensao arterial (PAZIN et al., 2017).

O IMC é calculado dividindo o peso corporal (Kg) pela altura ao quadrado (m?)

e quando aumentado, representando sobrepeso (IMC 225 Kg/m? e < 30 Kg/m?) e
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obesidade (IMC >30 Kg/m?), esta associado ao desenvolvimento de hipertensao,
diabetes, dislipidemia e hiperuricemia (KUWABARA et al., 2018).

O BAI é uma estimativa da % de gordura corporal. Ao contrario do IMC, o BAI
fornece % de gordura corporal em homens e mulheres sem correcao estatistica e seu
calculo nao requer uma medi¢ao do peso corporal (BERGMAN et al., 2011). Para o
calculo do BAI (Body Adiposity Index) é utilizado a circunferéncia de quadril e altura:

BAI = [circunferéncia de quadril (cm)/ altura??® (m)] — 18

O calculo de VAI (Visceral Adiposity Index) é bastante util para a medida de
gordura visceral (CHEN et al., 2014; STEPIEN et al., 2014), pois diferente da medida
de CA, essa variavel permite diferenciar a gordura visceral de gordura subcutanea
(AMATO et al., 2010), a mesma mostrou ter aplicagéo na avaliagao de risco de rigidez
arterial (YANG et al., 2014) e também teve bom desempenho como marcador de risco
para doencgas cardiovasculares (AMATO et al., 2010; PARK et al., 2016). O VAl € um
indice especifico dependente das variaveis: sexo, CA, IMC, TG e HDL-c (High Density
Lipoprotein). E calculado da seguinte maneira (AMATO et al., 2010):

Homens: VAI = CA/ [39,68 + (1,88 x IMC)] x (TG/1,03) x (1,31/HDL-c)
Mulheres: VAI = CA/[39,58 + (1,89 x IMC)] x (TG/0,81) * (1,52/HDL-c)

Um indice que é baseado na medida da CA ajustada para peso e altura e
parece ser um fator de risco substancial para mortalidade prematura na populagéo em
geral é o ABSI (“A” body shape index) (KRAKAUER; KRAKAUER, 2012). O ABSI
expressa o risco excessivo de CA elevada de uma forma conveniente que é
complementar ao IMC e a outros fatores de risco conhecidos. O indice pode ser
calculado pela formula:

ABSI = [CA(m)/IMC?3 (Kg/m?) x Altura'? (m)]

O indice BRI (Body roundness index) inclui em seu calculo medidas de
circunferéncia por meio de metodologia geométrica e fornece previsbes de % de
gordura corporal e % total de tecido adiposo visceral com precisdo comparavel aos
melhores preditores existentes de CA, circunferéncia de quadril e IMC (THOMAS et

al., 2013). O indice BRI pode ser calculado pela seguinte formula:
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BRI = 364,2 — 365,5 [1 — 12 x CA2(m) x Altura 4(m)]"2

O indice C (conicity index) € um indicador de gordura abdominal e de riscos a
saude associados com obesidade (VALDEZ, 1991). Esse indice baseia-se na hipotese
de que as pessoas que acumulam gordura ao redor do abdémen tém um formato
semelhante a um cone duplo (ou seja, dois cones compartilhando a mesma base, um
colocado sobre o outro), enquanto as pessoas que possuem menos gordura em a
regido central tem a forma de um cilindro (VALDEZ, 1991). Portanto, a estimativa do
indice C usa variaveis como peso, altura e circunferéncia abdominal (CA) e é
calculado por:

C =0,109"CA (m) x [Peso (Kg)/ Altura (m)]

O indice TyG (Triglycerides and Glucose Index), um produto dos triglicerideos e da
glicose de jejum, € um marcador confiavel de resisténcia a insulina que tem
demonstrado ter forte relacdo com obesidade (LIM et al., 2019). Alguns estudos tem
demonstrado que TyG elevado também esta relacionado com o desenvolvimento de
hipertens&o (SIMENTAL-MENDIA et al., 2019; ZHENG; MAO, 2017). O TyG pode ser
calculado por (LIM et al., 2019):

TyG = Ln [(TG (mg/dL) x glicose (mg/dL)/2]

S&o poucos os dados publicados por estudos longitudinais de doengas cronicas
no Brasil e ndo se tem uma estimativa da incidéncia de hipertensdo baseada em
estudos de longo prazo. Além disso, o Brasil possui uma caracteristica particular por
ser composto de uma populagao bastante miscigenada a qual tem comportamentos
diferentes de outros lugares do mundo, o que torna incerta a aplicagao de preditores
desenvolvidos baseados em populagdes de outras regides, assim torna-se necessario

confirmar se os mesmos preditores aplicam-se a nossa realidade.
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ABSTRACT

Hypertension is known risk factor for all-deaths worldwide and the leading cause in low- and
middle-income countries, such as Brazil. The incidence of hypertension can vary largely depending on
the demographics characteristics of the sample analyzed due to its relation to genetic and
environmental characteristics. In Brazil, there is paucity of data on determination of incident
hypertension and related risk factors based on longitudinal studies. Therefore, the aim of this study
was to determine the incident hypertension over time in a Brazilian population after 10-year follow-
up, and investigate possible relationships with known risk factors. From an initial sample of 1693
participants (both genders; aged 18-95 years) assessed at baseline in 2005 and 2006, 498 were eligible
to be included in the study after a 10-year follow-up. Hypertension was defined by the presence of
systolic blood pressure > 140mmHg and/or diastolic blood pressure > 90mmHg and/or use of
antihypertensive drugs. Clinical and laboratorial measurements were made according to standard
protocol. The incident hypertension for this sample was 24.3% (22.3% in men and 25.6% in women).
When comparing baseline data from individuals that developed hypertension with those remining
normotensives, there was higher prevalence of obesity, and increased values for: systolic and diastolic
blood pressure, TG, TyG, and anthropometric index of adiposity (BMI, WC, WHR, WHtR, VAi, BAI, C
index, and BRI). We demonstrated that the best prediction models for incident hypertension include
age, sex, HDL, PAS, and BMI and that BMI remain superior in predictive probability when compared to
the obesity and adiposity indexes WHtR, and BAI corrected using the same cofactors. In summary,
incident hypertension in a sample of Brazilian population was 24.3% and individuals at risk presented,
at baseline, higher adiposity indexes, being BMI the best anthropometric index to predict incident

hypertension.

Keywords: Blood Pressure, Follow-Up Studies, Humans, Hypertension, Logistic Models, Risk Factors,

Prevalence, Cross-Sectional Studies, Epidemiology.
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1. Introduction

Hypertension is a known risk factor for all-deaths worldwide and the leading cause in low- and
middle-income countries, such as Brazil [1]. The prevalence of hypertension in the Brazilian population
was previously estimated to be around 30% in adults [2,3].

Recently, the American Heart Association have been suggesting more intensive control of
blood pressure (BP) for lowering mortality rate [4]. Epidemiological studies investigating the factors
associated with the development of cardiovascular diseases have been published over the past
decades [5—10]. These studies have identified some factors as determinants in the development of
these cardiovascular diseases, facilitating their prevention and treatment. Among the studies, the
Framingham Study identified that hypercholesterolemia, glucose intolerance [5], age, BMI, cigarette
consumption, family history and physical inactivity [6] as risk factors related to the development of
arterial hypertension, which is one of the main factors associated with an increased risk of developing
cardiovascular complications [7]. In addition to these factors, other studies have identified that
overweight and obesity are also associated with cardiovascular diseases development and its
complications [8—10]. Once hypertension is related to genetic and environmental features, its
incidence varies largely depending on demographics characteristics of the sample analyzed, such as
race, for example.

In Brazil, 72% of all deaths are attributable to cardiovascular diseases and other
noncommunicable diseases [11]. However, few longitudinal assessments of chronic diseases are
available in this country and there is paucity of data from long-term longitudinal studies to estimate
incident hypertension and its associated risk factors. Furthermore, Brazil has characteristics, such as a
high-admixed population that make this sample different from other parts of the world. Therefore, the
aim of this study was to determine the incident hypertension over time in a Brazilian, after 10-year
follow-up, and investigate possible relationships with known risk factors focusing on anthropometric

indexes of adiposity.

2. Methods
The study design and subjects

The Baependi Heart Study is a Brazilian study for investigation of CVD risk factors over time. It
has been taking place in a small town in the southeast of Brazil, Minas Gerais State (752 km?, 19,148
habitants), since 2005. A specific characteristic of this sample is a high-admixture population. The

population studied was composed of both genders and the ages ranging from 18 to 102 years.
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The baseline enrollment occurred between 2005 and 2006 (1,712 participants; distributed in
119 families) [12] and the 10-year follow-up between 2015 and 2016 (3,423 participants; distributed
in 245 families).

The eligibility criteria to define the probands were previously described [12]. The study
protocol was approved by the ethics committee of the Hospital das Clinicas, University of Sdo Paulo,
Brazil (SDC: 3485/10/074), and each participant provided written informed consent before

participation.

Exclusion criteria
At baseline, participants that had the diagnosis of hypertension were excluded. Participants

that lost follow-up were excluded as well.

Clinical and laboratorial characteristics

Questionnaire

A questionnaire was administered to each participant for obtaining information related to
family relationships, demographic characteristics, medical history, and environmental risk factors.

Current smoking status was defined whether smoking had occurred during the last six months.

Blood pressure measurement
Blood pressure was measured using a standard digital sphygmomanometer (OMRON,Brazil)
on the left arm, after 5 minutes rest, in the sitting position. Systolic and diastolic blood pressures were

calculated from three readings (mean value of all measurements), with a minimal interval of 3 minutes.

Biochemical analysis

Fasting blood glucose (FBG), total cholesterol (TC), triglycerides (TG), lipoprotein fractions as
high-density lipoprotein (HDL-c) and low-density lipoprotein (LDL-c) were assayed by standard
techniques applied to 12-h fasting blood samples in both cycles. Friedwald formula was used for

estimate LDL-cholesterol (LDL-c). Based on TG and FBG, the Tyg index was calculated [13].

Anthropometric parameters

Anthropometric parameters were measured according to a standard protocol (DE OLIVEIRA et
al., 2008). Waist circumference (WC) was measured, in centimeters, at the mean point between the
lowest rib margin and the iliac crest with the subject standing and at the maximum point of normal

expiration. Body mass index (BMI) was calculated as body weight (kg) divided by height squared (m?).
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Increased WC was defined as 2 88 cm for women and 2 102 cm for men. The calculation of
Body Adiposity Index (BAl) was based on hip circumference and height (BAIl = [hip circumference
(cm)/(height (m) 1.5] — 18) [14]. Visceral Adiposity Index (VAI) was calculated using the variables WC,
BMI, TG and HDL according to the literature [15] assuming VAI = 1 in healthy nonobese subjects with
normal adipose distribution and normal TG and HDL levels. Body Roundness Index (BRI) was calculated
using BRI = 364,2 —365,5 [1 -1t 2WC? (m) * Height 2 (m)]*2. “A” body shape index (ABSI) was calculated
using the equation ABSI = [WC (m)/BMI?3 (Kg/m?) * Height/? (m)], Conicity Index (C) using C = 0,109
CA (m) [weight (Kg)/ Height (m)] and Triglycerides and Glucose Index (TyG) were calculated using TyG
= Ln [(TG (mg/dL) * glucose (mg/dL)/2] [16—19].

Diseases diagnosis

Hypertension was defined if mean systolic blood pressure (SBP) 2140 mmHg and/or mean
diastolic blood pressure (DBP) 290 mmHg and/or antihypertensive drug use. Type 2 Diabetes mellitus
(T2DM) was diagnosed by the presence of fasting glucose > 126mg/dL or antidiabetic drug use.
Overweight diagnosis was defined when BMI > 25 kg/m? and < 30 kg/m?, and obesity when BMI > 30
kg/m2.

Statistics analyses

In both cycles, clinical characteristics were accessed using descriptive statistics. Categorical
variables were expressed as percentages and continuous variables were expressed as mean + SD.
Logistic regression analyses were used to assess the association between the different variables and
hypertension. All analyses were adjusted for age and sex. To evaluate the performance models,
Receiver Operational Characteristics (ROC) curves were performed and the area under the curve (AUC)
was used to measure the discriminatory power for hypertension. Statistical analysis was performed

using R software version 3.4.2, with significance level set at 5%.

3. Results

For this study, 1693 participants recruited at baseline were followed and reassessed 10 years
later, and 496 participants were eligible to be included in the study (figure 1).

In this Brazilian sample, the incidence of arterial hypertension after a 10-year follow-up period
was 24.3% (mean age 55 + 13 years). The incidence of hypertension was 22.3% in men and 25.6% in
women. Clinical and laboratorial characteristics are summarized in Table 1 for the overall sample in
both cycles. At baseline, the mean age was 45 + 14 for individuals that developed hypertension and 36

+ 13 for the individuals that keep normotensive during follow-up.
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When comparing baseline data from individuals that remained normotensive and individuals
that developed hypertension (table 1), there was higher prevalence of obesity, increased waist
circumference and dyslipidemia on the latter group. Individuals that developed hypertension had also
higher mean values for systolic and diastolic pressure, triglycerides and TyG. There were also higher
values for anthropometric index of adiposity in incident hypertension, observed by increased BMI, WC,
WHR, WHtR, VAi, BAI, C index, and BRI.

After a 10-year follow-up, fasting glucose remained comparable between normotensive and
subjects that developed hypertension, however, there was a significant increase compared to baseline
value for incident hypertension group. There was no significative difference in the percentage of
people with diabetes in both periods, neither a significant increase in its incidence. The same variables
with significant difference between groups at the baseline period, except WHR and C index, remained
higher for incident hypertrophy group compared to normotensives. Furthermore, both groups
increased SBD and DBP, BMI, WC, WHtR, VAI, BAI, C index, BRI, ABSI, TyG, TC, and LDL from baseline
values. WHR only significantly increased in incident hypertension group.

As a preliminary stage, we used a mixed effects logistic regression model in the overall sample
where incident hypertension was the response variable and sex, and age were covariable, to assess
the impact of obesity and adiposity indexes. BMI was the best predictor (AUC=0.752), followed by BAI
(AUC=0.730). AUC for CA and VAl were the same and slightly inferior to BMI (0.721). Later, we explored
other exploratory covariates in the logistic regression models. The best fit models are presented in
table 2. As observed, the best fit model including BMI had sex, age, HDL, and PAS as covariates (table
2). Models using the same covariates and substituting BMI for BAI did not result in better values

(AUC=0.818).

4, Discussion

This study was the first performed in initially non-hypertensive subjects with a 10-year follow-
up to determine incident hypertension in Brazil. We demonstrated that the best prediction models for
incident hypertension include age, sex, HDL, PAS, and BMI and that BMI remain superior in predictive
probability when compared to the obesity and adiposity indexes.

Observational studies have showed high incidence of hypertension over periods of 5 to 10-
year follow-up and one of the reasons for that could be age [5,20]. Indeed, some studies have
estimated the long-term cumulative incidence of developing hypertension. In the Framingham Heart
Study, approximately 90% of adults free of hypertension at age 55 or 65 years developed hypertension

during their lifetimes [5]. In this sample of a Brazilian population, incident hypertension was 24.3%,



29

after a 10-year follow-up, similar to the study performed at Tuijia, a city from China, where in a 9-year
follow-up, the incidence was 23.4% [21], and to another study with a sample of North Americans —
Dallas Heart Study — where 25% developed incident hypertension after a follow-up of 7 years [22].

Hypertension prevalence in Brazilian population have been previously assessed in several
studies, however data are based on population-based surveys and sometimes representative of cities
or states [2]. The estimated prevalence of hypertension from pooled data from different cities in Brazil,
in the 2000°s, corresponded to 28.7% [2]. The most recent nationwide study (n=60.202) using self-
reported data estimated the prevalence of hypertension of 21.4% above 18 years old. The prevalence
increases with age, reaching 55% above 75 year [3,23]. Our data of incident hypertension,
corresponding to 24.3%, agrees with this estimative. We also observed, as other studies [3,24,25], a
higher prevalence of hypertension in women. The higher prevalence of hypertension in women was
associated to menopause [24] and with the age increase [3,25].

As expected, in our study, the participants that developed hypertension showed at baseline
increased values for adiposity and obesity indexes, as well as for means for systolic and diastolic blood
pressure, TG, and TyG. This has also been reported in other populations, such as studies in Thailand
[26] and China [27,28], and in some locations in Brazil [29,30]. After a 10-year follow-up, these indexes
increased on both groups compared to baseline values, but WHR and fasting glucose only significantly
increased in hypertensives. Excessive adiposity, especially abdominal, was previously associated with
incident hypertension [22] corroborating with the present findings. It has been reported that excessive
abdominal adiposity and obesity leads to hormonal and inflammatory changes that could lead to
alterations in cardiovascular system function and control, contributing to the development of
hypertension [9,31,32]. Therefore, excessive adiposity, especially abdominal, and triglycerides levels
are important aspects to consider when planning primary and secondary prevention of hypertension
in the Brazilian population. In fact, those are concerns for hypertension prevention once data from the
Brazilian Longitudinal Study of Adult Health (ELSA-Brazil) have demonstrated a prevalence of 63.1%
excess weight, 61.5% high cholesterol, and 20.3% impaired glucose tolerance [11]. Furthermore,
according to Brazil Health Ministry, obesity incidence had an increase of 72% on a 13-year period
accounting from 2006 to 2019 [33].

Surprisingly, neither diabetes nor glycemia were important cofactors in predict incident
diabetes in our analysis. In fact, we found 4.6% incident diabetes in our sample which is low compared
to other studies [34,35]. Those differences may be related to the criteria for diagnosis (adoption of
glucose tolerance test, for example) and age range of the population. Furthermore, our study design
was not intended to analyze the prevalence of diabetes and it may have an impact in the results.
However, it points out a particular characteristic of population sample that deserves further

investigation.
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Overweight and obesity are considered a pandemic worldwide [9]. In the last years, the
elevated BMI have been associated with increased prevalence of hypertension and other
cardiovascular diseases [21,36—42]. Hypertension seems to be the most common obesity-related
health problem and visceral obesity seems to be the major associated factor [22]. A BMI >45 kg/m? was
associated with higher prevalence of hypertension [37], systolic and diastolic blood pressure, WC and
body fat % [40], enhancing the risk for the occurrence of cardiovascular diseases [38]. Corroborating
with these studies, the present data demonstrated that patients that developed hypertension after 10
years had a high incidence of obesity (57.9%) when compared with the patients that maintained
normotensives (31.3%). Adiposity, WC and obesity indexes increased for the individuals that developed
hypertension during 10-year follow-up.

The variable BMI remained the best indicator of adiposity in our models to discriminate
incident hypertension in the ROC analysis when compared to others, however WtRH and BAl also yield
high discriminative probability.

The strength of our study is that it was the first to follow a Brazilian population for 10 years to
determine incident hypertension and thoroughly assess the risk factors with direct objective
measurements. Nevertheless, there are some limitations such as a population that is restricted to one
area of the country, predominantly rural, making it difficult to extrapolate data for the entire nation.
Additionally, even though blood pressure measurements were taken in triplicate, there is a change of
“white-coat hypertension” influence data. Future studies may test the predictive value of other
measurements of body adiposity that may surpass BMI, such as body fat percentage determined by a
gold standard method as dual-energy X-ray absorptiometry (DEXA), although this may be ideal in the
research settings it may not be widespread applicable in clinical assessments.

In summary, our study demonstrated 24.3% incident hypertension in a sample of Brazilian
population with a more prevalent alteration, at baseline, of adiposity indexes and TG on those
individuals that would develop hypertension after 10 years, and that the best anthropometric index

predicting incident hypertension was BMI over WHtR or BAI.
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Figure 1 - The flow chart of sample selection from the Baependi Heart Study.

Participants assesed in 2005-2006 and 2015-2016 survey - Cycle 1 (n=1693 )
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Elegible participants with complete data (n=732)

»| Excluded due to diagnosis of hypertension on Cycle 1 (n=228)
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Eligible participants with complete data (n=498)

35



36

Table 1 — General characteristics of subjects in the general sample at cycle 1 and cycle 2 according to
hypertension development in the Baependi Heart Study.

Baseline 10-year follow-up
Normotensive Develope'd Normotensive Develope'd
(n=377) Hypertension (n=377) Hypertension
(n=121) (n=121)

N (%) 75.7 24.3 75.7 24.3
Males (%) 40.6 36.4 40.6 36.4
Obesity (%) 4.6 15.7 % 12.0 38.0%*
Increased WC (%) 15.6 30.8* 31.3% 57.9 #%
Dyslipidemia treatment (%) 0.8 6.6% 8.0% 24.6%*
Current smoker (%) 13.8 15.7 12.2 8.3
Diabetes (%) 3.9 5.0 2.7 10.0
Age (years) 36+ 13 45+ 14 # 48 +12% 55+ 13 #*
SBP (mmHg) 114.7 +10.8 1245+8.3%# 1146 +11.8% 129.7 +17.4#*%
DBP (mmHg) 72.7+79 79.1+6.2" 68.8+7.9% 76.5+11.3 %%
Fasting glucose (mg/dL) 87.5+19.55 91.4+19.4 87.9+19.4 92.5+18.1"
BMI (Kg/m?) 22.7+3.7 25.7+4.4% 25.1+4.2% 29.0£55#*%
WC (cm) 82.6+9.8 88.9+11.4% 89.2+10.0° 98.0+12.7 **
WHR 0.87 £0.08 0.89+0.07* 1.14+4.33 0.95+0.09 *
WHtR 0.50 +0.06 0.54+0.07* 0.54 +0.07 ¥ 0.60+0.08 #¥
VAI 3.64+2.32 4.42 +2.23% 597 +4.63% 7.63 £4.69 %%
BAI 26.75+£5.49 29.86 +5.98 % 28.63+6.6% 32.12+5.7#%
C (m?3/kg'?) 1.23 +0.08 1.26+0.08 # 1.31+0.60* 1.32+0.11*
BRI 340+1.21 434+156% 427+1.40% 5.65+1.78 #*
TyG 4.55+0.26 4.65+0.25*% 4.68+0.27*% 4.79+0.25%*
Total cholesterol (mg/dL) 175.7 £ 44.5 177.5+41.2 202.2 +42.3*% 196.8+37.2F
Triglycerides (mg/dL) 117.5+60.9 135.7 + 74,37* 153.2+83.7%  176.56 +86.9#*
LDL-c (mg/dL) 95.1+41.3 97.4 £39.13 122.8+36.0% 118.7 +29.1F
HDL-c (mg/dL) 57.0+15.4 53.5+14.6"% 478+12.0* 42.8+11.2%

Continuous data are expressed as mean * standard deviation. Categorical data are expressed as percentage.
Abbreviations: BMI - body mass index, WC - waist circumference, WHR — waist-to-hip ratio, WHtR — waist-to-
height ratio, VAI - visceral adiposity index, BAI - body adiposity index, ABSI - a body shape index, SBP - systolic
blood pressure; DBP - diastolic blood pressure, LDL-c - low density lipoprotein, HDL-c - high density lipoprotein,
TyG — Triglycerides and Glucose Index.
Diabetes: fasting glucose 2126 mg/dL and/or use of hypoglycemic drugs. # Represents p<0.05 comparing
normotensive vs. subjects that developed hypertension at the same time-point (i.e. baseline or follow-up),
Represents p<0.05 for intragroup differences comparing follow-up to baseline values.
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Table 2 - Variables associated with incident hypertension after 10-year follow-up in a general linear mixed model

analysis.
Model 1 Model 2 Model 3
n=474 n= 474 n=474
AIC 425.8 429.8 424.1
BIC 463.3 459.1 457.4
Covariates B (SE) p-value B (SE) p-value B (SE) p-value
Age 0.0358 0.0003 0.0353 0.0002 0.0350 0.0004
(0.0099) (0.0095) (0.0098)
Male Sex -0.7956 0.0047 -0.8708 0.0018 -0.8061 0.0040
(0.2815) (0.2791) (0.2804)
SBP 0.0925 <0.0001 0.0936 <0.0001 0.0919 <0.0001
(0.0142) (0.0141) (0.0142)
HDL-c -0.0158 0.0687 -0.0165 0.0560 -0.0157 0.0702
(0.0087) (0.0086) (0.0087)
Body Mass Index 0.1122 0.0005 0.1118 0.0004 0.1103 0.0006
(0.0323) (0.0315) (0.0323)
Fast Blood -0.0006 0.9279
Glucose (0.0067)
Triglycerides 0.0010 0.5984
(0.0019)
TyG -0.0141 0.9773
(0.4933)

Model 1, accounting for Fast Blood Glucose and Triglycerides; Model 2, not accounting for Fast Blood Glucose
and Triglycerides; Model 3, accounting for TyG index; Models are also adjusted for examination cycle. B,

regression coefficient; SE, standard error of B;

Abbreviations: HDL-c — High Density Lipoprotein cholesterol, SBP - systolic blood pressure, TyG — Triglycerides

and Glucose Index.

The regression coefficients are standardized and represent the development of hypertension per corresponding
standard deviation unit increase in the continuous covariates (or presence vs absence of categorical covariates).
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4 CONSIDERAGOES FINAIS

O estudo apresentado demostrou que o principal fator de risco que esta
relacionado com o desenvolvimento de hipertensdo na populagdo de Baependi
quando ajustado para idade e sexo é o IMC aumentado, resultado que pode ser levado
em consideragao no planejamento de medidas de prevencgao de hipertensao arterial
nessa populagdo. Manter o peso dentro da faixa da normalidade do IMC pode ser a
melhor sugestao com relagdo a prevencgao primaria da hipertensdo (ARNETT et al.,
2019; CAREY et al, 2018; HE et al, 2000; PRECOMA et al., 2019;
SCHWINGSHACKL et al., 2019; SEMLITSCH et al., 2016).

4.1 RECOMENDACOES PARA TRABALHOS FUTUROS

O IMC é um dos marcadores de obesidade amplamente e frequentemente
utilizado, porém nao é preciso quanto a diferenciacdo entre as medidas de massa
magra de gordura corporal. Estudos tém demonstrado que o IMC tem uma boa
acuracia quando comparado com a bioimpedéancia para prever o percentual de
gordura corporal em uma populagdo, mas quando utilizado, deve-se levar em
consideragao idade e género (DEURENBERG et al.,, 2001; RANASINGHE et al.,
2013).

Em trabalhos futuros seria interessante utilizar métodos de analise de
composig¢ao corporal por meio de bioimpedancia ou um método mais preciso como o
DEXA, apesar de ndo serem equipamentos disponiveis com frequéncia na pratica
clinica devido ao custo elevado, poderiam ter maior acuracia na quantificacido de
tecido adiposo nos individuos avaliados. Isso também permitiria analisar se o mesmo
resultado é obtido quando comparados os diferentes métodos de analise de
percentual de gordura na populagao estudada.

Além do uso de um método mais preciso de analise de percentual de gordura
corporal, seria interessante realizar um estudo com a mesma abordagem levando em
consideragao populagdes de outras regides do Brasil, com um numero de
participantes maior, com o intuito de verificar se as mesmas relagdes entre fatores de

risco e desenvolvimento de hipertensao arterial se repetem.



39

REFERENCIAS

AMATO, M. C. et al. Visceral Adiposity Index: a reliable indicator of visceral fat
function associated with cardiometabolic risk. Diabetes care, [S. I.],v. 33, n. 4, p.
920-2, 2010.

ARNETT, D. K. et al. 2019 ACC/AHA Guideline on the Primary Prevention of
Cardiovascular Disease: A Report of the American College of Cardiology/American
Heart Association Task Force on Clinical Practice Guidelines. Circulation, [S. I.], v.
140, n. 11, p. e596—e646, 2019.

BARROSO, W. K. S. et al. Diretrizes Brasileiras de Hipertensao Arterial-2020. /n:
2020, Arquivos Brasileiros de Cardiologia. [S. /.. s. n.] p. 0-0.

BERGMAN, R. N. et al. A better index of body adiposity. Obesity (Silver Spring,
Md.), /[S. ], v. 19, n. 5, p. 1083-9, 2011.

CAREY, R. M. et al. Prevention and Control of Hypertension: JACC Health Promotion
Series. Journal of the American College of Cardiology, /[S. ], v. 72, n. 11, p.
1278-1293, 2018.

CHEN, H. Y. et al. Visceral adiposity index and risks of cardiovascular events and
mortality in prevalent hemodialysis patients. Cardiovascular Diabetology, [S. /], v.
13, n. 1, 2014.

CHOBANIAN, A. V. et al. The Seventh Report of the Joint National Committee on
Prevention, Detection, Evaluation, and Treatment of High Blood Pressure: the JNC 7
report. JAMA, [S. 1], v. 289, n. 19, p. 2560-72, 2003.

COOPER, R. et al. ACE, angiotensinogen and obesity: a potential pathway leading to
hypertension. Journal of human hypertension, [S. /], v. 11, n. 2, p. 107-11, 1997.
DE OLIVEIRA, C. M. et al. Association between anthropometric indicators of
adiposity and hypertension in a Brazilian population: Baependi Heart Study. PloS
one, [S. I],v. 12, n. 10, p. e0185225, 2017.

DEURENBERG, P. et al. The validity of predicted body fat percentage from body
mass index and from impedance in samples of five European populations. European
journal of clinical nutrition, [S. /.], v. 55, n. 11, p. 973-9, 2001.

FERRANNINI, E. The haemodynamics of obesity: a theoretical analysis. Journal of
hypertension, [S. I.], v. 10, n. 11, p. 1417-23, 1992.

FERRANNINI, E.; CUSHMAN, W. C. Diabetes and hypertension: the bad
companions. Lancet (London, England), [S. /], v. 380, n. 9841, p. 601-10, 2012.
FUCHS, F. D. Comparacao entre medicamentos para tratamento inicial da
hipertensao arterial sistémica. OPAS/OMS - Representagao Brasil, [S. /.],v. 1, n. 3,
p. 1-10, 2016.

GBD 2017 RISK FACTOR COLLABORATORS. Global, regional, and national
comparative risk assessment of 84 behavioural, environmental and occupational, and
metabolic risks or clusters of risks for 195 countries and territories, 1990-2017: a
systematic analysis for the Global Burden of Disease Stu. Lancet (London,
England), [S. I.], v. 392, n. 10159, p. 1923-1994, 2018.

GRASSELLI, G. et al. Baseline Characteristics and Outcomes of 1591 Patients
Infected With SARS-CoV-2 Admitted to ICUs of the Lombardy Region, Italy. JAMA,
[S. 1.],v. 323, n. 16, p. 1574-1581, 2020.

GRASSI, G. et al. Effect of central and peripheral body fat distribution on sympathetic
and baroreflex function in obese normotensives. Journal of hypertension, [S. /], v.
22,n.12, p. 2363-9, 2004.

HE, J. et al. Long-term effects of weight loss and dietary sodium reduction on



40

incidence of hypertension. Hypertension (Dallas, Tex. : 1979), [S. I.], v. 35, n. 2, p.
544-9, 2000.

IZQUIERDO, A. G. et al. Leptin, Obesity, and Leptin Resistance: Where Are We 25
Years Later? Nutrients, [S. /], v. 11, n. 11, 2019.

KOTSIS, V. et al. Mechanisms of obesity-induced hypertension. Hypertension
research : official journal of the Japanese Society of Hypertension, [S. /], v. 33,
n. 5, p. 386-93, 2010.

KRAKAUER, N. Y.; KRAKAUER, J. C. A new body shape index predicts mortality
hazard independently of body mass index. PloS one, [S. I.],v. 7, n. 7, p. e39504,
2012.

KURUKULASURIYA, L. R. et al. Hypertension in obesity. The Medical clinics of
North America, [S. /], v. 95, n. 5, p. 903-17, 2011.

KUWABARA, M. et al. Different risk for hypertension, diabetes, dyslipidemia, and
hyperuricemia according to level of body mass index in Japanese and American
subjects. Nutrients, [S. I.], v. 10, n. 8, 2018.

LAMBERT, E. A. et al. Obesity-Associated Organ Damage and Sympathetic Nervous
Activity. Hypertension (Dallas, Tex. : 1979), [S. ], v. 73, n. 6, p. 1150-1159, 2019.
LEWINGTON, S. et al. Age-specific relevance of usual blood pressure to vascular
mortality: a meta-analysis of individual data for one million adults in 61 prospective
studies. Lancet (London, England), [S. ], v. 360, n. 9349, p. 1903-13, 2002.

LIM, J. et al. Comparison of triglyceride glucose index, and related parameters to
predict insulin resistance in Korean adults: An analysis of the 2007-2010 Korean
National Health and Nutrition Examination Survey. PloS one, [S. I.], v. 14, n. 3, p.
0212963, 2019.

LOPEZ, A. D. et al. Global and regional burden of disease and risk factors, 2001:
systematic analysis of population health data. Lancet (London, England), [S. /], v.
367, n.9524, p. 1747-57, 2006.

LOTUFO, P. A. Cardiovascular diseases in Brazil: premature mortality, risk factors
and priorities for action. Comments on the preliminary results from the Brazilian
National Health Survey (PNS), 2013. Sao Paulo medical journal, [S. /], v. 133, n. 2,
p. 69-72, 2015.

MENNI, C. et al. Heritability analyses show visit-to-visit blood pressure variability
reflects different pathological phenotypes in younger and older adults: evidence from
UK twins. Journal of hypertension, [S. /.], v. 31, n. 12, p. 2356-61, 2013.

MENTE, A. et al. Urinary sodium excretion, blood pressure, cardiovascular disease,
and mortality: a community-level prospective epidemiological cohort study. Lancet
(London, England), [S. I.], v. 392, n. 10146, p. 496-506, 2018.

MINISTERIO DA SAUDE. Vigitel Brasil 2016: vigilancia de fatores de risco e
protecao para doengas cronicas por inquérito telefonico: estimativas sobre
frequéncia e distribuicao sociodemografica de de fatores de risco e protecao
para doengas cronicas nas capitais dos 26 estadosVigitel. [S. /.. s. n.].
MINISTERIO DA SAUDE. Diabetes, hipertensio e obesidade avancam entre os
brasileiros - Noticia - UNA-SUS. [s. /], 2020.

NATIONAL HEART LUNG AND BLOOD INSTITUTE / NHLBI. High Blood Pressure
| NHLBI, NIH. [s. ], 2020.

NCD RISK FACTOR COLLABORATION (NCD-RISC). Contributions of mean and
shape of blood pressure distribution to worldwide trends and variations in raised
blood pressure: a pooled analysis of 1018 population-based measurement studies
with 88.6 million participants. International journal of epidemiology, [S. I.], v. 47, n.
3, p. 872- 883i, 2018.



41

PARIKH, N. I. et al. A risk score for predicting near-term incidence of hypertension:
the Framingham Heart Study. Annals of internal medicine, [S. /.], v. 148, n. 2, p.
102-10, 2008.

PARK, H. J. et al. Increased risk of subclinical atherosclerosis associated with high
visceral adiposity index in apparently healthy Korean adults: the Kangbuk Samsung
Health Study. Annals of Medicine, [S. /], v. 48, n. 6, p. 410-416, 2016.

PAZIN, D. C. et al. Waist circumference is associated with blood pressure in children
with normal body mass index: A cross-sectional analysis of 3,417 school children.
Arquivos Brasileiros de Cardiologia, [S. /.], v. 109, n. 6, p. 509-515, 2017.
PRECOMA, D. B. et al. Updated Cardiovascular Prevention Guideline of the Brazilian
Society of Cardiology - 2019. Arquivos brasileiros de cardiologia, [S. I.], v. 113, n.
4, p. 787-891, 2019.

RAMIREZ-VELEZ, R. et al. Obesity- and Lipid-Related Parameters in the
Identification of Older Adults with a High Risk of Prediabetes According to the
American Diabetes Association: An Analysis of the 2015 Health, Well-Being, and
Aging Study. Nutrients, [S. /], v. 11, n. 11, 2019.

RANASINGHE, C. et al. Relationship between Body Mass Index (BMI) and body fat
percentage, estimated by bioelectrical impedance, in a group of Sri Lankan adults: a
cross sectional study. BMC public health, [S. 1], v. 13, n. 1, p. 797, 2013.
RICHARDSON, S. et al. Presenting Characteristics, Comorbidities, and Outcomes
Among 5700 Patients Hospitalized With COVID-19 in the New York City Area.
JAMA, [S. ], v. 323, n. 20, p. 20522059, 2020.

SCHWINGSHACKL, L. et al. Comparative effects of different dietary approaches on
blood pressure in hypertensive and pre-hypertensive patients: A systematic review
and network meta-analysis. Critical reviews in food science and nutrition, [S. /],
v. 59, n. 16, p. 2674-2687, 2019.

SEMLITSCH, T. et al. Long-term effects of weight-reducing diets in people with
hypertension. The Cochrane database of systematic reviews, [S. .], v. 3, n. 3, p.
CDO008274, 2016.

SERAVALLE, G.; GRASSI, G. Obesity and hypertension. Pharmacological
research, [S. |.],v. 122, p. 1-7, 2017.

SHARIQ, O. A.; MCKENZIE, T. J. Obesity-related hypertension: a review of
pathophysiology, management, and the role of metabolic surgery. Gland surgery,
[S.1.],v.9,n.1, p. 80-93, 2020.

SHIBATA, S. et al. Hypertension and related diseases in the era of COVID-19: a
report from the Japanese Society of Hypertension Task Force on COVID-19.
Hypertension research : official journal of the Japanese Society of
Hypertension, [S. I.], v. 43, n. 10, p. 1028-1046, 2020.

SIMENTAL-MENDIA, L. E. et al. The triglycerides and glucose index is associated
with elevated blood pressure in apparently healthy children and adolescents.
European Journal of Pediatrics, [S. I.], v. 178, n. 7, p. 1069-1074, 2019.

SIRONI, A. M. et al. Visceral fat in hypertension: influence on insulin resistance and
beta-cell function. Hypertension (Dallas, Tex.: 1979), [S. /], v. 44, n. 2, p. 127-33,
2004.

STEPIEN, M. et al. New obesity indices and adipokines in normotensive patients and
patients with hypertension: Comparative pilot analysis. Angiology, [S. /], v. 65, n. 4,
p. 333-342, 2014.

THOMAS, D. M. et al. Relationships between body roundness with body fat and
visceral adipose tissue emerging from a new geometrical model. Obesity (Silver
Spring, Md.), /S. I.], v. 21, n. 11, p. 2264-71, 2013.



42

UNGER, T. et al. 2020 International Society of Hypertension Global Hypertension
Practice Guidelines. Hypertension (Dallas, Tex. : 1979), [S. I.], v. 75, n. 6, p. 1334—
1357, 2020.

VALDEZ, R. A simple model-based index of abdominal adiposity. Journal of clinical
epidemiology, [S. I.],v. 44, n. 9, p. 955-6, 1991.

VASAN, R. S. et al. Assessment of frequency of progression to hypertension in non-
hypertensive participants in the Framingham Heart Study: a cohort study. Lancet
(London, England), [S. I.], v. 358, n. 9294, p. 1682-6, 2001.

VASAN, R. S. et al. Residual lifetime risk for developing hypertension in middle-aged
women and men: The Framingham Heart Study. JAMA, [S. I.], v. 287, n. 8, p. 1003—
10, 2002.

VIRANI, S. S. et al. Heart Disease and Stroke Statistics-2020 Update: A Report From
the American Heart Association. Circulation, [S. I.], v. 141, n. 9, p. €139-e596,
2020.

WHELTON, P. K. Epidemiology of hypertension. Lancet (London, England), [S. /],
v. 344, n. 8915, p. 101-6, 1994.

WHELTON, P. K. et al. 2017
ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA Guideline for the
Prevention, Detection, Evaluation, and Management of High Blood Pressure in
Adults: A Report of the American College of Cardiology/American Heart Association
Task Force on Clinical Pr. Journal of the American College of Cardiology, /S. /.],
v.71,n.19, p. e127—e248, 2018.

WILLIAMS, B. et al. 2018 ESC/ESH Guidelines for the management of arterial
hypertension. European heart journal, [S. /], v. 39, n. 33, p. 3021-3104, 2018.
Disponivel em: https://doi.org/10.1093/eurheartj/ehy339. Acesso em: 7 dez. 2020.
WILSON, P. W. F. et al. Overweight and obesity as determinants of cardiovascular
risk: the Framingham experience. Archives of internal medicine, [S. I.], v. 162, n.
16, p. 1867-72, 2002.

YANG, F. et al. Visceral adiposity index may be a surrogate marker for the
assessment of the effects of obesity on arterial stiffness. PLoS ONE, [S. /.],v. 9, n. 8,
2014.

ZHANG, Y. et al. Prehypertension, diabetes, and cardiovascular disease risk in a
population-based sample: the Strong Heart Study. Hypertension (Dallas, Tex. :
1979), [S. 1], v. 47, n. 3, p. 410—4, 2006.

ZHENG, R.; MAOQO, Y. Triglyceride and glucose (TyG) index as a predictor of incident
hypertension: A 9-year longitudinal population-based study. Lipids in Health and
Disease, [S. ], v. 16, n. 1, 2017.

ZHOU, F. et al. Clinical course and risk factors for mortality of adult inpatients with
COVID-19 in Wuhan, China: a retrospective cohort study. Lancet (London,
England), [S. I.], v. 395, n. 10229, p. 1054-1062, 2020.



