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INTRODUCAO

Multimorbidade ¢ definida segundo a Organizagdo Mundial da Satide como a
coexisténcia de duas ou mais doengas crdnicas, e acomete cerca de 20-30% da populagdo
mundial (Rudnicka et al., 2020; Xu et al., 2017a), principalmente mulheres mais velhas,
inativas, residentes em areas urbanas de paises de baixa e média renda (Chudasama et al.,
2020).

As chances de desenvolver doencas cronicas sao maiores em mulheres no
climatério, principalmente para mulheres na p6s menopausa, em que a auséncia do
estrogénio ovariano acarreta alteragdes fisioldgicas importantes. O estrogénio tem agao
cardioprotetora relacionado ao 6xido nitrico e inibicdo de substincias vasoconstritoras
(Novella et al., 2019), além de modular a produgdo de glicose, homeostase lipidica (Jia et
al., 2015) e o controle do balango energético (Jia et al., 2015).

Nao existe uma abordagem padrdo para a medicdo da multimorbidade pois a
medida de multimorbidade varia de acordo com o instrumento utilizado ou com os
critérios das condi¢des incluidas na contagem das doengas, sendo portanto, um obstaculo
para a comparagao de estudos e para o entendimento da prevaléncia em diferentes paises.
(Barnett et al., 2012). Nesse sentido, o uso de padrdes de doenga pode auxiliar na
elaboracao de diretrizes e na andlise de intervencdes como o exercicio, nesse sentido, os
trés padroes de doenca mais utilizados em estudos: doencas cardiovasculares e
metabolicas, problemas relacionados a satide mental e distirbios musculoesqueléticos
(Xu et al., 2017b, 2017a).

Individuos com multimorbidade tém maior probabilidade de morrer
prematuramente, serem internados no hospital e ter estadias mais longas, além de custos
totais 5,5 vezes maiores com saude e até 6,6 vezes mais com medicamentos (Moxey et
al., 2003; Palladino et al., 2016). O gerenciamento da saude desses individuos apresenta
desafios principalmente no atendimento e na adesdao ao tratamento. A duplicidade de
atendimento reflete em até 4 vezes mais consultas anuais e mais de 48% dos individuos
com multimorbidades sdo polimedicados e considerados ndo aderentes ao tratamento por
esquecimento (38,8%), dificuldade no manejo da medicacao (14,3%), preocupagdo com
efeitos colaterais (10,7%) ou por pre¢o do medicamento (9,2%) (Béhler et al., 2015;
Gomes et al., 2020).

A prética de exercicios fisicos ¢ sugerida como uma estratégia fundamental para

o tratamento de diversas doengas cronicas (American Diabetes Association, 2019; Park
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et al., 2021) e os efeitos benéficos foram demonstrados também para populacdo com
multimorbidade, nos pardmetros de qualidade de vida, capacidade funcional e efeitos
adversos em uma populacdo com multimorbidade (Bricca et al., 2020). No entanto, novas
abordagens nas intervengdes com populacdo multimérbida sdo recomendadas, assim
como a utilizacao dos padrdes de doenca para limitar as multiplas combinagdes e
intervengdes voltadas para diferentes aspectos do paciente, em um cuidado
multidirecional (MacMahon & The Academy of Medical Sciences, 2018; Smith et al.,
2021; Xu et al., 2017b, 2017a).

Entretanto, apesar dos resultados relevantes do exercicio fisico em populagao com
multimorbidades, a amplitude de combinagdes de doencas cronicas impossibilita a
comparagdo entre os estudos, sendo os padrdes de doencas divergentes entre si em seus
mecanismos fisioldgicos, fatores de risco e complicacdes. Portanto, compreender melhor
o efeito do exercicio fisico aerdobio para um padrao de doenga especifico,
cardiometabolico, ¢ de grande relevancia para a saude publica, tanto no que se refere a
melhoria na qualidade de vida, quanto aos gastos do sistema de saude. Além disso,
estudos como este, podem contribuir para a formulagcdo de diretrizes para nortear o
tratamento e prevencao das multimorbidades e garantir a efetividade de tratamento de

forma especifica para esse padrao de doenca.
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FUNDAMENTACAO TEORICA

CAPITULO 1 - CLIMATERIO

A expectativa de vida no Brasil era de 76 anos em 2018, sendo de 80 anos para as
mulheres, e isso representa mais mulheres por mais tempo no periodo da pds menopausa,
e quase 1/3 de suas vidas ¢ durante este periodo (IBGE, 2015). Segundo a Sociedade
Norte Americana de Menopausa, o numero de mulheres na pds menopausa atingird em
2025 cerca de 1.1 bilhdo em todo o mundo (Shifren et al., 2014).

O climatério ¢ o periodo que marca a transi¢do da fase reprodutiva para a nao
reprodutiva da mulher e que corresponde a mudangas endocrinas, com declinio natural da
producdo ovariana de estrogénio(Harlow, Gass, Hall, Lobo, Maki, Rebar, Sherman, Sluss,
& de Villiers, 2012). Esta fase inicia-se com varia¢do no ciclo menstrual e 4 medida que
a produgdo de estrogénio diminui hd periodos maiores de amenorréia até atingir a
auséncia completa de sangramento, conhecido como menopausa ou periodo menstrual
final (PMF). Durante o climatério hé fases e marcos importantes, com suas caracteristicas
especificas, sdo eles: fase de transi¢do da menopausa, perimenopausa, menopausa € pos
menopausa (Shifren et al., 2014).

Considerado como padrao ouro, o sistema em estagios proposto por Harlow e
colaboradores (Harlow, Gass, Hall, Lobo, Maki, Rebar, Sherman, Sluss, & de Villiers,
2012) objetiva padronizar nomenclaturas e critérios para definir o inicio de cada estagio.
Esse sistema padronizado de estagios fornece informagdes consistentes para o estudo das
alteragdes no periodo do climatério e de saude da mulher e ¢ também uma ferramenta
clinica para profissionais de satde e para as mulheres vivenciando esta fase, auxiliando
na tomada de decisdes de saude.

O sistema de estagios do envelhecimento reprodutivo ¢ composto por 10 estagios
que se iniciam na menarca e segue-se até o fim da vida da mulher, divididos em trés fases:
reprodutiva, fase de transicdo da menopausa e pés menopausa (figura 1). Como critério
principal de classificagdo reprodutiva utiliza-se o ciclo menstrual e como critérios
adicionais os biomarcadores: Hormoénio foliculos estimulantes (FSH), hormdnios
antimuleriano (AMH), a contagem de foliculos antrais, inibina B. Os sintomas
climatéricos (vasomotores e geniturindrios) sdo utilizados como caracteristicas
descritivas que podem auxiliar no critério principal de classificacdo (Harlow, Gass, Hall,

Lobo, Maki, Rebar, Sherman, Sluss, & de Villiers, 2012).
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O primeiro sinal de transicao da menopausa ¢ caracterizado pela diminuigao da
quantidade de foliculos a um estagio critico, que resulta na irregularidade dos ciclos
menstruais ¢ alteracdes nos niveis dos hormoénios sexuais (Allshouse et al., 2018).

As mulheres nascem com um numero finito de ovocitos que sao liberados (ou
sofrem apoptose) ao longo da vida. No periodo de transicdo da menopausa os foliculos
ainda restantes se tornam menos responsivos ao FSH, sendo necessario aumento na
liberagdo desse hormonio para atender ao maior limiar de ativagdo e estimulacao desses
foliculos. Além disso, outro mecanismo que resulta no aumento do LH e FSH ¢ a da
producdo reduzida de estrogénio e progesterona (advinda do desenvolvimento folicular)
que ao inviabilizar o feedback negativo ao hipotadlamo, resulta na elevagdo da liberacao
dos hormonios gonadotréficos (LH e FSH) (Allshouse et al., 2018; O’Connor et al.,
2001).

Menarca | | Menopausa |
Estégios -5 | -4 | -3a -3b -2 | -1 +la | +1b | +1c r +2
Terminologia FASE REPRODUTIVA TRANSICAO DA MENOPAUSA POS MENOPAUSA
Inicial | Pico | Final Inicial | Final Inicial Final
Perimenopausa |
~ » . Até ofimda
Duracao Variavel Variavel la3anos 2 anos 3a6anos vida
Critério principal: Ciclo menstrual
Modificagoes N
L, Duragdo Intervalo de
Variavel a no fluxo e na L, L.
Regular Regular . variavel amenorréia 260 - -
regular duragdo do .
i permanente dias
ciclo
Critérios de apoio: biomarcadores e sintomas vasomotores e geniturinarios.
Reduci FSH varia’velT FSI: bili
educdo | o de v | | A AMIe [
do FSH, . FSH variavel S AMH, Aumento
variagdo FSH, FSH inibinaBem | )
AMHe . =, >25IU/L, . inibina e sintomas da
reducdo da varidvel . quantidade N
contagem |, . . inicio SVM . . CFA manté-| SGU
dos FA inibina B muito baixa t
os SSVM se.mm (o]
baixo

Figura 1 - Estagios do envelhecimento reprodutivo e seus critérios de classificagdo. Adaptado de:
Harlow ¢ colaboradores (Harlow, Gass, Hall, Lobo, Maki, Rebar, Sherman, Sluss, & de
Villiers, 2012). FA: foliculos antrais; SVM: sintomas vasomotores; FSH: hormoénio foliculo
estimulante; AMH: horménio antimuleriano; SGU: sindrome geniturinaria.

Com base em determinagao prospectiva da data da menstruagao final (FMP), foi
demonstrado que 2 anos antes da menopausa (periodo menstrual final) os niveis de

estradiol comecam a cair e os niveis de FSH se elevam, e que os niveis de FSH eram

aproximadamente 50% daqueles atingidos na pds-menopausa, enquanto o estradiol havia
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reduzido em aproximadamente 50% em relagao aos niveis de idade reprodutiva (Burger,
2008).

Assim como a menarca corresponde a data da primeira menstruagdo, a menopausa
ou periodo menstrual final, é um evento que se refere a ultima menstruagdo. E um marco
do fim da vida reprodutiva da mulher e ¢ caracterizado pela perda da fungdo ovariana de
producdo de estrogénio (Shifren et al., 2014).

Apesar de varidvel a menopausa ocorre por volta dos 50 anos de idade e pode ser
diagnosticada de forma natural por 12 meses ininterruptos de amenorreia ou por exames
laboratoriais como dosagens sanguineas de estradiol (inferior a 32 mUI/mL), hormonio
foliculo estimulante (FSH acima de 20 mUI/mL) e hormonio luteinizante (LH de 11 a 60
mUI/ml, ) e por exames de imagem como ultrassom do aparelho genital para verificar
aspecto ¢ volume dos ovarios (o volume médio dos ovarios diminui de 8 a 9cm na
menacme para 2 a 3cm alguns anos apds a menopausa) (Brasil et al., 2008).

A fase da pds menopausa inicia-se logo ap6s o marco da menopausa e por cerca
de até 6 anos ap0s essa data os sintomas vasomotores ainda sao frequentemente relatados.
Os niveis do hormonio FSH estdo aumentados na fase inicial da p6s menopausa enquanto
que os niveis de AMH, inibina B e contagem dos foliculos antrais permanecem muito
baixos, sinalizando definitivamente o fim da fase reprodutiva e da produgdo de estrogénio
pelos ovarios (Bacon, 2017; Harlow, Gass, Hall, Lobo, Maki, Rebar, Sherman, Sluss, &
De Villiers, 2012).

J& na fase final da pds menopausa, que acompanha a mulher até o fim da vida, ¢
sinalizada pelo aparecimento ou maior intensidade dos sintomas da sindrome
geniturindria acompanhada pela reduc¢do dos sintomas vasomotores. Nesta fase os
processos de envelhecimento somatico sdo mais marcados e a producdo de estrogénio
ocorre pela aromatizagdo de androgenos (no estroma ovariano) € em menor quantidade
(fora do ovario) nos musculos, ossos, medula dssea, fibroblastos, raizes capilares e a
maioria produzida no tecido adiposo (Nelson & Bulun, 2001).

Durante o climatério mudancgas biologicas interagem com outras caracteristicas
psicologicas, culturais e socioecondmicas e afetam de formas e intensidades diferentes
cada mulher. Os sintomas climatéricos, assim com as irregularidades na menstruagao, sao
0s principais sinais clinicos da transi¢ao da menopausa e acometem 4 a cada 5 mulheres
no climatério, frequentemente percebidos na perimenopausa, por volta de 4 a 6 anos antes

da menopausa e podendo se estender por anos ap6s a menopausa (Bacon, 2017)
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O aparecimento dos sintomas esta relacionado a tecidos e 0rgaos que possuem
receptores de estrogénio (o e ) em situagdo de hipoestrogenismo apresentam
manifestagdes clinicas (Bai & Gust, 2009), sendo os mais comuns os relacionados a
sindrome geniturinaria da menopausa (SGM), osteoporose e sintomas vasomotores. Sao
sintomas vasomotores os fogachos, suores noturnos, palpitacdo, acometendo 80% das
mulheres no climatério, sendo que 50% tem a qualidade de vida afetada devido a
intensidade e frequéncia desses sintomas (Harlow, Gass, Hall, Lobo, Maki, Rebar,
Sherman, Sluss, & de Villiers, 2012; Ward & Deneris, 2018).

Os sintomas sofrem influéncia multifatorial, que além dos baixos niveis de
estrogénio, também estdo relacionados com o processo de envelhecimento e fatores
psicossociais. Portanto, nem todas as altera¢des (libido, humor, cogni¢do ou ganho de
peso), mesmo podendo ser secundarias a sintomas vasomotores ¢ subsequente insonia,
nao sdo especificas da menopausa assim como varias doengas ocorrem independente da
menopausa como obesidade, doenga vascular coronariana, cancer de 6rgdos reprodutivos,

depressao e deméncia (Ward & Deneris, 2018).

Estrogénio

A nomenclatura “estrogénio” refere-se ao conjunto de hormonios esteroides,
sendo os trés principais: estrona (E1), 17-B-estradiol (E2) e estriol (E3)(Ryan, 1982). Eles
possuem os mesmos efeitos no eixo reprodutivo ou nas caracteristicas secunddarias, porém
com graus variaveis, sendo o 17-B-estradiol o predominante no periodo fértil e a estrona
0 que se encontra-se em maior concentragdo no periodo da pds menopausa (Lagranha et
al., 2018).

Durante a fase reprodutiva grande parte do estrogénio ¢ produzido pelos ovarios,
mais especificamente pelas células da granulosa dos foliculos, e em situagdo de gravidez
essa producdo de estrogénio pelos ovarios ¢ complementada pela placenta(Lagranha et
al., 2018). Os tecidos periféricos como: figado, glandula adrenal, glandulas mamarias,
tecido adiposo e cérebro também sao produtores de estrogénios, porém em quantidades
muito inferiores do que ovario. Esses tecidos possuem uma enzina chamada aromatase,
que converte determinados precursores em estrogénios(Nelson & Bulun, 2001).

O estrogénio tem sua acdo em diversos tecidos devido a expressdo de seus
receptores, sendo os do tipo a expresso principalmente em tecidos reprodutivos (utero,

ovario), mama, rim, 0sso, tecido adiposo branco e figado, enquanto os receptores do tipo
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B sdo encontrados no ovario, sistema nervoso central (SNC), sistema cardiovascular,
pulmao, rim e sistema imunolégico (Jia et al., 2015).

No sistema cardiovascular o estrogénio apresenta importante fungdo na reducao
da resisténcia vascular através da modulacao do 6xido nitrico (NO), o principal fator de
relaxamento do endotélio. O 6xido nitrico (NO) sofre regulacao positiva pela agdo do
estrogénio através do aumento da transcri¢ao da 6xido nitrico sintetase endotelial (eNOS)
(Novella et al., 2019).

O estrogénio induz a rapida melhoria da atividade da NOS e a liberagao de NO
por meio de mecanismos nao transcricionais e reduzindo sua dependéncia de Ca2+ e
aumentando ativacdo dos canais de potassio e também evita a degradagdo do NO devido
as suas propriedades antioxidantes de estimulacdo da expressao do gene da NOS,
aumento da disponibilidade de L-arginina, modulacdo dos mecanismos que degradam o
NO. Além de atuar na modulagdo do NO, o estrogénio aumenta a sintese da prostaciclina
um importante vasodilatador e inibe a sintese de vasoconstritores como a bradicinina
(Novella et al., 2019).

No controle do balango energético o estrogénio atua tanto de forma central como
periférica. Ha receptores a e b de estrogénio no hipotdlamo, uma area essencial do sistema
nervoso central que controla a ingestdo de alimentos, o gasto de energia e a homeostase
do peso corporal. Estudos que mostraram o silenciamento desses receptores, encontraram
como resultado aumento do consumo de alimentos, reducdo no gasto de energia causado
pela diminuicdo da atividade fisica e diminui¢do das respostas termogénicas a
alimentacao(Brown et al., 2010). Ja no tecido adiposo o estrogénio regula a atividade de
enzimas importante no metabolismo lipidico, como na ativacdo da lipase sensivel ao
horménio (HSL) resultando em lipdlise, e diminui¢do da atividade da lipase lipoproteica
(LPL) causando reduc¢do da lipogénese (Jia et al., 2015).

No figado o estrogénio regula a produgdo de glicose, a homeostase lipidica e a
producao de colesterol, atuando na melhora do HDL e triglicérides e reduzindo a LDL(Jia
et al., 2015). Além disso, o tratamento com E2 a longo prazo possui efeito antidiabético,
diminuindo a resisténcia a insulina e os niveis de triglicerideos no figado e reduzindo a
expressao de genes lipogénicos hepaticos (Gao et al., 2006).

Nos tecidos urogenitais o estrogénio mantém a elasticidade e o pH vaginal além
de controlar o crescimento de patogenos, através da estimulagdo da maturagdo do epitélio
vaginal e sua produgdo de glicogénio, que se decompde em glicose e € metabolizada pelos

lactobacilos vaginais (Calleja-Agius & Brincat, 2015).
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Dentre os hormonios relacionados com o eixo reprodutivo, o estrogénio se destaca
pela capacidade moduladora em diversos 6rgdos e tecidos do corpo. Em situagdo de
hipoestrogenismo, como na pdés menopausa, as mulheres se tornam susceptiveis ao
desenvolvimento de doengas como hipertensao arterial, diabetes melitus tipo 2, dentre

outros efeitos desencadeados pela falta do estrogénio.

Climatério e Exercicio Fisico

O efeito da pratica regular de atividade fisica ¢ bem conhecido na literatura e
desempenha um importante papel sendo uma das nove metas globais para melhorar a
prevencao e tratamento de doengas ndo transmissiveis de acordo com a Organizagao
Mundial de Saude (OMS), que estipula reducdo de 10% de inatividade fisica a nivel
global no plano de acdo 2013-2020 (World Health Organization, 2013).

Além do hipoestrogenismo, as mulheres também apresentam outros fatores
desencadeadores de doengas. Quando comparadas aos homens, elas demonstram maior
nivel de inatividade fisica, sendo de 43% para America Latina e Caribe ¢ maior valor
dentre os continentes, além de menor nivel de atividade fisica no lazer (Guthold et al.,
2018).

Alguns estudos mostram os efeitos benéficos do exercicio fisico para as mulheres
apds a menopausa, pois ele pode reduzir os sintomas climatéricos, como os vasomotores,
alteragdes no humor e insdnia, controle de peso e manutencdo da composi¢ao corporal,
melhorar a densidade mineral 6ssea e de forma geral, a qualidade de vida (Cheng et al.,
2018; Nguyen et al., 2020).

A funcdo da atividade fisica vai além dos beneficios fisicos, sendo importante na
qualidade de vida, de dominios como capacidade funcional, estado psicologico e
emocional, relacdoes sociais, atividade intelectual, autocuidado, relacdes familiares,
estado de saude, valores culturais e de estilo de vida, satisfagdo com o trabalho e/ou com

atividades de vida diaria e o meio em que se vive (Arnot et al., 2021; Guérin et al., 2019).
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CAPITULO 2 - MULTIMORBIDADE

Definicao e Mensuracao

Multimorbidade ¢ definida, segundo a OMS como a co-ocorréncia de duas ou
mais condi¢des médicas cronicas em uma pessoa e inclui condigdes fisica e de saude
mental. Essa defini¢do enquadra-se na perspectiva de epidemiologia e satde e ¢ a mais
simples e a mais incluida nos estudos (Rudnicka et al., 2020; Xu et al., 2017a).

No estudo de revisao de Xu e colaboradores (Xu et al., 2017a) foram encontradas
outras duas defini¢des de multimorbidade baseadas nas perspectivas em que so
aplicadas. Na perspectiva da pratica clinica entre profissionais e pacientes, ¢ definido
como multimorbidade o papel das doencas, assim como os fatores de risco, sintomas ¢
gravidade de cada uma. Essa abordagem nao ¢ aplicavel para a esfera de pesquisa por ndo
ser completamente clara sobre os propdsitos em particular e possibilitar diversas
interpretacdes.

Na terceira e ultima definicdo na perspectiva dos cuidados de longa duracdo e
medicina familiar na aten¢do primadria, em que ¢ considerado como multimorbidade
qualquer combinagdao de doenga cronica com pelo menos uma outra doenga (aguda ou
cronica) ou fator biopsicossocial (associado ou ndo) ou risco somatico. Traz a atengao as
necessidades do paciente em relagdo a qualidade de vida e aspectos relacionados. No
aspecto da pesquisa ndo ¢ muito utilizado por incluir queixas agudas, o que poderia inflar
as taxas de prevaléncia desnecessariamente(Xu et al., 2017a).

Os termos multimorbidade e comorbidade se misturam, porém, possuem
defini¢cdes que se difere e os limitam. O termo comorbidade, descrito inicialmente por
Feinstein, foi descrito como a presenca de uma doenga colocada em uma posi¢ao central
e uma segunda condi¢do considerada como secundéria, podendo ou nao afetar o curso do
tratamento da primeira. Usado alternadamente no passado o termo comorbidade refere-
se a um conceito que despreza o efeito associado das condigdes e relaciona-se com
modelos de tratamentos especializados em cada doenca (Smith et al., 2016; Valderas et
al., 2011).

O termo multimomorbidade surgiu como uma alternativa “moderna”, sendo mais
geral e explicitando que nenhuma condigao particular ¢ privilegiada sobre qualquer outra.
Atualmente ¢ aceito que o termo comorbidade deve ser usado quando h4 uma condicdo
de indice especificada ou onde hd combinagdes definidas de condigdes (por exemplo,

hipertensdao e doenga cardiovascular) em oposicdo a multimorbidade onde qualquer
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condigdo pode ser incluida. Individuos com comorbidade também apresentam
multimorbidade, mas o inverso ndo se aplica necessariamente (Smith et al., 2016;
Valderas et al., 2011).

Apesar de ser um termo comparativamente novo, as publicacdes a cerca deste
tema surgiram pela primeira vez na Alemanha em 1974, seguindo um aparecimento
esporadico antes de 1990 e com uma transi¢ao para o crescimento exponencial apenas a
partir de 2005. Dos artigos publicados 80% deles foram ap6s 2010, enquanto apenas 9%
apareceram entre 1974 ¢ 2004 (Xu et al., 2017b).

Um levantamento realizado em 2017 encontrou duas lacunas importantes no
conhecimento acerca da multimorbidade, sendo a primeira relacionada a fatores
geograficos e econdmicos, em que 76 paises que contribuiram com estudos sobre o tema,
apenas 5% sdo em paises de baixa e média renda, entretanto, sdo esses paises que
apresentam maiores taxas de mortalidade por doencgas cronicas, em torno de 73% das
mortes. Além disso, a primeira publicacdo em paises de baixa renda aconteceu apenas 15
anos depois de paises de renda elevada (2010 vs 1995)(Xu et al., 2017b).

Em comparacgdo com outra condi¢do cronica Unica de alta prevaléncia (diabetes,
hipertensdo, depressdo e doenga pulmonar obstrutiva coronariana - DPOC), hd um
descompasso entre a alta prevaléncia de multimorbidade e seus resultados de pesquisa.
Embora a prevaléncia mediana de multimorbidade seja de 63%, o numero de artigos sobre
as outras quatro condic¢des Unicas € 13 a 150 vezes maior que a multimorbidade(Xu et al.,
2017b).

Nao existe uma abordagem padrao para a medi¢do da multimorbidade, e a selecao
e defini¢do das morbidades a incluir sdo, inevitavelmente, parcialmente subjetivas e
dependentes dos dados disponiveis (Barnett et al., 2012). Alguns indices sdo utilizados
para prever a gravidade da doenca e o resultado da saude em nivel individual. Os mais
usados sdo: Indice de Charlson, o Chronic Disease Score, 0 ACG System e o Cumulative
Index Illness Rating Scale (Diederichs et al., 2011).

A utilizagdo do método de mensuracao da multimorbidade pode afetar também a
prevaléncia dessas doengas e impedir a comparagdo entre estudos. Ao escolher os
instrumentos, precisamos considerar o tipo de dado disponivel e os resultados especificos.
A quantidade de doencgas pode variar de duas a muitas, e recomenda-se uma lista de pelo
menos 12 doencas cronicas para manter as taxas de prevaléncia estaveis (Fortin et al.,

2012).



23

No estudo de Xu e colaboradores sao apresentados trés padroes de doengas:
doencgas cardiovasculares e metabolicas, problemas relacionados a saude mental e
disturbios musculoesqueléticos. A compreensdo desses padrdes, assim como as
combinagdes de doengas especificas e as comuns de multimorbidade podem auxiliar no
desenvolvimento de diretrizes e politicas publicas, nortear o tratamento e potencializar o

gerenciamento das doengas (Xu et al., 2017a).

Prevaléncia

A multimorbidade ¢ um problema crescente € um desafio mundial para os sistemas
de saude, com complexidade tanto para os profissionais da saude quanto para
pesquisadores (Xu et al., 2017b). No Brasil a multimorbidade acomete 1 a cada 5 adultos
com duas ou mais doengas cronicas e um a cada dez possuem mais de trés doengas, o que
representa mais 43 milhdes e 20 milhdes de brasileiros, respectivamente. A prevaléncia
varia dentre as regides do pais sendo a regido Sul e Sudeste com os maiores indices. Os
estados de Santa Catarina e Rio Grande do Sul apresentam prevaléncia de 26% a 29%
para >2 doengas, seguido por Parand, Sao Paulo e Rio de Janeiro 23% a 25% (Nunes et
al., 2017).

Das doencas relatadas a hipertensdo arterial (22,3%), problemas da coluna
vertebral (19%) e dislipidemia (8,4%), foram as doengas mais prevalentes, porém, com
padrdes diferentes entre homens e mulheres (Nunes et al., 2017). No estudo de Aratjo e
colaboradores (Araujo et al., 2018), o fator de maior for¢a de associacdo em mulheres foi
a doencga cardiaca enquanto que, nos homens, foi identificada uma associacdo em dois
grupos, ¢ a doenga pulmonar foi a doenga com maior carga fatorial.

Fatores como a realizacao de consultas médicas, internagao no ultimo ano, dengue
no ultimo ano e procura pelo mesmo servico de satide foram associados a multimorbidade
(Araujo et al., 2018; Nunes et al., 2017). Assim como o nivel de escolaridade, nivel
socioecondmico € sexo (comuns em todas regides), de modo que mulheres, idosos,
individuos com cor da pele branca, que viviam com companheiro, tinham menor
escolaridade, possuiam plano de satide privado e residiam em éarea urbana apresentaram
maior chance de multiplas doengas.

No monitoramento do Governo Escocés em desigualdades em satde, encontraram
que nos 10% mais carentes da populagdo escocesa, os homens e mulheres tém expectativa
de vida 13 e 9 anos, respectivamente, mais curtas do que aquelas nos 10% mais ricos. As

pessoas mais carentes passam o dobro de anos com problemas de satide antes de morrer
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do que as mais ricas (10,3 anos vs 5,5 anos para os homens; 14,4 anos vs 6,0 anos para as

mulheres) (Molony & Duncan, 2016).

Carga da Doenca

O aumento da expectativa de vida da populagdo, juntamente com a meta de
envelhecimento saudavel proposto pela Organizagdo Mundial da Saude (OMS) chamou
atencdo também para as doengas cronicas ndo transmissiveis (DCNT), seus desfechos e
agravamentos (Rudnicka et al., 2020). As DCNT sao responsaveis por 68% das mortes
no mundo, e considerando que metade dessas pessoas possuem multimorbidades ha nao
somente o agravamento do estado de saiide do individuo, mas uma carga sobre o sistema
de saude (Rudnicka et al., 2020).

Individuos com multimorbidade tém mais probabilidade de morrer
prematuramente, ser internados no hospital e ter estadias mais longas. Nos aspectos de
qualidade de vida, esses mesmos individuos apresentaram pior estado de satude
autorreferido e de funcdo fisica, depressdo e reducao da capacidade funcional, com risco
médio de 50% de declinio funcional com cada condigao adicional (Marengoni et al., 2009;
Palladino et al., 2016). Além disso, a multimorbidade afeta a realizagdo de atividades
diarias e a qualidade de vida dos individuos, principalmente em mulheres, com menor
escolaridade e com excesso de peso, sendo de redugdo da qualidade vida (QV) de 1,55%
no componente mental e 4,37% no componente fisico a cada doenca adicionada
(Makovski et al., 2019; Shad et al., 2017).

Ha consenso de que a multimorbidade estd associada a custos de saude
substancialmente mais altos e maior sobrecarga nos sistemas de saude. Porém, o impacto
sobre os custos e a utilizacdo de recursos se estende além dos planos de satde,
seguradoras e do financiamento governamental de sistemas de satide. Os pacientes sao
afetados pelos custos diretos associados ao uso de seus cuidados de saude assim como
por sobrecarga acerca da redu¢do da qualidade de vida, aumento de despesas extras,
adesdo a medicagdo, incapacidade para o trabalho, controle dos sintomas e um alto custo
para os cuidadores (Hajat & Stein, 2018).

Dos gastos gerais com saude, 50,8% dos custos totais correspondem a servigos
ambulatoriais, 24,1% a servigos hospitalares e 25,1% a custos de medicamentos. Pessoas
com multiplas doencas crénicas apresentam custos totais 5,5 vezes maiores ¢ a cada
condi¢do cronica adicional foi associada a um aumento de 3,2 consultas e de 33% nos

custos. Além disso, pacientes com multimorbidade apresentaram maior niimero de
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consultas médicas, tendo média anual de 15,7 em comparagdo com 4,4 na amostra nao
multimérbida (Béhler et al., 2015).

Além de mais utilizagdes no atendimento primario e secundario, pessoas com
multimorbidade tem maior chance de hospitaliza¢do, sendo 21,9% com pelo menos uma
hospitalizagdo versus 3,9% na amostra sem multimorbidade, e maior tempo de
permanéncia em internagdes de 12,1 dias versus 8,6 dias, respectivamente (Béhler et al.,
2015; Palladino et al., 2016).

No estudo de Moxey e colaboradores (Moxey et al., 2003), encontraram que a
categoria de pacientes com trés ou mais comorbidades utilizavam medicamentos
prescritos resultando em um custo médio 6,6 vezes maior do que os pares sem
comorbidades e 2,1 vezes maior do que o grupo com uma ou duas comorbidades.

A multimorbidade esta associada com a maior utilizacao de medicamentos, sendo
a polifarmacia bastante comum entre esses pacientes e altamente prevalente na populagao
idosa, em que apenas 10% dos idosos ndo recebem medicamentos prescritos, enquanto
50% precisam tomar 5 ou mais medicamentos, ¢ 10% deles utilizam 10 ou mais
medicamentos (Midao et al., 2018).

E definido como polifarmacia: a ingestio concomitante de 4 ou mais
medicamentos ou 5 ou mais medicamentos em instituicdes de longa permanéncia (ILPI),
ou o uso especifico de dois ou mais medicamentos para dois ou mais condi¢des em um
individuo (Xu et al., 2017a).

A utiliza¢do concomitante de varios farmacos além de possiveis efeitos colaterais
dessa associagdo, pode causar ganho de peso. No estudo de Stanford e colaboradores,
houve acompanhamento de mulheres na p6s menopausa por 3 anos, € eles encontraram
que tanto o indice de massa corporal (IMC) quanto a circunferéncia de cintura
aumentaram com o numero de medicamentos, e aquelas que tomaram antidepressivos ou
insulina, ou uma combinacdo de antidepressivos e betabloqueadores, tinham maior
probabilidade de ter um aumento significativo no IMC em comparagdo com as nao

usuarias (Stanford et al., 2020).

Gerenciamento da Saude de Pacientes com multimorbidade
O gerenciamento desse constante aumento de pessoas com doencgas cronicas ¢ um
desafio mundial, seja nas politicas publicas de saude ou no atendimento a populagao

acometida. A doencas individuais s3o amplamente discutidas e conhecidas nos aspectos
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de prestacao de cuidados, diretrizes médicas, pesquisas e educagdo em saude (Barnett et
al., 2012; Xu et al., 2017a).

Porém, para populagdes multimorbidas esses aspectos ainda ndo sdo muito claros,
resultando muitas vezes em duplicagdo de servigos para gerenciar essas doencas
individuais o que o torna ineficientes, oneroso e até inseguro. A fragmentacao do
atendimento ¢ um problema significativo para esse grupo, pois resulta do envolvimento
tanto da atengdo primaria e de varios especialistas que podem nao estar se comunicando
de forma eficaz. A compreensao dos diversos aspectos que envolvem a multimorbidade
se faz extremamente necessaria para desenvolver e aplicar intervengdes para preveni-la e
trata-la, reduzir sua carga ¢ alinhar os servi¢os de saide mais estreitamente com as
necessidades dos pacientes (Barnett et al., 2012; Wallace et al., 2015; Xu et al., 2017b).

Das questdes relacionadas ao gerenciamento da satde dos pacientes
multimorbidos, a adesdo ao tratamento ¢ um dos aspectos mais importantes e que afeta
ndo somente a eficacia do proprio tratamento, como também esta diretamente ligado a
piora do estado de satide do individuo. A ndo aderéncia ao tratamento aumenta as chances
de desenvolver outras comorbidades e consequentemente maiores custos com saude
(Payne, 2016).

Cerca de 48% dos individuos polimedicados com mais de 65 anos sao
considerados ndo aderentes ao tratamento e dentre os fatores apontados como relevantes:
o esquecimento (38,8%), dificuldade no manejo da medicagado (14,3%), preocupacdo com
efeitos colaterais (10,7%), preco do medicamento (9,2%), assim como tipo de tratamento
e localizagdo geografica do paciente (Gomes et al., 2020).

Dentre os relatos dos individuos que apresentaram maior risco de ndo adesao ao
tratamento estdo: a dificuldade no manuseio dos medicamentos, preocupagdo com efeitos
colaterais, esquecimento comum, duvida da necessidade do medicamento, consideravam

0s pregos caros e a desconfianca em alguns medicamentos(Gomes et al., 2020).
Tratamentos e Intervencoes

Basear o tratamento e gerenciamento de varias condi¢des cronicas ¢ um desafio
enfrentado pelos clinicos atualmente, visto que as diretrizes sdo, em grande maioria,
direcionadas para uma unica condi¢do e raramente lidam com a comorbidade, em parte
porque sao elaboradas baseadas em ensaios clinicos randomizados, esses que por sua vez

rotineiramente excluem pessoas com multiplas condi¢des cronicas. Uma potencial
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solucdo esta relacionada em criacdo de diretrizes que considerem os padrdes de doengas
cronicas mais comuns (Wallace et al., 2015).

Os tratamentos e intervencdes podem ser definidas de acordo com as condigdes
especificas dos pacientes ou de forma geral, retomando os conceitos de comorbidade e
multimorbidade, respectivamente. As intervencdes visando condi¢des comorbidas
especificadas podem ser planejadas para enfrentar os desafios especificos para pessoas
com essas condi¢des. Por exemplo, uma intervengdo que visa pessoas com diabetes e
depressao combinara elementos de cuidados focados em diabetes com psicoterapia ou
escalonamento de medicacdo antidepressiva, ou ambas as intervengdes, de modo a
abordar ambas as condi¢des (Smith et al., 2016; Wallace et al., 2015).

As intervengdes para pessoas com multimorbidade em geral ndo podem ter um
foco na doenca, pois nao ha condigdes pré-especificadas, de modo que as intervengoes
podem abordar uma melhor coordenacao de cuidados, melhor gestdo de medicamentos
ou dificuldades funcionais especificas experimentadas pelos pacientes (Smith et al., 2016;
Wallace et al., 2015).

Uma intervencdo centrada no paciente com duracdo de 1 ano, baseada na
abordagem motivacional e no suporte de autocuidado mostraram resultados positivos nos
desfechos de bem estar, fatores psicoldgicos e qualidade de vida, porém esse tipo de
abordagem resultou em um nivel de melhora superior em individuos mais jovens, com
menos doengas cronicas e maior renda, portanto, as intervencdes devem ser adaptadas aos
contextos socioecondmicos e de satde dos pacientes (Fortin et al., 2021).

Além de intervengdes de gerenciamento da doenca e de educacao do paciente, o
exercicio fisico € uma ferramenta importante para tratar e prevenir o agravamento do
estado de saude dessa populagcdo independentemente da idade ou nivel econémico. A
revisdo de literatura e meta andlise de Bricca e colaboradores, encontrou que o exercicio
além de seguro, foi capaz de reduzir efeito adversos graves como hospitalizacao, morte e
eventos cardiovasculares e de resultar em melhora da fungdo fisica, qualidade de vida,

sintomas depressivos e de ansiedade (Bricca et al., 2020).
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CAPITULO 3 - HIPERTENSAO ARTERIAL

Mundialmente cerca de 3,5 bilhdes de adultos tém niveis sist€émicos de pressao
arterial (PA) ndo ideais, ou seja, maiores que 110—115 mmHg e 874 milhdes de adultos
tém PA sistolica >140 mmHg. Assim, aproximadamente 1 em cada 4 adultos tem
hipertensao. Denominada como doenga nao comunicavel, a hipertensao ¢ o principal fator
de risco evitavel para doencas cardiovasculares (DCV) e mortalidade por todas as causas
em todo o mundo (Mills et al., 2020).

Em 2010, 31,1% da populacao adulta no mundo apresentava hipertensao, sendo
que menos da metade (46,5%) estava ciente de sua condi¢do, apenas 36,9% foram
tratados com medica¢do anti-hipertensiva e somente 13,8% apresentaram pressao arterial
controlada, com pior adesdo em paises subdesenvolvidos (Mills et al., 2016).

No Brasil, segundo dados da pesquisa de Vigilancia de fatores de risco e protecao
para doengas cronicas por inquérito telefonico (Vigitel) em 2019, a proporcao de pessoas
adultas (maiores de 18 anos) com diagnostico autorreferido de hipertensdo ¢ de 24,5%,
sendo maior em mulheres (27,3%) do que homens (21,2%), individuos com menor
escolaridade, em faixas etdrias maiores e com diferengas entre os estados para homens e

mulheres (Figura 1) (Brasil. Ministério da Saade., 2020).
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Figura 2 - Percentual de mulheres (> 18 anos) que referiram diagnostico médico de hipertensio
arterial, segundo as capitais dos estados brasileiros e o Distrito Federal. Fonte: Vigitel 2019

(Brasil. Ministério da Saude., 2020).



29

A hipertensao arterial (HT) € uma doenga cronica nao transmissivel que pode ser
assintomatica durante anos, porém ainda causar danos vasculares neste mesmo periodo.
Apresenta crescente prevaléncia mundial devido ao aumento da expectativa de vida e
exposicao a fatores de risco relacionados a estilo de vida como alta ingestdo de sodio
(2,300 mg por dia), baixa ingestdo de potassio, consumo de alcool, fumo, obesidade,
sedentarismo ¢ dieta ndo saudavel. Além disso, outros fatores sdo considerados, como
fatores genéticos, alta exposi¢do a poluicao do ar, estresse psicologico, disturbios do sono
e exposi¢ao ao ruido (Mills et al., 2016, 2020).

A crescente incidéncia de HT impacta o ambito econdmico principalmente com
sobrecarga no Sistema Unico de Satide (SUS), que é usado por mais de 65% da populagio
brasileira (Porto et al., 2011; Stopa et al., 2017). A hipertensao arterial foi responsavel
por 59% do custo direto (mais de R$2 bilhdes por ano) com hospitalizacdes,
procedimentos ambulatoriais ¢ medicamentos em 2018, seguido por 30% gasto com
diabetes e 11% obesidade (Nilson et al., 2019).

Segundo Diretrizes Brasileira ¢ Europeia de Hipertensdo e Cardiologia, ¢
considerado hipertensao arterial valores de consultério de pressao arterial sistolica (PAS)
>140 mmHg e/ou pressdo arterial diastdlica (PAD) >90 mmHg, sendo diagnosticado por
medicoes repetidas da pressao arterial (PA) no consultorio ou medicdo de PA fora do
escritorio com monitorizagdo ambulatorial da pressdo arterial (MAPA) e/ou
monitoramento da pressao arterial em casa, se for logistica e economicamente viavel. As
classificagdes segundo cada método de aferi¢do sdo mostradas na tabela 2 (Sociedade
Brasileira de Cardiologia, 2010; Williams et al., 2018).

A abordagem terapéutica para tratamento da hipertensdo arterial inclui medidas
nao medicamentosas € o uso de farmacos anti-hipertensivos, com o intuito de promover
a reducdo da pressdo arterial, prote¢cdo dos Orgdos-alvo, prevengdo contra desfechos
cardiovasculares e renais. Ao serem diagnosticados com HAS, os pacientes iniciam o
tratamento com medicamentos anti-hipertensivos, sendo uma forma eficaz de controle da
PA e reducao de demais riscos cardiovasculares. Porém, o tratamento medicamentoso nao
¢ acompanhado por mudancas de habitos de vida, como prética didria de exercicio fisico
e a alimentacdo sauddvel, o quadro hipertensivo pode sofrer uma progressdo para os
proximos estagios de agravamento da doenga, aumentando os riscos de desenvolver
outras doengas cardiovasculares e metabolicas (Malachias et al., 2016; Masala et al.,

2017).
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Tabela 1 - Defini¢des de hipertensdao de acordo com os niveis de pressao arterial no
consultorio, no ambulatorio € no domicilio.

Categoria PAS (mmHg) PAD (mmHg)
PA de consultorio* > 140 e/ou >90

PA Ambulatorial

Vigilia (ou periodo diurno) >135 e/ou > 85

Sono (ou periodo noturno) > 120 e/ou >70

24 horas >130 e/ou > 80

PA medida em casa (média) > 135 e/ou > 85

PA: pressdo arterial; PAS: pressdo arterial sistdlica; PAD: pressdo arterial diastdlica.
*Refere-se a PA de consultério convencional ao inves de PA de consultério sem
vigilancia. Fonte: (Williams et al., 2018).

Hipertensao Arterial e Climatério

Segundo o Estudo Global de Carga de Doencas (Gakidou et al., 2017) as
principais causas do Onus da doenga, os trés principais fatores de risco em termos
atribuiveis em nivel global para mulheres sdo: pressao arterial sistolica alta, alto indice
de massa corporal e glicose plasmatica em jejum alta.

Os niveis de pressdo arterial e prevaléncia de hipertensdo aumentam com a idade
em ambos os sexos. Em idades mais jovens os homens apresentam PA mais alta, porém
o aumento de PA por década ¢ maior em mulheres, sendo de 4,7mmHg para homens e
8,1 mmHg para mulheres. Apds os 60 anos as mulheres apresentam maior PA e
prevaléncia de hipertensdo arterial (Singh et al., 2012).

Segundo dados da pesquisa de Vigilancia de fatores de risco e prote¢do para
doencas cronicas por inquérito telefonico (Vigitel) em 2019, as mulheres apresentagao
maiores prevaléncias de hipertensdo arterial em todas as faixas etarias, em todos os niveis
educacionais quando comparadas com os homens (Brasil. Ministério da Saade., 2020).

A alta incidéncia de hipertensdo arterial em mulheres no climatério pode ser
explicada pelas alteragdes decorrentes do hipoestrogenismo, que modula a pressao
arterial com ac¢do direta no endotélio vascular através da elevacdo da producdo de
substancias com acdo vasodilatora, como as prostaciclinas e o oxido nitrico. Associado
as essas alteragdes fisiologicas, aspectos de habitos de vida diaria como inatividade fisica,
altos indices de estresse induzem a grande incidéncia de doencgas cardiovasculares como
a hipertensao arterial (Di Giosia et al., 2018) e a pior modulagio do controle autonomico
cardiovascular (Brockbank et al., 2000; Mercuro et al., 2000; Neves et al., 2007; Ward &
Deneris, 2018).
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Tabela 2 - Percentual de individuos que referiram diagndstico médico de hipertensao
arterial no conjunto da populacdo adulta (> 18 anos), por sexo, segundo idade e anos de
escolaridade.

Sexo
Variaveis Total Masculino Feminino
% IC 95% % IC 95% % IC 95%
Idade (anos)
18a24 4,1 3,0-5,1 3,4 2,3-45 49 2,9-6,9
25a34 9,8 82-11,4 9,4 7,1-11,7 10,2 8,0-123
35a44 17,0 15,4 -18,6 16,2 13,5-18,9 17,6 15,7-19,6
45 a 54 31,6 29,6 - 33,5 28,6 254-31,8 33,9 31,6 - 36,3
55a64 452 433-472 42,5 39,2 -45.8 472 44,8 - 49,5
65 e mais 59,3 57,7 - 60,8 55,5 52,7-58,4 61,6 59,8 - 63,3
Anos de escolaridade
0a8 41,5 39,8 -43,2 35,3 32,5-38,1 46,8 44,7 - 48,9
9all 20,5 19,4 - 21,6 16,3 14,8 - 17,9 243 22,7 -25,8
12 e mais 14,3 13,4-153 14,4 12,8 -159 14,3 13,1 -15,6
Total 24,5 23,8 -25,3 21,2 20,0 -22.4 27,3 26,4 - 28,3

Fonte: Vigitel 2019 (Brasil. Ministério da Saude., 2020).

Hipertensiao Arterial e Exercicio Fisico

Além da utilizagdo de medicamentos anti-hipertensivos, as mudangas de habitos
de vida sdo altamente recomendadas para que haja uma manuten¢do do resultado
pressorico em todos os niveis de hipertensao arterial, sendo a pratica regular de exercicios
fisicos uma das ferramentas mais eficazes para proporcionar efeitos de queda da PA a
curto e a longo prazo (Carvalho et al., 2014; De Sousa et al., 2017).

Diversos estudos demonstraram que o exercicio fisico € capaz de reduzir a PA em
individuos hipertensos com resultados similares as redu¢des encontradas nos tratamentos
farmacologicos (ambos proximos a 9 mmHg de redugdo na PA sistolica, com diferenga
estimada em 0,18 mmHg com intervalo de confianga de -1,35 a 1,38 mmHg) (Cornelissen
& Smart, 2013; Naci et al., 2018).

Estudos recentes (Pescatello et al., 2015; Santos et al., 2016) apresentam dados
importantes na reducdo da PA em resposta ao exercicio fisico, principalmente em
exercicios de forca e aerdbio. Quanto as caracteristicas do exercicio fisico, os melhores
resultados pressoricos parecem se dar com exercicios fisicos de intensidades moderadas
a altas, em sessoes de no minimo 30 minutos e supervisionadas (Cornelissen & Smart,
2013)

O exercicio aerobico de intensidade moderada pode ser superior para obter

beneficios cardiovasculares em mulheres hipertensas na pos-menopausa, incluindo
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melhorias na pressao arterial, tonus autonomico, sensibilidade barorreflexa, estresse
oxidativo, biodisponibilidade de NO, anormalidade lipidica, fun¢do cardiovascular e
aptidao cardiorrespiratdria. Além disso, tem um efeito maior no aumento da modulagao
parassimpatica, sensibilidade barorreflexa, capacidade antioxidante e melhora da

dislipidemia do que o exercicio resistido (Lin & Lee, 2018).
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CAPITULO 4 - DIABETES MELLITUS

Segundo dados da Organizagdo Mundial da Satde (OMS), o diabetes estd
associado com 11p,3% das mortes globais por todas as causas em adultos (20 a 79 anos)
e ¢ o responsavel por 4% das mortes por doengas cronicas. No Brasil hd uma
probabilidade de 16,6% de morrer de qualquer doenga cardiovascular, cancer, diabetes,
doenga respiratéria cronica entre 30 e 70 anos (World Health Organization, 2018).

O diabetes tipo 2 (DM2) se desenvolve quando ha disfungdo das células P
pancredticas que deixam de secretar insulina suficiente para atender a demanda,
geralmente no contexto de aumento da resisténcia a insulina em 6rgdos-alvo. De todos os
individuos diabéticos, 90 a 95% sao do tipo 2 da doenga, conhecidos como insulina nao
dependentes ou diabetes de adulto (American Diabetes Association, 2019)

Diferente do diabetes tipo 1, o tipo 2 da doenga apresenta-se assintomatica ou com
poucos sintomas, e raramente apresenta eventos de cetoacidose diabética. O diagndstico
muitas vezes ¢ feito por manifestacdo das complicacdes da doenca (descritos
detalhadamente no topico 4) e/ou por exames laboratoriais de rotina, que devem ser
realizados ja na presenca de fatores de risco para o diabetes (tabela 2), objetivando o
rastreamento precoce da doenga (Lyra et al., 2020).

A obesidade ¢ o principal fator de risco para o desenvolvimento do diabetes tipo
2, sendo o acimulo de gordura ectopica no figado, musculos e pancreas responsavel pela
resisténcia a insulina devido ao aumento da inflamag¢do das células B, reduzindo suas
fungdes e resultando em possivel morte dessas células. Além da obesidade, o diabetes
possui etiologia ampla sofrendo influéncia genética e ambiental, com risco aumentado
com idade, inatividade fisica, sendo mais frequente em mulheres com diagnostico prévio
de diabetes gestacional, em hipertensos ou dislipidémicos e em certos subgrupos
raciais/étnicos (afro-americanos, indianos americanos, hispanicos/latinos e asiaticos
americanos) (Skyler et al., 2017) e também a alta exposi¢cdo de poluidores ambientais
(Liu et al., 2019). Além disso, fatores como baixo nivel socioeconomico e educacional
aumentam o risco por volta de 40% do acometimento da doenga (Agardh et al., 2011).

Segundo dados da Federagao Internacional do Diabetes estima-se que no mundo
50% das pessoas com diabetes ndo sdo diagnosticadas, e essa prevaléncia varia entre
paises com baixa, média e alta renda. Devido ao limitado acesso a recursos de saude, o
numero de pessoas que desconhecem sua condi¢do nos paises de baixa renda chega a

66%. Em paises com alta renda a prevaléncia ¢ 34%, valores ainda preocupantes, visto
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que o diagnostico precoce evita complicagdes da doenga, agravamento do quadro e
menores custos do tratamento. O Brasil com prevaléncia de 46% ocupa a 6° posi¢cdo do
Ranking de 10 principais paises com o niimero de adultos (20-79 anos) com diabetes ndo
diagnosticado em 2019 (American Diabetes Association, 2019b; International Diabetes
Federation, 2017).

O diabetes pode ser diagnosticado através dos valores obtidos em exames de
glicose no plasma: glicose plasmatica aleatéria, glicemia de jejum, hemoglobina glicada
(HbA1c) e através do teste oral de tolerancia a glicose de 75 g com os respectivos pontos
de corte detalhados na tabela 3. Para que seja considerado diabético o individuo deve
apresentar dois resultados de teste anormais da mesma amostra ou em duas amostras de

teste separadas

Tabela 3 - Valores de referéncia para diagnostico de Diabetes.

Exames Normoglicemia/ Pré Diabetes Diabetes
Euglicemia diabetes gestacional

Glicose em jejum* (mg/dL) <100 100 - 126 >126 >95
Glicemia 2 horas ap6s

sobrecarga com 75 g de glicose <140 140 - 200 >200 >155
(mg/dL)

HbAlc (%) <5.7 57-6.5 >6.5 >6.5
Glicose ao acaso (mg/dL) - - >200 >200

*Jejum ¢ definido por pelo menos 8 horas sem ingestao calorica. Diabetes Gestacional: 1
dentre os exames (glicose jejum, HbAlc, glicose ao acaso) e diagndstico confirmado com
no minimo 1 dos testes orais de tolerancia a glicose (ap6ds 1h, 2h, 3h). Fonte: Adaptado
de Sociedade Brasileira de Diabetes (Lyra et al., 2020)

Muitas vezes a diabetes tipo 2 se desenvolve durante anos ndo sendo severa o
suficiente para desenvolver sintomas, porém mesmo ndo diagnosticada ou tardiamente
descoberta pode causar complicagdes a niveis micro e macrovasculares (Skyler et al.,
2017). As complica¢des macrovasculares do diabetes incluem doenga cardiaca corondria,
acidente vascular cerebral e doenga vascular periférica, e complicagdes microvasculares,
como doenga renal terminal (DRT), retinopatia (afeta 1/3 dos adultos diabéticos) e
neuropatia, juntamente com amputagdes nos membros inferiores (Harding et al., 2019).

As complicacdes cardiovasculares sdo a principais causadoras de alta
morbimortalidade em individuos com DM2, sob influéncia desregulagdo metabolica e a

inflamacao cronica, visto que individuos com DM2 sem infarto prévio tem o mesmo risco
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de morte por doenga cardiovascular de um individuo que ja sofreu infarto porém nao tem
DM2(Karstoft & Pedersen, 2016).

A complicagdo que mais afeta os adultos com diabetes no Brasil, segundo dados
da Pesquisa Nacional em Saude (2013) (IBGE, 2014) sdo os relacionados a retinopatia
(36,6%), seguido por problemas circulatorios (15,5%) e de forma mais expressiva em
individuos que possuem mais de 10 anos de doenca. Ha também as complicacdes agudas
que apesar de amplamente evitaveis ainda sdo causa de alta morbidade e mortalidade,
como cetoacidose diabética (CAD), estado hiperosmolar hiperglicémico (HHS), acidose
lactica e hipoglicemia (Harding et al., 2019).

O aparecimento de outras doengas cronicas ¢ uma complicacdo da DM quando
ndo tratada. A prevaléncia de hipertensdo em pacientes com DM?2 ¢ de até trés vezes
maior que em pacientes sem DM2(Lastra et al., 2014), e a duragdo da doenca estd
relacionada com a prevaléncia de uma futura coexisténcia, visto que individuos com longa
duracdo de uma doenga tem maior probabilidade de desenvolver a outra condi¢do
(Tatsumi & Ohkubo, 2017).

Outros fatores podem estar relacionados com agravamento do quadro do diabetes,
sendo a depressdo uma das doencas presentes. Em um estudo realizado na Espanha,
encontraram aumento da prevaléncia nos ultimos anos, sendo 2,7 vezes maior em
mulheres diabéticas do que em homens diabéticos. As mulheres, principalmente no
periodo do climatério, sdo as mais afetas por essa coexisténcia, o que pode resultar menor
adesdo ao tratamento e de comportamentos de auto cuidado, maiores indices de massa
corporal e maior custo médio por doente/ano de 516 euros mais elevado do que doentes
com apenas DM?2 (Lopez-de-Andrés et al., 2015).

Por possuir etiologia multidimensional e sofrer influéncia genética e ambiental, o
tratamento do diabetes tipo 2 tem como pega chave o controle glicémico para evitar
complicagdes da doenga e agravamento do caso, € para que isso ocorra ¢ recomendado
por diversas diretrizes (American Diabetes Association, 2019; International Diabetes
Federation, 2017) modificagdo do estilo de vida e a utilizagdo de alguns farmacos, dentre
eles metformina como escolha inicial.

Algumas estratégias foram apoiadas por evidéncias e recomendadas pela
Organizag¢ao Mundial da Satide (OMS) para tentar auxiliar na prevengao e tratamento do
diabetes tipo 2, como imposicao de impostos a bebidas acucaradas, programas de satde
publica relacionados a redug¢ao do consumo de calorias, aumento da pratica de atividades

fisica e rotulagem de produtos que informem melhor as composi¢des (International
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Diabetes Federation, 2017). Mesmo com suporte de evidéncias essas medidas nao sao
efetivas em todos os paises e campanhas de satide publica sozinhas, apesar de aumentar

a consciéncia acerca da doenca, ndo sao eficazes (Wakefield et al., 2010).

Diabetes Mellitus Tipo 2 e Climatério

Quando analisamos por sexo, as mulheres sdo mais afetadas que os homens no
numero de mortes relacionados ao diabetes e suas complicagdes, sendo que das 4,2
milhoes de mortes de adultos em 2019, 2,3 milhdes eram mulheres e 1,9 milhdes eram
homens (International Diabetes Federation, 2017). Mulheres diabéticas nao
diagnosticadas tem maiores chances de morte por doengas cardiovasculares quando
comparadas a homens diabéticos da mesma faixa etaria, e quando comparadas a homens
e mulheres normoglicémicos. Além disso, quando recém diagnosticadas, as mulheres
apresentam adicional risco de morte por DCV quando apresentavam hipertensdo,
hipercolesterolemia, eram fumantes ou com excesso de peso separadamente (Hu, 2003).

O fator idade para as mulheres aumenta de forma exponencial a prevaléncia de
diabetes, sendo de 35 a 44 anos 3,8%, j& no inicio do periodo climatérico de 45 a 54 anos
aumenta de forma consideravel para 8,4%, e na faixa de 55 a 64 anos e de 65 anos acima
ha aumento expressivo de 16% e 22%, respectivamente (International Diabetes
Federation, 2017). Eventos relacionados ao climatério, como a idade referente a
menopausa pode influenciar na incidéncia de DM2, em que quanto mais precoce mais
chances de desenvolver a doenca. Nos estudos de acompanhamento de mais de 10 anos,
mostraram que mulheres com idade de menopausa de 45 anos o risco era aumentando de
20% para desenvolver DM2, enquanto as que apresentavam idade de menopausa inferior
a 40 anos apresentavam risco aumentado de 32% (Slopien et al., 2018).

Outro evento comum no climatério que parece predizer os riscos de desenvolver
DM?2 sao os sintomas climatéricos. O estudo de acompanhamento de 13 anos realizado
nos Estados Unidos mostrou que reportar sintomas vasomotores (mas principalmente o
suor noturno) estava associado com um aumento de 18% dos riscos de desenvolver DM2,
sendo esse risco independente da obesidade e com aumento em paralelo de intensidade e
duracgdo desses sintomas (Gray et al., 2018).

O DM2 sofre influéncia tanto do envelhecimento cronolégico como pelo
envelhecimento ovariano, e estd frequentemente presente em mulheres na pos-
menopausa. O hipestrogenismo caracteristico da poés menopausa acarreta alteracdes

importantes como: alteragao da deposicao de gordura abdominal com aumento de gordura
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visceral, baixos niveis de estrogénio e baixa acdao de seus receptores, aumento da
producdo de androgénios, que sdo caminhos diretamente relacionados com o
desenvolvimento da resisténcia a insulina (Paschou et al., 2019; Slopien et al., 2018).
Dentre as principais modificagdes do periodo de transi¢do da menopausa
destacamos a modificagdo da deposicdo de gordura, sendo ela no climatério de
predominancia abdominal, que gera aumento de gordura visceral resultando em crescente
produgdo de citocinas pro-inflamatorias, acidos graxos livres circulantes e contribuindo
para o desenvolvimento da resisténcia insulina. Além disso, hd redu¢ao da massa 6ssea
com risco aumentado de fraturas e sarcopenia resulta em baixo nivel de atividade fisica.
Por fim, a transicdo da vida reprodutiva para a ndo-reprodutiva esta associada as
alteracdes biopsicossociais e levam a maiores niveis de estresse, depressao e interferéncia
nos habitos alimentares dessas mulheres e composi¢ao corporal, aumentando as chances

do desenvolvimento do DM2 (Mauvais-Jarvis et al., 2017).

Diabetes Mellitus Tipo 2 e Exercicio Fisico

O DM2 esta associado a desregulagdo metabdlica e inflamacdo cronica e o
exercicio fisico pode agir como um potente estimulo para regular os dois problemas,
sendo extremamente recomendado estar na linha de frente no tratamento e prevencao do
DM2 (American Diabetes Association, 2019). Os efeitos do exercicio fisico para
individuos com DM2 s3o bem delimitados na literatura e t€ém demonstrado afetar o
funcionamento de diversos 6rgdo e tecidos e promover melhorias no controle glicémico,
sensibilidade a insulina, composi¢do corporal, aptidao cardiorrespiratoria, perfil lipidico
e pressao arterial, € mostrado por estudos observacionais que também reduz eventos
cardiovasculares e mortalidade (figura 3) (Karstoft & Pedersen, 2016; Kirwan et al.,
2017).

A resisténcia periférica a insulina originada no musculo esquelético ¢ um dos
principais fatores para o desenvolvimento e progressdo do DM2. O exercicio melhora a
captacdo de glicose no musculo esquelético usando mecanismos dependentes e
independentes de insulina (Hawley & Lessard, 2008). De forma independente a insulina,
temos ativado pelas contracdes musculares a ativacdo da molécula sinalizadora AMPK
(proteina quinase ativada por AMP) e translocagdo do GLUT-4. Em resposta a uma
necessidade de gerar energia (ATP) durante o exercicio hd aumento da atividade da
AMPK, que promove a translocagdo das vesiculas contendo GLUT-4, que ¢ uma proteina

que transporta glicose pra dentro das células e ¢ modulado pela insulina e pelas contragdes
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musculares (SantoMauro Junior et al., 2008). Na situacdo do DM2 em que a sinalizagao
pela insulina ¢ deficiente, o exercicio fisico ¢ capaz de promover a translocagdo e
expressao do GLUT-4 e manter o transporte de glicose pra dentro das células
independente de insulina (Colberg et al., 2010). De forma depende de insulina o exercicio
aerobio (EA) se mostrou benéfico na redugao da resisténcia a insulina atuando na melhora
da funcdo das células B pancreatica, fazendo com que haja desregulacao da proteina p53,
gerando diminui¢do das concentracdes de apoptose das células B, glicose e HbAlc,
resultando em aumento na secrecao de insulina induzida por glicose nas ilhotas de animais
diabéticos, e esse efeito protetor das celulas B através do exercicio aerobio foi encontrado

em um ensaio clinico de 12 semanas de EA (Yaribeygi et al., 2019).

Figura 3 - Efeitos metabdlicos do exercicio em pacientes com diabetes tipo 2. Fonte:
(Kirwan et al., 2017).
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O exercicio fisico regular tem efeito protetor anti inflamatdrio, modulando essa
inflamacao de forma aguda e cronica, mesmo sem redugdo de peso. A contragdo do
musculo esquelético produz, expressa e libera miocinas, que sdo substancias que exercem
efeitos autdcrinos, paracrinos ou endocrino (tais como miostatina, 1L-6, IL-7, IL-8, IL-
10, IL-15, LIF, irisina), € se comunicam outros 6rgaos, afetando os hormonios sistémicos

e o ambiente inflamatorio (Karstoft & Pedersen, 2016).



39

O exercicio aerdbio desenha um papel cardioprotetor para individuos com DM2,
visto que sdo acometidos por disfun¢do endotelial, aumento do tonus simpatico e outras
doencgas cardiovasculares, incluindo hipertensdo. A hipotensdo pos exercicio (HPE)
ocorre devido ao estresse mecanico induzido pelo exercicio na parede das artérias que
aumenta a liberagdo de substancias vasodilatadoras pelo endotélio como o 6xido nitrico,
resultando em melhora da sensibilidade barorreflexa, e diminui¢ao da rigidez arterial e da
atividade nervosa simpatica. Essa adaptacdo pode trazer beneficios a saude, pois ajuda a
manter baixos niveis de pressao arterial, evitando e controlando o aumento da pressao

arterial em repouso (Asano, 2014).
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CAPITULO 5 - OBESIDADE

Segundo a OMS ¢ definido como obesidade o acumulo excessivo de gordura
corporal que pode acarretar em problemas de satde, classificado como pelo indice de
massa corporal acima de 30 kg/m? (World Health Organization, 2021).

A prevaléncia de obesidade triplicou de 1975 a 2016, acometendo mais de 13%
da populagao adulta mundial (11% dos homens e 15% das mulheres) em 2016. No Brasil,
segundo dados da Pesquisa Nacional de Satde, a prevaléncia vem crescendo com o passar
os anos, com valores quase duplicados desde 2002-2003 (Figura 4), e em pesquisa recente
foi observada em 21,8% dos homens e em 29,5% das mulheres, apresentando diferencga
entre as faixas etdrias e sexo, sendo sempre mais elevado no sexo feminino e chegando a
38,0% entre as mulheres de 40 a 59 anos de idade contra 30,0% entre os homens dessa

mesma faixa etaria (Instituto Brasileiro de Geografia e Estatistica, 2020).
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Figura 4 - Prevaléncia de excesso de peso e de obesidade na populagdo adulta de 20 anos
ou mais de idade, por sexo - Brasil - 2002-2003/2019. Fonte: (Instituto Brasileiro de
Geografia e Estatistica, 2020).

Além de idade e sexo, outros fatores socioecondmicos como nivel de
escolaridade, fatores culturais e de renda do pais parecem influenciar na prevaléncia de
obesidade. Sendo paises com menor renda, individuos com menor escolaridade e com
status socioecondmico mais baixo apresentam maiores niveis de obesidade. Paises do
leste asiatico, como Japao, mostraram menores indices de obesidade, e que mesmo em
situacdo de migragdo, esses individuos mantiveram valores reduzido, levantando a

questao da influéncia do aspecto cultural associado ao aspecto geografico (Jaacks et al.,

2019).
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A obesidade ¢ uma doenca complexa e multifatorial, com origens genéticas,
comportamentais, socioecondmicas e ambientais. Essa condicdo aumenta o risco de
morbimortalidade e esta associada frequentemente a doencas como hipertensao arterial,
doencga cardiaca corondria, acidente vascular cerebral, certos tipos de cancer, diabetes
mellitus tipo 2, entre outras. Além disso, ha uma estigmatizagdo da doenca que gera
preconceito e descriminagao, afetando a busca atendimento médico e adesdo a tratamento
de saude (Bray et al., 2018; Visscher et al., 2017).

A disfuncao cardiometabodlica causada pela obesidade esta relacionada com os
diversos aspectos afetados pela doenga: ha liberacdo de maior quantidade de acidos
graxos livres quando os depdsitos de tecido adiposo estdo expandidos, que resulta em
aumento da secrecao de insulina, e consequentemente diminui¢ao da sua sensibilidade, o
que resulta em aumento da produgdao hepatica de LDL. Além disso, ha um estado
semelhante a de uma inflamag¢do, que além da atracdo de macrdofagos para o tecido
adiposo ha secre¢do de citocinas e adipocinas pré inflamatoérias (Leeners et al., 2017).

A obesidade pode levar a alteragdes em pardmetros metabolicos como
triglicerideos, colesterol de lipoproteina de alta densidade, glicose no sangue em jejum,
pressdo arterial sistolica e diastolica. A nomenclatura obesidade metabolicamente
saudavel foi utilizada para determinar individuos obesos que ndo apresentam alteragdes
de parte ou todos esses pardmetros e que erroneamente pode desviar a necessidade de
aten¢do a saude nessa populacdo (Bray et al., 2018; Opio et al., 2020).

Na meta analise de Opio e colaboradores, o risco de DCV foi semelhante entre os
individuos obesos e independentemente do nimero de fatores de risco usados para definir
metabolicamente saudavel. Além disso, o risco permaneceu no grupo sem fatores de risco
metabolicos. Portanto, o risco de doenca cardiovascular aumenta em popula¢des com
sobrepeso e obesidade classificadas como metabolicamente saudaveis, mesmo quando
nao ha fatores de risco metabdlicos (Opio et al., 2020).

A obesidade ¢ reconhecida como doenca desde a versao 9 do Classificagao
Internacional de Doencas (CID) langado em 1975 pela OMS, e manteve-se na seguinte
atualizagdo sob o codigo E66 e suas subclassificagdes. Porém, apesar do reconhecimento,
a obesidade ¢ somente incluida e recebida devida atencdo nas analises da OMS por volta
dos anos 2000, em que ao se analisar fatores de risco para a carga total de morte prematura
e incapacidade em uma base global nas 14 sub-regides do mundo, o acimulo excessivo

de peso ocupou a terceira posi¢do (James, 2008).
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A carga da doenca esta relacionada aos efeitos dessa condi¢do de saude na vida
do individuo assim como, pelo impacto financeiro decorrente de seu tratamento. No
Brasil os gastos com obesidade chegam a 11% do custo. No total, 72% dos custos foram
com individuos de 30 a 69 anos de idade e 56%, com mulheres. Considerando
separadamente a obesidade como fator de risco para hipertensao e diabetes, os custos
atribuiveis a essa doenga chegaram a R$ 1,42 bilhdo, ou seja, 41% dos custos totais.
Considerando que mais de um terco dos diabéticos e dos hipertensos eram obesos, a
carga da doenca ¢ ainda mais preocupante (Nilson et al., 2019).

No aspecto relacionado ao impacto na doenca tanto da saude fisica quanto
emocional, a obesidade estd associada com consequéncias sociais significativas. Pessoas
com sobrepeso e obesidade vivenciam experiéncias de estigma de peso em uma variedade
de contextos e envolvendo uma variedade de fontes interpessoais, em que multiplas
caracteristicas negativas sdo atribuidas, variando de pontos de vista de que sdo
preguicosos € sem forca de vontade a percepcdes de que sdo incompetentes, impuros e
indisciplinados (Puhl et al., 2008). A estigmatizagdo do peso pode agravar ainda mais o
estado de saude geral desses individuos, visto que, pessoas com obesidade apresentam
um risco 18% maior de ficarem deprimidos, essa associacdo pode reduzir a adesdo ao
tratamento (Mannan et al., 2016).

Estratégias de prevengdo contra obesidade para a populacdo em geral estdo
diretamente ligadas a compromissos individuais para que sejam eficazes. Porém, outras
estratégias a nivel geral como: reestruturagdo do ambiente em que os individuos vivem
construindo mais parques, melhorando o transporte publico, estimulando a substitui¢cao
do carro por opgdes de transporte fisicamente ativas (como caminhar e andar de bicicleta),
aumentando o numero de opgdes de alimentos saudaveis acessiveis. Esses estimulos
positivos ao se tornarem opgdes acessiveis e parte da rotina da populagdo, auxiliam na
adog¢do de habitos de vida sauddvel e consequentemente, no enfrentamento a obesidade,

(Bray et al., 2018).

Obesidade e Climatério

A prevaléncia de obesidade ¢ maior em mulheres do que homens em todas as
faixas etarias avaliadas, sendo a faixa etaria de 45 a 54 anos, que corresponde ao inicio
do periodo do climatério, a que apresenta maior prevaléncia, de 25,2% (tabela 4). Foi
encontrado em mulheres um aumento da relagdo dose-resposta entre o ganho de peso com

a incidéncia de doenca coronariana e mortalidade por doengas cardiovasculares, com
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risco de 1,67 e 2,3 respectivamente, para valores de IMC de 30-35 kg/m?. Além disso, a
cada aumento de 5 kg/m? no IMC resultou em um risco 24% maior de mortalidade por

todas as causas (Colpani et al., 2018).

Tabela 4 - Percentual de individuos com obesidade (IMC > 30 kg/m2) na populacao

adulta (> 18 anos) do Brasil, por sexo, idade e anos de escolaridade. Vigitel, 2019.

Sexo

Variaveis Total Masculino Feminino

% IC 95% % IC 95% % IC 95%
Idade (anos)
18 a24 8,7 7,3 - 10,0 7,3 57 - 89 10,3 80 - 125
25a34 19,3 174 - 21,3 194 166 - 223 192 165 - 21,8
35a44 22,8 210 - 245 238 209 - 26,7 21,9 198 - 240
45 a 54 24,5 22,8 - 26,3 23,7 208 - 266 252 230 - 274
55 a 64 24,3 22,7 - 26,0 247 21,8 - 276 240 22,1 - 26,0
65 e mais 20,9 19,7 - 22,2 18,0 158 - 20,2 22,7 21,2 - 24,3
Anos de escolaridade
Oas 24,2 22,8 - 257 21,6 192 - 240 26,5 24,7 - 2873
9all 19,9 18,7 - 211 18,3 165 - 20,1 21,4 199 - 23,0
12 e mais 17,2 159 - 185 190 170 - 21,0 158 14,2 - 17,5
Total 20,3 19,5 - 21,0 195 183 - 206 21,0 200 - 219

Fonte: (Brasil. Ministério da Satde., 2020).

As alteragdes hormonais decorrentes do periodo do climatério, somados ao
processo de envelhecimento e a um estilo de vida mais sedentario, levam a mudancas
importantes na composi¢do corporal das mulheres nesse periodo, com reducdo gradativa
do metabolismo e aumento da massa corporal e massa gorda que podem chegar a 0,7 kg
por ano (Dehghan et al., 2021). Mulheres na pds-menopausa também apresentam
mudangas importantes na distribui¢cdo da gordura corporal, com maior distribui¢cdo central
da gordura, quando comparadas com mulheres na pré menopausa com mesmo IMC e
idade, que tém uma distribuicdo de gordura na parte inferior do corpo (Kapoor et al.,
2017).

Dentre as principais modificacdes do periodo de transicdo da menopausa
destacamos a modificagdo da deposicdo de gordura, sendo ela no climatério de
predominancia abdominal, que gera aumento de gordura visceral resultando em crescente
producao de citocinas pro-inflamatorias, acidos graxos livres circulantes e contribuindo

para o desenvolvimento da resisténcia insulina. Além disso, ha redu¢do da massa Ossea
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com risco aumentado de fraturas e sarcopenia resulta em baixo nivel de atividade fisica

(Mauvais-Jarvis et al., 2017).

Obesidade e Exercicio Fisico

Os niveis de atividade fisica em criangas e adultos diminuiram substancialmente.
A incorporagdo de mais atividade fisica nas atividades de vida diaria das pessoas, na
maneira como as pessoas se deslocam da escola, trabalho, ao fazerem suas compras ou se
divertem, ¢ uma estratégia que pode auxiliar para reverter esse quadro de inatividade
fisica e consequentemente, auxiliar na manuten¢do do peso e prevengdo da obesidade
(Bray et al., 2018).

Os programas de exercicios fisico consistentes com as diretrizes minimas de
atividade fisica (AF) (150 min/sem de AF de intensidade moderada ou 75 min/sem de AF
de intensidade vigorosa) estdo associados a beneficios cardiovasculares. E para que a
perda de peso seja clinicamente significativa sem alterar hdbitos alimentares sdo
recomendados altos niveis de atividade fisica (225-420 min/sem de exercicio). Altos
niveis de AF (200-300 min/sem de AF de intensidade moderada) foram associados a
melhora na manutengao do peso em comparagdo com niveis mais baixos (<150 min/sem),
com melhores resultados quando associada a adesao a planos dietéticos, pesagem regular
e participagdao em grupos de suporte para manutengao de peso (Swift et al., 2018).

Estudos mostraram que intervenc¢des de mudanga de estilo de vida podem prevenir
o ganho de peso e 0 aumento da circunferéncia da cintura durante a peri a pés-menopausa
e sdo um meio eficaz para reduzir os fatores de risco de doengas cardiovasculares na
transi¢do da menopausa (Simkin-Silverman et al., 2003; Wu et al., 2014). Somando a
isso, a revisdo de literatura e metaanélise de Ma e colaboladores mostrou que em adultos
obesos, a perda de peso intencional pode estar associada a uma reducdo de
aproximadamente 15% na mortalidade por todas as causas (Ma et al., 2017).

A pratica regular de exercicios fisicos promove a perda ou manutencao do peso
corporal, melhora de parametros de saide e previne o desenvolvendo de outras agravos
a saude, sendo que uma redugdo de peso modesta, por volta de 3%, j& apresenta melhorias
na saude cardiometabdlica (Swift et al., 2018). Com relacdo aos lipidios do sangue, uma
meta-analise indica que cada quilograma de perda de peso foi associado a uma diminui¢ao
de 1,9 mg/dL no colesterol total e uma diminuicdo de 0,77 mg/dL no LDL-C,
respectivamente, assim como estava associado a um aumento do HDL-C em individuos

obesos (Schwingshackl et al., 2015).
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CAPITULO 6 - DISLIPIDEMIAS

As dislipidemias sdo definidas como concentragdes plasmaticas elevadas de
colesterol total, lipoproteina de baixa densidade (LDL) ou triglicerideos, ou uma
concentracdo plasmatica baixa lipoproteinas de alta densidade (HDL) ou uma
combinagdo dessas caracteristicas. S3o os principais fatores de risco para doenca
isquémica do coragdo, sendo responsavel por 1/3 das ocorréncias e 1/5 dos acidentes
vasculares cerebrais (Pirillo et al., 2021).

De acordo com a OMS a prevaléncia global de dislipidemias, avaliado pelas
concentragdes plasmaticas do colesterol total, ¢ de aproximadamente 39% em individuos
com mais de 25 anos de idade. Fatores como o rapido crescimento econdomico e
urbanizagdo, associados as alteragdes dietéticas e comportamentais com adogdo de
habitos ndo saudaveis como inatividade fisica e maior ingestdo calorica, sdo os principais
fatores responsaveis pelos aumentos dos lipidios ao redor do mundo. A prevaléncia das
dislipidemias no Brasil apresenta variacdo de 12,5% a 59,7%, e pode ser explicada pelos
diferentes métodos utilizados assim como, as fragdes das lipoproteinas incluidas para
analise dos resultados (Garcez et al., 2014; IBGE, 2014; Venkitachalam et al., 2012).

A prevaléncia de dislipidemias no Brasil de acordo o estudo Vigilancia de Fatores
de Risco e Prote¢dao para Doencas Cronicas por Inquérito Telefonico (VIGITEL) foi de
22,6% dos individuos com colesterol total ou triglicérides elevados (Brasil. Ministério da
Saude. Secretaria de Vigilancia em Satde. Departamento de Andlise em Saude e
Vigilancia de Doengas ndo Transmissiveis. & Saude, 2017).

Ja na Pesquisa Nacional de Saude (PNS) a prevaléncia do chamado “colesterol
alto” no Brasil ¢ de 12,5% em individuos mais de 18 anos que receberam diagnostico
médico desta condicdo, com percentuais superiores a média nacional nas Regides Sudeste
e Sul e frequéncia de diagndsticos superior em mulheres, em individuos que vivem na
area urbana, brancos, nas faixas de idade de 65 a 74 anos e com menor nivel de instrugao
(IBGE, 2014) (Figura 5).

Os métodos de avaliacdo e diagndstico podem interferir nessa variagdo de
prevaléncia, pois estudos que utilizam de informacdes autorrelatadas acerca da
consciéncia do individuo sobre o diagnostico podem subnotificar os casos (Fontanelli et
al., 2018). Estudos mostraram que na América Latina ha valores relativamente baixos de
diagnostico, conhecimento, tratamento e controle do colesterol elevado, sendo que apenas

41% a 58% dos individuos conhecem o diagndstico da dislipidemia, portanto uma grande
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parte desses individuos desconhecem seu estado de satide, impactando no tratamento e
prevengdo de desfechos cardiovasculares decorrentes das dislipidemias (Lanas et al.,
2013; Silva et al., 2010; Tolonen et al., 2005). Embora a dosagem sanguinea das
concentragcdes das lipoproteinas seja invidvel em estudos populacionais, métodos
padronizados devem ser aplicados para que informagdes confiaveis sejam obtidas sobre

essas condicdes de saude, e sejam utilizadas na formulagdo de politicas publicas de satde.

A prevaléncia das dislipidemias vém sofrendo mudangas dos seus padroes desde
1980 a 2018 e apresenta discrepancias dentre as regides do mundo, sendo paises de baixa
e média renda, especialmente no leste e sudeste da Asia com aumento dessa prevaléncia,
enquanto que em paises ocidentais de alta renda, especialmente aqueles no noroeste da
Europa e na Europa Central e Oriental ¢ observado diminui¢des (NCD Risk Factor

Collaboration, 2020).
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Figura 5 - Propor¢do de pessoas de 18 anos ou mais de idade que referiram

diagnostico médico de colesterol alto. Fonte: Pesquisa Nacional de Saude. (IBGE, 2014).

Dentre os fatores que explicam essas mudancas deste quadro estdo: a adogdo e
acesso facilitado a medicamentos hipolipemiantes, assim como uma substituicdo de
gorduras saturadas e gorduras trans por gorduras insaturadas em paises de alta renda,
enquanto que em paises de média renda houve aumento da ingestdo de alimentos de
origem animal, principalmente em paises asiaticos, além de determinantes dietéticos e

comportamentais do colesterol mudaram em todo o mundo nas tltimas décadas, incluindo
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um aumento mundial na adiposidade, tendéncias globais divergentes no uso de alcool
(NCD Risk Factor Collaboration, 2020).

As medidas de controle dos lipidios, segundo a Diretriz Brasileira de
Dislipidemias, englobam a utilizacdo de farmacos e tratamentos nao medicamentosos,
dentre eles: terapia nutricional com substituicdo parcial de acidos graxos saturados por
mono e poli-insaturados, exclusdo de 4cidos graxos trans, controle de peso, redugdo do
consumo de carboidratos e agucares, cessagdo do tabagismo, reducdo de consumo de
bebidas alcodlicas e pratica regular de atividade fisica (Faludi et al., 2017).

O tratamento medicamentoso ¢ prescrito considerando fatores como o risco
cardiovascular do paciente e o tipo de dislipidemia presente, ¢ costumam ser divididos
nos que agem predominantemente nas taxas séricas de colesterol e naqueles que agem
predominantemente nas taxas de TG (Faludi et al., 2017). Apesar de efeitos colaterais
serem raros, a adesdo € o acesso ao tratamento, no Brasil ainda sdo limitantes para o
sucesso do tratamento, sendo que o uso de estatinas foi significativamente associado
idade >65 anos, maior escolaridade, residéncia na regiao Sul (do Nascimento et al., 2018).

As dislipidemias sdo classificadas de acordo dois aspectos: etiologia e suas
concentragdes sanguineas (elevadas ou reduzidas). Sobre sua etiologia, sdo consideradas
como decorrentes de causas primdrias quando determinadas por fatores genéticos, e
secundarias quando influenciado pelo estilo de vida (tabagismo, etilismo, ingestdo
excessiva de gorduras trans, sedentarismo), condi¢gdes morbidas (insuficiéncia renal
cronica, sindrome nefrotica, hepatopatia cronica, diabetes mellitus tipo II, sindrome de
Cushing, hipotireoidismo, obesidade, bulimia, anorexia) ou medicamentosas (diuréticos,
beta bloqueadores, anticoncepcionais, corticosterdides, anabolizantes, estrogenos,
progestagenos, tibolona, dentre outros).

A condigdo determinada por concentragdes elevadas de lipoproteinas ¢
denominada por hiperlipidemias, como por exemplo altas concentragcdes de LDL,
Triglicérides e colesterol total. E hipolipidemias estdo relacionadas com baixas
concentragdes plasmaticas, por exemplo reduzidos niveis de HDL.

De acordo com as Diretrizes Brasileira de Dislipidemias (Faludi et al., 2017) s@o
classificados de acordo com os exames laboratoriais das fra¢des de lipoproteinas:

e Hipercolesterolemia isolada: aumento isolado do LDL com valores > 160 mg/dL).
e Hipertrigliceridemia isolada: aumento isolado dos triglicérides com valores > 150

mg/dL ou > 175 mg/dL, se a amostra for obtida sem jejum).
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e Hiperlipidemia mista: aumento do LDL-c > 160 mg/dL e dos Triglicérides > 150
mg/dL ou > 175 mg/dL, se a amostra for obtida sem jejum).
e HDL baixo: redug¢do do HDL isolada (homens < 40 mg/dL e mulheres < 50

mg/dL) ou em associagao ao aumento de LDL ou de TG.

Dislipidemias e Climatério

O processo de envelhecimento, climatério, resisténcia insulinica e obesidade
abdominal estdo associados a dislipidemia. A gordura visceral estd associada com
mudang¢as no metabolismo dos lipidios e quando aumentada, pode gerar elevaciao do
LDL, além de reduzir a relag@o entre o colesterol total e HDL (Stefanska et al., 2015).

A baixa produg¢do de estrogénio que ocorre devido a menopausa, esta relacionada
com a composi¢cdo corporal, no qual aumenta a adiposidade abdominal. O estrogénio
possui receptores no tecido adiposos, sendo que a auséncia desses receptores causa
hiperplasia e hipertrofia nas células adiposas, gerando principalmente, hiperlipidemia e
intolerancia a glicose. Além disso, deficiéncia hormonal também resultam em uma
diminuicdo do HDL plasmdtico e o aumento do LDL, coleste(Ko & Kim,
2020)triglicerideos.(Ko & Kim, 2020)

A redugdo do HDL relaciona-se com a diminuigdo da cardioprotecao, ja que este
colesterol colabora com a prevencdo da formagdo das placas de ateromas nos vasos
sanguineos. No climatério hd o aumento da oxidagdo do LDL e HDL, e a acdo
antioxidante do HDL ocorre pela fun¢do da enzima Paraoxonase, principalmente o PON1.
Apos a menopausa ha reducao da expressdo desta enzima e durante a oxidagdao do LDL ¢
liberado interacdes entre o grupo enzima-sulfidrilico livre de enzimas e lipidos oxidados.
Essas interagdes sdo capazes de inativar a enzima PONI1, reduzindo a ag@o antioxidante

do HDL (Mogarekar & Kulkarni, 2015).

Dislipidemias e Exercicio Fisico

Dentre os tratamentos prescritos para dislipidemias apresentados na Diretriz
Brasileira de Dislipidemias, as mudancas de estilo de vida se mostraram eficientes e
dentre as estratégias, o exercicio fisico se destaca. Por além de melhora no perfil lipidico,
melhora o progndstico de doencas cardiovasculares, além dos efeitos adicionais como
melhora da composic¢do corporal, capacidade cardiorrespiratoria e funcional (Faludi et al.,
2017; Wang & Xu, 2017).

No estudo de Kokkinos e colaboradores, ao acompanhar individuos com

dislipidemias por 10 anos, encontraram que o tratamento com estatinas e o aumento do
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condicionamento fisico estdo independentemente associados a baixa mortalidade entre
individuos dislipidémicos e que a combinacdo de tratamento com estatina e aumento da
aptidao resultou em risco de mortalidade substancialmente menor do que qualquer um
dos dois isoladamente (Kokkinos et al., 2013).

Portanto, o exercicio assume papel essencial no tratamento € prevengao, € com
grau de recomendacdo I e nivel de evidéncia A: aumenta a biodisponibilidade de 6xido
nitrico e diminui a concentragdo de endotelina; na presenca de DCV, hé evidéncias de
diminuir a formagao de neointima, aumentando a circunferéncia luminal e provocando
angiogénese, aumenta as concentracdes de HDL e aumenta a cinética de LDL-c na
circulagdo (Faludi et al., 2017). E em comparagao com os medicamentos, ¢ mais facil de
realizar e apresenta menores efeitos colaterais e importante ferramenta para pessoa que
ndo sao tolerantes as estatinas e para populagdes em que a prescrigao ¢ contra indicada,
como gravidas (Wang & Xu, 2017).

Embora o mecanismo das alteragdes lipidicas induzidas pelo exercicio ndo seja
claro, alguns caminhos s3o elucidados, como o aumento do consumo de lipidios no
sangue em devido ao exercicio, diminuindo os niveis de lipidios no sangue. Além disso,
tem-se discutido sobre o aumento da atividade da lipase lipoproteina (LPL), enzima
responsavel por hidrolisar moléculas de triglicérides e modificacdes funcionais, que
resultam no aprimoramento do funcionamento da HDL e da LDL, com aumento da
resisténcia a oxidagdo da LDL, indu¢do da producdo de paraoxonase, modificacdes da

HDL2 e HDL3, e aumento do efluxo de colesterol (Faludi et al., 2017; Wang & Xu, 2017).
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ABSTRACT

Objectives: To verify the association between multimorbidity risk factors and their
disease patterns in climacteric women with arterial hypertension. Methods: This is a
cross-sectional study analyzing data from 1,003 climacteric women over 40 years of age
in medical care at Basic Health Units in Brazil. The primary outcome was a relationship
between risk factors for the co-occurrence of >2 and >3 chronic diseases. As a secondary
outcome, the relationship between factors associated with patterns of cardiometabolic,
musculoskeletal and neuropsychological diseases was understood. Results: In the
adjusted analysis, the risk factors for multimorbidity (>2) were postmenopausal women
(OR: 2.17; 95%CI: 1.05-4.48), older than 70 years (OR: 2.85; 95%CI: 1.16-6.99) and for
>3 chronic diseases, over 60 years old (OR: 2.16; 95%CI: 1.07-4.36) and with a BMI
classified as obesity II or higher (OR: 1.90; 95%CI: 1.18-3.04). The cardiometabolic
pattern was the most associated with arterial hypertension, with a frequency of 86%,
affecting women over 50 years of age (OR: 2.10; 95% CI: 1.10-3.98) and BMI classified
as obesity grade [ or upper (OR: 2.30; 95%CI: 1.36 - 3.89). The pattern of musculoskeletal
disorders associated with hypertension was higher in postmenopausal women (OR: 2.41;
95%CI: 1.05 - 5.51) and with obesity grade I or higher (OR: 1.92; 95%CI: 1.08-3.43).
The pattern of neuropsychological diseases was not associated with risk factors. 86% of
the women had arterial hypertension associated with at least one more condition, and
dyslipidaemia was the most frequent with 50%, followed by type 2 diabetes (37%) and
thyroid disorders (18%). Conclusion: Women with arterial hypertension are more likely
to develop multimorbidity in the postmenopausal period, aged over 60 years, with obesity

and other cardiometabolic pattern conditions associated with arterial hypertension.

Keywords: Multiple chronic diseases, Cardiometabolic diseases; Menopause; Arterial

hypertension.
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INTRODUCTION

Multimorbidity is defined, according to WHO, as the co-occurrence of two or
more chronic medical conditions in a person and includes physical and mental health
conditions (Rudnicka et al., 2020). The coexistence of multiple chronic diseases is a
growing problem and a global challenge for health systems, with complexity for both
health professionals and researchers (Xu et al., 2017).

People with multiple chronic diseases have total costs 5.5 times higher and each
additional chronic condition was associated with an increase of 3.2 visits and 33% in
costs. In addition, they have a greater number of medical appointments, with an annual
average of 15.7 compared to 4.4 in the non-multimorbid sample, and also greater use of
medications, polypharmacy being quite common among these patients (Bdhler et al.,
2015; Midao et al., 2018).

In Brazil, multimorbidity affects 1 in every 5 adults with two or more chronic
diseases and one in every ten has more than three diseases, which represents more than
43 million and 20 million Brazilians, respectively. The prevalence varies among the
regions of the country, with the South and Southeast regions having the highest rates. The
states of Santa Catarina and Rio Grande do Sul have a prevalence of 26% to 29% for >2
diseases, followed by Parana, Sdao Paulo and Rio de Janeiro 23% to 25% (Nunes et al.,
2017).

Of the diseases reported, arterial hypertension (22.3%), spinal problems (19%)
and dyslipidemia (8.4%) were the most prevalent diseases, however, with different
patterns between men and women (Nunes et al., 2017). In the study by Aragjo et al.
(Araujo et al., 2018), the factor with the greatest strength of association in women was
heart disease, while in men, an association was identified in two groups, and lung disease
was the disease with higher factor loading.

Blood pressure levels and prevalence of hypertension increase with age in both
sexes, but the increase in BP per decade is greater in women, being 4.7mmHg for men
and 8.1 mmHg for women(Singh et al., 2012). Due to changes resulting from
hypoestrogenism, added to aging and lifestyle factors, more and more climacteric women
are presenting multiple chronic diseases and the menopausal status factor may be a factor
that differentiates the appearance of these diseases (Navarro-Pardo et al., 2018; Tostes et

al., 2003).
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Women have a different prevalence, risk factors and disease pattern than men, and
studies that analyse this population in greater depth are extremely important.
Hypertension is the most frequent chronic disease in this population, therefore, in addition
to understanding how many and which diseases, it is necessary to understand which are
the most frequent associations, which patterns and their specific risk factors based on
more prevalent diseases, such as hypertension. Therefore, the aim of this study is to

recognize the associated disease patterns and the specific risk factors for each pattern.

METHODS

Study Design

This is a cross-sectional study in the sample of the urban female population over
40 years old registered in the Hyperdia Program and undergoing medical follow-up at
Basic Health Units (UBS) in the city of Uberlandia, Minas Gerais, Brazil. The study was
carried out by the Laboratory of Cardiorespiratory and Metabolic Physiology at the
Faculty of Physical Education of the Federal University of Uberlandia, Brazil and
approved by the Ethics for Studies in Humans (CAEE: 47905521.9.0000.5152).

Variables and Data Collection

Multimorbidity was evaluated by two cut-off points as per the literature (Fortin et
al., 2012; Nunes et al., 2017): >2 and >3 morbidities, with medical diagnosis in the
medical record, with or without drug treatment, in the three disease patterns:
cardiometabolic disease (diabetes, dyslipidemias, obesity, heart disease - heart attack,
angina, heart failure or others — brain stroke, asthma or asthmatic bronchitis, cancer,
chronic kidney disease, thyroid disorders), musculoskeletal (arthrosis, arthritis or
rheumatism, osteoporosis, osteopenia, vertebral or discotheque problems); e
neuropsychological disorders (depression, general anxiety disorder, bipolar and mood
disorder, Alzheimer's disease, epilepsy, schizophrenia).

The independent variables were: Age group (40 to 49 years; 50 to 59 years; 60 to
69 years; 70 above); Menopausal Status (pre- or post-menopausal); Body Mass Index
(BMI) (Normal — until 24,9 kg/m?, overweight; 25 — 29,9 kg/m?, obesity I; 30 — 34,9
kg/m? , obesity Il above — >35kg/m?); Pattern of disease associated with hypertension

(cardiometabolic; neuropsychological; musculoskeletal).

Statistical Analysis
To verify the association between the outcome and the exposure variables, the

binary logistic regression was used, carried out in the Stata 14.0 software and a p <0.05
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was adopted. The outcome was the presence of multimorbidity (>2 and >3 diseases) and
disease pattern (cardiometabolic, neuropsychological and musculoskeletal). Exposure
factors were considered: age group, BMI classification and menopause status.

The sample size was complete according to the formula presented by Tabachnick
(2019) (Tabachnick & Fidell, 2019) which takes into account the number of explanatory
variables to be included in the model: N = 50 + 8m (m is o number of explanatory
variables); Given that m = 3, a minimum of 74 women studied will be recruited into this

study.

RESULTS

We analyzed 1003 forms of climacteric women over 40 years old, with a mean
age of 63+10 years, and among postmenopausal women that contained information about
time after menopause, a mean menopause age of 49 years was found. The sample
information is described in table 1. The frequency of multimorbidity for >2 and >3
chronic diseases was 84% and 60%, respectively, with the cardiometabolic pattern being
the most associated with hypertension with a frequency of 86% and polypharmacy (4 or
more drugs) present in 64% of the sample. Of the diseases reported, dyslipidaemia was
the most frequent with 50%, followed by type 2 diabetes (37%) and thyroid disorders
(18%).

Table 1. Sample characteristics (n=1003).

Age group % n
40 - 49 14 142
50-59 27 270
60 - 69 29 294
>70 years 30 297
Menopause Status

No 17 167
Yes 83 814
Medication

0 to 3 medications 36 357
4 to 6 medications 41 414
7 above 23 232
Body Mass Index

Normal 18 156
Overweight 34 283
Obesity 1 26 217

Obesity II above 22 188
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Number of diseases

Only HT 16 159
2 or more diseases 84 844
3 or more diseases 60 601
Multimorbidity Pattern (n=844)

HT + Cardiometabolic 86 728
HT + Neuropsychological 38 318
HT + Musculoskeletal 24 198
HT + 3 patterns 5 43
Most Frequent Illnesses

Dyslipidemias 50 501
Type 2 Diabetes 37 370
Thyroid Disorders 18 180
General Anxiety Disorder 14 139
Depression 12 123
Arthrosis/Arthritis 10 101

HT: hypertension.

In table 2, menopause status and age were associated (p<0.05) with the occurrence

of multimorbidity for >2 diseases, but without association with BMI. However, in the

adjusted analysis, the association between menopause status and the age group of 70 years

and above was maintained, with postmenopausal women having a 2.17 times greater

chance of being affected by multimorbidity and 5.66 times for people aged 70 years or

above.

Table 2. Logistic regression using multimorbidity (>2 diseases) as the outcome and age

group and BMI classification variables as exposure variables.

h%;l;lgzgzgslg;y Unadjusted Analysis Adjusted Analysis
Variables OR (CI-95%) p OR (CI-95%) p

Menopause Status
No 1 1
Yes 3.85(2.62 -5.67) <0.01 2.17 (1.05 - 4.48) 0.04
Age Group
40 - 49 years 1 1
50 - 59 years 2.39(1.51-3.79) <0.01 1.63 (0.79 - 3.39) 0.19
60 - 69 years 4.15(2.53-6.83) <0.01 1.92 (0.81 - 4.56) 0.14
>70 years 5.66 (3.34 - 9.62) <0.01 2.85(1.16 - 6.99) 0.02
BMI (kg/m?)
Normal 1 1
Overweight 1.29 (0.75 - 2.22) 0.92 1.41 (0.80 - 2.48) 0.29
Obesity 1 1.16 (0.66 - 2.03) 0.61 1.48 (0.81 - 2.69) 0.20
Obesity II above 1.14 (0.64 - 2.04) 0.65 1.61 (0.87 -2.99) 0.13
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In table 3, the menopause status and age group were associated (p<0.05) with the
occurrence of multimorbidity for >3 diseases, but without association with BMI.
However, in the adjusted analysis, the BMI of at least grade I obesity and the age groups
above 60 years remained with an association. Women between 60 and 69 years old and
over 70 years old have a 2.16- and 3.25-times greater chance of being affected by
multimorbidity, respectively. On the other hand, women who have a BMI of at least grade

I obesity have a 1.90 times greater chance of multimorbidity for >3 diseases.

Table 3. Logistic regression using multimorbidity (>3 diseases) as the outcome and age

group and BMI classification variables as exposure variables.

Multimorbidity

> 3 diseases) Unadjusted Analysis Adjusted Analysis
OR (CI-95%) p OR (CI-95%) p

Menopause Status
No 1 1
Yes 3.29 (2.33 - 4.64) <0.01 1.75 (0.96 - 3.19) 0.06
Age Group
40 - 49 years 1 1
50 - 59 years 2.20 (1.45-3.35) <0.01 1.60 (0.85 - 3.00) 0.15
60 - 69 years 3.68 (2.41-5.61) <0.01 2.16 (1.07 - 4.36) 0.03
>70 years 4.66 (3.04 -7.14) <0.01 3.25 (1.59 - 6.63) <0.01
Body Mass Index
Normal 1 1
Overweight 0.92 (0.62 - 1.37) 0.69 0.98 (0.64 - 1.49) 0.91
Obesity I 1.18 (0.77 - 1.79) 0.46 1.42 (0.91 - 2.23) 0.12
Obesity II above 1.37 (0.88 - 2.14) 0.16 1.90 (1.18 - 3.04) <0.01

Table 4 shows the adjusted results of the logistic regression in which the outcome
is the association of arterial hypertension with the analysed disease patterns
(cardiometabolic, neuropsychological and musculoskeletal). Factors have been shown to
be associated in different ways according to the pattern of disease associated with HT.

The menopause status factor was only associated with musculoskeletal diseases,
in which postmenopausal women with hypertension are 2.41 times more likely to develop
musculoskeletal diseases when compared to premenopausal women. The age group factor
showed an association only with cardiometabolic diseases in which an increasing risk was

demonstrated with each increased decade, ranging from 2.10 for 50 to 59 years, 4.28 for
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60 to 69 years and 6.15 for women over 70 years. The BMI, on the other hand, proved to
be a risk factor for the development of patterns of cardiometabolic and musculoskeletal
diseases associated with HT, being 2.30 and 1.71 for obesity grade I and grade II above,
respectively for cardiometabolic diseases and 1.92, 2.34 times more likely to develop
musculoskeletal diseases.

Table 4. Logistic regression using cardiometabolic, neuropsychological and
musculoskeletal disease patterns as an outcome.

Cardiometabolic Neuropsychological Musculoskeletal
OR (CI-95%) P OR (CI-95%) p OR (CI-95%) p
Menopause Status
No 1 1 1
Yes 1.43(0.77-2.66) 0261  0.98(0.52-1.85) 0.06 2.41(1.05-5.51)  0.04
Age Group
40 - 49 years 1 1 1
50 - 59 years 2.10 (1.10 - 3.98) 0.02 0.91(047-177) 079  125(0.52-3.00)  0.61
60 - 69 years 428(2.05-8.97) <001 072035-1.51) 038  0.86(0.34-2.19) 0.75
> 70 years 6.15(2.86-13.24) <001 091 (0.43-1.90) 080  108(0.42-2.75) 0.87
Body Mass Index
Normal 1 1 1
Overweight 1.41 (0.88 - 2.26) 0.15 0.93(0.61-142) 076  1.59(0.91-2.79)  0.10
Obesity I 230(1.36-3.89)  <0.01  0.63(0.39-1.00) 0.05 1.92(1.08-3.43)  0.03
> Obesity 11 1.71 (1.02 - 2.88) 0.04 1.04 (0.66-1.65) 0.86  2.34(1.30-424)  <0.01
DISCUSSION

This study investigated risk factors for multimorbidity (> 2 and > 3 chronic
diseases) and disease patterns in hypertensive women. In the adjusted analysis, we found
an association between multimorbidity, menopause status and age group for > 2 diseases
and age group and BMI for > 3 diseases. In terms of disease patterns, the age group and
BMI showed an association with the pattern of cardiometabolic diseases, while for
musculoskeletal diseases, the status of menopause, age group and BMI were considered
a risk factor. There were no associations of risk factors with the pattern of
neuropsychological illness.

In our study, we found the frequency of multimorbidity in 84% of the sample of
hypertensive women over 40 years old. According to a study with the Brazilian
population, women had a higher prevalence (96%) of arterial hypertension than men

(79.5%) and were more affected by multimorbidity (> 2 and > 3 chronic diseases),
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especially older and urban residents(Araujo et al., 2018). In addition to frequency, women
had a different disease pattern from their male peers, in which the strongest association
factor in women was heart disease, while in men, an association was identified in two
groups, and the disease pulmonary disease was the disease with the highest factor
loading(Araujo et al., 2018).

The increased incidence of cardiovascular disease in women, especially
climacteric, is related to changes in the concentrations of the hormone estrogen, which
plays an important role in cardiovascular control by reducing vascular resistance through
the modulation of nitric oxide (NO), the main relaxation factor of the endothelium (Tostes
et al., 2003), as well as increasing the synthesis of prostacyclin, an important vasodilator
and inhibiting the synthesis of vasoconstrictors such as bradykinin(Novella et al., 2019).
And in the postmenopausal period with reduced cardioprotective function, there is an
increase in sympathetic activity and an increase in adrenergic vasoconstrictor
responsiveness (Joyner et al., 2016). In our study, it was possible to verify the association
of the menopausal status factor with multimorbidity, in which postmenopausal women
were 2.17 times more likely to develop > 2 diseases and 1.75 times more likely to develop
> 3 diseases when compared to premenopausal women.

In addition to the menopause status factor, older age groups (70 years above) were
associated with multimorbidity 2.85 times more likely to have > 2 diseases and 2.16 and
3.25 for > 3 diseases (60 — 69 years and 70 years above). The aging process itself results
in impairment of the functioning of cardiometabolic systems (Ungvari et al., 2018), but
other factors also seem to have a considerable influence, such as socioeconomic factors,
absence of healthy lifestyle habits and, for women, the time of menopause (Tang et al.,
2016).

The study by Izumi et al. found a positive correlation between high BP (SBP and
DBP) and time since menopause, with the association of these pressure changes being
related to the time after menopause and not to the women's age per se. Therefore, a longer
absence of female gonadal steroids represents an important factor contributing to
increased blood pressure in older women (Izumi et al., 2007). Exposure has also been
demonstrated in women who experience natural or surgical menopause at an earlier age
to be at increased risk of developing cardiovascular disease (Zhu et al., 2020).

In our study, the pattern of cardiometabolic disease was the most associated with
arterial hypertension, with a frequency of 86%, and among chronic conditions,

dyslipidemia (50%), type 2 diabetes (37%) and thyroid disorders (18%). The similarity
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between risk factors and pathophysiological mechanisms make individuals with
hypertension, especially those with long-term illness, more likely to develop a second
chronic condition (Tatsumi & Ohkubo, 2017). Mechanisms such as inappropriate
activation of the renin-angiotensin-aldosterone system, systemic inflammation,
inefficient insulin vasodilation, increased activation of the sympathetic nervous system,
oxidative stress secondary to excessive production of reactive oxygen species (ROS) are
shared between the diseases of high blood pressure and diabetes type 2, for example
(Sowers, 2013).

Postmenopausal women were 2.41 times more likely to have the pattern of
musculoskeletal disease associated with arterial hypertension, as well as increasing the
BMI classification, grade 1 obesity (>30kg/m2) increases the risk from 1.92 to 2.34 times
more likely with BMI >35kg/m2. Because it has receptors located in the tissues of the
joint components, estrogen plays a relevant role in maintaining homeostasis and
protecting the development of osteoarthritis and osteoporosis, regulating the activity and
expression of the main signalling molecules in several different pathways (Roman-blas
et al., 2009).

Even in the absence of injury, the properties of joint tissues undergo adaptive
changes with age, genetics, sex (hormones) and environment (biological, mechanical) and
added to the hypoestrogenism resulting from menopause, excess body fat results in the
presence of two factors that will compromise the articular and bone tissues. Obesity
generates a mechanical stress represented by the abnormal load on the joints, resulting in
an inflammatory state and other degenerations such as cartilage erosion, microcapillary
rupture and microstructure change (Sun Rujia et al., 2021).

Despite the concept of multimorbidity being used worldwide in studies, its
measurement still faces difficulties in terms of standardization. The use of climbs or
disease counting are the ways used to structure and study this condition, but as they are
still divergent, it has limited comparisons between studies or even in the prevalences
between different populations (Diederichs et al., 2011; Nicholson et al., 2019; Xu et al.,
2017). However, when analyzed also by disease pattern, it is possible to understand not
only the amount of coexisting diseases but also which combinations of specific diseases
and characteristics of a given population, in addition to, in the future, assisting in the
development of guidelines and public policies, guiding the treatment, avoid duplication
of care, increase treatment adherence and enhance disease management (Barnett et al.,

2012; Xu et al., 2017).
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Some limitations of the study must be addressed. Although all morbidities were
confirmed through medical diagnosis, we did not have access to the duration of the
disease and, in the case of women with multimorbidities, we cannot say that arterial
hypertension was a primary condition or secondary to other conditions. In addition,
information such as physical activity level and smoking were not analyzed and we did
not assess the contextual determinants at the socioeconomic level that may produce

important complementary associations about multimorbidity.

CONCLUSION

Women with arterial hypertension are more likely to develop multimorbidity in
the postmenopausal period, aged over 60 years, with obesity and other cardiometabolic

pattern conditions associated with arterial hypertension.
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ABSTRACT

Objectives: The purpose of the present systematic review was to investigate the effects
of physical exercise/activity on body mass index (BMI), waist circumference (WC) and
body weight (BW) in individuals with cardiometabolic multimorbidity. Methods and
results: The search was performed on Pubmed, Embase, Cinahl, Sportsdiscuss, and
Prospero database from 2000 to April 20th, 2021 to investigate the benefits of
exercise/activity intervention in people with cardiometabolic multimorbidity, defined as
two or more chronic conditions, one being cardiometabolic. The following outcomes
were explored: body mass index (BMI), waist circumference (WC) and body weight
(BW). Methodological quality was assessed based on Joanna Briggs Institute Critical
Appraisal tool for Randomized Controlled Trials. Results: There were 4877 citations
retrieved on the initial research. After full-text assessment, 5 studies were included in the
meta-analysis. The total sample size was 297, with a mean age ranging from 53 to 71
years. The most common conditions reported in the 5 RCTs were type 2 diabetes (T2DM)
in 4 studies, hypertension (HTN) in 3 studies, depression in 2 studies. The most common
combination was T2DM + HTN in 3 studies. Physical exercise intervention was used in
4 studies (and 9 comparators) and physical activity in 1 study. Aerobic was the type of
exercise most prescript (including comparators) (n=3), resistance (n=2) and Thai Chi in
one study. The duration of exercise intervention varied from 12 weeks to 24 weeks, with
total volume ranging from 1500 minutes to 3600 minutes and the most prescribed
frequency was 3 times per week. We observed a significant mean difference of -
1.44kg/m? (95% CI: —2.34 to -0.53) in favour to physical exercise/activity intervention
versus control in BMI and —3.73 cm; 95% CI: 6-.03 to -1.44) in WC. Conclusions: Our
meta-analysis demonstrates that exercise/physical activity interventions have a significant
effect on the body composition of individuals with cardiometabolic multimorbidity, with

a reduction in body mass index and waist circumference.

Keywords: Multiple chronic conditions; Cardiometabolic disease; Physical capacity;

Structured exercise; Physical activity recommendation.
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INTRODUCTION

Worldwide, more than 60% of the adult population has at least one chronic disease
and 20% to 30% are affected by two or more chronic diseases, with cardiometabolic
diseases being the most frequent and the main causes of death in the world. People with
multiple chronic diseases have a greater chance of hospitalization, longer hospital stay,
worse general health status, worse physical and mental function, and lower functional
capacity, with an average risk of 50% functional decline with each additional condition
(Palladino et al., 2016; Reiter-Brennan et al., 2021).

Among the non-pharmacological interventions with proven beneficial effects, the
practice of physical exercise stands out as an adjuvant treatment and plays an important
role in the prevention of cardiometabolic multimorbidity. The practice of a healthier
lifestyle, including regular physical activity, was associated with up to 7.6 more years of
life for women, improving the general health status of the individual, especially those
with multimorbidity. While lower levels of physical activity were associated with
increased prevalence of multimorbidity in women aged 16 to 24 years (Chudasama et al.,
2020; MacMahon & The Academy of Medical Sciences, 2018)

The beneficial effects of physical exercise interventions were demonstrated in the
review by Bricca et al, on quality of life outcomes, functional capacity and adverse effects
in a population with multimorbidity (Bricca et al., 2020). However, new approaches to
interventions with a multimorbid population are recommended, such as the use of disease
patterns to limit the multiple combinations, in addition to interventions aimed at different
aspects of the patient, in a multidirectional care(MacMahon & The Academy of Medical
Sciences, 2018; Smith et al., 2021; Xu et al., 2017). Therefore, our review is necessary
because it addresses the pattern of cardiometabolic disease as the study population and
because it encompasses interventions with physical activity and physical exercises,
associated or not with other non-drug interventions.

The aim of this review is to examine the effects of physical exercise/activity
interventions (structured and unstructured) on body mass index, waist circumference and

body weight in individuals with cardiometabolic multimorbidity.

METHODS
This registered review (Costa et al., 2022) followed the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA 2020) statement and according to
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recommendations for conducting systematic reviews in Joanna Briggs Institute manual

for evidence synthesis (Joanna Briggs Institute, 2020; Page et al., 2021).

Inclusion criteria

This study was a spin-off from a scoping review and aims to examine the existing
evidence of interventions with physical activity or exercise in multimorbid populations.
The outcomes of interest for this review were body composition parameters (objectively
measured or self-reported body composition: body weight, body mass index, and waist
circumference). The study population must be adults (>18 years), both sexes, and 100%
of participants with two or more health conditions, at least one of which needed to be
defined as cardiometabolic (eg, hypertension, heart failure, arterial disease coronary

artery disease, peripheral arterial disease, diabetes, obesity, among others).

Search method

First search was performed on 15/04/2020 and updated 09/04/2021. The studies
were searched in the following electronic databases: MEDLINE, EMBASE, CINAHL,
Sportsdiscuss, and Prospero up to 04/2021. The syntax in details is in Appendix 1. We
used a combination of index terms and keywords to search in titles and abstracts. Indexed
terms were employed according to the database. Only full texts in English, Portuguese,
French, Spanish or Italian were considered for inclusion. Publications of studies involving
the topic of multimorbidity showed exponential growth from 2000 onwards, a period
considered as a search restriction for this review (Xu et al., 2017).

All retrieved systematic reviews and included studies were cautiously screened
for extra references, in order to identify eligible studies that had not been identified
through the previous search strategy. Rayyan (Ouzzani et al., 2016) was used to manage

records and data throughout the selection process.

Data extraction

As this study is a spin-off of a scoping review, two rounds of screening were
carried out, the first screening of existing evidence of interventions in multimorbid
populations according to the objectives of the scoping review and the second round
specific to this study, focusing only on interventions with physical activity or exercise.
The database was created using reference management software (Endnote 8x, Clarivate
TM) and, after excluding duplicates, five reviewers (JGCD, IMM, PZ, PABR and VHC)
selected studies for inclusion criteria based on titles and abstracts. Titles and abstracts

were evaluated by two independent reviewers (JGCD and IMM) and any discrepancy was
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solved by consensus or by a third reviewer (PZ and PABR). Reviewers were not blinded
to author, institutions, or manuscripts journals. Abstracts that did not provide enough
information were accepted for subsequent evaluation. The full-text analysis and data
extraction were performed by the same two reviewers. For each study, we extracted
information about publication data, country, population characteristics, intervention and

comparison group, study protocol and outcomes.

Assessment of bias risk and study quality

All included studies were assessed for risk of bias using the Joanna Briggs
Institute (JBI) Critical Appraisal tool for Randomized Controlled Trials (Aromataris et
al., 2017). Bias is assessed as a judgment (Yes, No, Uncertain, n/a) through 13. In
particular, the checklist assesses the randomization method, the blinding of participants
and treatment providers, the similarities of people in the compared groups and the type of
care they received, the existence of pre- and post-intervention measures, the procedures
of any follow-up measures, the outcome measure, the reliability of the results, and the
adequacy of the statistical analysis. Methodological quality and risk of bias within
included studies were independently appraised by two reviewers. Any disagreements that

arose between reviewers were discussed and resolved by all authors.

Meta- Analyses

Studies that evaluated pre- and post-interventions and with a control group
without exercise/physical activity were considered for the meta-analysis. Data were
analyzed for BMI and WC in two ways: as gross differences in means (non-standardized
mean differences) with the respective standard deviations (SDs), expressed in kg/m2 and
cm, and grouped to calculate the standardized mean differences (SMDs) ) with 95%
confidence intervals (95% CI). SMD of 0.20, 0.50, and 0.80 were considered as small,
medium, and large effects.

The data was evaluated using the “R” programming language through the
supplements "meta" (Balduzzi et al., 2019) and "metafor" (Viechtbauer, 2010). They were
analyzed based on mean difference (MD) and standardized mean differences (SMD).
Kendall's tau and I*> were calculated as heterogeneity measures. The summary meta-
analysis values were carried out from a random-effects approach by Hunter Smith
method. The random-effects model was defined due to the inherent heterogeneity of the

characteristics of the studies.
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RESULTS
Study selection

The literature search identified a total of 4877 unique publications, of which 561
were assessed for potential eligibility. We ultimately included 5 RCTs from 5 papers
involving 9 study comparisons (Figure 1). Although none of the 5 included studies came
directly from the structured search, 4 of them were found in the reference list of

systematic reviews resulting from this search.

Identification of studies via databases and registers Identification of studies via other methods

Records identified from*:
Databases (n =5411)
Registers (n =1)

Records removed before
SCreening:

Duplicate records
removed {n =3535)

Records marked as
ineligible by autemation tools
(n=0)

Records removed for
other reasons (n =0}

Records identified from:
Handsearch {n = 23)
Reference List (n = 6)
Reference list of SR (n=58)
MedRxiv {n = 207)
MetaAr¥iv (n = 133)

L

Records screened

Records excluded**
(n=4311)

(n=487T)
|

Reports scught for retrieval
(n=558+7+7=573)

Reports not retrieved
n=12)

Reports sought for retrieval

!

Reporis assessed for eligibility
(n =547 +7 + 7= 561)

Reports excluded:
Population {n = 25+3(SR)+1(SR)+13+8)
—— Outcome (n =21+ 1{3R])

Study design (n = 3558+2(SR}+1)
Intervention (n = 9+2)
Publication fype (n=57+1)
Language {n=20)

Duplicate {n=3)

(n =105)
!

Reports not retrieved
(n=19)

Reports assessed for eligibility
(n =198)

D

Studies included in review
(n databases = 0)

(n other sources = 5)
Total=5

Reports excluded (n=91)
Population {n = 59)
Interventicn (n =53)
Study design (n = 13)
Outcome (n=14)

Figure 1. Flow diagram

Design and participants

Table 1 shows the studies’ characteristics. The included studies were conducted
across 4 countries, including the USA (De Groot et al., 2019; Schneider et al., 2016),
Canada (Madden et al., 2009), Egypt (Abdelaal & Mohamad, 2015) and China (Leung et
al., 2019).

The total sample size was 297, which were predominantly women (1 study not
reported, 3 studies; 54%, 77% and 100%) with a mean age ranging from 53 to 71 years.
The most common conditions reported in the 5 RCTs were type 2 diabetes (T2DM) in 4
studies, hypertension (HTN) in 3 studies, depression in 2 studies. The most common

combination was T2DM + HTN in 3 studies (Abdelaal & Mohamad, 2015; Leung et al.,
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2019; Madden et al., 2009), T2DM + depression in 2 studies (De Groot et al., 2019;
Schneider et al., 2016).

Interventions and comparator groups

Physical exercise was considered as interventions that offered a structured plan of
physical activities, designed and prescribed for specific therapeutic goals and that were
prescribed and controlled for variables such as volume, intensity, duration. Unstructured
interventions without a specific general physical activity plan, such as physical activity
recommendation, availability of a pedometer or booklet to participants, were considered
as physical activity.

Physical exercise intervention was used in 4 studies (and 9 comparators)
(Abdelaal & Mohamad, 2015; De Groot et al., 2019; Leung et al., 2019; Madden et al.,
2009) and physical activity in 1 study(Schneider et al., 2016). Aerobic was the type of
exercise most prescript (including comparators) (n=3) (Abdelaal & Mohamad, 2015;
Madden et al., 2009; De Groot et al., 2019;), resistance (n=2) (Abdelaal & Mohamad,
2015; Madden et al., 2009) and Thai Chi in one study (Leung et al., 2019).

Of the 5 included studies, 2 studies (Abdelaal & Mohamad, 2015; Leung et al.,
2019) had a control group with no exercise intervention, 2 studies (De Groot et al., 2019;
Schneider et al., 2016) had usual care (to treat depression, using therapy sessions) as a
comparison group, and 1 study (Madden et al., 2009) compared two types of physical
exercise with no control group.

The duration of exercise intervention varied from 12 weeks to 24 weeks, with total
volume ranging from 1500 minutes to 3600 minutes and the most prescribed frequency
was 3 times per week. Exercise was associated with other interventions in 2 studies (De
Groot et al., 2019; Schneider et al., 2016), and the interventions included cognitive and
social therapy and behavioral activation. Exercise training was the main and only
intervention in another 3 studies (Abdelaal & Mohamad, 2015; Leung et al., 2019;
Madden et al., 2009).

Outcomes

Five studies reported outcomes related to body composition: Body mass index in
4 studies (and 7 comparators) (Abdelaal & Mohamad, 2015; De Groot et al., 2019;
Madden et al., 2009; Schneider et al., 2016); Waist circumference in 2 study (and four
comparators) (Abdelaal & Mohamad, 2015; Leung et al., 2019) and body weight in 1
study (Madden et al., 2009). The number of study comparisons was higher than the
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number of studies because when multiple intervention groups were included in a study,
the difference between groups was reported for every possible comparison, at different

follow-ups.

Methodological quality and risk of bias of included studies

The quality assessment of the included studies is presented in supplement table 1
and the summary results presented in table 1. The 54 included studies were critically
appraised by two independent reviewers using the JBI checklist. Of the 5 studies
(maximum quality score 13), 2 studies were assigned a score of 10 (Abdelaal &
Mohamad, 2015; Schneider et al., 2016) , one study scored 9 (Madden et al., 2009) and
two scored 8 (De Groot et al., 2019; Leung et al., 2019). Risk of bias summary is presented

in figure 2.

Q13
Q12
Q11
Q10
Q9
Qs
Q7
Qs
Qs
Q4
Qs
Q2
Q1

0% 25% 50% 75% 100%

B Yes [ Unclear B No [ NA

Figure 2. Risk of bias summary (n=5).
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Population

atl Interven Studies
Author ~ Description tion  quality
(year) (Condition; Exercise description . Co- . Groups and N results*  Score
Country mean intervention (0/13)
age+SD;
% women)
T2DM + 12 weeks; AE: 3x/wk,
Madden et HTN; 60 min, moderate to AE =17 BMI < 9
al. (2009) 71 +1years;  vigorous. Nonaerobic NA RT =17 BW <«
Canada NR training: 3x/wk strength
exercises
12 weeks; AE: 3x/wk,
Abdelaal T2DM + 20-50min, 60-75%
& Obesity + HRmax. RT: 3x/wk, 10 AE =20 BMI |
Mohamad HTN; exercises, 2 sets of 10 NA RT =20 10
(2015) 53 + 3 years;  rep (1st month), 3sets Control = 19 wc |
Egypt 54% of the 10 rep (2nd and
3rd), 60-75%1RM.
24 “Z)izll(sr’nlosdoe?:g wk BAT: activity
Schneider T2DM + . . . and mood
. intensity. First 12 o B
et al. Depression; ks: different monitoring, PA +BAT=15 10
(2016) 53 +7 years; Weeks: _ 2x/wkfor16 Control = 14 BMI <>
USA looe, ~ cxerciseevery2weeks; o) Tyl for
remaining 12 weeks: Qws
selected by participant
De Groot T2DM + CBT AE =34
et al. Depression; 12 weeks; AE: 150 (Beck’smodel) AE+CBT=34 py s 8
(2019) 56+ 11 min/wk, 40-60% HRR. 10 individual CBT =36
USA years; 77% sessions, Control =36
Lang Ty kT
al. (2019) HTN; su . d . NA Tai Chi =18 WC | 8
) pervisioned session, B
Hong 64 + 8 years; plus 3x/wk 30min home Control = 17
Kong 48%

practice

T2DM: Type 2 diabetes. HTN: Hypertension; BMI: Body mass index; HRR: Heart Rate Reserve; 1RM:

One-repetition maximum; WC: Waist circumference; BW: body weight; RT: Resistance training; BAT:

Behavioral Activation Therapy: CBT: Cognitive behavior therapy; PA: physical activity; AE: aerobic

exercise; NA: not applicable. *p<0.05 significant difference between the exercise group compared to the

control group.
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Meta-analysis findings for body mass index

In the body composition outcomes included in the meta-analysis, four studies evaluated
BMI and only three were included, as one of them does not have a control group comparator,
comparing aerobic exercise group to resistance group (Madden et al., 2009). Three studies with
5 comparators were analyzed totaling 171 participants (intervention = 110; control = 61)
(Figure 3). There was an effect in favor of the intervention with exercise/physical activity on
BMI (MD = —1.44 km/m?; 95% CI: —2.35 to -0.53), which represents an effect size of 0.69
(95% CI: -1.32 to -0.05) (see supplementary figure 1).

Intervention Control Exercise vs Control

Study N Mean SD N Mean SD (Body mass index) MD 95% CI weight
Abdelaal 2015 (Resistance Circuit) 20 29 1210 00 14 —F+— -2.92 [-3.90;-1.94] 27.1%
Abdelaal 2015 (Aerobic) 20 13 13 9 00 14 — -1.33 [-2.39;-0.27] 25.7%
De Groot 2019 (Aerobic + Cognitive therapy) 25 0.0 24 13 09 1.8 —iT -0.87 [-2.23; 0.49] 21.0%
De Groot 2019 (Aaerobic) 30 01 2615 09 1.8 —. -0.77 [-2.07; 0.53] 21.9%
Schneider 2016 (Aerobic) 15 -02 57 14 -13 56 1.10 [-3.02; 5.22] 4.3%
Overall effect 110 61 — -1.44 [-2.35; -0.53] 100.0%
1% = 85%, 1 = 0.5427, 15 = 11.49 (p = 0.02) I T I

-4 -2 0 2 4
Favours Favours
Exercise Control

kg/m?

Figure 3. Forest plot of mean difference (MD) demonstrating the effect of exercise/physical

activity intervention versus control on body mass index.

Meta-analysis findings for waist circumference

Two studies with 4 comparators were analyzed totaling 113 participants (intervention
= 67; control = 46) (Figure 3). There was an effect in favor of the intervention with
exercise/physical activity on WC (MD = —3.73 cm; 95% CI: 6-.03 to -1.44), which represents
an effect size of 0.46 (95% CI: -0.89 to -0.02) (see supplementary figure 2).

Intervention Control Exercise vs Control
Study N Mean SD N Mean SD (Body mass index) MD 95% CI weight
Abdelaal 2015 (Resistance circuit) 20 -5.8 56 10 0.3 4.3 —-— -6.18 [-9.80; -2.56] 40.3%
Leung 2019 (Tai chi, Males) 16 -1.2 10212 22 16.2 ; -3.43 [-13.89; 7.03] 4.8%
Abdelaal 2015 (Aerobic) 20 20 39 9 03 43 — -2.29 [-5.58; 1.00] 48.9%
Leung 2019 (Tai chi, Females) 11 49 14915 41 65 S S L 0.73 [-8.68;10.14] 6.0%
Overall effect 67 46 - -3.73 [ -6.03; -1.44] 100.0%
1= 11%,1° = 0, 42 = 3,36 (p = 0.34) [ T T 1

-10 -5 0 5 10
Favours Favours
Exercise  Control
Kg/m?

Figure 4. Forest plot demonstrating the effect of exercise/physical activity intervention versus

control on waist circumference.
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Publication bias assessment
The publication bias tests showed no asymmetries in the funnel plot presented in figure 3, for

BMI (A) and WC (B). The funnel plots are presented in figure 6.
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Figure 5. Publication bias representation by funnel plots
DISCUSSION

This systematic review evaluated the effect of exercise or physical activity interventions
on the body composition of individuals with cardiometabolic multimorbidity. Our meta-
analysis showed that compared to control, exercise/physical activity resulted in a significant
reduction in body mass index and waist circumference.

Although we need to be cautious in interpreting these findings due to the small number
of studies included, these results nonetheless appear to be largely in line with the recent
systematic review (Park et al., 2021) that evaluated the effect of exercise interventions on the
body composition of individuals with comorbidities, more specifically diabetes and
hypertension. It found that exercise reduced BMI with a mean similar to that found in our study
of 1.47kg/m?. However, this study had stricter inclusion criteria than the current review (for
example, only participants with hypertension and diabetes and structured exercise as the only
intervention).). In our review, despite its objective to count cardiometabolic diseases (as one of
the conditions), all studies had individuals with diabetes, and one study associated with
hypertension as a second condition.

Waist circumference is associated with improvements in cardiometabolic risk factors

with or without corresponding weight loss (Ross et al., 2020). So, it is suggested that waist
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circumference measurement should be used in conjunction with body mass index as a
complementary approach to determining the risk of developing other health conditions and
premature death (Jayedi et al., 2020; Ross et al., 2020).

Due to the small number of studies included and the heterogeneity of the protocols, it
was not possible to perform a sensitivity test. However, the effects of exercise interventions on
body composition found in this study were obtained with interventions between 12 to 24 weeks,
3 times a week, most of them (four in five) used aerobic components during the intervention.
A previous meta-analysis(Lee & Lee, 2021) study reported similar results on BMI (d = 0.50)
in overweight and obese individuals and used exercise as the only intervention. The average
exercise intervention necessary to elicit beneficial effects was of moderate to vigorous
intensity, 50 min a day, 4 times per week, and of aerobic type, 22 weeks duration. Further
studies examining exercise type, intensity, and duration are, therefore, warranted for this
population.

Therefore, even non-obese multimorbidity populations benefit from interventions with
physical exercises for weight loss or maintenance, preventing the gradual increase in weight,
the effects of polypharmacy, and the development of other health conditions (Jakicic et al.,
2019; Xu et al., 2019). Factors related to gradual weight gain, such as aging and the amount of
medication, were associated with an increase in BMI and waist circumference (Dehghan et al.,
2021; Pontzer et al., 2021; Stanford et al., 2020; Sternfeld et al., 2004). A modest weight
reduction of around 3% was already sufficient to result in improved cardiometabolic health,
with 1 kilogram of weight loss being associated with a reduction of 1.9 mg/dL of total
cholesterol, 0.77 mg/dL of LDL -C, and increase in HDL-C (Schwingshackl et al., 2015; Swift
et al., 2018).

The effects of physical exercise on body weight loss or maintenance are recommended
in cardiometabolic disease guidelines for reducing cardiovascular risk factors and improving
several health parameters (Mach et al., 2020; Williams et al., 2018). Thus, interventions with
physical activity are safe and could be a low-cost intervention to address the growing burden
of multimorbidity, particularly in other-wise inactive older adults.

A survey carried out in 2017 found two important gaps in knowledge about
multimorbidity, the first being related to economic factors, in which of the 76 countries that
contributed with studies on the topic, only 5% are in low and middle-income countries,
however, these are the countries with the highest mortality rates from chronic diseases, about
73% of deaths. Of the studies included in this review, two were conducted in the US, one in

Egypt, one in Canada and one in China. The second knowledge gap refers to the comparison
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with unique conditions (diabetes, hypertension, depression and COPD), demonstrating that
there is a mismatch between the high prevalence of multimorbidity and its research results
(proportion of articles on multimorbidity versus four other unique conditions is 1:13-150) (Xu

etal., 2017b).

Limitations

This systematic review has limitations. First, among all the cardiometabolic conditions
included, the majority of the RCTs included people with type 2 diabetes, hypertension and
depression, limiting the generalizability of the findings to people with other combinations of
cardiometabolic conditions. Second, the small number of studies included did not allow a
sensitivity analysis, and due to the heterogeneous nature of the interventions tested, the positive
results cannot be fully attributed to an specific exercise therapy, as we have multiple modalities

and part of the studies are associated with other interventions.

Clinical implications and future perspectives

A significant implication of this review is that more focus should be placed on
developing studies with populations with multimorbidity based on their disease patterns and
the effect of physical exercise interventions in these populations. We were not able to
specifically determine exercise characteristics, intensities, total volumes, for whom or under
what conditions, but we show that exercise and physical activity interventions can be effective
for body composition-related outcomes in a population with cardiometabolic multimorbidity
and deserve more attention.

This understanding of multimorbidity also affects how experimental studies are
designed and, consequently, the guidelines formulated from them. In our study, we searched
for general keywords that involved cardiometabolic multimorbidity and not for specific
combinations of cardiometabolic diseases, which may partly explain the small number of
studies included by the structured search and the higher number of studies found by
handsearching. The use of disease patterns, as done in our study, limits the multiple possibilities
of combinations between diseases, and makes it possible in the future to create specific
guidelines. (Xu et al., 2017).

Despite the obstacles involved in the research with a multimorbid population, such as
being fragmented, difficult to interpret and difficult to synthesize, interventions with physical
exercise in this population showed positive results in the 75% recruitment and retention rate,

of which nine out of 10 provided results in the end of treatment with no difference observed



94

between the intervention and comparison groups (MacMahon & The Academy of Medical

Sciences, 2018; Smith et al., 2021).

CONCLUSION
Our meta-analysis demonstrates that exercise/physical activity interventions have a
significant effect on the body composition of individuals with cardiometabolic multimorbidity,

with a reduction in body mass index and waist circumference.
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Annexe 1: Syntaxe

Database: Embase <1974 to 2020 March 27>, All Ovid MEDLINE(R) <1946 to Present>
Search Strategy:

1 ((multi-morbid* or multimorbid* or Comorbid* or multipatholog* or polypatholog* or
polymorbid* or multidiagnos™* or polydiagnos* or polipharmac* or metabolic disorder* or
(((((Multiple adj1 condition*) or Multiple) adj1 disease*) or Multiple) adj1 morbid*)) and
(cardiometabolic disorder* or cardiovascular disorder® or cardiometabolic disease® or
cardiovascular diseas* or cardiovascular condition* or cardiometabolic condition* or cardiac
disease* or heart disease™ or heart failure or cardiac failure) and (lifestyle intervention* or
lifestyle change* or lifestyle modific* or Behavio?ral Counselling or behavio?ral
intervention* or behavio?ral change* or health behav* or dietary approach or nutritional
counselling or nutritional intervention* or dietary habit* or diet or Physical Activit* or
exercise training or exercise therapy or smoking or Alcohol Drinking or Alcohol intake or
Alcohol consumption or Stress prevention or Stress management or Stress control or
Medication Adherence or Patient Compliance or Treatment adherence or Disease
Management)).ab. (8054)

2 ((multi-morbid* or multimorbid* or Comorbid* or multipatholog* or polypatholog* or
polymorbid* or multidiagnos* or polydiagnos® or polipharmac* or metabolic disorder* or
(((((Multiple adj1 condition*) or Multiple) adj1 disease*) or Multiple) adj1 morbid*)) and
(cardiometabolic disorder* or cardiovascular disorder® or cardiometabolic disease® or
cardiovascular diseas™ or cardiovascular condition* or cardiometabolic condition™® or cardiac
disease* or heart disease™ or heart failure or cardiac failure) and (lifestyle intervention* or
lifestyle change* or lifestyle modific* or Behavio?ral Counselling or behavio?ral
intervention™® or behavio?ral change* or health behav* or dietary approach or nutritional
counselling or nutritional intervention™ or dietary habit* or diet or Physical Activit* or
exercise training or exercise therapy or smoking or Alcohol Drinking or Alcohol intake or
Alcohol consumption or Stress prevention or Stress management or Stress control or
Medication Adherence or Patient Compliance or Treatment adherence or Disease
Management)).ti. (19)

3 1or2(8058)

4 limit 3 to yr="2000 - 2021" (7873)

5  limit 4 to humans (6771)

Database: Medrxiv

Search Strategy:

1. Cardiometabolic disease® or multimorbid* or Comorbid and lifestyle intervention® or
lifestyle change* or lifestyle modific* (583)

2. Polipharmac™® or multimorbid* or Comorbid and Physical Activit* or exercise training or
exercise therapy (1752)
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Supplement table 1. JBI Critical Appraisal Checklist for Randomised Controlled Trials studies

o QI Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 QI0 QI1 Q12 QI3 (Soc/(;?;
Citation
Madden et al. (2009) Y Y Y NA NA Y U Y Y Y U Y Y 9
Abdelaal & Mohamad (2015) Y Y Y NA NA Y Y Y Y Y U Y Y 10
Schneider et al. (2016) Y Y Y NA N U Y Y Y Y Y Y Y 10
De Groot et al. (2019) Y Y Y NA N U Y U N Y Y Y Y 8
Leung et al. (2019) Y Y Y NANA Y Y U N Y Y N Y 8

Abbreviation: Y: yes; N: no; U: unclear; NA: not applicable.

Questions:

Q1. Was true randomization used for assignment of participants to treatment groups?;

Q2. Was allocation to treatment groups concealed?;

Q3.Were treatment groups similar at the baseline?;

Q4.Were participants blind to treatment assignment?;

Q5.Were those delivering treatment blind to treatment assignment?;

Q6.Were outcomes assessors blind to treatment assignment?;

Q7.Were treatment groups treated identically other than the intervention of interest?;

Q8.Was follow up complete and if not, were differences between groups in terms of their
follow up adequately described and analyzed?;

Q9.Were participants analyzed in the groups to which they were randomized?

Q10.Were outcomes measured in the same way for treatment groups?

Q11.Were outcomes measured in a reliable way?

Q12.Was appropriate statistical analysis used?

Q13.Was the trial design appropriate, and any deviations from the standard RCT design
(individual randomization, parallel groups) accounted for in the conduct and analysis of the

trial?
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Supplementar Figure 1. Forest plot of Standard mean deviation (SMD) demonstrating the

effect of exercise/physical activity intervention versus control on body mass index.

Intervention  Control Exercise vs Control
Study N Mean SD N Mean SD (Body mass index) SMD  95%CI weight
Abdelaal 2015 (Resistance Circuit) 20 29 1210 00 14—=— -2.32 [-3.31;-1.34] 16.8%
Abdelaal 2015 (Aerobic) 20 13 13 9 00 14 —a— -0.97 [-1.80;-0.14] 19.0%
De Groot 2019 (Aerobic + Cognitive therapy) 25 00 24 13 09 18 -0.38 [-1.06; 0.29] 21.4%
De Groot 2019 (Aaerobic) 30 01 2615 09 1.8 -0.32 [-0.94; 0.30] 22.2%
Schneider 2016 (Aerobic) 15 -02 5714 -13 56 0.19 [-0.54; 0.92] 20.6%
Overall effect 110 61 e — -0.69 [-1.32; -0.05] 100.0%

%= 78%, ¢ = 0.3731, 3% = 18.08 (p < 0.01) I T | I T T 1
3 -2 1 0 1 2 3
Favours Favours
Exercise  Control
Effect size

Supplementar Figure 2. Forest plot of Standard mean deviation (SMD) demonstrating the

effect of exercise/physical activity intervention versus control on waist circumference.

Intervention Control Exercise vs Control
Study N Mean SD N Mean SD (Body mass index) MD 95% Cl  weight
Abdelaal 2015 (Resistance circuit) 20 -5.8 56 10 0.3 4.3 : -1.15 [-1.97; -0.33] 23.3%
Abdelaal 2015 (Aerobic) 20 220 39 9 03 43 ——] -0.55 [-1.35; 0.25] 24.3%
Leung 2019 (Tai chi, Males) 16 -1.2 10212 22 16.2 — e -0.25 [-1.01; 0.50] 27.0%
Leung 2019 (Tai chi, Females) 1M1 49 14915 41 65 —'—— 0.07 [-0.71; 0.84] 25.5%
Overall effect 67 46 —— -0.46 [-0.89; -0.02] 100.0%
1# = 38%, 7 = 0.0336, 13 = 4.83 (p = 0.18)
-1 0 1

Favours Favours
Exercise  Control
Effect size
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ABSTRACT

Introduction: Multimorbidity can be defined as the combination of two or more chronic
diseases and affects more and more people around the world, especially in older women. The
practice of physical exercise is an important tool to treat, prevent the progression and worsening
of patients with multiple chronic diseases. Objective: To investigate whether 12-weeks of
aerobic training changes cardiometabolic marker responses and climacteric symptoms in
postmenopausal women with and without multimorbidities of cardiometabolic diseases.
Methods: Forty one postmenopausal women were divided into two groups according to the
number of cardiometabolic risk factors (hypertension, type 2 diabetes mellitus, dyslipidemia
and obesity): MORB group (n = 18) with 1 risk factor; and MULTI group (n = 23) with > 2
risk factors. Both groups were submitted in 12 weeks of aerobic training on track, 3x/week,
lasting 40-50 minutes, with an intensity of 65%-75% HR reserve. Before and after training
ambulatory blood pressure monitoring (ABPM), blood pressure variability (BPV), arterial
stiffness, lipid and glucose profile, body composition and climacteric symptoms were
measured. Climacteric symptoms were assessed using the Cervantes Quality of Life Scale (CS)
and the Menopause Rating Scale (MRS). The Generalized Estimating Equation (GEE) with
Bonferroni correction and intention-to-treat analysis was used to compare groups. Results:
MULT group reduced (p<0.01) fat mass, waist circumference and body mass index, and
increase (p<0.01) lean mass after training. No changes over time were found in blood lipids
and glycemic indexes nor in ABPM, BPV and arterial stiffness in both groups. Both groups
reduced (p<0.01) MRS scores after intervention with no difference between them. Conclusion:
Aerobic training improved similarly body composition and climacteric symptoms, but did not
change ABPM, BPV and arterial stiffness, nor blood lipids and glycemic indexes, in

postmenopausal women with and without multimorbidities of cardiometabolic diseases.

Key words: Chronic diseases; Menopause; Aerobic exercise; Blood pressure; Body lean mass.
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INTRODUCTION

Multimorbidity is defined, according to the World Health Organization, as a
coexistence of two or more chronic medical conditions and affecting around 20-30% of the
world population (Rudnicka et al., 2020; Xu et al., 2017a), being women, elderly, inactive,
living in urban areas in low- and middle-income countries, the most affected (Chudasama et
al., 2020).

The measure of multimorbidity varies according to the instrument used or the criteria
of the conditions included in the counting of diseases, being an obstacle for the comparison of
studies. The use of disease patterns makes it possible to understand the multiple combinations
between conditions and to compare interventions. The three most used disease patterns in
studies: cardiovascular and metabolic diseases, mental health problems, and musculoskeletal
disorders (Xu et al., 2017b, 2017a).

Cardiometabolic diseases are the leading causes of death worldwide and the
management of these diseases has been increasingly discussed, from specialized centers to the
creation of a medical specialty (Reiter-Brennan et al., 2021). Individuals affected by chronic
diseases for a long period of time are more likely to develop a second condition, due to shared
risk factors, pathophysiological mechanisms and complications (Tatsumi & Ohkubo, 2017).
Especially women in the postmenopausal period with multiple chronic conditions, in which the
increase in the number of diseases is associated with worse quality of life and worsening of
climacteric symptoms (Katainen et al., 2016; Puri et al., 2022).

Therefore, comprehensive assessment and monitoring of cardiometabolic parameters
such as ambulatory blood pressure, arterial stiffness, lipid and glucose profile and body
composition are necessary to understand the individual's health status, as well as verify the
effectiveness of drug treatments and non-drug interventions such as the physical exercise
(Reiter-Brennan et al., 2021).

Regular physical exercise is an important component in the prevention and treatment
of multiple chronic diseases, being associated with improved health status and up to 7.6 years
of life for women with multimorbidity, and lower levels of physical activity (Bucciarelli et al.,
2021; Chudasama et al., 2020). The meta-analysis review by Bricca et al.(Bricca et al., 2020)
found that exercise, in addition to being safe, has beneficial effects on physical abilities and
symptoms of anxiety and depression in a population with multimorbidity. However, the

included studies covered all types of disease combinations and not all studies had 100% of the
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sample with multimorbidity, so these results should be interpreted with caution for the
cardiometabolic disease pattern population.

Therefore, the aim of this study was to assess whether 12-weeks of aerobic training may
change cardiometabolic marker responses and climacteric symptoms in postmenopausal
women with and without cardiometabolic multimorbidity. Our hypothesis is that multimorbid
women may show greater improvements in cardiometabolic parameters after aerobic training,

as they have worse cardiometabolic risk factors.

MATERIALS AND METHODS

Study design

This is a quasi-experimental controlled clinical trial with a 12-weeks aerobic training
intervention in postmenopausal women with and without cardiometabolic multimorbidity.
Assessments of body composition, lipid and glucose profile, ambulatorial blood pressure
(ABPM) and its variability in 24h (BPV), arterial stiffness, and climacteric symptoms were
performed before and after aerobic exercise training period, within a period of 72 hours to five
days after the last training session to eliminate any effects of acute exercise.

Care providers followed a standard of care for all participants during the training
sessions, with a standardized approach such as: measuring the blood pressure of all participants
before starting the training session, intensity control during training was done by zone
individualized heart rate, independent of the group, presented in a spreadsheet without
information about the group to which the patient was assigned. The result evaluators were not
aware of the assignment of groups and had access only to the participants' codes. In addition,
the evaluations were objective and generated files saved for later checking by the investigators.

The study was carried out at the Laboratory of Cardiorespiratory and Metabolic
Physiology at the Faculty of Physical Education of the Federal University of Uberlandia, Brazil
and approved by the Ethics Committee for studies in humans (CAEE: 12453719.1.0000.5152).
All participants signed a consent form. The experiments followed the principles of the

Declaration of Helsinki and were registered at Clinicaltrials.gov (NCT05075902).

Participants

The study included postmenopausal women (amenorrhea of at least 12 months; FSH
>40mIU/mL, Estradiol <32.2 pg/mL), age between 50 and 70 years, able to practice aerobic
exercise on a track, non-smokers, who do not use hormone therapy or have completed treatment

for more than 1 year, do not have physical problems or cardiovascular complications that
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prevent them from exercising. As exclusion criteria: present some inability to perform the
prescribed training volume or intensity, not obtain medical clearance after a maximum exercise
test performed by a physician and start practicing another physical exercise protocol
concurrently with this project.

Participants were divided into two groups in parallel during the study, according to the
number of cardiometabolic diseases, the Morbidity Group (Morb) being composed of women
with one chronic cardiometabolic disease and the Multimorbidity Group (Multi) with two or
more chronic diseases cardiometabolic diseases: arterial hypertension, type 2 diabetes, obesity
and dyslipidemia.

Hypertension were defined as the presence of hypertension (Systolic blood pressure
>140 mmHg and Diastolic blood pressure >90 mmHg), according to the guidelines of the
Brazilian Society of Hypertension (Barroso et al., 2021); Type 2 diabetes was defined as
glycaemia > 126 mg/dL and/or HbAlc > 6.5% (Lyra et al., 2020); for at least one year, being
on hypoglycemic agents and clinically stable for at least 6 months, with glycemic control by
medication or exogenous insulin and without chronic complications such as diabetic foot,
nephropathy, retinopathy or neuropathies; Dyslipidemia was defined as LDL >160 mg/dL
and/or triglycerides > 150 mg/dL and/or total cholesterol > 190mg/dL and/or HDL < 50mg/dL
(Faludi et al., 2017); and obesity was defined as body mass index (BMI) > 29.9 kg/m?.

Six hundred and seven women volunteered through electronic and traditional media
advertising (social media, TV and radio) from March 2019 to March 2020, with 512 being
excluded for not meeting the inclusion criteria. 44 women were allocated to intervention in the
Morbidity Group (Morb; n=19) and Multimorbidity Group (Multi; n=25), with 41 fully
evaluated and started the training protocol. Two women were excluded from the Multi group,
one for not receiving medical clearance after a maximal cardiopulmonary exercise test, and
one did not want to participate. In the Morb group one woman was excluded for moving to
another city and not completing the assessments. 41 women were analyzed using the intention-

to-treat analysis method (Morb n=18; Multi n=23) (Figure 1).

Training Aerobic Protocol

The exercise training program consists of aerobic physical exercises performed three
times a week on non-consecutive days for 12 weeks with an intensity of 65% to 75% of the
reserve heart rate (HRR). During the first 4 weeks of training, the exercise duration was 40
minutes (5° warm-up + 30 minutes in the intensity zone + 5’ cool-down). From the fifth week

onwards, there was only an increase in volume to 50 minutes of duration (5* warm-up + 40
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minutes in the intensity zone + 5’ cool-down). The evaluation of aerobic fitness was carried
out through a maximum effort ergospirometry on a treadmill under the supervision of a
specialized physician, using the Bruce protocol (adapted) (Menenghelo et al., 2010) for the
assessment of cardiopulmonary capacity (to detect possible cardiovascular diseases that could
impede the performance of the proposed training) and for individualized training prescription.
This protocol was chosen according to the recommendation of the Brazilian Society of

Cardiology for exercise testing (Menenghelo et al., 2010).

Enroliment l Assessed for eligibility (n=600)
Excleded (n=557)
+ Mot meefing inclusion criteria (n=512)
™ + Declined to participate (n=15)
+ Other reasons (n=30)
r
v [ Allocation ] ¥
L -
MORBIDITY MULTIMOREIDITY
Allocated to intervention (n=19) Allocated to intervention (n=25)
+ Received allocated intervention (n=13) + Received allocated intervention (n=23)
+ Did not receive allecated intervention (n=1) + Did not receive allocated intervention (n=2)
- City change - Did nof receive medical clearance (n=1)
- Did not want to participate (n=1)

! [ Follow-Up ] l

Lost to follow-up (n=5) Lost to follow-up (n=4)
- Emergency frip (n=1) - Did mot want to retake the exam (n=1)
- Did not want to participate (n=1) - Personal reason (n=1)
- Personal reason (n=2) - Did not complete the fraining {n=1}
- Knee pain (n=1) - Did mot want to pardicipate (n=1)
¥ I Analysis I v
Intention-to-treat analysis (n=18) Intention-to-treat analysis (n=23)

Figure 1. Follow-up flowchart.

Arterial Stiffness Assessment

Arterial stiffness was assessed by measuring the Pulse Wave Velocity (PWV) through
the applanation tonometry method using the SphygmoCor® device (XCEL, model EM4C,
AtCor Medical, Sydney, Australia). It is a non-invasive, painless method with instantaneous

results and considered the gold standard for determining arterial stiffness. This method is based
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on the principles of ocular tonometry used to measure intraocular pressure by “flattening” the
surface of the eyeball (Laurent et al., 2006).

To carry out the evaluation, the individual is in the supine position, with a tonometer
placed in the lateral cervical region (to locate the carotid pulse) and the evaluator presses lightly
to obtain the best signal. The device and its software automatically identify the best waveform
for the calculations and the results are immediate for the following parameters: Pulse wave
velocity (PWYV), pulse transit time (PTT). Applanation tonometry was performed on 3
measurements and the average of the three was performed to obtain the final value (Garcia-

Ortiz et al., 2012).

Ambulatory Blood Pressure Monitoring (ABPM) and Blood Pressure Variability (BPV)

Blood pressure was assessed before and after 12 weeks of training through ambulatory
monitoring (ABPM) using the Dyna Mapa+ Cardius® device (Cardios Sistemas, Sao Paulo,
SP, Brazil). The monitor was programmed with measurements every 30 minutes for 24 hours,
standardizing the start of monitoring in the morning between 7 am and 8 am. Along with the
monitor, the participants filled out a daily record of activities (sleep, food and work) or events
that could interfere with BP or measurements, with sleep and awake periods being individually
determined according to the time reported in each diary. Measurements obtained 24 hours of
monitoring and with at least 70% of measurements valid in this period were considered valid
(Banegas et al., 2018).

The systolic (SBP), diastolic (DBP) and Mean (MBP) blood pressure values from the
ABPM will be used in the assessment of Blood Pressure Variability (BPV) according to the
good knowledge by Ortega et al. (Ortega et al., 2008). In this way we will be able to compare
the following variables between the groups:

e Standard Deviation (SD = VE (BPx - BPmean)*n) of BP in the periods of awake, sleep and
24h;

b

e Mean real variability (AVR =X (BPx-BPx-1) /n) of BP in periods of awake, sleep and 24h;

Lipid and Glycemic Profile

Were collected 15 mL blood samples after an overnight fast, five days before and 72 h
after the last exercise training session to eliminate the acute effects of exercise. These samples
were placed in tubes of EDTA or serum with separating gel, then centrifuged at 3,000 rpm for
15 min and stored in small tubes for future analysis. Plasma concentrations of total cholesterol,
triglycerides, high density lipoprotein (HDL) and low-density lipoprotein (LDL), cholesterol

and glucose were determined by enzymatic colorimetric methods. The glycated hemoglobin
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concentration (HbAlc) was determined by the turbidimetry method. All analyzes were
performed in an automated system (Cobas Mira, Roche Instruments Inc. Bellport, NY, USA),
using commercial kits (Labtest, Minas Gerais, Brazil). Very low-density lipoprotein (VLDL)
values were calculated using the Friedwald equation. Homeostatic model assessment of insulin
resistance (HOMA-IR) and beta cell function (HOMA-Bc) was calculated using the following
formula(Matthews et al., 1985):

e HOMA-RI = (insulin (mU/L) x glucose (mmol/L)/22,5

e HOMA-Bc = (20 x insulin [mU/L])/(glucose [mmol/L] - 3,5)
Body Composition and Anthropometry

Anthropometric assessments were carried out in a reserved environment, in which
height was assessed, measured with a fixed stadiometer brand Sanny® (S3o Bernardo do
Campo, SP, Brazil) and waist, hip and abdomen circumferences using a 0,5 cm inelastic
measuring tape wide from the Filizola® brand. Body composition assessment was performed
after overnight fasting, using the Bioimpedance technique with an InBody® 230 model device,

which has a tetrapolar system with 8 electrodes and a frequency of 20-100 kHz.

Physical Activity and Evaluation and Climacteric Symptoms

The International Physical Activity Questionnaire (IPAQ short version), validated for
the Brazilian population in Portuguese, was used to classify participants according to their
initial level of physical activity (Benedetti et al., 2007). For analysis, the following
classifications were grouped: sedentary + irregularly active and active + very active.

Climacteric symptoms were assessed using the Cervantes Quality of Life Scale (CS)
(Lima et al., 2012) and the Menopause Rating Scale (MRS) (K. Heinemann et al., 2004). The
Cervantes Scale has 31 questions in the domains: menopause and health (15 items), psychic
domain (9 items), couple relationship (3 items) and sexuality (4 items). The total score can
range from 0 (zero) to 155, which corresponds to the best and worst quality of life in
menopause, respectively. The MRS consists of eleven questions and the symptoms are divided
into somatovegetative (items: 1,2,3,11), psychological (items: 4,5,6,7) and urogenital (items:
8,9,10). The total score can range from zero to 44 points and is classified according to the total
score: asymptomatic or scarce (0-4 points), mild (5-8 points), moderate (9-15 points) or severe

(more than 16 points) (L. A. J. Heinemann et al., 2003).

Statistical Analysis
The sample calculation (minimum n=30; 15 per group) was performed in G-Power 3.1

(Universitdt Diisseldorf, Germany) software, considering body weight change as the mean



110

variable and 1.29 + 1.32kg (f=0.35) as possible variations in this index after aerobic
intervention in individuals with multimorbidity (Carballeira et al., 2021) We adopted a error
of 5%, 95% power analysis, 0.5 correlation between repeated measures and a correction of
non-sphericity of 1, in an F-family of intra-between analysis.

Results are presented as mean + standard deviation. Unpaired t-test was used to
compare baseline characteristics between groups. Comparison between groups and duration of
arterial stiffness, lipid profile, glucose profile, climacteric symptoms, body composition and
ABPM were performed using Generalized Equation Estimates (GEE) of two factors (time,
group and their interaction) with Bonferroni correction. GEE analyzes were performed by
intention-to-treat (including those who did not complete the study: Morb; n=18; Multi; n=23)
using the last-observation carried forward method. A p value <0.05 was used for statistical
significance, and all statistical analyzes were performed with SPSS v26.0 software (IBM, New

York, NY, USA).

RESULTS

The study included 41 women with a mean age of 58 + 4 years and time after menopause
of 10 £ 6 years, divided into two groups (Morb = 18; Multi=23) whose characteristics are
shown in table 1. There was no significant difference (p<0.05) in age or baseline concentrations
of FSH and estradiol, but the Multi group had a longer postmenopausal period. Hypertension
was the most frequent chronic cardiometabolic disease in both groups, followed by
dyslipidemia.

Table 2 presents the body composition and anthropometric variables before and after
the intervention. The Multi group had worse baseline values (p<0.05) in all anthropometric
variables but lean mass. There was an interaction effect (p>0.05) showing that after aerobic
training Multi group reduced waist circumference (A = -1 (-3 to -0.1) cm), body mass index (A
=-0.6 (-1 to -0.1) kg), fat mass (A = -1.8 (-2.5 to -1.2) kg), fat % (A= -2 (-3 to -1) %) and
increased lean mass (A = 1.1 (0.5 to 1.6) kg). Power analysis present in the Supplementary
Table S1.

Table 3 shows the results of the lipid and glucose profile variables before and after
exercise training. There was no significant interaction effect, but Multi group had higher values
(p<0.05) in glycated hemoglobin (HbAlc), HOMA-IR index, fasting plasma glucose, insulin,
triglycerides and lower HDL than Morb group. Power analysis present in the Supplementary

Table S1.
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Table 4 shows the results of ABPM during periods of awake, sleep, 24 hours and BPV
indexes. No interaction between groups over time were found in any of these indexes, but Multi
group presents higher values (p<0.05) in the SBP 24h and SBP during sleep time. No
interaction between groups over time were also found in arterial stiffness, but Multi group
present higher PWV than Morb group (Table 4). Power analysis present in the Supplementary
Table S1.

Table 5 shows the results of climacteric symptoms and quality of life in menopause,
with scores by total score and by domains of the MRS and Cervantes scale questionnaires.
There was no interaction effect on any of the variables. In both groups there was a time effect,
with a significant reduction (p<0.05) in the couple relationship domain of the Cervantes Scale,
total MRS and somatovegetative and psychological domains. Power analysis present in the

Supplementary Table S1.

Table 1. Clinical characteristics of the study population and medicaments used to treat their
comorbidities.

Groups
Clinical features Morbidity Multimorbidity p
(n=18) (n=23)
Age (years) 57+4 59+5 0.13
Time after menopause (yrs) 8+5 12+6 0.02
FSH (U/L) 91 £27 72 + 35 0.08
Estradiol (pg/mL) 176 18+9 0.67
Medicaments (n) 242 3+1 <0.01
Physical activity Level — IPAQ
Active + very active 56% (10) 30% (7)
Inactive + irregularly 44% (8) 70% (16)
Marital status
Married 44% (8) 56% (13)
Single/widow/divorced 56% (10) 44% (10)
Education level
Primary 11% (2) 17% (4)
Secondary 33% (6) 70% (16)
University 56% (10) 13% (3)
Chronic diseases
Hypertension 33% (6) 83% (19)
Diabetes 11% (2) 48% (11)
Dyslipidemia 39% (7) 83% (19)
Obesity 17% (3) 70% (16)

Medication
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Diuretics

ARB

ARB + diuretics

Beta blockers

Beta blockers + diuretics
ACE

Platelet aggregation inhibitors
Calcium channel blockers
Insulin

Hypoglycemics

Thyroid disorders

Statins

Vitamins
Anxiolytics/Antidepressants

— A U O WO

Anti-ulcer

10

T W W R W T L

N B

1

FSH: follicle stimulating hormone; IPAQ: international physical

activity questionnaire; ARB:

angiotensin receptor blockers; ACE: angiotensin converting enzyme inhibitors. Chi-square test
for IPAQ distribution. Student's t test for variables medicaments, age, time after menopause,
FSH, estradiol (Values expressed as mean and standard deviation). Chi squared for frequencies

of physical activity level.

Table 2. Body composition and anthropometry values before and after intervention in the

MORB (n=18) and MULTI (n=23) groups.

GEE
PRE POST o . p Cohen's
(mean + SD) (mean + SD) A O5%C) ptime P group group*time d
Waist circumference (cm)
Morb 86+ 8 86 + 8 0.1(-1to1)
Multi 95 + 10 93£10  -1(3t0-0.1) 007 <001 005 06l
Hip circunference (cm)
Morb 104 £6 104 £7 -0.5(-1t0 0.1)
Multi 110+ 10 11011 0.1 (-2t02) 0.55 <0.01 0.70 0.09
Body mass (kg)
Morb 69.2 +8 69.2+7.4 0.02(-0.4t00.4)
Multi 79.1+124  785+123 -0.6(-1t0-0.1) 0.7 <001 0.05 0.59
Fat mass (kg)
Morb 272+6.4 27.0+6.3  -0.2(0.7t00.3)
Multi 360£78 342475 -18(25t0-12) 001 <001 <001 105
Fat mass (%)
Morb 39+6 39+6 -0.3 (0.8 t0 0.3)
Multi 45+5 4345 2(3to-1y 0oL <001 <001 1.09
Lean mass (kg)
Morb 394+38 397£4.0 0.3 (-0.1t00.5)
Multi Al4+66  425+64 11(05t016 01 015 <001 076

MORB: morbidity; MULTI: multimorbity; CI: confidence interval; GEE: generalized
estimating equation. Values expressed as mean and standard error.



113

Table 3. Lipid and Glycemic indexes values before and after training in the MORB (n=18) and

MULTI (n=23) groups.

PRE POST GEE
A (95%CI)
(mean £ SD)  (mean + SD) p p Cohen's d
time group group*time onens
HbAlc (%)
Morb 53+0.7 51+0.5 -0.2 (-0.5t0 0.1)
0.87 0.02 0.18 0.33
Multi 57+1.1 58+1.0 0.2 (-0.2t0 0.5)
Fasting plasma glucose (mg/dl)
Morb  85.5+11.8 90.5+11.9 3.9 (1.1 to 6.8)
091 <0.01 0.14 0.37
Multi 112.9+458 108.6+31.2 -42(-16t07.5)
Insulin (microui/ml)
Morb  10.7£13.5 11.1+£9.9 0.4(-3.5t04.4)
. <0.01 0.58 0.35
Multi  17.8+6.8 20.3 +8.8 2.5(-0.2t05.3) 0-59
Total cholesterol (mg/dl)
Morb 183.1+34.3 177.5+27.8 -5.5(-12.5t01.4)
0.90  0.60 0.11 0.26
Multi 173.2+27.8 177.7+33.7 4.6 (-5.8 to 14.9)
HOMA-IR
Morb 24+£33 20+1.0 -0,3 (-2,1to 1,4)
. <0.01 0.52 0.18
Multi 45+£28 4.8 +£2.7 0,3 (-0,8 to 1,5) 098 0.0
HOMA-Be
Morb 180.1 £182.7 163.1 £144.7 -17 (-95.8 to 61.8)
0.82 043 0.58 0.18
Multi  202.9 +150.7 210.2+113.7 7.2 (-25.4t0 39.9)
HDL (mg/dl)
Morb  46.1 £9.5 439+99 -2.2 (-4.8t00.5)
A <0.01 Sl .02
Multi  38.2+9.6 36.0+9.5 -2.3(-5.1t0 0.5) 0.16 0.0 05 00
LDL (mg/dl)
Morb 119.4+33.7 1129+284 -6.4(-12t0-0.5)
4 . <0.01 0.76
Multi  102.6 +£23.3 113.3+34.7 10.7 (-0.4 to 21.8) 043 0.35 00
Triglycerides (mg/dl)
Morb  88.8 £31.7 923+41.8 3.5(-9.6t016.6)
0.39 <0.01 0.11 0.49

Multi  161.6£81.1 142.1+73.4

-19.5 (-41.6 to0 2.6)

CI: confidence interval; GEE: generalized estimating equation. HbAlc: glycated hemoglobin;
HDL: high-density lipoprotein, LDL: low-density lipoprotein, VLDL: very-low-density
lipoprotein. *p<0,05 Student t test used to compare groups pre value. For the HOMA index

analysis, participants using insulin were excluded (Multi; n=3).
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Table 4. Ambulatory blood pressure monitoring - ABPM values, its variability and arterial

stiffness before and after aerobic training in the Morb (n=18) and Multi (n=23) groups.

PRE POST GEE
(mean + (mean + A (95%CI) p P P Cohen's d
SD) SD) time group group*time
SBP 24h (mmHg)
Morb 117+7 118+ 7 1 (-2to4)
Multi 122+9 123+ 10 1 (-2to3) 027 0.05 083 0.05
SBP awake (mmHg)
Morb 119 +8 120+ 7 1 (-2to3)
Multi 123 +8 124+ 10 1 (-2 to 3) 057 0.10 099 0.01
SBP sleep (mmHg)
Morb 108 +£9 111 +£12 3(-3t09)
<

Multi 119+ 13 119+ 12 2(-4to05) 029 <0.01 0.52 0.01
ARYV SBP (mmHg)
Morb 121+£62 11.6+£6.7 -0.4(-4.6t03.6)

. . . A
Multi 11.6+£3.5 126+52 1.0(-1.3t03.4) 083 0.9 0.53 019
SDdn SBP (mmHg)
Morb 11.7+£2.9 11.7+3.0 0(-1.6to 1.6)
Multi 126+29 12.1+25 -0.5 (-2 to 1.0) 0.68 035 0.68 0.14
DBP 24h (mmHg)
Morb 75+5 75+£5 03 (-1t02)
Multi 74 £ 10 75+ 10 1 (-1to3) 047 0.72 0.79 0.05
DBP awake (mmHg)
Morb 77£6 78 £5 0.3(-2t02)
Multi 76 £9 76 £ 10 -0.5(-3t02) 084 055 0-59 0.16
DBP sleep (mmHg)
Morb 66 £7 67+8 0.3 (-4to04)

. 21 . .01
Multi 70 £13 70+ 11 0.3(-3to4) 083 0 0.98 0.0
ARV DBP (mmHg)
Morb 97+8.6 10655 1.0(-3.3t05.3)
Multi 85+25 109449 24(0.6t04.2) 0.74 015 0-55 0.19
SDdn DBP (mmHg)
Morb 9.1+2.38 92+1.9 0.1 (-1.1to 1.4)
Multi 9.6+2.5 96+1.8 -0.1(-1.2to1.1) 049 0.90 0.84 0.07
PTT (s)
Morb 524+79 51.6+69 -0.8(-2.2t00.6)

. . A .
Multi 479+50 485+6.6 0.8(-0.9t02.5) 089 0.07 0.18 0.37
PWV(m/s)
Morb 95+14 96+14 0.1 (-0.2t00.4)
Multi 10512 104+1.7 -0.2(-0.6t00.2) 0.74 0.04 0.26 0.28

SBP: systolic blood pressure; DBP: diastolic blood pressure; ARV: assessed as average real
variability; SDdn: standard deviation at day and night; PTT: pulse transit time; PWV: pulse

wave velocity.
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Table 5. Scores of climacteric symptoms obtained from menopause rating scale — MRS and
cervantes scale — CS before and after aerobic exercise training in the Morb (n=18) and Multi

(n=23) groups.

Pre Post

(mean (mean A (95%CI) till:le gr(I))up inlt)er Cohen's

+SD) +SD) d
CS - Total score
Morbidity 50£22 52423 3(-7toll) 031 0.80 0.09 0,57
Multimorbidity 5718 47+19 -10(-20to 1)
CS - Couple relationship
Morbidity 4+5 4+4 -1 (-2to-1) 0.05 0.36 0.65 0
Multimorbidity 6 +5 5+5 -1 (-2t0 0)
CS - Sexuality
Morbidity 9+5 9+6 0(-2t02) 0.43 0.22 0.35 0.22
Multimorbidity 12+5 10£6 -1(-3to1) ’
CS - Psychological
Morbidity 12+9 12+11 0(-1to2) 026 0.86 011 0.53
Multimorbidity 12+9 10+7 -3 (-6 t0 0) ’
CS - Menopause and health
Morbidity 2513 23+12 -1(3t00) 0.21 0.52 0.92 0.15
Multimorbidity 27+8 25+11 -2(-5to2)
MRS - Total score
Morbidity 15+£9 12+7 -3(-5t00) ~0.01 0.29 0.66 0
Multimorbidity 18+8 15+7 -3 (-6to-1)
MRS - Somatovegetative
Morbidity 5+£3 4+2 -1 (-2t0 0) ~0.01 0.69 0.96 0
Multimorbidity 6+ 3 5+8 -1 (-2 t0 0)
MRS - Urogenital
Morbidity 3+3 3+£2 0(-2to1) 0.10 0.08 0.81 0.35
Multimorbidity 5 +3 4+£3 -1 (-2t0 0)
MRS - Psychological
Morbidity 7+5 5+3 -2 (-2t0 0) ~0.01 0.47 0.91 0
Multimorbidity 8+4 6+4 -2 (-3 t0 0)

Morb: morbidity group; Multi: multimorbity group; CI: confidence interval; GEE: generalized
estimating equation. Values expressed as mean and standard error.

DISCUSSION

Our study analyzed the effects of 12-week aerobic training on cardiometabolic risk

factor body composition, lipid and glucose indexes, ambulatorial blood pressure and its

variability, arterial stiffness, and climacteric symptoms in postmenopausal women with and

without cardiometabolic multimorbidity. Our main findings were that only women with
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multimorbidity improved body composition and climacteric symptoms after aerobic training,
but no other changes in ambulatorial blood pressure responses, arterial stiffness or in lipids and
glycemic indexes were found in both groups. Moreover, as expected, women in Multi group
had worse health cardiometabolic risk factors than Morb group. So, it appears that having two
or more chronic cardiometabolic conditions affect all health parameters, regardless of the
specific combination of these diseases (hypertension, diabetes, dyslipidemia, obesity) and that
12 weeks of aerobic exercise training, despite improving body composition and climacteric
symptoms in these women, were not able to improve other important cardiometabolic risk
factors.

Patients with multimorbidity benefit from regular aerobic exercise through improved
health-related quality of life, improved physical function, reduced body composition,
symptoms of anxiety and depression, arterial pressure and stiffness, in addition to therapy with
exercise is not associated with an increased risk of adverse events (Bricca et al., 2020; Park et
al., 2021). Moderate-intensity aerobic exercise may be superior than other kinds of exercises
in achieving cardiovascular benefits in postmenopausal hypertensive women, including
improvements in blood pressure, autonomic tone, baroreflex sensitivity, oxidative stress, NO
bioavailability, lipid abnormality, cardiovascular function, and cardiorespiratory fitness (Y. Y.
Lin & Lee, 2018).

The practice of physical exercise is well established as an adjuvant therapy in the
treatment of chronic cardiometabolic diseases addressed in this study (hypertension, diabetes,
dyslipidemia and obesity) and share several pathophysiological mechanisms, such as:
inappropriate activation of the renin-angiotensin-aldosterone system, systemic inflammation,
inefficient insulin vasodilation, increased activation of the sympathetic nervous system,
oxidative stress secondary to excessive production of reactive oxygen species (Muniyappa &
Sowers, 2012). Therefore, the effects and magnitude of the response to aerobic training may
depend on which system is functioning impaired, regardless of the coexistence of specific
individual diseases acting on the impaired mechanisms, preventing the worsening of health
status and the appearance of other comorbidities.

Obesity is the main risk factor for many chronic diseases, and a two-percentage point
increase in mean BMI can reduce average life expectancy by 1 year (Stewart et al., 2009). On
the other hand, weight loss reduces all-cause mortality, mortality from cardiovascular disease,
and every kilogram of weight lost reduces the risk of developing diabetes by 16%(Hamman et
al., 2006; Ma et al., 2017). In our study, aerobic training for 12 weeks proved to be efficient to

change body composition, with a greater response in the group with multiple cardiometabolic
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diseases in waist circumference (A =-1 (-3 to -0.1) cm), body mass index (A =-0.6 (-1 to -0.1)
kg), fat mass (A = -1.8 (-2.5 to -1.2) kg), fat % (A = -2 (-3 to -1) %) and increased lean mass
(A =1.1(0.5to 1.6) kg). Therefore, exercise proves to be an extremely important tool to help
maintain this health parameter.

In the study by Cho et al. (Cho et al., 2020), with a multimorbid population (with a
mean of 2.9 number of metabolic abnormalities - including HT, T2DM and DLP) they found
results and similar magnitudes to those found in our study in 12 weeks of intervention, in the
reduction of body mass and fat, but without responses in blood pressure and lipid and glucose
profile. The reduced magnitude of weight loss may explain the absence of metabolic changes,
requiring a body weight loss greater than 5% for metabolic benefits(Franz et al., 2015).

In order to have metabolic benefits and a reduction in cardiovascular risk and mortality,
in addition to the magnitude of body weight loss, the location of this fat also seems to be
important, showing differences between genders (Christensen et al., 2018). In the study by
Abdelaal and collaborators (Abdelaal & Mohamad, 2015) with a similar training protocol (12
weeks and intensity of 65 to 75% HR reserve) to our study (with obesity, hypertension and
diabetes), they found changes in body composition, with a reduction in BMI by 7% and 6% in
waist circumference (WC), a magnitude of reduction slightly greater than in our study, of 3%
in WC. This may be related to the composition of the sample, composed of men and women
and characterized in its entirety with obesity, while in our study 70% are obese, have lower
average initial body mass and only postmenopausal women. Studies have shown that there are
sex-specific differences in body composition, energy balance, and glucose homeostasis can be
explained by differences in sex steroid hormone concentrations, as seen in the menopause
period, where the impact of low estrogen concentrations modifying cardiometabolic risk
factors (Goossens et al., 2021).

Although we did not find an improvement in the lipid profile, exercise is an important
tool for the treatment and prevention of dyslipidemia, with a degree of recommendation I and
level of evidence A, and compared to drugs, it is easier to perform and has fewer side effects
(Faludi et al., 2017; Wang & Xu, 2017). The mechanism of exercise-induced lipid changes is
unclear, but some pathways are elucidated, such as increased blood lipid consumption due to
exercise, decreasing blood lipid levels. In addition, there has been discussion about the increase
in the activity of lipoprotein lipase (LPL), the enzyme responsible for hydrolyzing triglyceride
molecules and functional modifications, which result in the improvement of the functioning of

HDL and LDL, with increased resistance to LDL oxidation, induction of paraoxonase



118

production, modifications of HDL2 and HDL3, and increased cholesterol efflux (Faludi et al.,
2017; Wang & Xu, 2017).

Climacteric and quality of life symptoms in menopause

Multimorbidity affects the performance of daily activities and the quality of life of
individuals, especially women, with less education and overweight (Makovski et al., 2019;
Shad et al., 2017). Factors such as complications of the disease, adherence to treatment, effects
of medications, when associated with changes resulting from menopause, can enhance the
effects on the health-related quality of life of this population. In our study, women in the Multi
group had symptoms classified as vigorous (18+1 points) on the MRS and decreasing to
moderate (14+£1 points) after 12 weeks. There was an improvement, albeit subtle, in symptoms
in the couple relationship, somatovegetative, psychosocial and total score domains in both
groups.

Therefore, climacteric women affected by multiple chronic cardiometabolic diseases
seem to have more intense climacteric symptoms, however, exercise seems to be beneficial for
both groups, acting to alleviate symptoms regardless of the number of chronic diseases
(Bucciarelli et al., 2021; del Carmen Carcelén-Fraile et al., 2020). Although the results about
the effect of exercise on quality of life are limited and have several assessment scales, according
to one meta-analyses, the effects are positive and more well-structured clinical studies are

needed for specific analyzes of climacteric symptoms (Nguyen et al., 2020).

Ambulatory blood pressure and BPV

Our exercise training protocol did not change ambulatory blood pressure levels, and
similar results were observed in one study with a population with hypertension (Mariano et al.,
2020) and peripheral arterial disease (Chehuen et al., 2021). But different to our results this
study showed improvement in BPV after 12 weeks of walking exercises.

Changes in blood pressure are reflections of the modulation of the autonomic system,
so it is coherent that changes in this mechanism occur in advance, like BP, and that they can
explain the results obtained. Changes in BPV are clinically important, as they are closely
correlated with end-organ damage and increased cardiovascular events, regardless of absolute
BP levels (Parati et al., 2018). The number of drugs and the class of antihypertensive drugs
seem to influence the parameters of BVP, with monotherapy and use of calcium channel
blockers being the class, factors associated with better BVP (De La Sierra et al., 2021;

Sogunuru et al., 2019). In our study, polypharmacy associated with the low use of this class
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may contribute to the deleterious effect of the coexistence of chronic diseases in this group,
which, despite similar blood pressure values, has different BPV parameters.

The MULTI group had higher values of double product (data non shown) of 24h and
sleep, as indicative of greater cardiac effort in this population with multiple chronic diseases
when compared to the MORB group, and the 12-week aerobic training reduced with greater
magnitude (-554 vs -140mmHg/bpm) the double product of awake. The magnitude of the
double product response seems to be accompanied by the blood pressure response, but not only
for this reason, since in addition to the excluded HT without control, the NT without control of
other hemodynamic parameters, also extra double product response even if lower magnitude
(HT =-1640, NT = -110mmHg bpm) (Coelho-Junior et al., 2018), as well as in a study, even
though baseline BP values were equal and classified as normal, with greater reductions in the
MULTI group. Factors such as training time and greater cardiac impairment may be related to
a greater or lesser adaptive response of the myocardium to exercise.

Increased arterial stiffness is characteristic of the aging process, in which there is the
formation of atheromatous plaques (atherosclerosis), however, its process is enhanced when
associated with risk factors such as high blood pressure, diabetes and dyslipidemia (Schiffrin
et al., 2015). In our study, the Multi group defines mean baseline PWYV value greater than 10
m/s, (10.5 vs. 9.5 m/s) demonstrating an increased risk of cardiovascular events, and a
reduction of 0.2m/s after training. Better results were observed in studies with aerobic training
lasting more than 10 weeks, with higher intensity and lower volume and impact affected more
peripheral indices of the centrals, with a reduction of 0.6m/s (Ashor et al., 2014).

Previous studies have shown that each 1m/s increase in PWV is associated with 12 to
14% of cardiovascular events and 13-15% of CVD mortality (Vlachopoulos et al., 2012).
Therefore, the effects of aerobic exercise on the maintenance of long-term PWV values are
already being obtained for this high-risk population, as it acts on both passive and active
components, which lead to arterial stiffness, with mechanical effects, metabolic,
neurohormonal and anti-inflammatory drugs (Y.-Y. Lin & Lee, 2018; Matsubara et al., 2013).
Even though reductions in blood pressure are important in reducing vessel tension, the effects
of exercise can occur independently of reductions in blood pressure, determined by lipids, or

weight loss (Madden et al., 2009).

Strengths and limitations
This study has limitations, including the relatively small sample size, short duration of

follow-up. Although the effectiveness of aerobic training can be assessed after 12 weeks in
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most studies (Bricca et al., 2020), a longer period (24-48 weeks) with more repeated measures
is recommended. The selection bias may have occurred because the main means of
dissemination were the social media and, in addition, the participants who were interested who
sought the research center, which may limit access to other populations, therefore, they cannot
be generalized to all types of patients with multimorbidity.

The novelty and strengths of this study are the following: (1) we approach the
population with cardiometabolic multimorbidity, as recommended by other authors, using
disease patterns (MacMahon & The Academy of Medical Sciences, 2018; Xu et al., 2017b),
(2) we present evidence of several cardiometabolic parameters on the effect of exercise,
assessing health status more broadly, (3) we collected and evaluated the gold standard results
of arterial stiffness, ambulatory blood pressure, and blood tests that ensure the condition of this
population, (4) this study also provided guidance for future research, as the fact that a short 3-
month intervention produced a decrease, even if relatively small, in body composition and
cardiovascular parameters suggests that larger exercise studies in this high-risk group are
feasible and may be able to demonstrate induced improvements training with longer duration
interventions. An integrated aerobic exercise training program with a multidisciplinary team
can be used to initiate health promotion campaigns that revolve around patient-centered care,
regardless of the specific combination of diseases. In addition, further studies focusing on
multimorbidity disease patterns should be carried out, so that future guidelines can be

formulated to guide interventions in this population.

CONCLUSION

Twelve weeks of aerobic exercise training may improve body composition and
climacteric symptoms in women with multimorbidity of cardiometabolic diseases, but was not
enough to change other cardiometabolic risk factors such as ambulatory blood pressure
responses in 24h, arterial stiffness, or lipids and glycemic indexes which is extremely important
for individuals with multimorbidity to prevent the progression and worsening of the general

health of this population.
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Body composition and anthropometry Power
Waist Circunference (cm) 0.96
Hip Circunference (cm) 0.09
Abdominal Circunference (cm) 0.51
Body Mass (kg) 0.95
Fat Mass (kg) 0.99
Fat Mass (%) 0.99
Lean Mass (kg) 0.99
Lipid and Glycemic indexes

HbAlc (%) 0.51
Fasting plasma glucose (mg/dL) 0.61
Insulin (microUl/mL) 0.61
Total Colesterol (mg/dL) 0.36
HDL (mg/dL) 0.05
LDL (mg/dL) 0.99
Triglycerides (mg/dL) 0.85
ABPM, BPV and arterial stiffness

SBP 24h (mmHg) 0.06
SBP awake (mmHg) 0.05
SBP sleep (mmHg) 0.05
ARV SBP (mmHg) 0.20
SDdn SBP (mmHg) 0.14
DBP 24h (mmHg) 0.05
DBP awake (mmHg) 0.16
DBP sleep (mmHg) 0.05
ARV DBP (mmHg) 0.20
SDdn DBP (mmHg) 0.07
TTP (s) 0.66
PWV (m/s) 0.41
Climateric symptoms

CS - Total score 0.94
CS - Couple relationship 0.05
CS - Sexuality 0.28
CS - Psychological 0.90
CS - Menopause and health 0.14
MRS - Total score 0.05
MRS - Somatovegetative 0.05
MRS - Urogenital 0.56
MRS - Psychological 0.05

SBP: systolic blood pressure; DBP: diastolic blood pressure; ARV: average real variability;
SDdn: standard deviation at day and night; TTP: transit time pulse; PWV: pulse wave velocity;

MRS: menopause rating scale; CS: Cervantes scale.



