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Apresentacio

A obesidade ¢ uma doenca cronica ndo transmissivel caracterizada pelo acumulo
excessivo de gordura, o qual pode ser desenvolvido por questdes genéticas e ambientais. Os
fatores ambientais relacionados ao desequilibrio energético sdo os mais importantes para levar
essa doenga a um nivel epidémico no mundo, sobressaindo a desnutrigdo e a fome no século
XX1, e ¢ um dos principais motivos para as mortes prematuras. Sendo por essa razao um dos
maiores desafios da atualidade em saude publica. Estima-se que um ter¢o da populacao
mundial esteja com sobrepeso e/ou obesidade, representando 39% dos homens e 40% das
mulheres. No Brasil, a condi¢do epidémica nao ¢ diferente, pois ele ocupa o quinto lugar entre
os paises com maior indice de obesidade. Nos ltimos 11 anos o sobrepeso e a obesidade t€ém
aumentado, independentemente da regido geografica brasileira, mesmos em Estados que até a
década de 90 apresentavam um alto indice de desnutricao.

Outra doenca cronica ndo transmissivel tdo incidente quanto a obesidade ¢ o cancer, o
qual se caracteriza por uma proliferacdo descontrolada de células anormais em um ou mais
tecidos corporais, levando a faléncia do 6rgao ou a morte do paciente. Dentre todos os tipos da
doenca que acometem homens e mulheres, o cancer de maior prevaléncia no mundo ¢ o de
mama em mulheres. No sexo feminino, o cancer de mama representa cerca de 25% dos casos
de cancer no senario mundial. No Brasil, estimou-se para 2016-2017, que 28,1% dos casos de
cancer em mulheres seriam de mama. As regides brasileiras com maior ocorréncia desse tipo
de cancer sdo as regides Sul, Sudeste e Centro-Oeste.

Tanto na obesidade quanto no cancer acontecem alteragdes fisiopatologicas que podem
alterar a funcionalidade das membranas bioldgicas. A estabilidade da membrana celular esta
principalmente relacionada as proteinas que compdem sua estrutura. Entretanto, a membrana
plasmatica também é composta por um grande percentual de lipidios. Assim, a estabilidade das
membranas pode ser alterada tanto por danos causados as proteinas quanto aos lipidios de sua
membrana. No estudo da estabilidade das membranas bioldgicas, o eritrocito ¢ um modelo
pratico, por ser obtido de forma pouco invasiva e pela liberacdo de hemoglobina que facilita
analise apos sua lise.

Analisar a estabilidade da membrana do eritrocito nessas doencas ¢ importante, pois
pode apresentar informagdes ainda desconhecidas da fisiopatologia da obesidade e do cancer
de mama e contribuir para proporcionar um melhor manejo, tratamento e qualidade de vida dos

pacientes.
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Capitulo 1

Fundamentac¢io Teorica
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Obesidade

As mudangas sociais, que estdo relacionadas com os padrdes de consumo alimentar,
nivel de atividade fisica, mudangas culturais e demograficas, influenciam o comportamento
humano de varias formas, podendo levar a obesidade. A génese da obesidade compreende
fatores genéticos e ambientais, sendo que na populagdo em geral os fatores comportamentais
ou ambientais sdo os mais importantes. Dessa maneira, a origem patoldgica da obesidade esté
relacionada a uma desregulacdo entre a ingestdo de alimentos e o gasto energético, que levam
ao ganho de peso por influenciar o equilibrio energético diario. Conforme os principios da
homeostase energética, uma diminui¢ao no gasto de energia em um contexto de equilibrio
energético poderia levar a um aumento do peso. Entretanto, existem fenotipos metabodlicos
diferentes, considerados como ‘“dispendiosos” ou “econdmicos”, que sdo resultantes de
mecanismos de detec¢do de energia ligados ao gasto energético e a ingestdo de alimentos,
tornando a obesidade uma doenga complexa e de origem multifatorial [1, 2].

Por esse motivo, a obesidade ¢ um dos maiores desafios de saude publica do século
XXI, pois pode afetar diversas areas da vida, ocasionando alteragdes sistémicas, anatomicas,
funcionais, psicologicas e sociais. De acordo com a Organiza¢do Mundial de Satde (OMS)[3],
o sobrepeso e a obesidade sdo o “actimulo de gordura anormal ou excessiva que apresenta risco
para a saude”, sendo considerados os maiores fatores de risco de doengas cronicas nao
transmissiveis como diabetes mellitus tipo 2, doencas cardiovasculares, hipertensao, acidente
vascular encefalico isquémico, asma, apneia do sono, distiirbios musculoesqueléticos e cancer
(do endométrio, da mama, do ovario, da prostata, do figado, da vesicula biliar, do rim e do
colon), além de serem os principais contribuintes para mortes prematuras. Sendo assim, o
excesso de peso e a obesidade sao considerados um problema tanto em paises de alta renda,
com em paises de baixa e média renda, principalmente nas areas urbanas [3-5].

Em 2016, em todo mundo, 39% dos homens ¢ 40% das mulheres com mais de 18 anos
de idade estavam com sobrepeso e 11% dos homens e 15% das mulheres eram obesas. Deste
modo, quase 2 bilhdes (1,9 bilhdes) de adultos tinham excesso de peso e mais de meio milhao
(650 milhdes) eram obesos [4, 5]. Nas Américas o sobrepeso € a obesidade tém atingido
proporcdes epidémicas, onde 62% dos adultos estdo acima do peso, sendo a regido da OMS
com maior prevaléncia de sobrepeso e obesidade. No Egito, Bahrein, Jordania, Kuwait, Ardbia
Saudita e Emirados Arabes Unidos, que fazem parte da regido do mediterraneo oriental, a
prevaléncia de sobrepeso e obesidade varia de 74% a 86% nas mulheres e de 69% a 77% nos

homens [3].
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Na recente pesquisa de Ng et al. (2014)[6], em que eles analisaram mais de trés décadas
e 188 paises (sendo o Brasil um desses paises), foi relatado que em torno de um ter¢o da
populagdo mundial estd com sobrepeso e/ou obesidade. Esses dados nos mostram que
atualmente ha mais pessoas obesas que pessoas com baixo peso no mundo. Cinquenta por cento
dos obesos do mundo estao concentrados em dez paises. Os Estados Unidos da América (EUA)
estdo em primeiro lugar na lista, em segundo lugar esta a China e em terceiro a India, sendo
seguida pela Russia, Brasil, México, Egito, Alemanha, Paquistdo e Indonésia. Segundo os
autores, em 2010 o niumero de mortes, causadas por dia pela doenga no mundo, foi de
aproximadamente 8.220.

No Brasil, o sobrepeso e a obesidade vém crescendo assim como nos outros paises do
mundo. Apds uma andlise de todas as pesquisas realizadas pelo Ministério da Satude (MS)
através da vigilancia de fatores de risco e protecdo para doencas crénicas por inquérito
telefonico (VIGITEL), dos tltimos 11 anos foi observado que o excesso de peso e de obesidade
tém aumentado e hd uma alternancia entre as capitais que apresentam os menores € maiores
percentuais de excesso de peso e obesidade no Brasil (Tabela 1.1 e 1.2) [7-17].

De acordo com as cinco regides geograficas do Brasil, apenas o Nordeste ndo
apresentou nenhuma capital com habitantes entre os maiores percentuais de excesso de peso
de 2006 a 2016. Em contrapartida, em todas regides brasileiras, j& houve pelo menos uma
capital com o maior percentual de individuos com obesidade, em pouco mais de uma década
(Tabela 1.2) [7-17].

Conforme a pesquisa mais recente da VIGITEL realizada em 2016 [17], que
contemplou as 26 capitais brasileiras e o Distrito Federal, com um tamanho amostral minimo
de aproximadamente 2 mil pessoas por cidade, e um total de 53.210 entrevistas, a variagao do
excesso de peso em homens brasileiros foi de 50,6%, no Distrito Federal, a 65,8% em Rio
Branco, no estado do Acre (AC), e entre as mulheres a variagdo foi de 41,7%, em Palmas, no
estado do Tocantins (TO) a 55,8%, em Rio Branco (AC). No que se refere a obesidade entre
0s $exo0s, a variagdo entre as capitais foi de 24,8%, em Rio Branco (AC), a 12,5%, em Sao Luiz,
no estado Maranhao (MA) entre os homens e de 22,8%, em Rio Branco (AC), a 14,5%, em
Goiania, no estado de Goias (GO). A capital do estado de Minas Gerais (MG), Belo Horizonte,
apresentou um excesso de peso de 49,6% e 16,6% de obesidade. No que diz respeito ao sexo,
52,7% dos homens e 46,9% das mulheres estavam com sobrepeso em Belo Horizonte (MG).
Quanto a obesidade, 14,9% dos homens ¢ 18,0% das mulheres entrevistados em Belo Horizonte

(MG) estavam obesos.
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Em todas as pesquisas realizadas pelo MS do Brasil, de 2006 a 2016 [7-17] ficou
evidente que quanto menor a escolaridade maior o percentual de pessoas com sobrepeso e
obesidade. O excesso de peso entre as pessoas com até 8 anos de escolaridade, em 2016, foi de
59,2% e entre as pessoas com mais de 12 anos de estudo o percentual foi de 48,8. A obesidade
nos entrevistados com até 8 anos apresentou um percentual de 23,5, enquanto que entre os
entrevistados com 12 anos ou mais de escolaridade o percentual foi de 14,5 [17].

Quanto a faixa etaria, os adultos que apresentam menor percentual de sobrepeso sao os
que estdo entre 18 e 24 anos de idade, tanto em homens quanto em mulheres. Nessa faixa etaria,
30,3% dos entrevistados estavam com excesso de peso. J& nas faixas etarias acima de 24 anos,
todas tinham mais de 50% dos entrevistados com sobrepeso. Da mesma forma, a faixa etaria
menos obesa foi a de 18 a 24 anos de idade, com menos de 10% dos entrevistados. Todas as
outras faixas etarias maiores que 24 anos tinham mais de 15% de obesos [17].

O sobrepeso e a obesidade sdo classificados a partir do indice de massa corporal (IMC)
ou indice de Quételet, pois sua formula foi criada pelo mateméatico Lambert Adolphe Jacques
Quételet, que divide a massa corporal em quilogramas pela altura em metros elevada ao
quadrado, ou seja, IMC = massa corporal (kg) = Altura (m)?. Esse indice ¢ utilizado pela OMS
desde 1997 para estadiar o sobrepeso e a obesidade (Tabela 1.3) [18-20].

Cancer

Uma das principais causas de morbidade e mortalidade na atualidade ¢ o cancer, pois
afeta populacdes de todas as regides e em todos os paises do mundo. Em 2012, houve
aproximadamente 14,1 milhdes de novos casos e 8,2 milhdes de mortes relacionadas ao cancer.
Em 2011, 8,7 milhdes de pessoas, com mais de 15 anos de idade, ja tinham sido diagnosticadas
com cancer. De 2009 a 2012 e de 2007 a 2012, mais de 22,0 milhdes e de 32,6 milhdes de
pessoas tiveram diagnostico de cancer, respectivamente. No mundo, os tipos de cancer mais
ocorrentes foram o de pulmao (1,82 milhao de casos, 12,9% do total), o0 de mama (1,67 milhdo
de casos, 11,9% do total), o de colorretal (1,36 milhdo de casos) e de prostata (1,1 milhdao de
casos), sendo esperado anualmente mais de 20 milhdes de novos casos ja em 2025 [21, 22].

Entre os homens, em 2012, os canceres mais comuns no mundo foram o de pulmao com
16,7% do total, de prostata (15,0%), de colorretal (10,0%), de estomago (8,5%) e de figado
(7,5%). Entre as mulheres, os mais comuns foram o cancer de mama com 25,2% do total, de

colorretal (9,2%), de pulmao (8,7%), de colo de utero (7,9%) e de estdmago (4,8%). A
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incidéncia de cancer de mama nas mulheres foi maior do que a incidéncia de qualquer outro
tipo de cancer, com uma incidéncia de 43,3 para cada 100 mil mulheres. A segunda maior
incidéncia de cancer ¢ o de pulmao, com 34,2 para cada 100 mil homens, e a terceira ¢ de
cancer de prostata, com uma incidéncia de 31,1 por 100 mil homens [21, 22].

Excluindo o cancer de pele ndo melanoma, mas combinando todos outros tipos de
cancer, no ano de 2012 as taxas mais altas de incidéncias de cancer estdo relacionadas aos
paises desenvolvidos da América do Norte, da Europa Ocidental, Japao, Republica da Cor¢ia,
Australia e Nova Zelandia. Porém, mais de 60% dos casos de cancer no mundo ocorrem na
Africa, Asia e nas Américas Central e do Sul, representando aproximadamente 70% (8 milhdes)
das mortes causadas por cancer em todo mundo [22]. No ranking de mortalidade, o cancer de
pulmao foi responsavel por 1,6 milhdo (19,4%) de mortes, sendo o que mais causou mortes
entre todos os tipos de cancer, enquanto que, o cancer de mama ocupou a 5 posi¢ao, com 522
mil mortes, que equivalem a 6,4% do total das mortes causadas por cancer no mundo. Essa
“baixa” ocorréncia de mortalidade por cancer de mama, quando comparada com sua incidéncia,
se deve a um prognostico relativamente favoravel. Porém, o cancer de mama ¢ a causa mais
frequente de morte entre as mulheres das regides menos desenvolvidas do mundo,
representando 324 mil (14,3%) do total de mortes, e ¢ a segunda causa de morte, entre as
mulheres acometidas pela doenga, nas regides mais desenvolvidas (198 mil mortes, 15,4%)
[21].

Na América Latina e na regidao do Caribe, foi estimada para 2012 uma incidéncia de 1,1
milhdo de novos casos de cancer, com exce¢do do cancer de pele ndo melanoma. Desses, cerca
de 530 mil novos casos de cancer que foram estimados para o sexo masculino, o mais frequente
foi o de prostata (com 152 mil, que representa 28,6% dos casos), acompanhado pelo cancer de
pulmao (9,8%) e de colorretal (8,0%). Nas mulheres, dos 560 mil novos casos, os tipos de
cancer mais ocorrentes foram o de mama, com 152 mil (27%), seguido pelos canceres de colo
do utero (12,2%) e de colorretal (7,9%) [21]. No Brasil, foi estimada uma incidéncia de
aproximadamente 600 mil novos casos de cancer no biénio 2016-2017, onde cerca de 180 mil
desses novos casos de cancer seriam de pele nao melanoma [23]. A incidéncia brasileira de
novos casos ¢ semelhante a incidéncia das regides da América Latina e do Caribe, onde os
canceres mais frequentes no biénio 2016-2017 por 100 mil habitantes, sdo o de prostata, com
61.200 mil casos, entre homens e o de mama (57.960 mil) entre as mulheres. Excluindo o
cancer de pele ndo melanoma, os cinceres de prostata (28,6%), de traquéia, de bronquio e de
pulmao, com 17.330 mil casos (8,1%), e de colon e reto, com 16.660 mil (7,8%) casos, sao os

que apresentam maior ocorréncia entre os homens brasileiros. Nas brasileiras, 28,1% (57.960)
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dos casos sdao de cancer de mama, 8,6% (17.620 mil casos) de cancer de colon e reto € 7,9%
(16.340 mil casos) de cancer de colo do tutero [23].

Na regiao Sudeste do Brasil, para cada 100 mil habitantes, foi estimado que nos homens
26,9% (25.800 mil) dos casos de cancer seriam de prostata, seguido do cancer do célon e reto
com 10,5% (10.040 mil) e dos canceres de traquéia, bronquio e pulmao, com 8,2% (7.870 mil).
Com 29.760 mil (30,3%) dos casos de cancer em mulheres, o cAncer de mama ¢ o principal,
em segundo lugar, com 9.910 mil casos (10,1%), esta o cancer do colon e reto e em terceiro
lugar, com 4.940 casos (5,0%), o cancer do colo do utero. No estado de Minas Gerais a previsao
para 2016-2017 ¢ de 5.160 mil novos casos de cancer de mama para cada 100 mil mulheres
[23].

A taxa de incidéncia estimada de cancer de mama, por 100 mil mulheres em 2016-2017,
varia entre os estados brasileiros. Nos estados do Acre, Amapa, Amazonas, Maranhao, Para,
Rondonia e Roraima, a variagdo ¢ de 14,93 a 26,52; de 26,53 a 42,55 nos estados de Alagoas,
Bahia, Paraiba, Piaui, Sergipe e Tocantins; de 42,46 a 57,95 nos estados do Ceara, Espirito
Santo, Goias, Mato Grosso, Minas Gerais, Pernambuco e Rio Grande do Norte; e de 57,96 a
91,25 nos estados do Mato Grosso do Sul, Parana, Santa Catarina, Rio de Janeiro, Rio Grande
do Sul, Sao Paulo e no Distrito Federal [23]. Desconsiderando os tumores de pele ndo
melanoma, o cancer de mama também ¢ o mais frequente nas mulheres das regides Nordeste,
com 38,74 casos por 100 mil mulheres, Centro-Oeste (55,87/100 mil), Sudeste (68,08/100 mil)
e Sul (74,30/100 mil). Apenas na regido Norte o cancer de mama nao se apresenta como 0 mais
ocorrente entre as mulheres, porém ele ocupa a segunda posicao entre os canceres mais comuns
nas mulheres dessa regido com 22,26 casos a cada 100 mil mulheres [23].

Em relagao a etiologia da doenga, o cancer ¢ consequéncia de um continuo aumento de
células anormais, oriundas de um tecido normal apds um estimulo, como reagdes fisiologicas
espontaneas ou por agentes carcinogénicos, que podem modificar a estrutura do acido
desoxirribonucléico (DNA) [24]. As células danificadas passam por modificagdes
mutagénicas, podendo acometer e ativar genes especiais conhecidos como proto-oncogenes,
que se convertem em oncogenes causadores da malignizagdo das células normais. A medida
que as c¢lulas cancerigenas substituem as células normais, os tecidos que foram invadidos
passam a ter disfunc¢des nas suas atividades, podendo levar a falha do 6rgao ou até mesmo a
morte [25].

De forma especifica, o cancer de mama (CM) apresenta mutacoes nos genes BRCA1 e
BRCAZ2, que sdo os causadores da proliferagdao desordenada e anormal das células do tecido.

No CM as mutagdes podem ser causadas inicialmente nos ductos mamarios de tamanho médio,
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nos ductos terminais e nos 16bulos, sendo caracterizados como carcinoma ductal infiltrante e
carcinoma lobular infiltrante, quando invasivo, e carcinoma ductal in situ ou carcinoma lobular
in situ, quando nao ha infiltracdo de células, ou seja, local. Em algumas circunstancias, o
crescimento tumoral no CM pode depender do estrogénio, pois esse hormdnio interage com 0s
receptores da mama, aumentando a proliferacdo e o crescimento celular tanto em células
saudaveis quanto em células tumorais [25-27].

A sobrevida das pacientes com CM ¢ aumentada pelos tratamentos e ou manejos atuais
da doenga, pois esses diminuem os riscos de mortalidade. De acordo com especificidade do
cancer e da individualidade de cada paciente sdo definidas as estratégias, que podem ser as
abordagens cirurgicas (radical ou conservadora), a linfadenectomia (esvaziamento axilar de
linfonodos), a radioterapia, a quimioterapia, a imunoterapia € a terapia anti-hormonal, dentre
outros [28, 29]. Alguns dos efeitos adversos da quimioterapia e da terapia anti-hormonal nos
pacientes com CM sdo a diminui¢do da contagem das células imunolédgicas, aumento dos niveis
de triglicerideos (TGC), diminui¢do da lipoproteina de alta densidade (HDL) e sobrepeso [30-
33].

O quadro clinico dos pacientes com CM, independentemente do tratamento/manejo da
doenga, como a intervengdo neoadjuvante, a cirurgia e a intervencdo adjuvante, existem
algumas complica¢des desagradaveis, dolorosas e até incapacitantes [34]. Essas complicacdes
podem ser apresentadas na forma de fadiga muscular [35], distirbios do sono [36], aumento do
processo inflamatorio [37], diminui¢ao da aptidao fisica [38], da massa magra [39], das fungdes

cardiovasculares [40] e da qualidade de vida [41].

Membranas Biologicas

As membranas biologicas sao complexos celulares formados por uma bicamada
lipidica, composta basicamente por fosfolipidios associados a outras moléculas, como
glicolipideos, colesterol e proteinas [42, 43]. Estas membranas celulares desempenham
diversas fun¢des como o transporte seletivo de substincias entre o meio intracelular e
extracelular, a adesdo a outras células, a captagdo de sinais internos e externos e a manuten¢ao
da integridade fisica das c¢lulas [44, 45].

Para manter sua integridade fisica, as membranas devem ser capazes de se manterem
integras, diante dos diversos fatores e condi¢des que podem promover alteragdes desfavoraveis

a sua estrutura, através de uma propriedade definida como estabilidade. Esta propriedade ¢
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desempenhada principalmente pelas proteinas de membranas associadas ao citoesqueleto, que
sdo classificadas em proteinas periféricas e integrais, onde as proteinas periféricas estdao
voltadas para a parte interna e/ou externa da membrana e as proteinas integrais penetram ou
transpdem a bicamada lipidica e interagem com a fragao hidrofobica das moléculas de lipidios
[44, 46-50].

A membrana plasmatica dos eritrocitos ¢ composta por aproximadamente 52% de
proteinas, 40% de lipidios e 8% de carboidratos [51]. O colesterol, a fosfatidilcolina, a
fosfatidiletanolamina, a esfigomielina e a fosfatidilserina representam respectivamente 25%,
25%, 22%, 18% e 10%, dos lipidios constituintes da sua membrana [52]. Os eritrocitos sao
células biconcavas, anucleadas, incapazes de se reproduzir, com tempo de vida aproximado de
120 dias e basicamente compostas por hemoglobina, pois perderam suas organelas durante a
diferenciagao [53-55].

O eritrocito constitui um modelo primario para o estudo das membranas bioldgicas,
pelo fato dele ser desprovido de niicleo e organelas [52]. Além disso, os eritrocitos podem ser
considerados um modelo pratico de estudo das membranas bioldgicas, por serem obtidos
através de uma acdo minimamente invasiva e por apresentarem uma lise celular com a liberacao
de hemoglobina no meio, a qual pode ser facilmente quantificada por espectrofotometria na
regido visivel do espectro [56].

A composi¢dao quimica e estrutural da membrana, o volume, tamanho e forma dos
eritrocitos, o tipo e a quantidade de hemoglobina e a viscoelasticidade sao exemplos dos
diversos fatores e condi¢des que podem afetar a estabilidade da membrana dos eritrocitos
(EME) [57]. A EME pode ser alterada por variagdes fisiologicas como as variagdes pos-
prandiais, ou por doengas como as hemoglobinopatias, a presenca de hematozoarios, uremia,
cirrose, processos autoimunes, hepatopatias, insuficiéncia renal e dislipidemias [58-60]. Outros
fatores, como alteragcdes no pH, temperatura, idade, quantidade de O, e de CO; ¢ drogas
também afetam a EME [59, 61, 62].

A EME ¢ bastante estudada através da submissdo destas células em diferentes
gradientes de concentragdo de NaCl, teste denominado de fragilidade osmotica eritrocitaria
(FOE) [62-67]. A FOE permite entender o comportamento dos eritrocitos quando sio
submetidos a diferentes condi¢des de hipotonicidade, sendo mensurada através do teor de
hemoglobina liberada e medida pela absorvancia a 540 nm (As40) (Figura 1.1) [62-64, 66, 67].

A andlise da EME a partir do FOE ¢ uma técnica que avalia de forma termodinamica o
comportamento das membranas. Ja o teste de analise de hemolise através de uma abordagem

cinética, que ¢ derivada da FOE, permite avaliar a influéncia do tempo sobre a hemolise,
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podendo oferecer um melhor entendimento nao sé da alteragdo no estado final do processo,
comparado ao inicial, mas também do comportamento dos eritrocitos ao longo do tempo
quando submetidos a um estresse hipotonico [68].

Contudo, as alteragdes fisicas ou quimicas que podem acometer a estrutura destas
membranas estdo associadas a alteracoes na sua funcionalidade. Porém, a estabilidade e a
funcionalidade ndo seguem um padrdo linear de sentido absoluto, uma vez que, uma maior
estabilidade de membrana nem sempre estd associado a uma maior funcionalidade, uma vez
que, para garantir uma melhor funcionalidade, a membrana deve apresentar um nivel

necessario de estabilidade.

Membrana Eritrocitaria: Obesidade e Cancer

Até o presente momento apenas dois estudos [64, 69] analisaram a relagdo entre a
obesidade e a fragilidade osmotica dos eritrocitos de forma direta. De Arvelos e colaboradores
(2013)[64] verificaram que, em mulheres obesas apds serem submetidas a cirurgia bariatrica,
o aumento da hemoglobina levou a diminui¢ao da estabilidade de membrana dos eritrocitos,
possivelmente por um processo mediado pelo aumento no volume corpuscular médio (VCM).
Por outro lado, foi encontrado que a estabilidade de membrana dessas células varia diretamente
com a hemoglobina corpuscular média (HCM), provavelmente porque maiores valores de
HCM estao relacionados a menores contagens de eritrocitos [64].

Huss (2012) [69] verificou, em adolescentes obesos, o efeito de um programa de
tratamento multiprofissional sobre a relagdo da estabilidade de membrana eritrocitaria com as
variaveis sanguineas. Nesse estudo, com 44 adolescentes obesos (16 do sexo masculino e 28
do sexo feminino), ap6s cinco meses de tratamento multiprofissional que incluia orientagao
nutricional e psicologica e quatro sessdes semanais de 30 minutos de exercicios fisicos
aerobicos e resistidos, foi constatado um aumento na estabilidade da membrana de eritrocitos,
que foi conduzido pelo aumento na distribui¢do de volume das células vermelhas do sangue
(RDW) e provavelmente pela diminui¢ao nos niveis de hemoglobina glicada (Hb1 AC) [69].

Contudo, ndo ¢ possivel afirmar que essas alteracdes na estabilidade de membrana
eritrocitaria estejam relacionadas apenas a obesidade, uma vez que apds a cirurgia bariatrica os
pacientes sofrem uma restri¢ao alimentar que leva a um grande impacto sobre sua composi¢ao
sanguinea, assim como um tratamento multiprofissional com orientagdo nutricional,
psicologica e a pratica regular de exercicios fisicos também pode modificar a composi¢do do

sangue.
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No entanto, de forma indireta, podemos inferir que a obesidade por si sO, causaria
alteragdes na estabilidade de membrana dos eritrdcitos, uma vez que a obesidade ¢ uma doenca
que provoca, dentre outros problemas, dislipidemia e estresse oxidativo [70-73], sendo que, os
niveis de lipidios na corrente sanguinea influenciam a composi¢ao da membrana eritrocitdria e
suas propriedades fisicas e quimicas podem ser alteradas pelo excesso de colesterol [74-76].

De acordo com Feingold e Grunfeld (2015)[70], cerca de 50% a 60% das pessoas com
sobrepeso apresentam dislipidemia e de 60% a 70% dos obesos sdo dislipidémicos e quanto
maior o aumento do IMC maiores sdo as anormalidades no metabolismo lipidico, que incluem
niveis plasmaticos aumentados de triglicérides e de colesterol da lipoproteina de muito baixa
densidade (VLDL-C) e diminuidos do colesterol da lipoproteina de alta densidade (HDL-C).

O estresse oxidativo acontece devido a uma producao excessiva de espécies reativas de
oxigénio (EROs) ou pela diminuicdo das defesas antioxidantes. Na obesidade, o estresse
oxidativo ¢ um problema sistémico, pois ha um déficit antioxidante e uma formagao excessiva
de EROs, o que cria condi¢des para varios tipos de doencas (Figuras 1.2 e 1.3) [71-73].

As EROs podem ocasionar danos oxidativos as membranas celulares por terem uma
maior solubilidade nos lipidios que constituem a bicamada lipidica que na solugao aquosa, de
acordo com um processo conhecido como lipoperoxidagdo ou peroxidagao lipidica [77, 78], e
por reagirem com proteinas estruturais de membrana, proteinas de transporte de ions e
proteinas envolvidas nas vias de transdu¢do de sinais da membrana [59, 79-81]. A
lipoperoxidagdo da bicamada lipidica do eritrocito promove alteracdes prejudiciais na
permeabilidade, deformabilidade, longevidade, microviscosidade e estabilidade dessa
membrana [82, 83].

Em relagdo ao cancer, Yeo et al. (2017)[84] mostram que o cancer de mama também
pode levar a dislipidemia, pois em seu estudo, com 280 voluntarias, foi observado que 34,3%
e 56,1% das participantes estavam com o colesterol total € o colesterol da lipoproteina de baixa
densidade (LDL-C) alterados, respectivamente. Quanto a fragilidade osmética e cancer, ainda
ndo ha um consenso na literatura, pois hd uma grande variabilidade de tipos de cancer, de
tratamentos ¢ manejos da doenca. Em animais, a irradiagdo de todo o corpo levou ao aumento
da peroxidagdo lipidica nos tecidos e nos componentes sanguineos, incluindo os eritrdcitos.
Porém esse aumento na lipoperoxidagao nos eritrocitos ndo resultou em uma maior tendéncia
a hemolise [85]. J4 em humanos, a exposi¢do a irradiacdo levou a mudangas na fluidez da
membrana dos eritrocitos [86].

De acordo com Alzahrani e Al-Sewaidan (2017)[87] a irradiagdo gama pode causar

danos as membranas das células vermelhas do sangue e ¢ dependente da dose. As modificagoes,
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causadas ao nivel de nano-escala, podem afetar as propriedades biofisicas das membranas,
resultando em comprometimento da sua fungdo. J4 radiacdo alfa afeta a estabilidade da
membrana de eritrocitos, mesmo em doses baixas. No entanto, a hemolise depende, dentre
outros fatores, do tempo de exposi¢do a radiagdo [88].

Pacientes com cancer do colo do ttero, quando comparados com individuos saudaveis,
apresentaram anormalidades estruturais e funcionais nos eritrocitos, como aumento na
fragilidade osmotica, aumento na permeabilidade de membrana e perda de fluidez, que sdo
causadas, dentre outros fatores, por um aumento da peroxidacdo lipidica e insuficiéncia no
potencial antioxidante [89]. Em contrapartida, Khoshbin et al. (2015)[90] verificaram que em
mulheres com cancer de mama, em um programa de tratamento padrdo com radioterapia e
quimioterapia, ndo houve um aumento significativo na peroxidacao lipidica e na fragilidade

osmotica de eritrocitos nos diferentes estagios do tratamento.

Consideracoes Finais

A obesidade tem sido considerada uma doenga epidémica, porque ha uma grande
incidéncia tanto em paises em desenvolvimento com em paises desenvolvidos. Hoje essa
doenca ¢ um dos principais problemas de satde publica nesses paises, uma vez que pode
desencadear varias outras doencas como doencas cardiovasculares, cerebrovasculares,
respiratdrias, articulares, diabetes mellitus do tipo 2, distirbios musculoesqueléticos e cancer,
além de contribuir para mortes prematuras.

Assim como a obesidade, o cancer tem uma grande incidéncia em todos os paises do
mundo e em todas as regides do globo terrestre, sem fazer distingdo do nivel de
desenvolvimento do pais. O cancer de mama ¢ o principal tipo de cancer em mulheres, e tem a
maior ocorréncia entre todos os tipos de cancer no mundo.

Analisar a estabilidade osmotica de membrana de eritrocitos em doengas como a
obesidade e o cancer de mama se faz necessario para podermos entender mais sobre cada uma
delas e assim poder auxiliar no manejo, no tratamento e na melhora da qualidade de vida das
pessoas acometidas por essas doengas.

No capitulo 2 serd abordada a associacdo entre a estabilidade de membrana de
eritrocitos com a distribuicdo de volume das células vermelhas do sangue (RDW), sob a

influéncia antagonica dos niveis do colesterol da lipoproteina de baixa densidade (LDL-C) e
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do colesterol da lipoproteina de alta densidade (HDL-C) em mulheres obesas submetidas a
cirurgia bariatrica.

E no capitulo 3 serd abordada a relag@o entre a estabilidade osmotica de membrana de
eritrocitos com varidveis hematologicas, bioquimicas e nutricionais em mulheres sobreviventes

de cancer de mama.
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Figura 1.1. Curva de lise hiposmotica de eritrécitos em gradiente de concentragdo de NaCl.

Fonte: Garrote Filho, (2014)[91].
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Figura 1.2. Equilibrio pro-oxidante e antioxidante em individuos ndo obesos e obesos. BMI,
Indice de Massa Corporal; ROS, Espécies Reativas de Oxigénio; AOX, Antioxidante; SOD,
Superoxido Dismutase; GPX, Glutationa Peroxidase; CAT, Catalase; TAS, Estado
Antioxidante Total; FRAP, Potencial de Redugio de Acido Férrico. Fonte: Vincent e Taylor,
(2006)[73].
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Figura 1.3. Condi¢des que geram estresse oxidativo na patogenia da obesidade e seu papel no
desenvolvimento de doengas associadas. Fonte: Manna e Jain, (2015)[71].
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Tabela 1.1. Percentual de homens e mulheres com 18 anos ou mais de idade com sobrepeso e
obesidade nas capitais brasileiras.

Sobrepeso (IMC > 25 kg/m?) Obesidade (IMC > 30 kg/m?)
Ano Homens Mulheres Total Homens Mulheres Total
(%) (%) (%) (%) (%) (%)
2006 47,3 38,8 43,0 11,3 11,5 11,4
2007 49,2 37,8 43,4 13,7 12,0 12,9
2008 47,3 39,5 433 12,4 13,6 13,0
2009 51,0 42,3 46,6 13,7 14,0 13,9
2010 52,1 44,3 48,1 14,4 15,5 15,0
2011 52,6 44,7 48,5 15,6 16,0 15,8
2012 54,5 48,1 51,0 16,5 18,2 17,4
2013 54,7 47,4 50,8 17,5 17,5 17,5
2014 56,5 49,1 52,5 17,6 17,2 17,9
2015 60,4 45,9 52,3 18,0 16,2 17,0
2016 57,7 50,5 53,8 18,1 19,6 18,9

Adaptado de Brasil (2007, 2009a, 2009b, 2010, 2011, 2012, 2013, 2014, 2015, 2017a e
2017b)[7-17].
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Tabela 1.2. Capitais brasileiras com maiores € menores percentuais de sobrepeso e obesidade

Ano Sobrepeso (IMC > 25 kg/m?) Obesidade (IMC > 30 kg/m?)

Menor % (Cidade) Maior % (Cidade) Menor % (Cidade) Maior % (Cidade)
2006 34,1 (Sao Luiz, MA) - 48,3 (Rio de Janeiro, RJ) 8,7 (Belo Horizonte, MG e Sao Luis, MA) - 13,9 (Jodao Pessoa, PB)
2007 33,4 (Palmas, TO) - 49,7 (Cuiaba, MT) 8,8 (Palmas, TO) - 16,1 (Macapa, AP)
2008 36,6 (Teresina, PI) - 49,0 (Porto Alegre, RS) 9,5 (Sao Luis, MA) - 15,9 (Porto Alegre, RS)
2009 36,2 (Brasilia, DF) - 52,2 (Rio Branco, AC) 8,8 (Palmas, TO) - 17,7 3 (Rio de Janeiro, RJ)
2010 36,6 (Palmas, TO) - 55,2 (Rio Banco, AC) 9,5 (Brasilia, DF) - 18,7 (Cuiaba, MT)
2011 39,9 (Sao Luis, MA) - 55,4 (Porto Alegre, RS) 12,5 (Palmas, TO) - 21,4 (Macapa, AP)
2012 45,3 (Sao Luis, MA) - 56,3 (Campo Grande, MS) 13,2 (Sao Luis, MA) - 21,3 (Rio Banco, AC)
2013 41,7 (Sao Luis, MA) - 54,9 (Cuiaba, MT) 13,2 (Sao Luis, MA) - 22,4 (Cuiaba, MT)
2014 46,4 (Sao Luis, MA) - 56,2 (Manaus, AM) 14,3 (Florianopolis, SC) - 21,8 (Campo Grande, MS)
2015 45,3 (Goiania, GO) - 59,7 (Campo Grande, MS) 11,1 (Goiania, GO) - 22,3 (Campo Grande, MS)
2016 47,7 (Palmas, TO) - 60,6 (Rio Banco, AC) 14,5 (Florianopolis, SC) - 23,8 (Rio Banco, AC)

Abreviagoes: AC = Acre; AM = Amazonas; AP = Amapé; DF = Distrito Federal; GO = Goias; MA = Maranhdo; MG = Minas Gerais; MS =
Mato Grosso do Sul; MT = Mato Grosso; PB = Paraiba; PI = Piaui; RJ = Rio de Janeiro; RS = Rio Grande do Sul; SC = Santa Catarina; TO =

Tocantins.
Adaptado de Brasil (2007, 2009a, 2009b, 2010, 2011, 2012, 2013, 2014, 2015, 2017a ¢ 2017b) [7-17].
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Tabela 1.3. Classificacdo de sobrepeso em adultos de acordo com IMC.

Classificacao IMC (kg/m?)
Abaixo do peso < 18,5
Peso normal 18,5-249
Sobrepeso >25,0
Pré-Obesidade 25,0-29,9
Obesidade grau I 30,0 — 34,9
Obesidade grau I1 35,0-39,9
Obesidade grau III > 40,0

IMC = Indice de massa corporal. Adaptado de WHO, (1998 e 2000)[19, 20].
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Resumo

A estabilidade da membrana dos eritrocitos esta associada a distribuicao de volume das
células vermelhas do sangue, sob a influéncia antagénica dos niveis de LDL- ¢ HDL-

colesterol

Fundamentacio: A obesidade causa mudangas bioquimicas que podem afetar a composigao e
o comportamento de muitas células no corpo, como os eritrocitos. Métodos: O objetivo deste
estudo foi entender melhor como a estabilidade da membrana dos eritrocitos ¢ afetada pelo tipo
de cirurgia bariatrica conhecida como desvio géstrico em Y-de-Roux (RYGB), usando andlise
de componentes principais (PCA) e maquina de vetores de suporte (VSM). Uma populagao de
24 mulheres obesas (36,46 = 9,8 anos) foi avaliada antes e aos 14, 28, 42 e 56 dias apos a
cirurgia. Resultados: As relacdes entre estabilidade de membrana de eritrocitos e indices
antropométricos, hematimétricos e bioquimicos foram analisadas por PCA e VSM. A PCA
mostrou que 1) a perda de peso das voluntarias do estudo foi associada a uma diminuicao da
contagem de globulos vermelhos e ao aumento nos indices hematoldgicos, volume corpuscular
médio (MCV), hemoglobina corpuscular média (MCH) e concentracdo média de hemoglobina
corpuscular (MCHC); 2) menor colesterol total (#-C) e menor colesterol da lipoproteina de
baixa densidade (LDL-C) foram associados a valores mais altos de hemoglobina (Hb) e de
hematocrito (Ht); 3) niveis mais baixos de triglicérides (TGC) e colesterol da lipoproteinas de
muito baixa densidade (VLDL-C) e niveis mais elevados de colesterol da lipoproteinas de alta
densidade (HDL-C) foram associados a valores mais baixos da distribuicdo de volume das
células vermelhas do sangue (RDW). A SVM mostrou que as variaveis de estabilidade de
eritrocitos possuem relagdes nao-lineares com RDW, sob a influéncia antagonica dos niveis de
LDL-C em relagao as concentragcdes de HDL-C. Conclusio: A estabilidade da membrana de
eritrocitos estd associada a distribui¢do de volume das células vermelhas do sangue, sob as

influéncias antagonicas dos niveis de LDL e HDL-colesterol.

Palavras-chave: Andlise de componentes principais, maquina de vetor de suporte, cirurgia

bariatrica, estabilidade da membrana de eritrocitos

38



Abstract

Erythrocyte membrane stability is associated with the red cells distribution width, under

the antagonistic influences of the levels of LDL- and HDL-cholesterol

Background: Obesity causes biochemical changes that can affect the composition and
behavior of many cells in the body, such as erythrocytes. Methods: The aim of this study was
to better understand how the erythrocyte membrane stability is affected by the type of bariatric
surgery known as Roux-en-Y gastric bypass (RYGB) using principal component analysis
(PCA) and support vector machine (VSM). A population of 24 obese females (36.46 + 9.8
years) was assessed before and at 14, 28, 42 and 56 days after surgery. Results: The relations
between erythrocyte membrane stability and anthropometric, hematimetric and biochemical
indices were analyzed by PCA and SVM. PCA showed that 1) the weight loss of study
volunteers was associated with a decrease in red blood cell counts and increase in the
hematologic indices mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH)
and mean corpuscular hemoglobin concentration (MCHC); 2) lower total (t-C) and low density
lipoprotein cholesterol (LDL-C) were associated with higher hemoglobin (Hb) and hematocrit
(Ht) values; 3) lower levels of triglycerides (TGC) and very low density lipoprotein cholesterol
(VLDL-C) and higher levels of high density lipoprotein cholesterol (HDL-C) were associated
with lower values of red cell distribution width (RDW). SVM showed that the erythrocyte
stability variables have nonlinear relations with RDW, under the antagonistic influence of the
levels of LDL-C in relation to the HDL-C concentrations. Conclusion: Erythrocyte membrane
stability is associated with the red cells distribution width, under the antagonistic influences of

the levels of LDL- and HDL-cholesterol.

Key words: Principal component analysis, support vector machine, bariatric surgery,

erythrocyte membrane stability
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Introduction

Obesity is a disorder caused by excess energy intake, which results in accumulation of
fat [1] and tendency to elevation in the blood levels of triglycerides (TGC), total (t-C) and low
density lipoprotein cholesterol (LDL-C), which in turn predisposes to the development of
various other diseases, such as atherosclerosis, hypertension, insulin resistance and type 2
diabetes mellitus [2].

Elevated cholesterol levels may alter the composition and various properties of the
erythrocyte membrane, such as permeability, deformability and osmotic stability [3-5]. Both
LDL as the high density lipoprotein (HDL) may affect erythrocyte membrane composition, by
the addition and removal of cholesterol, respectively [6,7].

The osmotic stability of the erythrocyte membrane can be evaluated by subjecting these
cells to hypotonicity gradient, and quantitating hemoglobin released during hemolysis by
spectrophotometry [8,9]. The curve of absorbance as a function of NaCl concentration can be
adjusted by sigmoidal regression, with basis in the Boltzmann equation, which comprises two
constants, Hso and dX, the first with an inverse relation and the second with a direct relation
with the stability of red cell membrane. In many studies, it has been used the inverse of the
constant Hso (1/Hso or invHso) in order to both constants (dX and invHso) have direct relations
with the erythrocyte membrane stability. These constants are highly dependent on blood
internal milieu, especially with lipid profile variables, and have enough interindividual
variability to make them relevant variables in the study of dyslipidemias [10-12].

Furthermore, the variables dX and Hso present significant associations with the
hematologic variable red blood cell distribution width (RDW) [10-12], which has been
associated with cardiovascular disorders [13,14]. Several studies show that the RDW can be
used as a predictor of mortality in these [14,15] and many other diseases.

Erythrocyte membrane stability has complex, simultaneous and non-simultaneous
associations with a wide range of blood biochemical variables and the set of the erythrogram
variables. Understanding the nature of these reactions is a complicated task that requires the
use of various statistical tools, such as multiple linear regression, canonical correlation and path
analysis in populations subject to greater variation in the set of those variables [10-12,16], as
is the case of patients undergoing bariatric surgery [12,17].

The aim of this study was to better understand how the erythrocyte membrane stability
is affected by the type of bariatric surgery known as Roux-en-Y gastric bypass (RYGB) using

principal component analysis (PCA) and support vector machine (VSM ), tools that have been
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successfully applied in health sciences, particularly in studies on AIDS [18-20], cancer [21-23]
and obesity [24-27].

Material and Methods

Population and procedures

The study population consisted of 8 women classified as having class II obesity (BMI
between 35.00 and 39.99 kg/m?) and comorbidities and 16 women with class III obesity (BMI
> 40.00/m?) [28], with average age of 36.46 £ 9.8 years, recruited among the candidates for
bariatric surgery from the Obesity Center of Uberlandia (CENTROBESO, Uberlandia, MG,
Brazil). Patients who participated in the study were not insulin-dependent diabetics and also
did not fit the general exclusion criteria adopted by the institution, which included: anesthetic
risk classified by the American Society of Anesthesiologists (ASA) as ASA 1V;
esophagogastric varices with portal hypertension; significant intellectual limitations in patients
without adequate family support; uncontrolled current psychiatric disorder, including alcohol
and illicit drugs abuse.

This study was approved by the Ethics Committee in Research of the Federal University
of Uberlandia (number 023/08) and all 24 volunteers who participated in the survey signed
consent forms.

The study population was analyzed before and 14, 28, 42 and 56 days after surgery.
Additional details about blood sample collection, determination of hematologic, biochemical

and erythrocyte stability variables are described in detail in previous publications [12,17].

Principal Component Analysis (PCA)

The PCA is a method used when there are a very large number of variables. It facilitates
the visualization of data and identification of association patterns. PCA is a type of multivariate
statistics which enables condensation of the original variables information into new variables
called principal components (PCs). These new variables explain the maximum variability of
the data and are generated by specific linear combinations of the original variables. This
requires that each PC be orthogonal to the others and that all PCs do not show covariance
between them.

PCs relate to the original variables without the variability of one PC to be associated

with variability of the other PC, because there is no correlation between PCs, which eliminates
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the multicollinearity. This allows describing the original data, evaluating relations between the
different variables by the covariance matrix of the loads (F) and identifying relationships
between different observations by the grouping of data in the main components [29].

If X is the matrix of original variables and Z is the matrix of the main components, then
Z =XuD - 1/2 and F = uD 1/2, where u and D are respectively the autovectors and the matrix
of the autovalues () that are generated by solving the equation Ru = Au, where R is the matrix
of correlations of X [29-31].

PCA was applied as an unsupervised classification method, using Stats, Psych, Hmisc
and FactoMiner routines in R language, with prcomp function, for analysis of the experimental
points of the variables: 1) inverse of the NaCl concentration causing 50% hemolysis (invH50)
and 2) variation in the NaCl concentration required to promote 100% hemolysis (dX), which
are erythrocyte stability variables; 3) time; 4) body weight; 5) body mass index (BMI); 6) red
blood cells (RBC); 7) red cell distribution width (RDW); 8) hemoglobin (Hb); 9) hematocrit
(Ht); 10) mean corpuscular volume (MCV); 11) mean corpuscular hemoglobin (MCH); 12)
mean corpuscular hemoglobin concentration (MCHC); 13) triglycerides (TGC); 14) total- (t-
(), 15) high density lipoprotein (HDL-C), 16) low density lipoprotein (LDL-C) and 17) very-
low-density lipoprotein cholesterol (VLDL-C); and 18) glucose (Glu).

Support Vector Machine (SVM)

In essence, SVM is a tool to maximize a particular mathematical function of a set of
data and must learn to tell the difference between two groups [32]. This is done based on the
theory of statistical learning and the principle of minimization of structural risk [33].

SVM is a learning technique that uses the statistical theory of the error, also known as
theory of Vapnik-Chervonenkis, in the solution of classification problems, prediction of values
and analysis of failures. It is an algorithm that learns by example to assign labels to objects. In
the method of the SVM, the data group or input vectors, also called support vectors, are selected
and used to obtain hyperplanes (or borders) capable of separating the remaining data. This is
done in such a way that for each group of separated data, the use of adjusted linear or non-
linear functions is able to map and to correctly predict the class and values of new data from
the same learning domain with the lowest possible error [20,34,35].

In the SVM, the original data are mapped in a space of large dimension H, which is
defined from a kernel function k that can be linear, polynomial, a Gaussian radial basis function

(RBF) or sigmoid. The choice must be made in order to favor the acquisition of minor errors.
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In this case k(x,x’) = [D(x), O(x’)], with X’ being the representation of data in the high-
dimension space. The mapping can be described as @: X — H, where @ represents the mapping,
H is the high-dimension space and X is the original space. The case of the RFB, used in this
study to be more robust than the others, k(x,x’) = exp(yjx—x’|*), where y represents the
parameter of deviation from the core k(x,x’) and that must be adjusted together with the
parameter of regularization C, which represents a weighting between the training error and the
error of generalization.

In obtaining the values of the parameter v, the parameter of regularization C and the
weights associated with the method, one can use the grid search method with k-fold validation.
This method consists of exploring the adjustments of the values of the parameter y and the
parameter of regularization C throughout the sample space, which consists in different
combinations of values of the selected parameters. The best result is obtained by the k-fold
validation technique. In this technique, for each grid point, the experimental points used in the
adjustment are further subdivided in mutually exclusive k subsets and, successively, each of
the k subsets is used to evaluate the fit quality and obtaining the best model at the end of k data
subdivision steps and successive improvement of adjustments [34]. In this study, the SVM
models were obtained using 10-fold cross-validation with simple grid search to find the best fit
model [36].

The SVM was used in R language with e1071 and MASS routines [34] and RBF kernel
function to evaluate the membrane stability variables (invHso and dX) of human erythrocytes.
The 120 experimental points of the membrane stability variables and the variables time, body
weight, BMI, RBC, RDW, Hb, Ht, MCH, MCV, MCHC, TGC, t-C, HDL-C, VLDL-C, LDL-
C and Glu, have been used to obtain the descriptive models of membrane stability, to evaluate

models and to generalize the behavior descriptions of the variables invHso and dX.

Results and Discussion

In the PCA, 96.3% of the variability in the data (y axis) is explained by the ten first PCs
(x-axis), as shown in Figure 2.1. As more than 95% of variability in the data of the 18 original
variables is explained by the first ten components, this means that the original set of variables
contains some variables that are conceptually associated with each other. This can be observed
in the correlations circle of the first two PCs shown in Figure 2.2, where each axis shows the

variation in the values of r (between -1 and +1) for each original variable. The existence of
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such associations can be seen by the overlapping or close proximity between variables, such as
occurs between the hematologic variables MCV and MCH, between the pairs of biochemical
variables TGC and VLDL-C (overlapping) and t-C and LDL-C (proximity), and between the
anthropometric variables weight and BMI (proximity). These associations are caused by the
existence of conceptual relations between those pairs of variables, since MCH = Hb/RBC and
MCYV = Ht/RBC [37]; t-C = HDL-C + LDL-C + VLDL-C; VLDL-C = TGC/5 [38]; and BMI
= weight/height? [39].

The correlation coefficients (r) of each of the original variables with the first ten
principal components are shown in Table 2.1. Larger r values mean stronger and more relevant
correlations with the respective main component, but not with the other, because one
component does not influence the other, since they are orthogonal to each other. Smaller values
of r mean weaker and less significant correlations with the main component, even when they
are statistically significant (p < 0.05, two-way ANOVA). This study considered relevant the
correlations associated with a value of r > 0.5 or <-0.5.

In the first principal component (PC1), which explains 25.7% of the data variability,
the most significant positive correlations were obtained with the variables MCH, MCV and
MCHC, while the most significant negative correlations were obtained with the variables BMI,
body weight and RBC. As the first principal component is one that has the highest percentage
of explained variability (Figure 2.1), it certainly presents the most significant changes related
to the set of variables. Indeed, what is most significant in the data for this study is the dramatic
decrease in weight and, consequently, in the BMI, which is the goal of the surgical intervention.
However, associated with this desirable change there is a significant tendency of decrease in
the RBC count, certainly due to the mechanism that links this trend to the increase observed in
the MCV variable. Indeed, individuals who underwent bariatric surgery tend to have
deficiencies of the vitamin cobalamin, which is a known cause of elevation in MCV and
generation of the called macrocytic anemia [40]. Deficiency of this vitamin causes a decrease
in the rate of division of the precursors of mature red blood cells, releasing into the bloodstream
cells (reticulocytes) with greater volume and with greater concentration of hemoglobin, which
is certainly the origin of the trend of increase in the values of MCV and MCHC associated with
decreased body weight.

In the second principal component (PC2), which explains 17.5% of the data variability,
significant positive correlations were obtained with Hb and Ht, while significant negative
correlations were obtained with t-C and LDL-C. As one PC does not interfere with other, these

correlations have meanings that are independent of the associations with body weight changes
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revealed by the analysis of the first PC. Analysis of this second PC reveals that in the studied
population the lower levels of tC and LDL-C were associated with higher values of Hb and Ht.
This makes sense, since LDL is involved in the transfer of cholesterol to the erythrocyte
membrane. High levels of LDL-C are associated with transference of such a so large amount
of cholesterol to the membrane of this cell that it will suffer the morphological changes that
characterize the so-called spur-cell anemia [41-43].

In the case of the third principal component (PC3), which explains 14.1% of the data
variability, the variables that stood out were TGC, VLDL-C and RDW, with negative
correlations, and HDL-C, with a positive correlation. These correlations shall mean that in the
studied population lower levels of TGC and VLDL-C and increased HDL-C levels are
associated with lower values of RDW. Since high values of RDW were associated with higher
cholesterol contents in the erythrocyte membrane [44] and HDL is a lipoprotein that removes
excess of cholesterol from the membrane of that cell, it makes sense that an increase in HDL-
C is associated with a decrease in RDW.

The fourth principal component (PC4), which explains 10% of the data variability,
showed a significant positive correlation with MCHC and negative correlations with Ht and
RBC, which has an obvious meaning, because higher MCHC and lower RBC counts are
recognizably associated with lower values of Ht.

The PCs of numbers 5 to 9 do not present significant correlations with more than a
single variable and the PC10 did not show even a single significant correlation (Table 2.1).

The existence of weak correlations, but statistically significant (Table 2.1) may be a
result of less importance, greater heterogeneity of the data, or even inability of the model to
detect relationships that escape most expressively from linearity.

Indeed, analysis using SVM reveal the existence of non-linearity between some
variables evaluated in this study. Figure 2.3 shows three-dimensional graphics of some
combinations of invH50, dX, LDL-C, HDL-C and RDW, considering all other variables with
fixed values described by their respective averages. The x-axis for all graphs is variable RDW,
the y axis represents erythrocyte stability variables (invH50 or dX) and the z axis is the lipid
variable (LDL-C or HDL-C).

This figure illustrates that the membrane stability variables invH50 (Figs 2.3A and
2.3B) and dX (Figs 2.3C and 2.3D) exhibit non-linear relations with RDW, influenced in an
antagonistic manner by the cholesterol concentrations of LDL (Figs 2.3A and 2.3C) and HDL
(Figs 2.3B and 2.3D). This analysis based on the use of SVM shows that the correlations

between those stability variables and RDW are not linear, but predominantly inverse. This is
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perfectly consistent with the non-relevant but significant inverse correlations observed between
those stability variables and RDW in the third principal component analysis (Table 2.1). This
inverse correlation between erythrocytes stability and RDW is also consistent with other
studies reported in the literature [10,11]. Furthermore, this certainly makes sense in light of the
fact that LDL is capable of transferring cholesterol to the erythrocyte membrane [6,7] and that
high RDW values are associated with high contents of membrane cholesterol in these cells
[44], probably due to impaired deformability of red blood cells [45]. On the other hand, the
antagonistic influences of LDL-C and HDL-C on the correlations of invH50 and dX with RDW
also make a lot of sense, because these lipoproteins have antagonistic actions on the erythrocyte
membrane, with LDL providing and HDL removing cholesterol.

The content of cholesterol in erythrocyte membrane is essential for the maintenance of
fluidity and various rheological properties, such as aggregability, deformability and
adhesiveness [46,47]. An increase in membrane cholesterol content occurs in
hypercholesterolemic conditions [43,48], in which part of the cholesterol excess of LDL is
directed to the erythrocyte membrane [49], reducing its fluidity [50-52], increasing blood
viscosity and hindering the delivery of oxygen to tissues [53,54]. That is why the influence of
plasma lipids in the blood rheology has been the subject of many studies [49,55-60].

In conclusion, the principal component analysis revealed that 1) the weight loss of the
study volunteers was associated with a decrease in red blood cell counts and increase in the
hematologic indices MCV, MCH and MCHC; 2) lower levels of t-C and LDL-C were
associated with higher values of Hb and Ht; 3) lower levels of TGC and VLDL-C and increased
HDL-C levels were associated with lower values of RDW. Analyses based on support vector
machine showed that the erythrocyte membrane stability variables (invH50 and dX) present
nonlinear relations with RDW, under the antagonistic influence of the LDL-C levels in relation
to HDL-C concentrations. This finding suggests these stability variables may also have the
ability to predict the health status worsening that was originally attributed to higher values of

RDW.
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Figure 2.2. Correlations circle of the first two principal components (PC). BMI, body mass
index; invHs0, inverse of the NaCl concentration that causes 50% hemolysis; dX, variation in
NaCl concentration necessary to promote 100% hemolysis; RBC, red blood cell; RDW, red
cell distribution width; Hb, hemoglobin; Ht, hematocrit; MCH, mean corpuscular hemoglobin;
MCYV, mean corpuscular volume; MCHC, mean corpuscular hemoglobin concentration; TGC,
triglyceride; t-C, total cholesterol; HDL-C, high-density lipoprotein cholesterol; VLDL-C,
very-low-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; Glu,

glucose.
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Figure 2.3. Influence of the levels of LDL- and HDL-cholesterol on the relations between the
variables of erythrocyte membrane stability (invH50 and dX) and the hematologic variable red

cell distribution width (RDW), according to analyses done with use of Support Vector Machine
(SVM). (r*> 0.72).
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Table 2.1. Values of r for the correlations of the first ten principal components with the original

data.

Variables PCl1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 PC9 PCIl0
AEV (%) 257 432 573 673 740 797 847 892 934 963
Time 0.00 -0.04 0.10 0.01 -0.43  -0.77* 0.15 0.40* 0.15 -0.05
Weight -0.86* -0.01 -0.17  0.19* 0.02 0.00 0.22*  -0.06 -0.02 -0.03
BMI -0.88* -0.10 -0.15 -0.05 -0.14  0.07 0.14 -0.05 -0.12  0.11
invH50 -0.12  -0.44* 0.36* -0.02 -0.42* -0.20* -0.08 -0.56* 0.11 0.24*
dX -0.21 -0.18  0.34* 0.12 -0.55* 0.17 -0.18 0.13 -0.62* -0.16
RBC -0.70* 0.43* 0.07 -0.49* -0.04 0.01 0.05 -0.07  0.09 -0.22%
RDW -0.37* -0.14 -0.64* -0.14 -0.30* 0.01 -0.37* -0.19* 0.16 0.07
Hb 0.22* 0.85* 0.10 -0.32*% -0.24* 0.06 0.07 -0.16 0.05 -0.15
Ht -0.01 0.76* 0.22* -0.58* -0.15 0.06 0.04 -0.02 0.00 0.05
MCH 0.89* 0.30* 0.02 0.21 -0.17  0.04 0.02 -0.09 -0.03 0.06
MCV 0.86* 0.31* 0.15 -0.03 -0.11 0.05 -0.01 0.04 -0.10  0.30*
MCHC 0.50* 0.14 -0.27* 0.57* -0.18 -0.02 0.07 -0.31* 0.11 -0.43%*
TGC 0.42* -0.25* -0.71* -0.41* 0.03 -0.14 0.11 -0.07  -0.23* -0.03
tC 0.40* -0.71* 0.24* -0.47* 0.00 0.08 -0.02 0.01 0.08 -0.17
HDL-C 0.03 -0.26* 0.62* -0.12 0.29* -0.22* 042* -0.33* -0.21* -0.05
VLDL-C 0.42* -025* -0.71* -0.41* 0.03 -0.14  0.11 -0.07  -0.23* -0.03
LDL-C 0.29*  -0.65* 0.40* -0.34* -0.09 0.21* -0.18 0.13 0.24* -0.17
Glu -0.09 0.29* 0.22* -0.04 0.42* -0.45* -0.62* -0.13 -0.19* -0.10

PC (1-10), Principal Component; AEV, accumulated explained variability; BMI, body mass
index; invHs0, inverse of the NaCl concentration that causes 50% hemolysis; dX, variation in
NaCl concentration necessary to promote 100% hemolysis; RBC, red blood cell; RDW, red
cell distribution width; Hb, hemoglobin; Ht, hematocrit; MCH, mean corpuscular hemoglobin;
MCYV, mean corpuscular volume; MCHC, mean corpuscular hemoglobin concentration; TGC,
triglyceride; t-C, total cholesterol; HDL-C, high-density lipoprotein cholesterol; VLDL-C,
very-low-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; Glu,

glucose.

*p < 0.05 (two-way ANOVA) indicates statistically significant correlations.
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Resumo

Influéncia de variaveis hematologicas, bioquimicas e nutricionais sobre a cinética da lise

osmotica de eritrécitos em mulheres sobreviventes de cincer de mama

[Fundamentacao] O cancer ¢ um problema cada vez mais grave de satde publica em todo
mundo. Entre as mulheres o tipo mais frequente dessa doenca ¢ o cancer de mama. O sucesso
crescente de suas abordagens terapéuticas, que pode, entretanto, causar alteragdes sanguineas,
exige também um acompanhamento continuado das sobreviventes de cancer de mama.
[Objetivo] Este estudo teve por objetivo verificar as possiveis correlacdes entre a cinética da
lise osmotica de eritrocitos com um amplo conjunto de varidveis hematoldgicas, bioquimicas,
nutricionais e antropométricas em 24 mulheres sobreviventes de cancer de mama. [Métodos]
Apo6s 12 horas de jejum e restri¢ao de atividade fisica, amostras de sangue foram coletadas para
contagem de células sanguineas, determinacao do lipidograma e da cinética de lise hiposmotica
de eritrocitos. A composi¢do corporal foi avaliada por andlise de bioimpedancia elétrica. A
ingestao nutricional foi estimada a partir da analise de recordatorio nutricional. A existéncia de
correlagdo entre cada par de varidveis investigadas foi pesquisada com a utilizagdo dos testes
de Pearson ou de Spearman, quando ambas as varidveis apresentavam distribui¢ao normal e
quando uma ou ambas as varidveis ndo apresentavam distribuicdo normal, respectivamente.
[Resultados] A populagdo estudada apresentou média de idade de 49.8 + 9.4 anos, média de
massa corporal de 64.3 + 11.1 kg e percentual médio de gordura de 38.4 = 7.2%. Niveis
sanguineos ndo desejaveis de triglicérides, LDL-colesterol, colesterol total e glicose foram
encontrados em 45.8%, 50.0%, 83.3% e 50.0% das voluntarias, respectivamente. A contagem
de reticuldcitos apresentou correlagdo significante positiva (r=0.5) com a ingestdo estimada de
folato. O tempo de meia lise osmdtica de eritrocitos (ti2) apresentou correlacdo significante
negativa com a contagem de reticuldcitos (r=-0.5) e com a ingestao estimada de acido folico
(r=-0.6). [Conclusao] Nos sobreviventes de cancer de mama, a frequéncia de dislipidemia é
bastante alta, mas, como a contagem de eritrécitos mostrou uma correlagdo positiva
significante com LDL-C e uma correlagdo negativa significante com os niveis de HDL-C, isso
sugere que a dislipidemia observada esteja atendendo a um aumento na demanda hematologica
de colesterol, a fim de garantir a estabilizacdo da membrana dos eritrocitos, preservando assim

a contagem dessas células sanguineas.

Palavras-chave: Neoplasias da Mama; Eritrocitos; Membrana; Fragilidade Osmotica.
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Abstract

Influence of hematologic, biochemical and nutritional variables on the kinetics of osmotic

lysis of erythrocytes in women breast cancer survivors

[Background] Cancer is an increasingly serious public health problem worldwide. Among
women, the most frequent type of this disease is breast cancer. Despite the increasing success
of its therapeutic approaches, there is a need for continued follow-up of breast cancer survivors.
[Objective] This study aimed to verify the possible correlations between the kinetics of
osmotic lysis of erythrocytes with a broad set of hematologic, biochemical, nutritional and
anthropometric variables in 24 breast cancer survivors (BCS). [Material and methods] After
12 hours of fasting and restraint of physical activity, blood samples were collected for blood
cell counts, determination of lipidogram and kinetics of hyposmotic lysis of erythrocytes. Body
composition was evaluated by electrical bioimpedance analysis. Nutritional intake was
estimated from nutritional recall analysis. The existence of correlation between each pair of
studied variables was investigated using the Pearson or Spearman tests, when both variables
had normal distribution and when one or both variables had no normal distribution,
respectively. [Results] The studied population presented mean age of 49.8 + 9.4 years, mean
body mass of 64.3 = 11.1 kg and average fat percentage of 38.4 &+ 7.2%. Undesirable levels of
triglycerides, LDL-cholesterol, total cholesterol and glucose were found in 45.8%, 50.0%,
83.3% and 50.0% of the volunteers, respectively. The reticulocyte count had a significant
positive correlation (r = 0.5) with the estimated folate intake. The time required to promote half
of the osmotic hemolysis (ti2) showed a significant negative correlation with the reticulocyte
count (r = -0.5) and with the estimated folate intake (r = -0.6). [Conclusion] In breast cancer
survivors, the frequency of dyslipidemia is quite high, but since erythrocyte counts showed a
significant positive correlation with LDL-C and a significant negative correlation with the
HDL-C levels, this suggests that the observed dyslipidemia is attending to an increase in the
hematologic demand of cholesterol, in order to guarantee stabilization of the membrane of

erythrocytes, thus preserving the count of these blood cells.

Key-words: Breast neoplasms; Erythrocytes; Membrane; Osmotic Fragility.
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Introduction

According to the World Health Organization, factors such as access to information,
basic sanitation and the nutritional standard have caused deaths from infectious diseases to
decline. In contrast, the current lifestyle adopted by a large part of the population is associated
with an increase in the number of deaths from chronic diseases. These diseases are responsible
for about 60% of all deaths in the world, thus representing the main cause of mortality [1].

One of the most prominent chronic diseases is cancer, which has been considered a
serious public health problem worldwide [2]. In this context, breast cancer has been identified
as the most frequent type of this disease among women, regardless of socioeconomic factors,
such as residing in developed countries or in developing countries [3, 4]. Estimates related to
breast cancer for 2016 showed more than 240,000 new cases of the disease in the United States
[5] and about 58,000 new cases in Brazil [4].

Concomitant to this high number of cases, advances in the treatment of the disease have
also been achieved, with consequent increase in the number of breast cancer survivors (BCS)
[6]. In Brazil, survival increased between the periods 1995 to 1999 and 2005 to 2009, from
78% to 87% [4].

In the clinical history of BCS, interventions with chemotherapy and radiotherapy,
which are important approaches in the fight against cancer, are common but are not free of side
effects. The general impact caused by the intervention to combat this disease affects the
hematologic parameters [7], and considering that the blood cells are immersed in a
microenvironment directly influenced by the treatment, this condition can also alter the stability
of the erythrocyte membrane.

The relationship between the action of radiotherapy and chemotherapy with the osmotic
stability of the erythrocyte membrane is still not well established in the literature. Selim et al.
(2009)[8] reported an increase in the rate of hemolysis of red blood cells by an increase in the
osmotic fragility of the membrane as the radiation dose increases. In contrast, Khoshbian et al.
(2015)[9] did not observe alterations in the osmotic membrane fragility of erythrocytes, at any
stage of treatment, of women with breast cancer undergoing chemotherapy and radiotherapy.

Often, the analysis of the osmotic stability parameters of the red blood cell membrane
verifies the influence of agents that modulate its formation and destruction equilibrium, but
does not investigate the influences of those blood variables that interfere with the kinetics of

cell membrane lysis [10]. In addition, no research was conducted after the main breast cancer
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treatments to determine the existence of adverse effects in the recovery and/or the adjuvant
treatment period in BCS.

In this sense, it is evident the need to expand the scientific knowledge about the type of
treatment and the stability of the erythrocyte membrane in this population. Thus, the present
study aimed to verify the possible correlations between the kinetics of the osmotic fragility of
the erythrocyte membrane with hematologic, biochemical, nutritional and anthropometric
parameters in women who survived breast cancer after the initial treatments with radiotherapy

and/or chemotherapy.

Material and Methods

Study Population

This study was approved by the Ethics Committee on Human Research of the Federal
University of Uberlandia, under number 57837416.5.0000.5152. All participants signed a free
and informed consent form before blood collection and anthropometric assessments.

Inclusion criteria were: previous submission to lymphadenectomy, completion of
chemotherapy and/or radiotherapy at least 6 months prior to study initiation, with no history of
smoking and chronic alcohol abuse. Twenty-four breast cancer survivors who volunteered in

this study met these criteria.

Blood Collection

Blood samples were taken by intravenous puncture on the contralateral side of lymph
node removal surgery after 12 hours of fasting and restriction of physical effort. Blood samples
were collected in 2 sterile 4-mL tubes (Vacutainer™, Becton-Dickinson, Juiz de Fora, MG,
Brazil), one containing 1.8 mg/mL K3;EDTA as an anticoagulant, for hematologic and kinetics

analyzes, and another without anticoagulant, for the biochemical analyzes.

Anthropometric assessments

The body composition was evaluated by electric bioimpedance analysis (BIA), after 10
hours of fasting, using a four-pole device (InBody230™, Biospace, Seoul, Korea), with
estimates of absolute body mass (BM), fat free mass (FFM), lean mass (LM), fat mass (FM)
and percentage of body fat (%BF). The height was evaluated using a 2 meter long stadiometer

(Personal Caprice, Sanny™, Sao Bernardo do Campo, SP, Brazil) with 0.1 cm precision. BM
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and height measurements were used to calculate body mass index (BMI), using the formula:

BMI = mass (kg) + height (m) x height (m) [11].

Kinetics of osmotic lysis of erythrocytes

The preparation of the saline solution was performed using NaCl (Labsynth™,
Diadema, SP, Brazil) with a purity of 99.5%, which was duly corrected. Volume measurements
were made on refractory glass burettes and / or with the aid of automatic pipettes
(Labsystems™, Finnpipette Digital model, Helsinki, Finland). For the mass measurements a
precision digital scale (AND™, model 870, Japan) was used.

The kinetics of hyposmotic lysis of the erythrocyte membrane [10] was performed in a
duplicate series of 14 microtubes (Eppendorf ™, Hamburg, Germany) of 2 mL volume.
Initially, microtubes with 1 mL of 0.40 g/dL NaCl solution were preincubated in a thermostated
water bath (Marconi™, model MA 184, Piracicaba, SP, Brazil) for 10 min at 37 °C. Then, after
addition of 20 pL of whole blood to each microtube, the whole set of microtubes was
homogenized and incubated at 37 °C. The osmotic lysis in each microtube was interrupted by
the addition of I mL of hypertonic solution of 5 g/dL NaCl, in the time range of 0 to 30 minutes.
After interruption of the osmotic lysis by hypertonic shock, the solutions were further incubated
for 30 min at 37 °C and then centrifuged for 10 min at 1,600 x g and 37 °C (Hitachi Koki™,
model CF15RXII, Hitachinaka, Japan) for separation of the supernatant and subsequent reading
of absorbance at 540 nm in a UV-VIS spectrophotometer (Shimadzu™, model UV1650TC,
Japan) using the UV Probe 2.21 software.

The kinetic curve of osmotic lysis of erythrocytes was determined by statistical
adjustment to a hyperbola given by equation

:Amax t (1)
ti/2+t

where A is the absorbance at 540 nm obtained at each time interval (t) considered in the test,

Amax 1s the maximum absorbance value reached in the plateau of the curve, which represents

the total lysis of erythrocytes, and t12 is the time elapsed for half of the total hemolysis (Amax/2).

Hematologic and biochemical analyzes

The hematologic variables and their indices were acquired using an automated system
of analysis (Cell-Dyn 3700, Abbott Diagnostics, Abbott Park, IL, USA). The reference values
for these variables were: hemoglobin (Hb), 12.0-16.0 g/dL; hematocrit (Ht), 35.0-46.0%; mean
corpuscular volume (MCV), 80.0-100.0 fL/cell; mean corpuscular hemoglobin (MCH), 26.0-
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34.0 pg/cell; mean corpuscular hemoglobin concentration (MCHC), 31.0-36.0 g/dL;
erythrocytes (RBC), 4.0-5.2 million cells/mm?; red-cell distribution width (RDW), 11.5-15%;
and platelets (PIt), 150,000-450,000 cells/mm? [12, 13].

Biochemical variables were obtained using an automated analyzer (Architect C 8000,
Abbott Diagnostics, Abbott Park, IL, USA). The reference values for the lipid profile were:
total cholesterol (t-C), desirable <190 mg/dL; high-density lipoprotein cholesterol (HDL-C),
desirable > 40 mg/dL; triglycerides (TGC), desirable < 150 mg/dL [14]; low-density
lipoprotein cholesterol (LDL-C), optimal < 100 and high > 160 mg/dL [15]. The reference
value for fasting blood glucose was < 100 mg/dL [16].

Evaluation of food consumption

The recording of food intake was verified by means of an individual interview,
performed by nutritionists, in two non-consecutive moments, one in the middle of the week
and the other at the weekend [17]. Data on the consumption of macronutrients (carbohydrates,
lipids and proteins) and daily energy consumption were analyzed using the DietPro 5.7i™

(Vigosa, MG, Brazil) application.

Statistical analysis

Data normality was verified by the Shapiro-Wilk test. Data with normal distribution
were expressed as mean and standard deviation of the average variation. However, the data that
did not show normal distribution were described as median and interquartile range. The kinetics
analysis of erythrocyte lysis was performed using an integrated kinetic model described by the
non-integrated equation of the Michaelis-Menten model. Correlation analyzes were performed
using the Pearson or Spearman tests, when the data presented normal and non-normal
distribution, respectively. Statistical tests were performed using the SPSS 21.0
(IBM Corporation, Armonk, NY, USA) or Origin 9.0 (Microcal Inc., Northampton,
Massachusetts, USA) software packages.

Results

The age range of the 24 volunteers who participated in the study varied between 33 and
70 years of age. According to a classification based on BMI [18], 54.2% of the studied
population was overweight or obese. In addition, 79.2% had a fat percentage greater than 33%.

In relation to drug use as adjuvant therapy, two of the volunteers were not taking any drugs,
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three were using aromatase inhibitors and 19 were under tamoxifen. The number of lymph
nodes removed surgically ranged from 1 to 26. The time interval after surgery until
participation in the study ranged from 4 to 78 months. The time of adjuvant treatment of the
22 women who were under anti-hormonal therapy ranged from 3 to 70 months. The study
population was statistically described, according to the data distribution pattern, as shown in
Table 3.1.

The body composition, in kg, of the water mass, mineral mass, body fat mass, fat free
mass and lean mass of the studied population was 28.7 = 3.1, 2.8 £ 0.1, 25.3 £ 8.6, 39.1 + 4.3,
and 41.8 + 4.6, respectively. The respective percentages of mineral mass, fat-free mass and
lean mass were 4.3 £0.5, 61.6 = 7.2 and 66.0 + 7.7.

The percentages of reticulocytes, neutrophils, lymphocytes, eosinophils and basophils
of the studied population, with their respective interquartile ranges, were 0.8 (0.7-0.8), 54.3
(50.1-63.1), 33.9 (27.7-37.1), 2.2 (1.4-4.3) and 0.4 (0.3-0.9), respectively. The percentage of
monocytes presented a mean of 7.8 with a standard deviation of 1.73. Twenty-five percent of
the population had erythrocyte counts lower than the reference range. The complete
hematologic profile of volunteers is presented in Table 3.2.

According to the reference values adopted in the present study, 83.3%, 45.8%, 8.3%,
50.0% and 50.0% of the population had no desirable values of total cholesterol, triglycerides,
HDL-C, LDL-C and fasting glycemia, respectively. The averages or medians of the
biochemical variables of the volunteers are presented in Table 3.3.

The food intake variables, calculated from the food recall, are presented in Table 3.4.
In the present sample, the estimated dietary intake of folic acid was lower than the daily
recommendation, which is 400 pg.

Figure 3.1 shows a typical kinetic curve of osmotic lysis of erythrocytes from one of
the volunteers of the present study. The study population presented a median of 1.0, with an
interquartile range of 0.8-1.1 for Amax, and a median of 0.6, with an interquartile range of 0.4-
1.3 for ty.

Table 3.5 presents the correlation coefficients between each pair of variables considered

in this study.

Discussion

The mean BMI of the population of this study (25.9 + 4.7 kg/m?) exceeded the cutoff
point of 24.9 kg/m? that characterizes overweight [18]. Indeed, the majority of the population
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in this study (54.2%) was overweight or obese. This percentage is close to that found by Yeo
etal. Yeo et al. (2017)[19], who reported a frequency of overweight or obesity in 52.1% of the
280 BCS who participated in their study, according to their BMI values. In addition, on
average, the volunteers in the present study tended to be obese, as they had a percentage of fat
higher than 33% [20]. These findings are worrisome because excess adipose tissue or increased
body fat mass are associated with increased risk of recurrence of breast cancer and development
of comorbidities that may lead to decreased survival of BCS [21, 22].

Regarding the hematologic variables, the values obtained in this study were within the
reference range, which is consistent with the results reported by Shahid (2016)[23], except for
the Ht values, for survivors of all types of cancer treated by radiotherapy and/or chemotherapy,
but not for BCS, which presented values below the reference range for Hb, Ht and MCH [23].
An important determinant of this hematological difference in BCS appears to be menopause.
In postmenopausal BCS, lower values of RBC and Hb and higher values of RDW were
observed in relation to premenopausal BCS, although there was no difference between these
two groups in relation to leukocyte, lymphocyte, monocyte and neutrophil counts [24].

Occurrence of dyslipidemia is a common finding in breast cancer survivors [19], as also
shown in the present study. Regarding LDL-C, blood levels were elevated in 56.1% of
volunteers in that study, a frequency very close to that found in this study (50.0%). The same
can be said of the frequency of low HDL-C values, which was 6.6% in that study compared to
8.3% in this study. However, for frequencies of t-C and TGC, frequencies higher than desirable
were much higher in this study (83.3% and 45.8%, respectively) than in that study (34.5% and
22.9%, respectively), which could be due to the use of tamoxifen [19].

Regarding the correlation analyzes, some of the results found were expected, since there
are conceptual relations between the variables. This is the case of BMI and BM (r=0.93) [11],
RBC e Hb (r = 0.75), RBC and Ht (r = 0.82), RBC and MCH (r = -0.65), RBC and MCV (r =
-0.53), Hb and Ht (r = 0.93), MCH and MCV (r = 0.89), and MCH and MCHC (r = 0.47) [25],
but also of t-C and TGC (r = 0,41), t-C e VLDL-C (r=0,41) e TGC e VLDL-C (r = 1.0) [26].

In relation to Amax, a parameter obtained in the osmotic lysis kinetics of erythrocytes
and representing the maximum absorbance found in the osmotic lysis curve of these patients,
their values showed significant positive correlations with erythrocytes (r = 0.53), Hb (r = 0.53)
and Ht (r = 0.52). These correlations are obvious, since the absorbance measured at 540 nm
represents the measure of a hemoglobin property [10].

In relation to ti2, a parameter also obtained in the osmotic lysis kinetics of erythrocytes,

which represents the time required to promote lysis of half of the erythrocyte population used
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in the test, their values showed a significant negative correlation with the percentage of
reticulocytes (r = -0.5). This means that volunteers with a higher percentage of reticulocytes
have kinetically weaker erythrocytes. Usually, the percentage of reticulocytes increases when
there is an increase in erythropoiesis rate. An increase in erythropoiesis demands elevation in
the action of folic acid coenzyme on nucleotide biosynthesis to meet the increased demand for
cell division [27]. Therefore, a deficiency of folic acid in the diet is associated with elevation
in the release of reticulocytes, which are precursors of mature erythrocytes, into the
bloodstream. Therefore, the reticulocyte (Rtc) index was expected to increase with a decrease
in ingested folate. However, the positive correlation observed between Rtc and folate (Table
3.5) indicates the opposite, i.e., the reticulocyte index decreased with the decrease in the intake
of folate. In addition, the inverse correlation observed between ti» and folic acid feed intake (r
= -0.6) should mean that erythrocytes were kinetically more fragile (lower ti2) the higher the
folic acid intake, when it would be expected that a higher intake of folic acid would generate
more mature and more stable erythrocytes. It is possible that these changes in the trend are due
to changes in cancer and/or its treatments, together with the low intake of folic acid in the study
population in relation to the recommended daily intake of this vitamin [28].

An important aspect of the correlation analysis that deserves to be highlighted is the
positive correlation observed between the RBC counts and the LDL-C levels, indicating that
the elevation of lipidemia in this population may be attending to the need for elevation of
erythropoiesis, in the sense that the increase in reticulocyte population could allow the
generation of a larger number of stable mature erythrocytes as a result of cholesterol transfer
to red blood cells. This makes sense, especially in view of the also positive correlation observed
between Ht and LDL-C.

The main limitation of the present study was the small size of the population due to
recruitment difficulties. The variable adherence of the volunteers to the blood tests represents
another important limitation, certainly related to the psychological aspects of these women,

even after they have already undergone the main treatment of the disease.

Conclusion

A parameter obtained in the osmotic lysis kinetics of erythrocytes, Amax, which

represents the maximum absorbance found in the osmotic lysis curve of erythrocytes from

BCS, presented significant positive correlations with RBC counts, Hb concentrations and Ht
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values; these correlations were expected, since Amax represents a spectral property of the
hemoglobin released on lysis.

The other parameter also obtained in the osmotic lysis kinetics of erythrocytes, ti.,
which represents the time required to promote lysis of half of the erythrocyte population used
in the test, showed a significant negative correlation with the percentage of reticulocytes; this
correlation means that volunteers with a higher percentage of reticulocytes have kinetically
weaker erythrocytes. This suggests that breast cancer survivors still preserve some
hematological changes normally associated with the therapeutic approaches used.

Undesirable levels of triglycerides, LDL-cholesterol and total cholesterol found in
45.8%, 50.0% and 83.3% of the volunteers, respectively. However, as erythrocyte counts
showed a significant positive correlation with LDL-C and negative levels with HDL-C levels,
this suggests that the observed dyslipidemia is attending to an increase in the hematological
demand for cholesterol, to guarantee stabilization of the membrane of erythrocytes, thus

preserving the count of these blood cells.
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Figure 3.1. Typical curve of the osmotic lysis kinetics of erythrocytes from a study volunteer.
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Table 3.1. Characterization of the study population (n=24).

Variables Mean + SD or Median (Q1-Q3)

Age (years) 49.8+94

Time after surgery (months) 22 (16.0 — 29.5)
Number of lymph nodes removed 9(.5-12.0)

Time of medication use (months) 17 (9.5 -27.3)

Weight (kg) 643 x11.1

Height (m) 1.6 £0.1

Body Mass Index (kg/m?) 259+4.7

Fat mass (%) 384+7.2
n=22.
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Table 3.2. Hematologic profile of study volunteers (n=24).

Variables Mean + SD or Median (Q1-Q3)
Leukocytes (10°/uL) 49 4.4-57)
Red Blood Cells (10%uL) 47+04
Hemoglobin (g/dL) 13.7+0.8
Hematocrit (%) 40.8 £2.8
Mean Corpuscular Hemoglobin (pg/celula) 29.1£1.5
Mean Corpuscular Volume (fL) 86.5+3.9
Mean Corpuscular Hemoglobin Concentration (g/dL) 33.7+£0.8%
Red Cell Distribution Width (%) 13.3(12.9-13.9)
Reticulocytes (/mm?) 37.5+10.3
Platelets (10°/uL) 216.0 £ 50.6
Neutrophils (103/uL) 2.6(3.2-29)
Lymphocytes (10°/uL) 1.7+0.4
Monocytes (103/ul) 0.4+0.1
Eosinophils (10°/uL) 0.09 (0.06 - 0.2)
Basophils (10*/uL) 0.02 (0.02 - 0.04)°
Serum Iron (pg/dL) 109.3 £26.4

n=22; 'n=21.
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Table 3.3. Biochemical profile of the study volunteers (n = 24).

Variables Mean + SD or Median (Q1-Q3)
Total Cholesterol (mg/dL) 200.8 £22.4
Triglycerides (mg/dL) I51.1 £65.1
High Density Lipoprotein Cholesterol (mg/dL) 60 (47.5-123.5)
Low Density Lipoprotein Cholesterol (mg/dL) 91.9+35.5
Very Low Density Lipoprotein Cholesterol (mg/dL) 30.2+13.0
Fasting Blood Glucose (mg/dL) 99.5 (95-107.5)
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Table 3.4. Daily nutritional intake estimated from food recall (n = 19).

Variables Mean + SD or Median (Q1-Q3)
Energy (kcal) 1758.5 +344.7
Carbohydrates (g) 200.2+47.2
Proteins (g) 78.5+24.9
Lipids (g) 67.5+18.3
Cholesterol (mg) 226.0 £118.7
Saturated fats (g) 21.5+£6.6
Monounsaturated fats (g) 27.8+9.1
Fibers (g) 19.8+7.3
Iron (mg) 11.1+£34
Folic acid (ug) 472 +25.6
Vitamin B6 (ug) 1.4(1.3-1.7)
n=20.
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Table 3.5. Coefficients of correlation between pairs of studied variables.

1|2 |3 4 5 6 7 8 9 10 11 12 | 13 14 | 15| 16 | 17 | 18 | 19 | 20 | 21 |22
1 |Age 1
2 |Weight 0.0 1
3 BMI 0.0 09| 1
4 |Amax 0.2 [-0.1/-02] 1
5 Jtie 0.2 ]-0.1/-02]-02| 1
6 [RBC 0.0 0.0]001]05%] 0.0 1
7 |Hb 0.2 [-0.3]-0.2]| 05| 0.0 | 0.8 1
8 [Ht 0.3 1]-02(-0.1|05%| 0.0 | 0.8 | 09° 1
9 [MCH 0.2 ]-03]-02]-01001|-07"] 0.0 | -0.2 1
10 MCV 031]-03[-0.1|-01]01|-05 1| 01 | 01 | 098 1
11 MCHC -03/-0.1/-02]-0.1]01 | -03 | 0.1 | -04 | 05% | 0.0 1
12 RDW -0.210.5%10.5%| 0.0 | -0.1 | 0.2 00 | 01 | -04 | 03 | -0.2 1
13 [Pt 0.101]02] 02]-04| 0.1 01 | 02| -01 | 00 | -02 |-03| 1
14 Rtc 03]02]01] 0.1 |-05% 0.2 02 | 02| -02 | 0.1 | -04 | 04| 0.1 1
15 [[ron 0.2 ]-00[-0.1|-01|00| -02 | 00 | 00 | 03 0.3 00 [-01]01 | 0211
16 |t-C 0.1 [0.6%/0.5%| 0.2 |-0.1| 0.3 02 | 02| -02 | 02| -01 |03 |04*%]| 02 |-01] 1
17 TGC 0.4%1021]02] 03|00/ 03 02 | 03 | -02 | 0.1 | -0.1 |-0.1]0.5%] 02 |-02]04*%]| 1
18 [HDL-C 0.0 [-0.1/-0.0|-03|0.1 |-05%] -02 | 03| 03 | 05 | 0.1 |-02] 0.1 | 00 |04 03 |-03]| 1
19 LDL-C -0.1/031]02] 04 |-02] 06% | 03 |04%|-05%|-04%| 0.1 | 02 ] 00 | 0.1 |[-04| 03 | 0.4 |-09%| 1
20 [VLDL-C 0.4*%/021]02] 03 |00]| 03 02 | 03| -02 | 0.1 | -0.1 |-0.1|0.5%] 02 |-02]04*|1.0*|-03] 04 | 1
21 |Glucose 0.5/ 03 ]03] 04 |-02]| 0.1 03 | 02 | 02 0.2 00 [ 00|03 |03 1]01[04%]|07%]|-03]03]07%] 1
22 |Vitamin B9 -0.1/-021-021] 0.6% |-0.6%| 0.7% | 0.5% | 0.5% | -04* | -0.4* | -0.1 | 0.1 | 0.1 |05*%|-0.1| 02 | 0.0 |-03| 04 | 0.0 | 0.1 | 1

Abbreviations: BMI, Body Mass Index; Amax, Maximum Absorbance; ti2, time for half of the total lysis; RBC, Red Blood Cells; Hb, Hemoglobin;
Ht, Hematocrit; MCH, Mean Corpuscular Hemoglobin; MCV, Mean Corpuscular Volume; MCHC, Mean Corpuscular Hemoglobin Concentration;
RDW, Red cell distribution width; PIt, Platelet count; Rtc, Reticulocyte Count; t-C, total Cholesterol; TGC, Triglycerides; HDL-C, High-Density
Lipoprotein Cholesterol; LDL-C, Low-Density Lipoprotein Cholesterol; VLDL-C, Very-Low-Density Lipoprotein Cholesterol; Vitamin B9, Folic

Acid.

*p<0.05; ¥p<0.01.
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