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RESUMO

CRUZ, K. J. C. Associacdo entre as concentragcfes de minerais (magnésio, zinco
e selénio) e marcadores metabdlicos dos fenotipos obesidade metabolicamente
saudavel e obesidade metabolicamente ndo saudavel. 2019. Tese - Programa de
Pos-graduacdo em Alimentos e Nutricdo, Universidade Federal do Piaui, Teresina-Pl.

INTRODUCAO: Estudos epidemioldgicos identificaram um subconjunto da populacéo
obesa com fendétipo metabdlico benéfico, conhecido como obesidade
metabolicamente saudavel. Por outro lado, quando ocorre disfuncéo do tecido adiposo
e acumulo de gordura intra-abdominal, o individuo obeso apresenta fendtipo
metabolicamente ndo saudavel. Atualmente, pesquisadores tém mostrado interesse
pela avaliacdo de micronutrientes nos dois tipos de fendtipos da obesidade.
OBJETIVO: Avaliar a associacdo entre as concentracbes de minerais (magnésio,
zinco e selénio) e marcadores metabdlicos dos fenétipos obesidade metabolicamente
saudavel e obesidade metabolicamente ndo saudavel. METODOS: Foi conduzido
estudo transversal com 140 mulheres, que foram distribuidas em trés grupos: grupo
experimental |1 (obesas metabolicamente saudaveis, n=35), grupo experimental |l
(obesas metabolicamente ndo saudaveis, n=28) e grupo controle (mulheres
saudaveis, n=77). Foram aferidos peso corporal, estatura e circunferéncias da cintura,
do quadril e do pescoco. indice de massa corpérea, relacio cintura-quadril, relagéo
cintura-estatura e indices de adiposidade foram calculados. As determinacfes das
concentracdes séricas de glicose e insulina de jejum foram realizadas pelos métodos
enzimatico colorimétrico e quimioluminescéncia, respectivamente. As analises das
concentracbes plasméaticas de hemoglobina glicada foram conduzidas por meio do
método de cromatografia de troca idnica. Os lipidios séricos foram analisados
segundo método enziméatico colorimétrico. Os indices HOMA-IR (Homeostasis Model
Assessment Insulin Resistance), HOMA-, indices de Castelli | e Il foram calculados.
A pressao arterial foi aferida. A avaliacdo das concentracdes de cortisol sérico e
leptina plasmética foi realizada pelo método de eletroquimioluminescéncia e
radioimunoensaio, respectivamente. As concentracfes plasmaticas de TBARS
(substancias reativas ao acido tiobarbitlrico) foram determinadas seguindo a
metodologia descrita por Ohkawa, Ohishi e Yagi (1979), com adaptacdes. A atividade
das enzimas superoxido dismutase eritrocitaria e glutationa peroxidase eritrocitaria foi
avaliada em analisador bioquimico automatico. As concentracbes seéricas dos
horménios TSH, T3 e T4 livres foram determinadas por quimioluminescéncia. A
analise da ingestdo de energia, macronutrientes magneésio, zinco e selénio foi
realizada por meio do registro alimentar de trés dias, utilizando o software Nutwin,
versao 1.5. As concentracdes plasmaticas, eritrocitarias e urinarias dos minerais foram
determinadas em espectrometro de emissdo Optica com plasma acoplado
indutivamente. RESULTADOS: Os valores de insulina de jejum, HOMA-IR, HOMA-(3,
triglicerideos, VLDL, HDL-colesterol, indice de Castelli | e presséo arterial sistélica
foram semelhantes entre o grupo controle e as mulheres obesas metabolicamente
saudaveis e estas ainda tinham valores reduzidos destes parametros em relagéo as
obesas nao saudaveis, com excecao do HDL-colesterol, que se encontrava elevado.
Ambos os grupos dos fendtipos obesos possuiam valores elevados de TBARS e
leptina e reduzidos da enzima superoxido dismutase, quando comparados ao grupo
controle. No entanto, somente as obesas ndo saudaveis mostraram valores elevados
da fracdo ndo-HDL-colesterol e do indice de Castelli I, em relacdo as participantes
eutréficas. As pacientes obesas apresentaram concentragbes plasméticas e



eritrocitarias reduzidas dos minerais e valores urinarios elevados, em relacdo ao grupo
controle, independente do fendtipo saudavel ou ndo saudavel. Houve correlacao
significativa entre as concentracdes dos minerais e marcadores metabdlicos dos
fenotipos metabolicamente saudaveis e ndo saudaveis. CONCLUSAO: O estudo
revela a influéncia da deficiéncia nestes minerais em disturbios metabdlicos presentes
na obesidade, a exemplo da resisténcia a insulina, dislipidemias, estresse oxidativo e
alteracdes nos hormanios tireoidianos.

Palavras-chave: Obesidade. Obesidade metabolicamente saudavel. Magnésio.
Zinco. Selénio.



ABSTRACT

CRUZ, K. J. C. Association between mineral concentrations (magnesium, zinc
and selenium) and metabolic markers of metabolically healthy obesity and
metabolically unhealthy obesity phenotypes. 2019. Thesis — Postgraduate
Program in Food and Nutrition, Federal University of Piaui, Teresina-PI.

INTRODUCTION: Epidemiological studies have identified a subgroup within the obese
population who displays the benefit metabolic phenotype, and is known as
metabolically healthy obesity. On the other hand, the obese individual displays
metabolically unhealthy phenotype when there is adipose tissue dysfunction and intra-
abdominal fat accumulation. Currently, researches for assessing biomarkers of
micronutrients concentrations in both two obesity-related phenotypes have been
carried out. AIM: To evaluate the association between mineral concentrations
(magnesium, zinc and selenium) and metabolic markers of metabolically healthy
obesity and metabolically unhealthy obesity phenotypes. METHODS: This was a
cross-sectional study involving 140 women. The participants were divided into three
groups: experimental group | (metabolically healthy obese women, n = 35),
experimental group Il (metabolically unhealthy obese women, n = 28) and control
group (eutrophic women, n = 77). This study is within the project entitled “Impact of
minerals on endocrine metabolic disorders”. Body weight, height, waist circumference,
hip circumference and neck circumference were measured. Body mass index, waist-
hip ratio, waist-height ratio and some adiposity indices were calculated. Analyses of
fasting glucose and serum insulin concentration were carried out using the colorimetric
enzymatic method and chemiluminescence method, respectively. Analysis of glycated
hemoglobin was carried out using the ion exchange chromatography method. Serum
lipids were analyzed using the colorimetric enzymatic method. HOMA-IR index
(Homeostasis Model Assessment Insulin Resistance), HOMA-B index, Castelli’s risk
index | and Il were calculated. Analysis of serum cortisol concentration and plasma
leptin level were performed using the electrochemiluminescence method and
radioimmunoassay method, respectively. Plasma concentration of TBARS was
determined using the method proposed by Ohkawa; Ohishi e Yagi (1979), with
adaptations. Erythrocyte glutathione peroxidase and erythrocyte dismutase
superoxide activities were analyzed using an automatic biochemical analyzer. Serum
TSH, T3 and T4 concentrations were evaluated using the chemiluminescence method.
The three-day food record method was used for the analysis of the dietary intake of
energy, macronutrients, magnesium zinc and selenium. Dietary intake was calculated
using the software NutWin, version 1.5. Elemental analyses of the plasma, erythrocyte
and urinary minerals levels were performed on an inductively coupled plasma
spectrometer - Optical Emission Spectrometry. RESULTS: Serum insulin, HOMA-IR,
HOMA-B, triglycerides, VLDL, HDL cholesterol, Castelli’'s risk index | and arterial
systolic pressure were similar between control group and metabolically healthy obese
women; however, metabolically healthy obese showed lower values of these
parameters than unhealthy obese, except HDL cholesterol, which was higher. The both
obese phenotypes groups showed higher values of TBARS and leptin, and lower
superoxide dismutase activity than control group. However, only metabolically
unhealthy obese showed higher values of non-HDL cholesterol and Castelli’s risk index
Il than eutrophic women. Obese patients presented lower plasma and erythrocyte
mineral concentrations, and higher urinary mineral levels than control group,
independently of healthy or unhealthy phenotypes. Statistically significant correlation



was found between parameters of mineral concentrations and metabolic markers of
metabolically healthy and metabolically unhealthy phenotypes. CONCLUSION: This
study shows the influence of magnesium, zinc and selenium deficiencies on obesity-
associated metabolic disorders, such as insulin resistance, dyslipidemias, oxidative
stress and thyroid hormonal dysfunction.

Keywords: Obesity. Metabolically Healthy Obesity. Magnesium. Zinc. Selenium.
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NMDA - N-metil-D-aspartato

NMDAR - Receptor N-metil-D-aspartato

NO - Oxido Nitrico

NPY - Neuropeptideo Y

Nrf2 - Fator nuclear eritroide 2 relacionado ao fator 2

OMS - Organizag¢do Mundial da Saude

ObMS - Obesidade metabolicamente saudavel



ONOO" - Peroxinitrito

PA - Presséo arterial

PBMC - Células mononucleares do sangue periférico

PCR - Proteina C reativa

PEDF - Fator derivado do epitélio pigmentado

PG - Prostaglandina

PGRN - Progranulina

PI3K - Fosfatidilinositol 3-quinase

PIP3 - Fosfatidilinositol 3,4,5-trifostato

PPAR-a - Receptor alfa ativado por proliferadores de peroxissomas
PPAR-y - Receptor gama ativado por proliferadores de peroxissomas
PTEN - Fosfatase homdloga a tensina

PTPase - Proteina tirosina fosfatase

PTPase 1B - Proteina tirosina fosfatase 1B

QUICKI - Quantitative Insulin-Sensitivity Check Index (indice quantitativo de
verificacdo de sensibilidade a insulina)

SCD-1 - Estearoil-Coa dessaturase-1

SOD - Superoxido dismutase

SREBP-1c - Proteina de ligacdo ao elemento regulador de esterol 1c
STAT - Transdutor de sinal e ativador da transcri¢éo

TBARSs - Substancias reativas ao tiobarbiturico

TG - Triglicerideos

TGF-B - Fator de transformacao do crescimento B

TLR - Receptor toll-like

TNF-a - Fator de necrose tumoral a

VEGF - Fator de crescimento endotelial vascular

Vigitel - Vigilancia de fatores de risco e protecdo para doencas crénicas por inqueérito
telefénico

VLDL - Lipoproteinas de muito baixa densidade

ZAG - Zinco-a2-glicoproteina

ZIP - Zrt-and Irt-like protein

ZnT - Zinc transporter
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3 OBJETIVOS

3.1 Objetivo Geral

Avaliar a associagéo entre as concentragées de minerais (magnésio, zinco e
selénio) e marcadores metabodlicos dos fendtipos obesidade metabolicamente

saudavel e obesidade metabolicamente ndo saudavel.

3.2 Objetivos Especificos

e Caracterizar os fenétipos de mulheres obesas metabolicamente saudaveis e nao
saudaveis;

e Estimar o consumo alimentar de energia, macronutrientes, magnésio, zinco e
selénio e sua adequacéo na dieta;

e Determinar as concentracfes plasmaticas, eritrocitarias e urinarias de magnésio,
zinco e selénio;

e Caracterizar a adiposidade geral e visceral,

e Determinar parametros do controle glicémico, risco cardiovascular e do estresse
oxidativo;

e Analisar as concentragdes seéricas de leptina, cortisol e horménios tireoidianos.
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4 METODOLOGIA

Estudo de natureza transversal envolvendo mulheres com obesidade ou peso
normal, na faixa etaria entre 20 e 50 anos de idade. Esta pesquisa faz parte de um
projeto maior intitulado “Impacto de minerais em disturbios endocrinometabdlicos”. A
definicdo da amostra do estudo foi baseada na amostragem por conveniéncia, sendo
que as participantes com obesidade foram recrutadas a partir da demanda
espontanea de ambulatérios clinicos da cidade de Teresina — PI, e as eutrdéficas por
meio de chamadas publicas, em midia digital e eventos de educacgédo nutricional, e
ambulatdrios clinicos.

As participantes foram selecionadas por meio de entrevista, com 0s seguintes
critérios de inclusao: idade entre 20 e 50 anos, indice de massa corpérea (IMC) a partir
de 35,0 kg/m2 (grupos experimental | e 1l) e entre 18,5 e 24,9 kg/m?2 (grupo controle),
auséncia de diabetes mellitus, doenca renal crénica, cancer ou infecgcdes recentes;
nao estar gestante ou lactante; ndo estar participando de outro estudo clinico; ndo
fazer uso de suplemento vitaminico-mineral e/ou medicamentos que possam interferir
no estado nutricional relativo aos minerais e nos disturbios metabdlicos avaliados; ndo
fumantes; ndo ingerir alcool de forma crénica. Estas informacdes foram autorrelatadas
pelas participantes.

O projeto foi aprovado pelo Comité de Etica em Pesquisa da Universidade
Federal do Piaui, sob nimero de parecer 2.014.100, conforme prevé a Resolugéo
466/12 do Conselho Nacional de Saude (CNS) (BRASIL, 2012). Todas as
participantes assinaram um termo de consentimento livre e esclarecido (APENDICE
A) do estudo, elaborado de acordo com a “Declaragéo de Helsinki IlI”, capitulo 50,
paragrafos 50.20/27, que trata da protecdo dos participantes e orienta procedimentos
referentes as pesquisas que necessitam de experiéncias com humanos. Em seguida,
foi preenchida uma ficha de cadastro, apos receberem informacgdes detalhadas sobre
a pesquisa com linguagem adequada, conforme estabelecido pela Resolugéo 466/12
do Conselho Nacional de Saude (BRASIL, 2012).

Em seguida, foram entregues formulario para o registro alimentar e material
para coleta da urina de 24 horas, bem como foram agendadas datas para obtencéo

das medidas antropométricas, coleta de sangue e entrega do registro alimentar e urina
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de 24 horas. As atividades realizadas com as participantes do estudo estao
esquematizadas na figura 7.

Figura 7 - Fluxograma das atividades realizadas com as participantes do estudo.

Orientaciio das participantes quanto aos objetivos ¢ procedimentos referentes a pesquisa

.2

Assinatura do TCLE e preenchimento da ficha de cadastro

ol

Entrega do formulario para registro alimentar e material para coleta da urina de 24 h

&

Obtencio das medidas antropométricas, coleta de sangue e recebimento do registro

alimentar e urina de 24 h

As metodologias utilizadas para avaliagdo antropométrica, estimativa do
consumo alimentar e andlise dos pardmetros bioquimicos estdo apresentadas nos

capitulos 1 e 2, que tratam dos artigos originados desta tese.
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Kyria Jayanne Climaco Cruz; Ana Raquel Soares de Oliveira; Jennifer Beatriz Silva
Morais; Stéfany Rodrigues de Sousa Melo; Loanne Rocha dos Santos; Larissa Cristina
Fontenelle; Suelem Torres de Freitas; Gilberto Simeone Henriques; Silvana
Auxiliadora Bordin da Silva; Carla Soraya Costa Maia; Francisco Erasmo de Oliveira;
Carlos Henrigue Nery Costa; Emidio Marques de Matos Neto; Dilina do Nascimento

Marreiro

Resumo

Estudos epidemiolégicos tém identificado um subconjunto da populacdo obesa com
fenétipo metabdlico benéfico, conhecido como obesidade metabolicamente saudavel.
Por outro lado, quando ocorre disfuncdo do tecido adiposo, o individuo obeso
apresenta fenotipo metabolicamente ndo saudavel. Pesquisadores tém mostrado
interesse pela avaliacdo de micronutrientes nos dois fendtipos de obesidade. O
objetivo do presente estudo foi avaliar a associacdo entre as concentracbes de
minerais (magnésio, zinco e selénio) e marcadores metabolicos dos fendtipos
obesidade metabolicamente saudavel e ndo saudavel. Foi conduzido estudo
transversal com 112 mulheres, que foram distribuidas em trés grupos: grupo
experimental |1 (obesas metabolicamente saudaveis, n=35), grupo experimental Il
(obesas metabolicamente ndo saudaveis, n=28) e grupo controle (mulheres
saudaveis, n=77). Foram aferidos peso, altura e circunferéncias da cintura, do quadril
e do pescoco. indice de massa corpérea, relacdo cintura-quadril, relagdo cintura-
estatura e indices de adiposidade foram calculados. Foram conduzidas as
determinacdes da glicose de jejum, hemoglobina glicada, insulina de jejum e dos
parametros do risco cardiovascular (lipidios séricos e presséo arterial). Os indices
HOMA-IR (Homeostasis Model Assessment Insulin Resistance), HOMA-@3, indices de
Castelli | e Il foram calculados. As analises de cortisol sérico, leptina plasmatica,
concentragdes plasmaticas de TBARS (substancias reativas ao acido tiobarbiturico),
horménios tireoidianos, atividade das enzimas superoxido dismutase eritrocitaria e
glutationa peroxidase eritrocitaria foram realizadas. A analise da ingestéo de energia,
macronutrientes, magnésio, zinco e selénio e a determinacdo das concentracdes
plasmaticas, eritrocitarias e urinarias destes minerais foram conduzidas. As pacientes
obesas apresentam concentragfes plasmaticas e eritrocitarias reduzidas e valores
urinarios elevados dos minerais magnésio, zinco e selénio, independente do fenatipo
saudavel ou ndo saudavel. A deficiéncia nestes minerais esta associada aos distarbios
metabolicos presentes na obesidade, a exemplo da resisténcia a insulina,
dislipidemias, estresse oxidativo e altera¢cdes nos hormonios tireoidianos.

Palavras-chave: Obesidade. Obesidade metabolicamente saudavel. Magnésio.
Zinco. Selénio.
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Introducéo

A obesidade € uma doenca crbnica caracterizada pelo acumulo excessivo de
gordura corporal (WHO, 2016). Estudos epidemiolégicos tém identificado um
subconjunto da populagédo obesa com fenotipo metabdlico benéfico, conhecido como
obesidade metabolicamente saudavel. Este fendtipo é caracterizado por perfil
inflamatorio favoravel, sensibilidade a insulina, presséo arterial normal e auséncia de
dislipidemia (DURWARD et al., 2012; MARRA et al., 2019; WILDMAN et al., 2008;
ZHANG et al., 2016).

Por outro lado, o fendtipo obesidade metabolicamente ndo saudavel é
caracterizado pela presenca de distarbios metabdlicos, a exemplo da inflamacéo
cronica de baixo grau, resisténcia a insulina e estresse oxidativo. Estes disturbios
parecem ser decorrentes da disfuncéo do tecido adiposo e acumulo de gordura intra-
abdominal, que ocorre quando a capacidade de expansdo do tecido adiposo
subcutaneo de individuos obesos ¢é excedida (BLUHER, 2009; BRAY, 2018;
GOOSSENS, 2017).

A literatura também tem evidenciado a existéncia de deficiéncias nutricionais
em individuos obesos, em particular, 0s minerais magnésio, zinco e selénio. Estes
nutrientes exercem fungBes anti-inflamatdria, antioxidante e sensibilizadora da acéo
dainsulina. Assim, a deficiéncia nestes micronutrientes tem repercussdes metabolicas
importantes que contribuem para exacerbar os distirbios metabdlicos presentes
nesses pacientes (CRUZ et al., 2014; OLIVEIRA et al., 2015; MORAIS et al., 2017).

Atualmente, pesquisadores tém mostrado interesse pela avaliacdo de
micronutrientes em obesos metabolicamente saudaveis, que parecem apresentar
concentracbes séricas elevadas de minerais, como o0 magnésio, em relacdo aos
pacientes obesos ndo saudaveis. Dessa forma, sugere-se que estes nutrientes podem
contribuir para a prevencao de disturbios metabdlicos, como o estresse oxidativo,
inflamacéo, dislipidemias e resisténcia a insulina, minimizando assim a manifestacéo
destas desordens no grupo metabolicamente saudavel (GUERRERO-ROMERO;
RODRIGUEZ-MORAN, 2013; STENZEL et al., 2018). No entanto, as evidéncias sobre
o tema ainda s&o escassas na literatura publicada.

Portanto, o objetivo do presente estudo foi avaliar a associacado entre as

concentracdes de minerais (magnésio, zinco e selénio) e marcadores metabdlicos dos
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fenotipos obesidade metabolicamente saudavel e obesidade metabolicamente ndo
saudavel, na perspectiva de encontrar possiveis contribui¢cdes das func¢des fisiologicas

exercidas pelos minerais na protecéo contra disturbios associados a obesidade.

Métodos

Foi conduzido estudo transversal com 112 mulheres, que foram distribuidas
em trés grupos: grupo experimental | (mulheres com obesidade metabolicamente
saudaveis, n=35), grupo experimental Il (mulheres com obesidade metabolicamente
ndo saudaveis, n=28) e grupo controle (mulheres saudaveis, n=77). As participantes
foram recrutadas da demanda espontanea de ambulatorio particular da cidade de
Teresina-Piaui.

Para diagnosticar a obesidade metabolicamente saudavel, foram
considerados os critérios NCEP-ATP Il (2005) associados aos valores de HOMA-IR
(Homeostasis Model Assessment Insulin Resistance) e de hemoglobina glicada. As
mulheres foram consideradas metabolicamente saudaveis quando possuiam até dois
parametros alterados, dentre 0s seguintes: circunferéncia da cintura > 88 cm, pressao
arterial sistélica =2 130 mmHg ou diastdlica = 85 mmHg, glicemia de jejum =100 mg/dL,
triglicerideos = 150 mg/dL, HDL-colesterol < 50 mg/dL, HOMA-IR > 2,71 e
hemoglobina glicada = 5,7% (MATTHEWS et al., 1985; ADA, 2017).

As participantes foram selecionadas por meio de entrevista, com 0s seguintes
critérios de incluséo: idade entre 20 e 50 anos, indice de massa corpérea (IMC) a
partir de 35,0 kg/m? (grupos experimental | e Il) e entre 18,5 e 24,9 kg/m? (grupo
controle), auséncia de diabetes mellitus, doenca renal cronica, cancer ou infecgoes
recentes; nao estar gestante ou lactante; ndo estar participando de outro estudo
clinico; nédo fazer uso de suplemento vitaminico-mineral e/ou medicamentos que
possam interferir no estado nutricional relativo aos minerais e nos disturbios
metabdlicos avaliados; ndo fumantes; nado ingerir alcool de forma cronica. Estas
informagdes foram autorrelatadas pelas participantes.

O estudo foi aprovado pelo Comité de Etica da Universidade Federal do Piaui,
Brasil, sob nimero 2.014.100. Todas as participantes que aceitaram participar da
pesquisa assinaram um termo de consentimento livre e esclarecido, conforme prevé
a Resolucdo 466/12 do Conselho Nacional de Saude (CNS) (BRASIL, 2012).
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Avaliacao do Estado Nutricional

O peso corporal, estatura, circunferéncia da cintura, do pescoco e quadril das
participantes foram aferidos. O IMC foi calculado a partir do peso da participante do
estudo dividido por sua estatura elevada ao quadrado, e a classificacdo do estado
nutricional foi conduzida seguindo as recomendacdes da Organizacdo Mundial de
Saude (WHO, 2000). Os valores de referéncia utilizados para circunferéncia da
cintura e do pescoco foram os recomendados pela Organizacdo Mundial de Saude
(WHO, 2008) e Ben-Noun et al. (2004), respectivamente.

Coleta do Material Biolégico

Amostras de 30 mL de sangue venoso foram coletadas no periodo da manha,
entre 7 e 9 horas, estando as participantes em jejum minimo de 12 horas. Para a
coleta de urina de 24h, foram fornecidos frascos desmineralizados, que foram
pesados antes e apos a coleta em balanca semianalitica para a determinacédo do
volume urinério a partir da densidade. Apos esse procedimento, foram retirados 8 mL
de urina e distribuidos em 4 microtubos de polipropileno, e conservados em freezer a
-20°C para analise posterior dos minerais zinco e selénio. O volume remanescente foi
acidificado com &cido cloridrico a 3 mol/L e homogeneizado para evitar a precipitacao
do magnésio na urina e para melhor preservacdo do mineral (ELIN, 1987). Em
seguida, foram retirados 4 mL de urina e distribuidos em 2 microtubos de polipropileno,

os quais foram conservados em freezer a -20°C.

Determinagéo do Controle Glicémico

As concentracdes séricas da glicose de jejum foram analisadas por meio do
meétodo enzimatico colorimétrico, utilizando-se os kits Labtest. Os valores de glicose
de jejum entre 75 e 99 mg/dL foram considerados normais, segundo 0s critérios
definidos pela American Diabetes Association (ADA, 2017). As concentracdes séricas
de insulina foram determinadas segundo o método de quimioluminescéncia,

considerando como padrao de referéncia os valores entre 6 e 27 pu/mL.
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A andlise das concentracdes plasméticas de hemoglobina glicada foi
conduzida pelo método de cromatografia de troca ibnica. Os valores abaixo de 5,7%
para a hemoglobina glicada foram considerados normais, segundo a American
Diabetes Association (ADA, 2017).

Os valores de HOMA-IR foram calculados por meio da seguinte formula:
(insulina [pU/mL] x glicose [mmol/L])/22,5. O indice HOMA-B foi calculado usando o
programa HOMA Calculator, versdo 2.2.3 (HOMA Calculator, 2017). Valores de
HOMA-IR acima de 2,71 ou do HOMA-B acima de 1,8 indicaram um quadro de
resisténcia a insulina (MATTHEWS et al., 1985; WALLACE et al., 2004).

Avaliacao do Risco Cardiovascular

Afericao da Pressao Arterial

A afericdo da pressdao arterial foi realizada com aparelho digital de pulso da
marca G-Tech, modelo BP3AF1-3, apos a participante ficar dez minutos em repouso.
Foram considerados como padrao de referéncia os valores de pressao sistélica
menores que 130 mmHg e pressao diastolica, menores que 85 mmHg (ANDRADE et
al., 2010).

Determinacéo do Perfil Lipidico

As concentracdes séricas de colesterol total, LDL-colesterol, HDL-colesterol e
triglicérides foram determinadas segundo método enzimatico colorimétrico, em
analisador bioquimico automatico Cobas Integra (Roche Diagnostics, Brasil),
utilizando kits Roche. A fragdo LDL-colesterol foi calculada de acordo com a formula
de Friedwald et al. (1972): LDL-c = CT — HDL-c - TG/5, sendo valida para valores de
triglicérides até 400 mg/dL. A fragdo ndo-HDL-colesterol foi calculada por meio da
diferenca entre os valores de colesterol total e HDL-colesterol. Os valores para lipidios
séricos definidos na Atualizacdo da Diretriz Brasileira de Dislipidemias e Prevencéo
da Aterosclerose — 2017 foram utilizados como padréo de referéncia (FALUDI et al.,
2017).
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Relagao Cintura-quadril e Relag&o Cintura-estatura

A relacéo cintura-quadril foi calculada a partir da circunferéncia da cintura da
participante dividido pela circunferéncia do quadril (WHO, 1998), e a relacao cintura-
estatura foi calculada dividindo-se a circunferéncia da cintura pela estatura (PITANGA,
LESSA, 2006).

indices de Adiposidade Corporal

O indice de conicidade foi calculado usando a seguinte formula: circunferéncia
da cintura [cm]/(0,109Vpeso corporal [kg]/ estatura [m]) (PITANGA; LESSA, 2006). O
indice de formato corporal foi calculado por meio da férmula: circunferéncia da cintura
[m]/ (IMC?3 x Jpeso corporal [kg]/ estatura [m]) (KRAKAUER; KRAKAUER, 2012).

O indice de circularidade corporal foi calculado usando a formula: 364,2 —
(365,5 x excentricidade [e]), sendo e= V1-(circunferéncia da cintura [cm]/41)/(0,5 X
estatura [cm]) (THOMAS et al., 2013). O indice de adiposidade corporal foi calculado
usando a seguinte féormula: ((circunferéncia do quadril [cm]/estatura [m]*®) -18)
(BERGMAN et al., 2011). O indice de adiposidade visceral foi calculado usando a
presente formula sexo especifica: (circunferéncia da cintura [cm]/36,58 + [1,89 x
IMC])x(triglicerideos [mmol/L]/0,81) x (1,52/HDL-c [mmol/L]) para mulheres (AMATO
et al., 2010).

Indices de Castelli | e I

Para determinacdo do risco de doenca cardiovascular, também foram
utilizados os indices de Castelli | e Il, que correspondem a razdo entre o colesterol
total e o HDL-colesterol e a razdo entre LDL-colesterol e HDL-colesterol,
respectivamente. Os valores de referéncia sao: indice de Castelli | < 4,3 e indice de
Castelli Il £2,9 (CASTELLI; ABBOT; MCNAMARA, 1983).
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Determinacdo de Marcadores do Estresse Oxidativo

As concentracdes plasmaticas das substancias reativas ao acido tiobarbiturico
(TBARS) foram determinadas de acordo com o método proposto por Ohkawa; Ohishi;
Yagi (1979). A calibracao da curva foi preparada utilizando as concentragdes de 0,5 a
8,0 nmol/mL do reagente padréo 1,1,3,3-tetraetoxiproprano. A absorbancia foi medida
com espectrofotdmetro Bel Photonics UV/Vis, modelo 1102, em comprimento de onda
de 532nm.

A determinacédo da atividade das enzimas glutationa peroxidase eritrocitaria e
superoxido dismutase eritrocitaria foi realizada em analisador bioquimico automatico
(Labmax 240); utilizando-se, respectivamente, kit Ransel 505 (Laboratério Randox),
de acordo com metodologia proposta por Paglia e Valentine (1967) e kit Ransod
(Laboratério Randox), conforme metodologia recomendada pelo fabricante. A
concentracdo de hemoglobina do hemolisado foi determinada para o resultado final
ser expresso em unidades de enzima por grama de hemoglobina (U/g Hg). Os valores
de referéncia utilizados para atividade da glutationa peroxidase e superoxido
dismutase foram, respectivamente, 27,5 a 73,6 U/gHg e 1.102 a 1.601 U/gHg,

propostos pela Randox.

Determinacdo das Concentracdes de Cortisol Sérico e Leptina Plasmética

A avaliacdo da concentracéo de cortisol sérico foi realizada segundo o método
de eletroquimioluminescéncia, sendo adotado como padréo de referéncia valores
entre 6,23 — 18,01 pg/dL no turno da manha (NIEMAN et al., 2008). A determinacdo
da concentracdo plasmatica de leptina foi realizada de acordo com o método de

radioimunoensaio, utilizando kit Elisa.

Determinacgdo dos Horménios Tireoidianos

As concentracdes séricas dos hormoénios TSH (hormoénio estimulante da
tiroide), T3 e T4 livres foram determinadas pelo método de quimioluminescéncia,
utilizando kits especificos e seguindo as instrucdes do fabricante (Abbott, Estados

Unidos). Foram consideradas eutiroidianas as pacientes que apresentaram valores de
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TSH, T3 e T4 livres nos seguintes intervalos de referéncia, respectivamente: 0,40-5,0
pul/mL, 1,71-3,71 pg/mL e 0,70-1,50 ng/mL.

Andlise da Ingestédo Dietética dos Minerais (Magnésio, Zinco e Selénio)

O método do registro alimentar de trés dias foi utilizado para andlise da
ingestao dietética de energia, macronutrientes e minerais, sendo calculada por meio
do programa Nutwin, versdo 1.5 (ANCAO et al., 2002). Os valores de EAR (Estimated
Average Requirement) recomendados pelas DRIs (Dietary Reference Intakes) foram
utilizados como padréo de referéncia para verificar adequacéo na ingestao destes
nutrientes (IOM, 1997, 2001, 2005, 2000).

Os valores de referéncia adotados para os minerais foram: 255 mg de
magnésio/dia para mulheres com idade de 19 a 30 anos e 265 mg de magnésio/dia
para aquelas com mais de 30 anos (IOM, 1997); 6,8 mg de zinco/dia (IOM, 2001);
45ug de selénio/dia e 1 pug de selénio/kg/dia (IOM, 2000; KIPP et al., 2015).

Os valores da ingestdo de energia, macronutrientes e minerais foram
inseridos na plataforma online Multiple Source Method (MSM), versao 1.0.1, para
ajustes de variabilidade intrapessoal e interpessoal, corrigida por técnicas de
modelagem estatistica, bem como para estimativa do consumo alimentar habitual
desses nutrientes, por meio de analise de regressédo logistica (HAUBROCK et al.,
2011; LAUREANO et al., 2016; MSM, 2011; SOUVEREIN et al., 2011). Este programa
pode ser acessado por meio do website MSM (https://nugo.dife.de/msm/).

Os valores dietéticos de macronutrientes e minerais também foram ajustados
em relacdo a energia por meio do método residual, evitando distor¢cdes geradas por
diferencas no consumo energético. Apés verificar a normalidade da distribuicdo dos
dados, os valores de ingestédo foram ajustados em relacéo a energia pelo calculo do
nutriente (FISBERG et al., 2005; JAIME et al., 2003; WILLETT; STAMPFER, 1986).

Avaliacdo dos Parametros Bioquimicos dos Minerais (Magnésio, Zinco e Selénio)

Para analise das concentragfes plasmaticas dos minerais, o plasma foi
separado do sangue total por centrifugacdo (CIENTEC® 4K15, Sao Paulo, Brasil) a
1831xg durante 15 minutos a 4 °C. Em seguida, o plasma foi extraido com pipeta
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automética e acondicionado em microtubos de polipropileno, sendo posteriormente
conservados a -20 °C.

Para separacdo dos eritrécitos, foram utilizados os métodos propostos por
Whitehouse et al. (1982). A massa eritrocitaria foi lavada 3 vezes com 5 mL de solucéo
salina isotonica (NaCl a 0,9%), sendo cuidadosamente homogeneizada por inversao
e centrifugada (CIENTEC® 4K15, Sao Paulo, Brasil) a 2493xg por 10 minutos a 4 °C
e 0 sobrenadante aspirado e descartado. Apos a ultima centrifugacao, a solucdo salina
foi descartada e a massa eritrocitaria extraida foi cuidadosamente transferida para
microtubos, que foram mantidos a temperatura de — 20°C para analise posterior.

As analises das concentra¢cfes plasméticas, eritrocitarias e urinarias foram
realizadas no Laboratorio de Espectrometria de Emissdo Atémica - Embrapa (Centro
Nacional de Pesquisa de Milho e Sorgo), localizado em Sete Lagoas — Minas Gerais.
A andlise elementar dos minerais foi realizada em espectrdmetro de plasma
indutivamente acoplado - Espectrometria de Emissdo Optica com uma configuracéo
de vista axial e um nebulizador V-Groove (720 ICP/OES, Varian Inc., Califérnia,
Estados Unidos).

Os valores de referéncia adotados foram: 0,75 a 1,05 mmol/L para magnésio
plasmatico (TOPF; MURRAY, 2003), 1,65 a 2,65 mmol/L para magnésio eritrocitario,
3,00 a 5,00 mmol/dia para magnésio urinario (TIETZ, 1995), 75 a 110 pg/dL para zinco
plasmatico (GIBSON, 2005), 40 a 44 ug/gHb para zinco eritrocitario (GUTHRIE;
PICCIANO, 1994), 300-600 ug/24 horas para zinco urinario (GIBSON, 2005), 80 a 95
ug/L para selénio plasmatico (para maximizacao da atividade da glutationa peroxidase
plasmatica) e valor = 65 ug/L (para atividade 6tima das enzimas deiodinases)
(THOMSON, 2004), e 0,18 a 0,55 pg/gHb para selénio eritrocitario (VITOUX;
ARNAUD; CHAPPUIS, 1999).

Anélise Estatistica

Tratamento a dados faltantes

Considerando o numero de dados ausentes no banco de dados, sendo 4,8%
no grupo controle e 15,8% no grupo de obesas, optou-se por realizar um processo de
imputacdo de dados, com o objetivo de “completar” o banco e possibilitar a analise
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com todos os individuos do estudo. O método imputagcdo Unica foi utilizado para o
grupo de variaveis com dados ausentes menores que 15%, e a imputagdo multipla,
guando houve mais de 15% de perda de dados, segundo Harrel Jr. (2001).

As imputacdes Unica e multipla foram realizadas pelo método Predictive Mean
Matching (PMM), o qual € indicado para variaveis quantitativas. Para imputacao Unica
por meio deste método, foram conduzidas trés etapas (LITTLE, 1988): (1) estimacao
de um modelo de regressdo, sendo que a variavel de interesse (a imputar) foi a
variavel resposta e as variaveis recolhidas restantes foram as explicativas; (2)
estimacao do valor da variavel de interesse para os sujeitos com o dado omisso; (3)
emparelhamento do valor da variavel de interesse predito, para os sujeitos com o dado
omisso, com o valor ajustado mais proximo (feito a partir do calculo da distancia
euclidiana). No caso em que houve mais de um valor ajustado com distancia igual a
distancia minima encontrada, foi escolhido aleatoriamente o valor a imputar, dentre os
que sofreram empate.

A imputacdo multipla por PMM foi baseada nos mesmos principios que a
anteriormente descrita, exceto que em vez de se gerar apenas um valor, foram
gerados varios. Depois de realizadas as imputacdes multiplas, as estimativas gerais
para os valores foram obtidas pela média dos valores imputados (m=5).

Como os métodos de imputacdo usados neste estudo sdo baseados em
analise de regressao linear, foi necessario definir variaveis que seriam usadas para
imputacdo. Sob a suposicdo de que os dados ausentes tém mecanismo de néo-
resposta MAR (Missing at Random), variaveis explicativas que tinham uma relacéo
mais proxima com as variaveis respostas foram incluidas nos modelos.

Para realizar as imputacdes Unicas e as imputacdes multiplas, foram utilizadas
a funcéo criada por Andreozzi (2013) e o pacote Multivariate Imputation by Chained
Equations (MICE), respectivamente. Ambos os processos foram realizados no

programa R (R Development Core Team, 2019).

Anélise dos Dados

A pressuposi¢ao de normalidade das variaveis foi avaliada por meio do teste
de Kolmogorov-Sminorv e teste Shapiro-Wilk. Para comparagdo entre oS grupos,

foram aplicados os testes ANOVA ou Kruskall-Wallis, dependendo da normalidade
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dos dados. Foram utilizados os testes post-hoc Tukey e Dunn. A analise de correlacéo
entre as variaveis foi conduzida por meio dos coeficientes de Pearson ou Spearman.

Todos os testes foram considerados significativos quando p < 0,05.

Resultados

Os valores meédios e desvios padroes da idade e dos parametros
antropometricos utilizados na avaliacdo do estado nutricional das participantes deste
estudo estédo apresentados na tabela 1. Houve diferenca significativa entre os grupos

para todos os parametros avaliados, exceto idade.

Tabela 01 - Valores médios e desvios padroes da idade e dos parametros

antropométricos das participantes do estudo. Teresina-Pl, 2019.

Controle ObMS ObMNS
Parametros (n=77) (n=35) (n=28) p
Média + DP Média + DP Média + DP

Idade (anos) 3522+795  32,29+7,47 36,82 + 8,70 0,095
Peso corporal (kg) 56,19 + 5,592 106,71 +12,79* 107,80 + 19,13° <0,001*

Estatura (m) 1,58 £ 0,062 1,62 + 0,06° 1,59 + 0,052°b 0,011*

IMC (kg/m?) 22,39 +1,642 40,61 + 4,85 42,50 + 7,05 <0,001*

CC (cm) 74,67 +5,182 112,87 +10,90° 116,71 + 14,72 <0,001*
CQ (cm) 96,42 +5,202 129,72 +7,34> 133,23 +14,83> <0,001*
CP (cm) 31,83 +£2,092 39,93 +2,97° 40,25 + 3,47*  <0,001*

*ANOVA e teste de Tukey ou teste Kruskal-Wallis e teste de Dunn (p<0,05). Quando p-valor < 0,05, os
valores na mesma linha com diferenca estatistica significativa estéo representados por letras diferentes
e sem diferenca estatistica significativa por letras iguais. ObMS = obesas metabolicamente saudaveis;
ObMNS = obesas metabolicamente ndo saudaveis; DP = desvio padrdo; IMC = indice de massa
corporal; CC = circunferéncia da cintura; CQ = circunferéncia do quadril; CP = circunferéncia do
pescoco.

Na tabela 02, verifica-se que as mulheres obesas apresentaram valores
superiores dos indices de adiposidade corporal, em relagdo ao grupo controle. No
entanto, as obesas metabolicamente saudaveis possuiam valores inferiores da
relacdo cintura-estatura, indice de circularidade corporal e indice de adiposidade

visceral, quando comparadas as ndo saudaveis.
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Tabela 02 - Valores médios e desvios padrdes dos indices de adiposidade corporal

das participantes do estudo. Teresina-Pl, 2019.

Controle ObMS ObMNS
Parametros (n=77) (n=35) (n=28) p
Média + DP Média + DP Média + DP

RCQ 0,78 + 0,052 0,87 £ 0,07° 0,88 + 0,06° <0,001*
RCE 0,47 + 0,042 0,69 £ 0,07° 0,73 £ 0,09¢ <0,001*

ICON 1,15+ 0,062 1,28 + 0,08 1,30 + 0,09 <0,001*
IAC 30,59 £2,772 45,01 £5,13° 48,41 +7,72*  <0,001*
IFC 0,074 £0,003 0,075 = 0,005 0,076 + 0,005 0,116
ICC 4,26 + 0,582 6,78 £ 1,03° 7,35+1,17¢ <0,001*
AV 3,871,672 4,72 £ 2,33 8,28 + 5,04¢ <0,001*

*ANOVA e teste de Tukey ou teste Kruskal-Wallis e teste de Dunn (p<0,05). Quando p-valor < 0,05, os
valores na mesma linha com diferenca estatistica significativa estdo representados por letras diferentes
e sem diferenca estatistica significativa por letras iguais. ObMS = obesas metabolicamente saudaveis;
ObMNS = obesas metabolicamente ndo saudaveis; DP = desvio padréo; RCQ =relagéo cintura-quadril;
RCA = relagéo cintura-estatura; ICON = indice de conicidade; IAC = indice de adiposidade corporal;
IFC = indice de formato corporal; ICC = indice de circularidade corporal; IAV = indice de adiposidade
visceral.

A tabela 03 apresenta os marcadores metabdlicos avaliados nas participantes
do estudo. Os valores de insulina de jejum, HOMA-IR, HOMA-(, triglicerideos, VLDL,
HDL-colesterol, indice de Castelli | e pressao arterial sistolica foram semelhantes entre
0 grupo controle e as mulheres obesas metabolicamente saudaveis, no entanto estas
apresentaram valores reduzidos destes parametros em relacdo as pacientes nao
saudaveis, com excec¢do do HDL-colesterol, que se encontrava elevado.

Ambos os grupos dos fendtipos obesos apresentaram valores elevados de
TBARS e leptina e reduzidos da enzima superéxido dismutase, quando comparados
ao grupo controle. No entanto, somente as obesas ndo saudaveis mostraram valores
elevados da fragdo n&o-HDL-colesterol e do indice de Castelli Il, em relacdo as

participantes eutroéficas.
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Tabela 03 - Valores médios e desvios padrdo de marcadores metabdlicos das

participantes do estudo. Teresina-Pl, 2019.

Controle ObMS ObMNS
Parametros (n=77) (n=35) (n=28) p
Média + DP Média + DP Média + DP
GPJ (mg/dL) 80,82 £ 9,40 80,60 * 8,36 89,68 + 21,41 0,089
INS (uU/mL) 10,69 + 3,453b 9,59 + 2,552 12,93 + 5,50° 0,019*
HbAlc (%) 5,04 £ 0,53 5,03+0,38 5,44 + 0,93 0,054
HOMA-IR 2,15 + 0,81aP 1,91 £ 0,592 3,06 + 2,26 0,016*
HOMA-3 1,34+0,432 1,20 + 0,322 1,66 +0,77° 0,018*
CT (mg/dL) 191,12 + 28,50 193,63 + 24,15 198,14 + 27,27 0,503
TG (mg/dL) 116,10 £ 35,172 120,26 + 28,682 168,71 +53,63> <0,001*
VLDL (mg/dL) 23,22 + 7,032 24,11 + 5,802 33,75 +10,75° <0,001*
HDL-c (mg/dL) 55,69 + 10,932 53,14 + 8,902 43,14 + 11,55 <0,001*
LDL-c (mg/dL) 112,21 +26,29 116,37 + 21,84 121,25 + 24,18 0,244
N&o-HDL (mg/dL) 135,43 +29,432 140,49 + 23,462 155,00 + 24,61°  0,006*
IC | 3,56 + 0,862 3,74 £ 0,752 4,95 + 1,68 <0,001*
IC I 2,12+0,732 2,28 + 0,672 3,07 £1,22b <0,001*
PAS (mmHg) 117,03 £12,70* 116,23 + 15,47 126,32 +11,62> 0,001*
PAD (mmHg) 81,83+ 11,072 76,85 + 9,47 83,61 + 8,652 0,005*
TBARS (nmol/mL) 1,32+ 0,492 2,13 +0,47° 2,07 + 0,44 <0,001*
GPx (U/gHb) 43,01 £ 10,91 43,27 £ 13,00 42,70 £ 11,70 0,943
SOD (UigHb) 2926,33 + 2239,63 + 2468,10 + <0.001*
601,572 466,71° 632,03
Leptina (ng/mL) 20,12 +11,862 107,23 +55,98" 116,06 + 64,93> <0,001*
Cortisol (ug/dL) 12,78 + 5,42 12,52 + 5,71 11,38 £ 6,33 0,387
T3 livre (pg/mL) 2,25+0,62 2,08 £ 0,29 2,09 £ 0,38 0,115
T4 livre (ng/mL) 1,13+0,27 1,05+ 0,20 1,05+0,23 0,218
TSH (uuUI/mL) 2,69+ 1,37 3,28+ 1,68 2,88 +1,87 0,235

*ANOVA e teste de Tukey ou teste Kruskal-Wallis e teste de Dunn (p<0,05). Quando p-valor < 0,05, os
valores na mesma linha com diferenca estatistica significativa estdo representados por letras diferentes
e sem diferenca estatistica significativa por letras iguais. ObMS = obesas metabolicamente saudaveis;
ObMNS = obesas metabolicamente ndo saudaveis; DP = desvio padrao; GPJ = glicose plasmatica de
jejum; INS = insulina de jejum; HbAlc = hemoglobina glicada; HOMA-IR = Homeostasis Model
Assessment Insulin Resistance; HOMA-B = Homeostasis Model Assessment [3; CT= colesterol total,
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TG = triglicerideos; VLDL = lipoproteina de muito baixa densidade; HDL = lipoproteina de alta
densidade; LDL = lipoproteina de baixa densidade; ndo-HDL = colesterol ndo HDL; IC | = indice de
Castelli I; IC Il = indice de Castelli Il; PAS = pressao arterial sistélica; PAD = pressao arterial diastélica;
TBARS = substéncias reativas ao acido tiobarbitirico; GPx = glutationa peroxidase; SOD = superéxido
dismutase; TSH = hormdnio estimulante da tireoide.

No grupo das mulheres obesas ndo saudaveis, foi verificada correlacdo
significativa entre: IMC e as concentracdes de hemoglobina glicada (r = 0,406; p =
0,032) e leptina (r = 0,516; p = 0,005); circunferéncia do quadril e o niveis de
hemoglobina glicada (r = 0,381; p = 0,046) e leptina (r = 0,412; p = 0,029); indice de
adiposidade visceral e os valore de triglicerideos (r = 0,780; p < 0,001), VLDL (r =
0,780; p < 0,001), HDL-colesterol (r = -0,571; p = 0,001) e indice de Castelli | (r =
0,508; p = 0,006); indice de conicidade e as concentracfes de T3 livre (r =-0,395; p =
0,038) e T4 livre (r = 0,411; p = 0,030); indice de formato corporal e T4 livre (r = 0,450;
p = 0,016); relacdo cintura-estatura e leptina (r = 0,391; p = 0,039); indice de
adiposidade corporal e os niveis séricos de leptina (r = 0,430; p = 0,022) e atividade
da superoxido dismutase (r = -0,389; p = 0,041).

Quanto ao consumo alimentar, verificou-se que os valores médios de energia
foram superiores nas dietas das obesas metabolicamente saudaveis em relacédo ao
grupo controle, o que nao foi evidenciado para o grupo de obesas nédo saudaveis. A
dieta destas apresentou valores reduzidos do percentual de contribuicdo dos
carboidratos e elevados de proteinas, quando comparadas as dietas das participantes
eutroficas (Tabela 04).

As pacientes obesas nao saudaveis ainda ingeriram zinco em quantidade
superior do que aquelas consumidas pelas obesas saudaveis e grupo controle. No
entanto, quando os valores de ingestdo dietética dos minerais foram expressos
considerando o peso corporal das mulheres, observou-se que as obesas,
independente do seu fendtipo, ingeriram menor quantidade de magnésio, zinco e

selénio que as eutrdficas (Tabela 04).
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Tabela 04 - Valores médios e desvios padrdo da ingestdo dietética de energia,
macronutrientes e minerais (magnésio, zinco e selénio) das participantes do estudo.
Teresina-PI, 2019.

Controle ObMS ObMNS
Parametros (n=77) (n=35) (n=28) p
Média + DP Média + DP Média + DP

Energia (kcal) 1632,88 + 373,232 1774,04 +236,40° 1623,68 + 277,172 0,029*
CHO (%) 50,75 £ 7,282 49,85 + 5,132P 48,14 + 4,20P 0,008*
PROT (%) 20,14 + 3,502 20,91 + 3,462 22,10 + 2,45P 0,028*
LIP (%) 29,12 £ 5,23 29,23 + 3,03 29,77 + 2,69 0,794

Mg (mg/dia) 177,34 + 32,09 181,57 £ 27,74 185,80 + 14,88 0,058
Mg (mg/kg/dia) 3,19 + 0,642 1,72 +0,30P 1,76 + 0,26° <0,001*
Zn (mg/dia) 11,31 +£ 3,152 11,68 £ 2,792 13,33 +£2,31° <0,001*
Zn (mg/kg/dia) 0,20 £+ 0,062 0,11 + 0,03 0,13 + 0,03 <0,001*

Se (ug/dia) 73,54 + 25,39 76,62 + 16,86 80,15 + 16,11 0,105
Se (ug/kg/dia) 1,31+ 0,452 0,73 +0,18° 0,76 +0,18° <0,001*

*ANOVA e teste de Tukey ou teste Kruskal-Wallis e teste de Dunn (p<0,05). Quando p-valor < 0,05, os
valores na mesma linha com diferenca estatistica significativa estdo representados por letras diferentes
e sem diferenca estatistica significativa por letras iguais. ObMS = obesas metabolicamente saudaveis;
ObMNS = obesas metabolicamente ndo saudaveis; DP = desvio padrao; CHO = carboidrato; PROT =
proteina; LIP = lipidio; Mg = magnésio; Zn = zinco; Se = selénio.

A tabela 05 mostra que as pacientes obesas apresentaram concentracdes
plasmaticas e eritrocitarias reduzidas dos minerais e valores urinarios elevados, em
relacdo ao grupo controle, independente do fenotipo saudavel ou ndo saudavel.

As tabelas 06 e 07 mostram os resultados da andlise de correlagédo linear
simples entre as concentracdes dos minerais (magnésio, zinco e selénio) e
marcadores metabolicos das mulheres obesas metabolicamente saudaveis e néo

saudaveis, respectivamente.
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Tabela 05 - Valores médios e desvios padrdo de pardmetros bioquimicos dos minerais
(magnésio, zinco e selénio) das participantes do estudo. Teresina-Pl, 2019.

Controle ObMS ObMNS
Parametros (n=77) (n=35) (n=28) p
Média £ DP Média £ DP Média £ DP
Mg plasmatico
0,91 +0,112 0,59 + 0,09° 0,62 +0,10° <0,001*
(mmol/L)
Mg eritrocitario
2,30 + 0,242 1,58 +0,13° 1,57 £0,13° <0,001*
(mmol/L)
Mg urinério
3,45+ 1,672 6,08 £ 2,37° 6,15+ 1,78° <0,001*
(mmol/dia)

Zn plasmatico
89,41 + 12,662 68,55 + 5,19 68,23 + 5,69 <0,001*

(Mg/dL)
Zn eritrocitario
42,63 + 3,722 39,19 + 5,49b 39,24 + 5,00 <0,001*
(Lg/gHDb)
Zn urinario
192,37 £92,872 402,37 +£208,37° 295,89 + 9594 <0,001*
(Mg/dia)
Se plasmatico
78,89 + 9,162 58,59 + 4,89P 57,99 + 4,49 <0,001*
(Mg/L)
Se eritrocitario
0,38 + 0,082 0,25 + 0,02 0,25 + 0,03 <0,001*
(ug/gHD)
Se urinario
42 53 + 4,612 65,09 + 7,34 66,86 + 6,57 <0,001*
(Mg/dia)

*ANOVA e teste de Tukey ou teste Kruskal-Wallis e teste de Dunn (p<0,05). Quando p-valor < 0,05, os
valores na mesma linha com diferenca estatistica significativa estao representados por letras diferentes
e sem diferenca estatistica significativa por letras iguais. ObMS = obesas metabolicamente saudaveis;
ObMNS = obesas metabolicamente ndo saudaveis; DP = desvio padrao; Mg = magnésio; Zn = zinco;
Se = selénio.
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Tabela 06 — Correlacao linear simples entre as concentragdes dos minerais (magnésio, zinco e selénio) e marcadores metabdlicos
das mulheres obesas metabolicamente saudaveis. Teresina-Pl, 2019.

ParAmetros Mg Mg Mg Mg Zn Zn Zn Zn Se Se Se Se
dietético plasmatico eritrocitario urinario dietético plasmatico eritrocitario urinario dietético plasmatico eritrocitario  urinario
GPJ -0,010 -0,042 0,123 -0,105  -0,014 -0,052 -0,066 -0,286  -0,069 0,300 -0,010 -0,203
INS 0,304 -0,029 0,053 0,057 0,284 0,251 0,424* 0,030 -0,053 0,050 0,265 0,284
HbAlc -0,029 0,132 -0,076 -0,144 0,297 -0,109 -0,379* -0,137 0,148 0,069 -0,111 -0,338*
HOMA-IR 0,277 -0,023 0,076 -0,030  -0,087 0,217 0,316 0,006 -0,066 0,090 0,207 0,125
HOMA-B 0,309 -0,022 0,056 0,024 -0,118 0,241 0,394+ 0,010 -0,053 0,078 0,247 0,235
CT -0,142 0,021 0,168 -0,006  -0,141 0,264 0,240 0,185 -0,005 -0,182 0,382* -0,069
TG -0,334 0,010 0,188 0,258 -0,069 0,268 0,085 0,185 -0,169 -0,076 0,115 0,001
VLDL -0,340* 0,004 0,188 0,258 -0,060 0,269 0,082 0,194 -0,167 -0,073 0,112 0,009
HDL-c -0,208 -0,211 0,195 -0,053  -0,080 0,148 0,170 0,192 0,121 -0,375* 0,348* 0,349*
LDL-c 0,018 0,108 0,056 -0,054  -0,107 0,160 0,174 0,074 -0,010 -0,030 0,251 -0,221
Nao-HDL -0,067 0,101 0,099 0,013 -0,114 0,216 0,183 0,117 -0,051 -0,046 0,261 0,117
IC I 0,133 0,193 -0,098 0,065 0,069 0,036 -0,077 -0,064  -0,143 0,295 -0,165 -0,347*
ICII 0,045 0,288 -0,109 -0,035 0,058 0,022 -0,065 -0,074  -0,119 0,210 -0,144 -0,344*
PAS -0,027 0,132 -0,213 -0,208  -0,039 0,088 0,130 0,166 0,371* -0,199 0,084 0,058
PAD -0,234 0,185 -0,150 0,150 -0,093 0,126 0,240 0,329 0,448+ -0,132 0,185 0,125
TBARS 0,171 0,227 -0,004 -0,088 0,069 -0,089 -0,248 -0,387* 0,298 0,068 -0,076 -0,338*
GPx 0,109 0,047 0,317 -0,131  -0,258 0,130 0,511* -0,093  -0,079 -0,207 0,578* -0,032
SOD -0,104 -0,148 0,373* -0,390*  -0,066 -0,083 0,306 0,132 0,414* -0,188 0,440* 0,274
Leptina 0,293 0,052 -0,018 -0,061 0,190 0,157 0,055 -0,213  -0,067 0,129 0,004 -0,040
Cortisol 0,053 -0,110 -0,083 0,103 0,007 -0,120 -0,178 -0,139  -0,213 0,281 -0,195 -0,048
T3 livre -0,410* -0,284 0,310 -0,034  -0,083 0,265 0,454* 0,310 0,068 -0,208 0,451* 0,009
T4 livre -0,249 -0,297 0,310 -0,101  -0,083 0,265 0,454 0,160 0,068 -0,105 0,415 0,009
TSH 0,263 0,399* 0,128 -0,140  -0,006 -0,204 -0,158 -0,243 0,022 0,308 -0,109 0,050

* Coeficiente de correlagéo linear de Pearson ou Spearman (p<0,05).
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Tabela 07 — Correlacao linear simples entre as concentragdes dos minerais (magnésio, zinco e selénio) e marcadores metabdlicos
das mulheres obesas metabolicamente ndo saudaveis. Teresina-PI, 2019.

ParAmetros Mg Mg Mg Mg Zn Zn Zn Zn Se Se Se Se
dietético | plasmatico | eritrocitario | urinario | dietético | plasmatico | eritrocitario | urinario | dietético | plasmatico | eritrocitario | urinario
GPJ 0,202 0,088 -0,059 0,110 0,070 -0,085 -0,103 0,216 -0,080 0,225 0,144 0,173
INS 0,049 -0,067 -0,018 0,297 0,171 -0,051 0,042 0,529* 0,143 -0,186 0,259 0,049
HbAlc 0,155 0,081 -0,006 0,237 -0,033 -0,137 -0,165 0,214 0,118 -0,160 0,260 0,065
HOMA-IR 0,093 -0,033 -0,031 0,261 0,164 -0,097 -0,005 0,464* 0,100 -0,046 0,277 0,107
HOMA-B 0,054 -0,049 -0,032 0,288 0,166 -0,088 0,013 0,511* 0,088 0,401* 0,045 -0,015
CT 0,113 -0,118 0,146 0,006 0,149 0,115 0,048 0,104 -0,165 -0,366 0,188 0,402*
TG 0,274 0,264 -0,080 0,144 -0,235 0,144 -0,363 -0,078  -0,210 -0,128 -0,243 0,060
VLDL 0,279 0,245 -0,062 0,143 -0,218 0,151 -0,340 -0,079  -0,219 -0,132 -0,234 0,062
HDL-c -0,201 0,060 0,029 0,040 0,488* -0,046 -0,031 0,019 0,223 -0,146 0,115 -0,135
LDL-c 0,099 -0,257 0,168 -0,076 0,005 0,085 0,220 0,143 -0,197 -0,285 0,261 0,490*
Nao-HDL 0,219 -0,145 0,157 -0,012 0,030 0,149 0,094 0,106 -0,244 -0,337 0,154 0,509*
IC I 0,178 -0,082 0,009 0,012  -0,454* 0,071 0,030 0,125 -0,367 -0,093 -0,068 0,459*
IC I 0,180 -0,208 -0,021 0,016 -0,356 0,030 0,058 0,180 -0,349 -0,143 0,005 0,515*
PAS -0,221 -0,250 -0,160 -0,080  0,404* -0,302 -0,168 -0,013  -0,138 -0,315 -0,43 0,105
PAD -0,058 -0,006 -0,077 0,093 0,232 -0,217 -0,264 -0,019  -0,044 -0,057 -0,106 -0,229
TBARS -0,120 -0,123 -0,039 0,002 -0,041 -0,284 -0,070 0,158 0,247 0,091 -0,045 0,048
GPx -0,133 -0,400* -0,100 -0,111  -0,028 <0,001 0,334 -0,061  -0,087 0,065 0,526* -0,008
SOD 0,347 0,231 0,083 0,162 -0,104 0,177 0,151 0,127 0,065 0,061 0,154 -0,255
Leptina -0,002 -0,297 0,140 0,295 -0,028 -0,060 0,029 0,237 0,119 0,104 0,137 0,239
Cortisol -0,122 -0,018 -0,062 0,307 -0,181 0,338 -0,029 -0,008  -0,076 0,160 -0,051 0,279
T3 livre -0,320 -0,043 0,114 0,002 -0,145 -0,186 0,004 0,238 -0,007 -0,383* -0,081 0,007
T4 livre -0,042 -0,068 0,129 0,065 0,085 -0,171 0,207 -0,056 0,151 0,226 0,212 -0,052
TSH 0,270 0,151 0,221 -0,056  -0,268 -0,303 -0,386* -0,401* -0,371 -0,100 -0,331 -0,298

* Coeficiente de correlagéo linear de Pearson ou Spearman (p<0,05).
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Discussao

No presente estudo, foram avaliadas as concentracfes dos minerais
magneésio, zinco e selénio em mulheres obesas com fendtipos metabolicamente
saudavel ou ndo saudavel, bem como foi investigada a existéncia de associacdo entre
estes micronutrientes e marcadores metabdlicos destes fendtipos.

As mulheres obesas metabolicamente saudaveis avaliadas neste estudo
apresentaram parametros do controle glicémico, perfil lipidico e risco cardiovascular
em valores semelhantes ao grupo controle, e ainda reduzidos em relacdo as pacientes
ndo saudaveis. Resultados semelhantes sdo encontrados na literatura atual (ECKEL
et al., 2015; LIN et al., 2017), a qual mostra perfil metabodlico benéfico em individuos
obesos saudaveis.

Por outro lado, as participantes obesas em sua totalidade, independente do
fendtipo, possuiam alteracdes em marcadores do dano oxidativo, caracterizadas pelo
aumento nos niveis plasmaticos de TBARS e reducdo na atividade da enzima
superéxido dismutase eritrocitaria, o que revela a presenca do estresse oxidativo em
ambos os grupos de mulheres obesas avaliadas. Sobre tal resultado, € oportuno
chamar atencéo para a influéncia da adiposidade corporal, em particular da visceral,
na manifestacdo deste distlirbio metabdlico. Este fato pode ser ratificado pela
correlacéo negativa encontrada nesse estudo entre indices de adiposidade corporal e
a atividade da superoxido dismutase nas mulheres obesas ndo saudaveis.

O estudo também revelou correlacao positiva significativa entre alguns indices
de adiposidade e os valores de hemoglobina glicada, triglicerideos, VLDL, indice de
Castelli | e leptina, bem como correlacdo negativa entre estes indices e as
concentracbes de HDL-colesterol nas mulheres obesas ndo saudaveis. Assim,
verifica-se que 0 aumento na adiposidade corporal esta associado ao
desenvolvimento de um perfil metabdlico desfavoravel e ao aumento no risco
cardiovascular nestas pacientes.

Nessa discussédo, deve-se destacar que as mulheres obesas, quer seja
metabolicamente saudavel ou ndo saudavel, apresentaram deficiéncias nutricionais,
caracterizadas pelas concentracbes plasmaticas e eritrocitarias reduzidas dos
minerais magnésio, zinco e selénio. Sobre a deficiéncia em magnésio, a ingestao

dietética reduzida no mineral e sua excre¢cdo urinaria elevada podem ser fatores
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contribuintes para a redugdo nas suas concentracfes sanguineas nas pacientes
obesas participantes deste estudo.

Quanto as concentracdes de zinco das participantes do estudo, um fator que
pode ter favorecido a reducdo em suas concentracdes plasmaticas e eritrocitarias foi
a excrecdo urindria, a qual encontrava-se elevada nas mulheres obesas quando
comparadas com as eutroficas. Tal achado pode ser justificado pela presenca de um
descontrole metabdlico nestas pacientes, a exemplo da intolerancia a glicose, que
induz aumento na excrec¢do urinaria de zinco.

Nesse contexto, pesquisas em individuos com diabetes mellitus tipo 2 tém
mostrado que a hiperinsulinemia, hiperglicemia e resisténcia a insulina estdo
associadas ao aumento na excre¢ao urinaria de zinco, pois a glicosuria resultante da
hiperglicemia crénica presente nestes pacientes influencia no transporte ativo do
mineral nas células tubulares renais (BANDEIRA et al., 2017; FREITAS et al., 2017).
Este fato foi confirmado no presente estudo por meio da correlacdo positiva
significativa verificada entre alguns parametros glicémicos (insulina, HOMA-IR e
HOMA-B) e o zinco urinario, sugerindo a influéncia do descontrole glicémico na
hiperzincuaria observada nas mulheres obesas avaliadas.

O selénio teve valores de suas concentracdes plasméaticas e eritrocitarias
reduzidos nas mulheres obesas em relagdo ao grupo controle, isso pode ser
decorrente do estresse oxidativo presente nessas pacientes. Os dados existentes na
literatura mostram que a producdo excessiva de espécies reativas de oxigénio na
obesidade requer uma demanda elevada de nutrientes antioxidantes, o que contribui
para a reducdo do mineral no organismo (COMINETTI et al., 2011; FERNANDEZ-
SANCHEZ et al., 2011).

Um aspecto relevante € que alguns pesquisadores recomendam ingestao
dietética de 1pug de selénio por kg de peso corporal ao dia para manutencao do estado
nutricional adequado relativo ao mineral em individuos adultos (KIPP et al., 2015). No
entanto, as participantes obesas ingeriram quantidade inferior desse nutriente, o que
também pode ter contribuido para a reducdo nas concentracbes plasmaticas e
eritrocitarias de selénio nessas pacientes.

A deficiéncia nos minerais magnésio, zinco e selénio, verificada nas obesas
participantes do nosso estudo, sugere repercussées metabdlicas importantes, pois foi
verificada associacdo significativa entre a reducdo do magnésio eritrocitario e a
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diminuicdo na atividade da enzima superoxido dismutase nas obesas saudaveis. Os
valores reduzidos de zinco eritrocitario também foram associados com prejuizo na
atividade da enzima glutationa peroxidase eritrocitaria neste grupo de obesas,

Além disso, o estudo revela correlacdo positiva significativa entre os valores
dietéticos e eritrocitarios de selénio e a atividade da superoxido dismutase nas
mulheres obesas saudaveis, e ainda entre as concentracdes eritrocitarias de selénio
e a atividade da glutationa peroxidase eritrocitaria em ambos 0s grupos de obesas.
Estes resultados sugerem a influéncia da deficiéncia nesses micronutrientes no
comprometimento da atividade de enzimas do sistema de defesa antioxidante, algo
que favorece o desenvolvimento do estresse oxidativo na obesidade.

Nessa discussédo, deve-se ressaltar que os valores reduzidos dos minerais em
estudo, bem como a sua associacdo negativa com marcadores do estresse oxidativo
sugerem prejuizo na contribuicdo desses nutrientes para reducdo do estresse
oxidativo associado a obesidade, independente do fen6tipo metabdlico.

Neste estudo, foi observada ainda associacdo entre a reducdo do magnésio
na dieta das mulheres obesas saudaveis e 0 aumento nas concentracdes seéricas de
VLDL, bem como entre os valores reduzidos de selénio eritrocitario e de HDL-
colesterol. O zinco dietético também foi associado positivamente com HDL-colesterol
e negativamente com indice de Castelli | nas obesas ndo saudaveis. Estes dados
indicam que a deficiéncia nos minerais magnésio, zinco e selénio contribuem para a
manifestacdo de dislipidemias, aumentando o risco cardiovascular em obesos,
independente do seu fenétipo metabdlico.

Vale mencionar que, nas mulheres obesas ndo saudaveis, a excre¢do urinaria
elevada de selénio foi associada com aumento nos valores de colesterol total, LDL-
colesterol, fracdo ndo-HDL e indices de Castelli | e II. Tal resultado pode ser justificado
pelo fato de que o aumento no selénio urinario induz a reducdo deste mineral no
plasma dessas pacientes, comprometendo suas funcgdes e, portanto, aumentando o
risco cardiovascular.

Outro ponto importante € que a deficiéncia em zinco e selénio, presentes nas
mulheres obesas, parece comprometer o metabolismo dos hormoénios tireoidianos,
considerando a atuagdo do zinco como cofator e do selénio como componente
estrutural das deiodinases, selenoproteinas envolvidas na conversao de T4 em T3
(SCHWEIZER; STEEGBORN, 2015; SEVERO et al., 2019). Assim, embora nao
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havendo diferenca entre os grupos para as concentracdes séricas destes horménios,
foi verificada correlagdo positiva entre as concentracdes eritrocitarias de zinco e
selénio e os valores de T3 livre, sugerindo a importancia dos minerais na funcao
tireoidiana das pacientes.

A deficiéncia em magnésio também parece ser importante para o metabolismo
dos hormoénios tireoidianos, pois a sintese e secre¢cdo dos hormdnios na pituitaria e
na glandula tireoide sdo processos dependentes da formacédo de AMPc (adenosina
3',5'-monofosfato ciclico) e, portanto, do complexo ATPase-Mg?+ (HSU et al., 1984).
No nosso estudo, foi encontrada correlacdo positiva significativa entre as
concentracbes plasmaticas do mineral e o0s niveis séricos de TSH nas mulheres
obesas, sugerindo que a reducdo do magnésio plasmatico pode diminuir as
concentracfes deste horménio.

Em relacdo as repercussdes da deficiéncia em minerais no controle glicémico
das mulheres obesas avaliadas, o presente estudo evidenciou correlagao significativa
entre a reducdo do zinco eritrocitario e a diminuicdo dos valores de insulina de jejum
e HOMA-B e aumento nas concentragdes plasmaticas de hemoglobina glicada. A
literatura ja tem dados consistentes que evidenciam a participacdo deste mineral na
secrecédo de insulina e manutencéo da homeostase glicémica. Assim, a deficiéncia em
zinco esta associada a intolerancia a glicose e resisténcia a insulina na obesidade
(AHN et al., 2014; CHIMIENTI, 2013; LI, 2014; OLECHNOWICZ et al., 2018; VASHUM
et al., 2014).

A partir da analise dos resultados de associacao conduzida neste estudo,
permite-se inferir que a condicdo de deficiéncia nutricional relativa aos minerais
(magnésio, zinco e selénio) presente em mulheres obesas compromete as funcdes
fisiologicas de protecdo contra desordens metabdlicas, exercidas por estes minerais
na obesidade. Dessa forma, identifica-se a necessidade de provaveis intervengdes no
sentido de corrigir estes aspectos nutricionais e, consequentemente, minimizar a
manifestacéo de tais disturbios.

Algumas limitacbes do presente estudo podem ser mencionadas, a exemplo
do desenho transversal, numero amostral de mulheres obesas e auséncia da
determinacao das concentracdes séricas da proteina C reativa para diagnostico dos

fendtipos metabolicamente saudavel e ndo saudavel. Um ponto forte do estudo é que
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esta é a primeira pesquisa a associar as concentracdes dos minerais magnésio, zinco

e selénio com marcadores metabdlicos destes fenotipos.
Concluséo

As mulheres obesas metabolicamente saudaveis apresentam perfil
metabdlico benéfico, enquanto que as pacientes ndo saudaveis possuem descontrole
metabdlico. O estudo revela que as obesas ndo saudaveis ingerem teor de zinco em
quantidade superior as saudaveis e grupo controle, enquanto que a ingestdo de
selénio e magnésio ndo mostra diferenga entre 0s grupos.

As pacientes obesas apresentam concentracdes plasmaticas e eritrocitarias
reduzidas e valores urinarios elevados dos minerais magnésio, zinco e selénio,
independente do fenoétipo saudavel ou ndo saudavel. A deficiéncia nestes minerais
associa-se a disturbios metabdlicos presentes na obesidade, a exemplo da resisténcia
a insulina, dislipidemias, estresse oxidativo e alteracbes nas concentracoes dos

hormoénios tireoidianos.
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Abstract

The aim of this study was to evaluate the association between Ca/Mg ratio and insulin
resistance in obese women. This was a cross-sectional study involving 128 women.
The participants were divided into two groups: obese women, n = 62 and eutrophic
women, n = 66. The three-day food record method was used for the analysis of the
dietary magnesium and calcium intake. Elemental analyses of the magnesium and
calcium were performed on an inductively coupled plasma spectrometer. Ca/Mg ratio
in diet, plasma and urine were calculated. Analyses of fasting glucose, serum insulin
concentration and glycated hemoglobin were carried out. Index homeostasis model
assessment insulin resistance (HOMA-IR) and HOMA-[3 index were calculated. Obese
women ingested a low dietary magnesium, and they presented reduced plasma and
erythrocyte magnesium concentrations and elevated urinary magnesium excretion.
Dietary calcium intake and plasma calcium concentration were also reduced in obese
patients, and urinary calcium excretion were higher than in eutrophic group. Ca/Mg
ratio in diet, plasma and urine in obese women were elevated. Statistically significant
correlation was found between dietary magnesium and plasma calcium, erythrocyte
magnesium and dietary calcium, urinary magnesium and urinary calcium in obese
participants. Statistically significant correlation was also found between dietary
magnesium and dietary, erythrocyte magnesium and urinary calcium in control group.

Ca/Mg ratio seems to be not relevant on glycemic control in the obese women
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considering the inexistence of association among these variables. Therefore, further
researches should be conducted to clarify the importance of Ca/Mg ratio on glycemic

control in obesity.

Keywords: calcium, magnesium, insulin resistance, metabolism, obesity.

Introduction

Obesity is characterized by excessive fat accumulation that is the main
contributing factor for the development of metabolic disorders in obese individuals.
Excessive adipose tissue accumulation, in particular the intra-abdominal adipose
tissue, is associated with increased secretion of proinflammatory cytokines, thus
favoring the development of low-grade chronic inflammation and insulin resistance 2.

Minerals have been researched in order to clarify mechanisms linking minerals
with obesity-associated metabolic disorders. Magnesium is an important mineral in
cellular energy metabolism, gene expression for antioxidant enzymes and regulation
of insulin secretion and insulin action 34,

However, obese individuals are magnesium-deficient. As previously reported,
plasma, erythrocyte and/or urinary magnesium concentrations are lower in obese
individuals than in non-obese individuals %>7. Magnesium metabolism is regulated by
calcium because calcium competes with magnesium for the same carriers in the apical
membrane of human renal cells and in the brush-border membrane of human intestinal
cells. Therefore, excessive dietary intake of calcium may reduce magnesium intestinal
absorption and excessive concentrations of calcium may reduce magnesium renal
reabsorption. Thereby, excess calcium may induce magnesium deficiency, thus
impairing magnesium functions, for example improvement in insulin sensitivity 811,

Studies have showed the importance of the increased calcium/magnesium
(Ca/Mg) ratio on development of metabolic disorders 1214, Rosanoff 1° verified a rising
Ca/Mg intake ratio from food in American adults. Ziniewicz et al. ¢ evaluated the
relationship between serum magnesium and calcium concentrations and glycemic
control parameters at birth, and they verified newborns with high Ca/Mg ratio presented

low levels of insulin.
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Although there is consistent evidence in the published literature about the
importance of magnesium and calcium physiologic functions for glycemic control, it is
important to evaluate the influence of Ca/Mg ratio on insulin resistance because the
data still are scarce. Accordingly, the aim of this study was to evaluate the association

between Ca/Mg ratio and insulin resistance in obese women.

Methods

This was a cross-sectional study involving 128 women aged between 20 and
50 years old. The participants were divided into two groups: case group (obese women,
n = 62) and control group (eutrophic women, n = 66). Participants were recruited from
the spontaneous demand of clinical outpatient in the city of Teresina - Piaui.

Participants were selected according to the following inclusion criteria: body
mass index (BMI) between 18.5 and 24.9 kg/m? (control group) or a BMI equal to or
greater than 35 kg/m2 (obese women), absence of smoking, absence of pregnancy or
lactation, not participating in another clinical study; having no diagnosis of diabetes
mellitus, cancer, chronic renal failure, or inflammatory bowel diseases, and not using
of vitamin and mineral supplements and/or medicines that could affect the calcium and
magnesium levels. Such information was self-reported by the participants.

Study was approved by the Research Ethics Committee of the Federal
University of Piaui, Brazil, under the number 2.014.100. All participants provided
informed consent after clarification about the research, according to norms of the
National Research Council contained in the Resolution 466/12 17.

Nutritional Status Assessment

BMI was calculated based on the weight of the participant divided by their
height squared. Classification of nutritional status was performed according to the
recommendations of the World Health Organization 8. The measurement of the waist
circumference was performed with a flexible and non-stretchable tape measure
(Seca®, Sao Paulo, Brazil), and the classification was based on the reference values

established by the World Health Organization *°.
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Evaluation of Dietary Magnesium and Calcium Intake

The three-day food record method was used for the analysis of the dietary
magnesium and calcium intake. Dietary magnesium and calcium intake were
calculated using the software "NutWin", version 1.5 2°. Estimated Average
Requirement (EAR), in the Dietary Reference Intakes (DRIs), was used as a reference
to verify the adequacy of the dietary magnesium and calcium intake 2122,

Dietary intake data of magnesium and calcium were imported into the Multiple
Source Method (MSM) program, version 1.0.1 for adjustments of intrapersonal and
interpersonal variability, corrected by statistical modelling techniques. The usual
dietary intake of magnesium and calcium was estimated with MSM by a logistic
regression model. This program can be accessed through the MSM website which can

be reached at https://nugo.dife.de/msm/ 23-25,

Dietary intake data of magnesium and calcium also were energy-adjusted by
the residual method, reducing the influence of differences in energy consumption on
the dietary magnesium and calcium intake. Dietary intake data of magnesium and
calcium were energy-adjusted by nutrient calculation after verifying the normality of the

data distribution 27-2°,

Assessment of Biochemical Parameters of Magnesium

Samples of 12 ml of venous blood were collected between 7 and 9 AM, and
the participants have been fasting for at least 12 hours. The collected blood was
distributed in three tubes: one with 30% sodium citrate as anticoagulant for magnesium
and calcium analysis (4 ml of blood), another with ethylene diaminetetraacetic acid
(EDTA) as anticoagulant for glycated hemoglobin analysis (4 ml of blood), and another
without anticoagulant for the assessment of fasting glucose and serum insulin (4 ml of
blood).

Plasma was separated from the whole blood by centrifugation at 1831xg
during 15 minutes at 4°C (Centrifuge CIENTEC® 4K15). After that, plasma was
extracted with an automatic pipette, kept into demineralized polypropylene microtubes

and stored at -20°C for later analysis.
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Methods proposed by Whitehouse et al. 3° were used to separate erythrocyte
and to analyze magnesium. Red cell mass was washed with 5 mL of isotonic saline
solution and it was slowly homogenized by inversion and centrifuged at 2493xg for 10
minutes at 4°C (CIENTEC ® 4K15). Supernatant was aspirated and discarded. The
procedure described was performed three times to remove the contaminants from
erythrocytes (platelets and leukocytes). After the last centrifugation, the saline solution
was discarded and red cell mass was carefully extracted using an automatic pipette.
Red cell mass was transferred to demineralized polypropylene microtubes which were
maintained at —20°C for later analysis.

Demineralized 24-hour collection containers were provided for 24-hour urine
collection. These containers were weighed before and after the collection in a semi-
analytical balance intending to determine the urinary volume from the density. Six
milliliter (6 ml) of urine were distributed in polypropylene microtubes previously
demineralized for calcium determination. The remaining volume was acidified with
hydrochloric acid at 3 mol/l and homogenized to avoid the precipitation of the
magnesium in the urine and also to preserve the magnesium. After this procedure, 6
ml of urine were distributed in polypropylene microtubes previously demineralized.
Urine was stored in a freezer at -20°C for later analysis 3.

Elemental analyses of the magnesium and calcium were performed on an
inductively coupled plasma spectrometer - Optical Emission Spectrometry with an axial
view configuration and a V-Groove nebulizer (720 ICP / OES, Varian Inc., California,
United States). The reference values adopted were 0.75 to 1.05 mmol/l for plasma
magnesium 32, 1.65 to 2.65 mmol/l for erythrocyte magnesium, 3.00 to 5.00 for
mmol/day for urinary magnesium 33, 2.12 to 2.65 mmol/l for plasma calcium 34, and

lower values than 4.0 mg/kg/day for urinary calcium 35.

Assessment of Ca/Mg Ratio

Ca/Mg ratios in diet, plasma and urine were calculated using the formulas:

dietary Ca intake (mg/day)

Ca
—diet tio =
Mg Y IO = Yietary Mg intake (mg/day)
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Ca l tio = plasma Ca (mmol/1)
Mgp asmatato = plasma Mg (mmol/I)
Ca . tio = urinary Ca (mmol/day)
Mg urinaty ratio = urinary Mg (mmol/day)

Determination of Glycemic Control

Analysis of fasting glucose was performed using the colorimetric enzymatic
method and Labtest kits. Values between 75 and 99 mg/dl were considered normal,
according to the criteria defined by the American Diabetes Association 6. Serum
insulin  concentration was determined using the chemiluminescence method,
considering as a standard of reference the values between 6 and 27 pU/ml. Analysis
of glycated hemoglobin was carried out using the ion exchange chromatography
method. Lower values than 5.7% were considered normal 6.

Index homeostasis model assessment insulin resistance (HOMA-IR) was
calculated from the concentrations of fasting glucose and fasting insulin. HOMA-3
index was calculated using the HOMA Calculator version 2.2.3 program. (HOMA
Calculator, 2017). HOMA-IR values greater than 2.71 or HOMA-[3 values greater than

1.8 have meant insulin resistance 37 38,

Statistical Analysis

Treatment of missing data

During the process of database consolidation, we observed that the
percentage of missing data for all observations was low (8.35%), however the variables
with missing data had an average of 20.97% in control group. Thus, a missing-data
imputation process was implemented to “complete” the database and to enable
analysis with all study subjects.

A simple imputation method was used for the variables groups with missing
data lower than 15%, and a multiple imputation method was used for the variables

groups with missing data higher than 15%, according to Harrel Jr. 3°.
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Simple and multiple imputation methods were carried out by Predictive Mean
Matching (PMM) method. This imputation method was chosen because it is indicated
to impute quantitative variables.

Simple imputation from PMM was conducted in three steps 4% (1) estimation
of regression model; the response variable was the variable of interest (to be imputed)
and the others variables were explanatory; (2) estimation of variable of interest value
for the subjects with missing data, and (3) pairing the predicted value of the variable of
interest with nearest adjusted value for the subjects with missing data (we calculate
the Euclidean distances). The value corresponding to the nearest adjusted value was
impute. If there is more than one adjusted value with distance equal to the minimum
distance found, so the imputed value is chosen randomly among the equal values.

Multiple imputation from PMM is based on the same principles of the simple
imputation method, but many values are generated, not only one. After the multiple
imputations have been made, the general estimates for the values were obtained by
the mean of the values imputed (m=5).

Imputation methods were based on linear regression analysis; thus it was
necessary to define variables which were used in imputation process. Explanatory
variables with a closer relationship with the response variables were included in
models, considering that the missing data were missing at random (MAR).

A function created by Andreozzi 4! was used for simple imputations, and the
multivariate imputation by chained equations (MICE) software was used for multiple

imputations. Imputation process was performed in R program 2.

Data analysis

Kolmogorov-Smirnov test was performed to check the normality assumption of
the variables. Comparisons between the means of continuous variables were
performed using the Student’s t-test for normally distributed variables, whereas the
Mann-Whitney test was performed for non-normally distributed variables. Pearson chi-
square test was performed to compare categorical variables. Spearman’s Rho (p) was
performed for analysis of correlations between the variables. A p value < 0.05 was

considered to be significant.
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Canonical correlation analysis was performed to check associations between
mineral group (dietary magnesium intake, plasma magnesium, erythrocyte
magnesium, urinary magnesium, dietary calcium intake, plasma calcium and urinary
calcium) and glycemic control parameters group (fasting glucose, serum insulin and
glycated hemoglobin). Data were normalized to have means equal to zero and
standard deviations equal to one in order to reduce the influence of a set of high values
variables on another set of low values variables. HOMA-IR and HOMA-B were not
included in canonical correlation analysis due to multicollinearity detected.

Wilks’ lambda (F approximation to the distribution) was performed to evaluate
significance of canonical roots. Explained variance was calculated by squared
canonical correlation (canonical R2). Canonical charges and cross canonical charges
were estimated.

Logistic regression models were performed to evaluate association between
HOMA-IR and magnesium parameters (dietary magnesium intake, plasma
magnesium, erythrocyte magnesium and urinary magnesium) and Ca/Mg ratio,
separately, with each variable categorized into quartiles with the lowest quartile as the
referent category. The final model with dietary magnesium intake was adjusted for age,
dietary calcium intake, plasma calcium and urinary calcium, whereas the final model

with Ca/Mg ratio was adjusted for age.

Results

Mean values and standard deviations of age and anthropometric parameters
used to evaluate the nutritional status of obese women and control group are presented
in Table 1. Statistically significant difference (p<0.05) between obese and control
group’s body weight, height, BMI and waist circumference was found.

Mean values and standard deviations of the glycemic control parameters of
the obese women and control group are shown in Table 2. There were no differences
in fasting glucose, serum insulin, glycated hemoglobin, HOMA-IR and HOMA-B
between the two groups (p<0.05).

There were differences in parameters of magnesium and calcium studied
between the two groups (p<0.05), except dietary calcium intake and Ca/Mg intake ratio
(Table 3).
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Statistically significant association between obesity and deficiency of
erythrocyte magnesium, and between obesity and reduced plasma calcium was found
(p<0.001). Furthermore, statistically significant association between obesity and
increased urinary excretion of magnesium and calcium was found (p<0.001; Pearson
chi-squared test).

Statistically significant correlation was found between dietary magnesium and
plasma calcium (r = -0.331; p = 0.009), erythrocyte magnesium and dietary calcium (r
= -0.468; p <0.001), urinary magnesium and urinary calcium (r = 0.426; p < 0.001) in
obese participants. Statistically significant correlation was also found between dietary
magnesium and dietary calcium (r = 0.291; p = 0.018), erythrocyte magnesium and
urinary calcium (r = -0.439; p < 0.001) in control group (Table 4).

Statistically significant correlation was found between Ca/Mg intake ratio and
HbAl1c (r =-0.295; p = 0.020), urinary calcium and serum insulin (r = 0.342; p = 0.007),
urinary calcium and HOMA-IR (r = 0.256; p = 0.045), urinary calcium and HOMA-( (r
= 0.324; p = 0.010), urinary calcium and HbAlc (r = -0.295; p = 0.020) in obese
participants (Table 5). There was statistically significant correlation only between
urinary calcium and fasting glucose (r = -0.266; p = 0.031) in control group.

First canonical function was significant (p = 0.009), and correlation (0.644)
between variable sets of minerals and of control glycemic was expressive. Urinary
calcium received a greater canonical charge (0.934) than did others parameters of the
minerals in the construction of the first mineral canonical variable. Glycated
hemoglobin (-0.638) had the greatest impact in the variable sets of glycemic control
parameters (Table 6).

Logistic regression analysis did not show significant association between
magnesium status and HOMA-IR, and between Ca/Mg ratio and HOMA-IR.

Discussion

In this study, the assessment of magnesium and calcium status was
conducted, and the association between Ca/Mg ratio and insulin resistance was
evaluated. Plasma and erythrocyte magnesium concentrations were lower in obese
women than in non-obese women and lower than the reference values. Additionally,

significant association between obesity and reduced erythrocyte magnesium
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concentrations was found. Similar results were reported by Farhangi et al.5, Farhangi
et al.*® e Rodriguez-Moran, Guerrero-Romero #* that also found reduced serum
magnesium in obese patients.

There are several contributing factors for the magnesium deficiency in obese
patients. In this study, the reduced dietary intake of magnesium may have contributed
to reduced plasma and erythrocyte magnesium concentrations because the dietary
intake of magnesium was lower than the dietary reference intakes (Estimated Average
Requirement - EAR). Household Budget Survey (2008-2009) showed that the Brazilian
population in general do not have habits of eating magnesium containing-food source,
for example leafy green vegetables and nuts.

Elevated urinary magnesium excretion verified in obese women in this study
may also justify magnesium deficiency. Therewithal, there was significant association
between obesity and elevated urinary magnesium excretion, thus evidencing the
altered magnesium homeostasis in obese patients. Therefore, the reduced dietary
intake of magnesium and elevated urinary magnesium excretion may together explain
reduced plasma and erythrocyte magnesium concentration in obese women.

Calcium can also regulate magnesium homeostasis. In this study, correlation
analysis showed significant negative correlation between dietary calcium intake and
erythrocyte magnesium concentration in obese women. Accordingly, we suggest that
the increase of the dietary intake of calcium may contribute for reduction of the
erythrocyte magnesium concentration, thus favoring magnesium deficiency.

This result may be justified by the fact that the homeostatic regulating system
of calcium and magnesium involve the same transporters on intestinal and renal cells,
for example Calcium Sensing Receptor (CaSR) and Transient Receptor Potential
Melastatin 7 (TRPM7). Thus, calcium and magnesium antagonize each other in many
physiological activities 12 45

Moreover, significant negative correlation between dietary magnesium intake
and plasma calcium concentrations in obese women was found. This result shows that
the increase of the dietary intake of magnesium may contribute for reduction of the
plasma calcium levels, thus evidencing that magnesium also influences on calcium
metabolism.

Studies have shown the biochemical relevance of the Ca/Mg intake ratio and
Ca/Mg serum ratio for physiological activities of many tissues in healthy and sick
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individuals 2 4°, In this study, Ca/Mg intake ratio was higher in obese women than
recommended values by population-based cohort studies conducted in China that was
value between 1.7 and 2.8 *2. Durlach 46 also recommend the maintenance of a Ca/Mg
intake ratio close to 2 for optimal health in the adult population.

In our study, Ca/Mg plasma ratio and Ca/Mg urinary ratio were higher in obese
women than in eutrophic women. About the increased Ca/Mg plasma ratio, it is
emphasized that inflammation, oxidative stress and insulin resistance are the main
metabolic disorders associated with imbalance between magnesium and calcium in
the blood compartments 12 47-49,

However, there was no significant correlation between Ca/Mg plasma ratio and
Ca/Mg urinary ratio and glycemic control parameters in this study. This result may be
explained by the fact that obese women presented adequate glycemic control, and
others physiological variables may have regulated the glycemic control parameters in
obese women in our study.

In this study, significant negative correlation between Ca/Mg intake ratio and
glycated hemoglobin was also found in obese women. This result is different of the
study’s hypothesis and incompatible with the evidence found in the published literature.
Because the increase of Ca/Mg intake ratio is associated with glycemic decontrol and
disease mortality 1250, Haenni et al. 5%, for example, have shown that changes in insulin
sensitivity index were inversely correlated to changes in the Ca/Mg serum ratio
between (r = -0.27, p < .008). Thus, further studies about this topic should be carried
out.

Another important point is the hypocalcemia verified in obese women in this
study which may be due to reduced dietary calcium intake and elevated urinary calcium
excretion. About the urinary calcium excretion, researches with animals and humans
have shown that the hyperinsulinemia and insulin resistance are associated with
hypercalciuria due to calciuretic effect of insulin, thus favoring reduction of plasma
calcium 5255, This fact is confirmed in our study because significant positive correlation
between insulin and urinary calcium levels, HOMA-IR and urinary calcium levels, and
HOMA-B and urinary calcium were found in obese women.

In this discussion, it is emphasized that hypocalcemia and reduced dietary
calcium intake may contribute to the increase in intracellular calcium concentration.

Excessive intracellular calcium accumulation induces the development of obesity-

Associagdo entre as concentracoes de minerais (magneésio, zinco e selénio) e marcadores metabolicos dos
fenotipos obesidade metabolicamente saudavel e obesidade metabolicamente ndo sauddavel

Kyria Jayanne Climaco Cruz



Capitulo 2 138

associated chronic inflammation and oxidative stress °6. However, measurement of
intracellular calcium concentration was not conducted in our study which is a limitation
of this study.

Another limitation is the fact that gene expression for CaSR and TRPM7
receptors was not performed. A strength of our study is that this research was the first
that associated the Ca/Mg ratio in diet, plasma and urine with insulin resistance in

obese women.

Conclusion

Obese women in this study ingest a low dietary magnesium, and they present
reduced plasma and erythrocyte magnesium concentrations and elevated urinary
magnesium excretion. Dietary calcium intake and plasma calcium concentration are
also reduced in obese patients, and urinary calcium excretion are higher than in
eutrophic group. Ca/Mg ratio in diet, plasma and urine in obese women are elevated.

Simple linear correlation analysis shows calcium seems to influence
magnesium homeostasis, being that the increased dietary calcium intake may be
associated to reduced erythrocyte magnesium concentration.

Moreover, the Ca/Mg ratio seems to be not relevant on glycemic control in the
obese women considering the inexistence of association among these variables.
Therefore, further researches should be conducted to clarify the importance of Ca/Mg

ratio on glycemic control in obesity.
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Table 1 - Mean values and standard deviations of age, body weight, height, body mass

index and waist circumference of obese women and control group.

Obese women Control group
Parameters (n=62) (n=66) p
Mean = SD Mean = SD
Age (years) 33.95+8.76 35.98 £ 7.92 0.157
Body weight (kg) 103.91 £ 10.30 56.04 + 5.69 < 0.001*
Height (m) 1.61 £ 0.06 1.58 £ 0.07 0.036*
BMI (kg/m?) 40.26 + 3.37 22.36 £ 1.69 <0.001*
WC (cm) 111.97 +9.36 74.72 £5.30 <0.001*

*Values significantly different between obese women and control groups, Student’s t test or Mann-

Whitney test (p<0.05). BMI = body mass index; WC = waist circumference; SD = standard deviations.

Table 2 - Mean values and standard deviations of glycemic control parameters of

obese women and control group.

Obese women Control group
Parameters (n=62) (n=66) p
Mean + SD Mean + SD

Fasting glucose (mg/dL) 83.65+12.92 79.68 + 8.53 0.147
Serum insulin (uU/mL) 11.13 +3.89 9.51+201 0.080
HbAlc (%) 5.17 +£0.49 5.01 +0.56 0.198
HOMA-IR 2.37+1.13 1.88 £ 0.46 0.063
HOMA-B 1.42 £0.53 1.19+0.25 0.071

Student t test (p > 0.05). HbAlc = glycated hemoglobin; HOMA-IR = Homeostasis Model Assessment
Insulin Resistance; HOMA-B = Homeostasis Model Assessment 3; SD = standard deviations.
Reference values: Fasting Glucose = 75 to 99 mg / dL; Serum insulin = 6 to 27 yU / mL; HbA1 <5.7;
HOMA-IR< 2.71; HOMA-B3< 1.8.
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Table 3 - Mean values and standard deviations of parameters of magnesium and

calcium of obese women and control group.

Obese women

Control group

Parameters (n=62) (n=66) p
Mean + SD Mean + SD

Dietary Mg (mg/day) 185.92 + 26.35 177.93 £ 30.48 0.011*
Plasma Mg (mmol/l) 0.61+0.11 0.92+0.10 <0.001*
Erythrocyte Mg (mmol/l) 1.57+0.12 2.31+0.24 <0.001*
Urinary Mg (mmol/day) 6.02 £1.96 3.45+1.60 <0.001*

Dietary Ca (mg/day) 542.30 £+ 52.54 548.25 + 108.03 0.690
Plasma Ca (mmol/l) 1.94+0.18 2.46 +0.20 <0.001*
Urinary Ca (mg/kg/day) 5.45 + 2.56 2.96 £ 0.92 <0.001*

Ca/Mg intake ratio 2.98 + 0.56 3.14 +0.70 0.098
Ca/Mg plasma ratio 3.28+£0.61 2.71+£0.39 <0.001*
Ca/Mg urinary ratio 250+1.32 1.44 £ 0.75 <0.001*

* Significantly different values between obese patients and control group, Student t test (p <0.05). Mg =
magnesium; Ca = calcium; SD = standard deviations. Reference values: Dietary magnesium: EAR =
255 mg/day, for females aged between 20 and 30 years, and 265 mg/day for females aged between 31
and 50 years (IOM, 1997); Plasma magnesium = 0.75-1.05 mmol/I?; Erythrocytes magnesium = 1.65-
2.65 mmol/IP; Urinary Magnesium= 3,00-5,00 mmol/day®. @Topf and Murray (2003); "Tietz (1995).
Dietary calcium: EAR = 800 mg/day, for females aged between 19 and 50 years (IOM, 2011); Plasma
calcium = 2.12 to 2.65 mmol/l (Madeo et al., 2018). Urinary calcium = <4,0 mg/kg/day (Hodgkinson;
Pyrah, 1958).
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Table 4 — Simple linear correlation analysis between magnesium and calcium parameters in obese patients and control group.

Obese women

Control group

Parameters Dietary Ca Plasma Ca Urinary Ca Dietary Ca Plasma Ca Urinary Ca
r p r p r p r p r p r p
Dietary Mg 0.237 0.063 -0.331 0.009* -0.209 0.102 0.291 0.018* 0.006 0.960 -0.118 0.344
Plasma Mg 0.099 0446 -0.130 0.314 -0.184 0.151 -0.053 0.671 -0.035 0.779 0.068 0.588
Erythrocyte Mg -0.468 <0.001* 0.115 0.375 0.205 0.109 0.219 0.077 -0.036 0.773 -0.439 <0.001*
Urinary Mg 0.069 0.595 0.220 0.085 0.426 <0.001* 0.055 0.662 -0.077 0539 0.168 0.178

Pearson correlation coefficient or Spearman correlation coefficient (p <0.05). Mg = magnesium; Ca = calcium.
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Table 5 - Simple linear correlation analysis between magnesium and calcium parameters and glycemic control parameters in obese

patients.
o Fasting glucose Serum insulin HbAlc HOMA-IR HOMA-B
Variaveis
r p r p r p r p r p

Dietary Mg 0.104 0.422 0.089 0.493 0.208 0.105 0.092 0.477 0.094 0.467
Plasma Mg 0.050 0.700 0.006 0.965 0.110 0.393 0.028 0.828 0.021 0.874
Erythrocyte Mg 0.043 0.739 0.051 0.691 0.097 0.453 0.044 0.731 0.038 0.770
Urinary Mg -0.104 0.420 0.106 0.412 0.052 0.687 0.056 0.665 0.095 0.464
Dietary Ca -0.024 0.852 -0.199 0.121 -0.021 0.868 -0.166 0.198 -0.188 0.143
Plasma Ca -0.169 0.190 0.008 0.948 -0.227 0.076 0.007 0.958 -0.001  0.996
Urinary Ca -0.060 0.643 0.342  0.007* -0.292 0.021* 0.256  0.045* 0.324 0.010
Ca/Mg intake ratio -0.200 0.120 -0.193  0.133 -0.295 0.020* -0.196 0.128  -0.197 0.125
Ca/Mg plasma ratio -0.094 0.469 0.027 0.832 -0.184 0.152 0.012 0.926 0.014 0.916
Ca/Mg urinary ratio 0.051 0.692 0.143 0.268 -0.193 0.136 0.128 0.320 0.143 0.268

Pearson correlation coefficient or Spearman correlation coefficient (p <0.05). Mg = magnesium; Ca = calcium; HbAlc = glycated hemoglobin; HOMA-IR =

Homeostasis Model Assessment Insulin Resistance; HOMA-B = Homeostasis Model Assessment (3.
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Table 6 - Canonical correlation between minerals and parameters of control glycemic in obese women.

Canonical function Canonical correlation Canonical R? Fa GL1 GL2 p
1 0.644 0.415 1.99 21 150 0.009
2 0.346 0.120 0.78 12 106 0.666
3 0.204 0.042 0.47 5 54 0.798
Canonical charges and cross canonical charges for the canonical function 1
Parameters Canonical charges Cross canonical charges
Dietary Mg (mg/day) -0.255 -0.164
Plasma Mg (mmol/l) -0.169 -0.109
Erythrocyte Mg (mmol/l) -0.055 -0.036
Urinary Mg (mmol/day) -0.046 -0.030
Dietary Ca (mg/day) -0.256 -0.165
Plasma Ca (mmol/l) 0.309 0.199
Urinary Ca (mg/day) 0.934 0.602
Parameters of control glycemic
Fasting glucose (mg/dL) -0.121 -0.078
Serum insulin (MU/mL) 0.454 0.293
HbAlc (%) -0.638 -0.411

Wilks’ Lambda multivariate test. Fa: Approximate F; GL1: degrees of freedom from the samples; GL2: degrees of freedom regarding error. Mg = magnesium;

Ca = calcium; HbA1c = glycated hemoglobin.
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Hypomagnesemia in obese subjects: evidence of systematic review and meta-

analysis

Hypomagnesemia in obese

ABSTRACT

Background: Magnesium deficiency is a global nutritional problem that seems to
influence obesity-associated metabolic disorders, because magnesium plays an
important role in the prevention and treatment of many diseases. Objective: We
conducted a systematic review and meta-analysis to evaluate the relationship between
plasma magnesium concentrations and obesity. Methods: A systematic review and
meta-analysis of case-control studies was conducted. Relevant studies were identified
from a literature search using electronic databases. Results: Ten case-control studies
were evaluated in this meta-analysis. Results demonstrated that obese individuals
presented lower plasma magnesium concentration than healthy individuals
(standardized mean difference [SMD] = -0.44, 95% confidence interval = -0.88 to -
0.01). In subgroup analyses, there were differences in plasma magnesium
concentration between obese and healthy individuals according to study location,
gender, case age, control age, method for assessment of magnesium concentration
and study quality. Furthermore, meta-regression analyses showed that the source of
heterogeneity of magnesium levels among studies was control age. Conclusion:
Evidence of this systematic review and meta-analysis show hypomagnesemia in obese
individuals of both genders.

Keywords: obesity, magnesium, human, observational study, review.
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1 Introduction

Obesity is characterized by abnormal or excessive fat accumulation that is a
risk factor for other chronic diseases, including diabetes mellitus, cardiovascular
disease and cancer. Obese individuals have metabolic disorders, such as chronic
inflammation, oxidative stress and insulin resistance, which contributing to alterations
in minerals concentration in body [1,2].

Studies have showed lower magnesium concentration in plasma of obese
individuals than eutrophic individuals [3,4]. This reduction may be due to inadequate
dietary magnesium intake. Household Budget Survey [5] showed that the Brazilian
population in general do not have habits of eating magnesium containing-food source,
such as whole grains, spinach, nuts and legumes. Oliveira et al. [6] and Morais et al.
[7] found lower dietary magnesium intake in obese group than the dietary reference
intakes (Estimated Average Requirement - EAR) [8].

Magnesium deficiency is a global nutritional problem that seems to influence
obesity-associated metabolic disorders, because magnesium plays an important role
in the prevention and treatment of many diseases. Magnesium is cofactor of ATPase-
Mg enzyme, therefore, it is essential in energetic metabolism. Furthermore,
magnesium induces insulin action and the expression of antioxidant enzyme genes
[9,10].

Therefore, we conducted a systematic review and meta-analysis to evaluate

the relationship between plasma magnesium concentrations and obesity.

2 Methods

Recommendations of Guidelines for Meta-Analyses and Systematic Reviews
of Observational Studies — MOOSE were followed to perform this review [11]. This
study was registered in the International prospective register of systematic reviews —
PROSPERO (CRD42017065694).
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2.1 Data Sources and Study Selection

We accessed articles in Pubmed, Cochrane Library, Scopus and
ScienceDirect databases, from March to December 2017, searching studies published
from 1999 to 2017. Two authors (KC and AO) independently conducted the literature
search. Disagreements between the two investigators were resolved by consensus.
Patient, exposition, comparison, and outcomes (PECO) strategy was used for
definition of research guiding question [12]. Keywords “magnesium”, “obesity” and
“‘human”, and your synonymous were used in search for articles. Descriptors crossing
“(Magnesium or Mg?*) and (Obesity or Obese) and (Humans or Man, Modern or

Modern Man or Man or Homo sapiens or Human)” was used in literature search.

2.2 Inclusion and Exclusion Criteria

Published articles were included in this meta-analysis according the following
criteria. (1) case-control studies examining the association between plasma
magnesium concentration and obesity, (2) human study published in a peer-reviewed
journal, (3) studies that enrolled adults aged 18 years old and older, (4) studies that
enrolled obese individuals without related diseases (this was verified in the exclusion
criteria of the studies), (5) studies that provided mean values and standard deviations
(SD) of plasma magnesium concentration, and (6) articles that were written in English
or Spanish and published in their entirety, without a publication year limit.

We tried to include all available studies, including contact with authors of articles not
published in their entirety and searching in reference lists of obtained articles.
Exclusion criteria in this systematic review and meta-analysis were the following: (1)
articles that did not satisfy inclusion criteria and (2) some publication types, such as
animal study, reviews, case-report and meta-analysis. Study selection details are

shown in Figure 1.
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2.3 Data Extraction and Quality Assessment

Two investigators (KC and AO), co-authors of the present study, independently
extracted the data from the original reports. The following information were extracted:
first author’s family name, year of publication, country, age, gender, sample size, data
on levels of magnesium, method for assessment of magnesium concentration and
selection location of control group. Disagreements between the two investigators were
resolved by consensus.

Methodological quality of studies was assessed using the Newcastle-Ottawa
Quality-Assessment Scale for case-control studies [13]. This scale present nine items
that were grouped into three major categories. Scale includes risk assessment bias of
these topics: selection of patients (definition of case and control, representativeness of
the cases, and selection of controls), comparability of cases and controls on the basis
of the design or analysis, and exposure. A final score of 7 or more was indicative of a

high-quality study.

2.4 Statistical Analysis

The data of interest, presented as continuous values (mean value and SD),
were used to obtain the standardized mean differences (SMDs) and 95% confidence
interval (Cl) of plasma magnesium concentration of obese and eutrophic individuals
[14].

Cochran's Q-statistic and I-squared test were performed to test heterogeneity
between the studies. I-squared value greater than 50% or a p value of the Q-test less
than 0.05 were indicative of high heterogeneity among the included studies. Our
protocol proposed the pooling of SMDs for the meta-analysis using a random effects
model [15].

Subgroup meta-analyses were conducted according to the pre-specified
study-level characteristics. Sources of heterogeneity were location, sex, age, method
of magnesium assessment and study quality. Heterogeneity was also assessed by
comparing the results from studies grouped according to the pre-specified study-level
characteristics using meta-regression. We also conducted sensitivity analyses to
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evaluate the influence of each study on the results. Publication bias was evaluated
using Egger’s test [16] and Begg'’s test [17]. In the presence of publication bias, the p
values for Egger’s test and Begg's test were lower than 0.05. All statistical analyses

were performed using R software [18].

3 Results

3.1 Selected Articles

We found 15,241 articles in the search conducted in the four mentioned
databases. Of these, ten articles identified in PubMed, one in Cochrane, ten in Scopus,
and one in Science Direct were considered eligible for inclusion. After removing
duplicates articles and studies no published in their entirety, ten articles were finally
included in this systematic review and meta-analysis (Figure 1).

3.2 Characteristics of studies included

Table 1 shows the characteristics of studies included in this review and quality
assessment results. Studies were published from 1999 to 2017. Studies were
conducted in four different countries (ltaly, Brazil, Iran, Mexico), with male and female
individuals. A total of 749 obese participants and 627 controls were enrolled. Mean age
of obese participants was 37.98 years, and of healthy individuals was 36.78 years.

Different assay methods for plasma magnesium concentration were used. Six
studies used colorimetric assay, three studies used flame atomic absorption
spectrophotometry, and one study used direct current plasma emission spectrometer.

Methodological quality of studies varied from 5 to 8 points (median of 5 points).

3.3 Quantitative Data Synthesis

Figure 2 shows meta-analysis results. Obese participants presented lower
plasma magnesium concentration than eutrophic individuals (SMD = -0.44, 95%

confidence interval = -0.88 to -0.01). There was high heterogeneity among studies (I?
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=92.5%, p <0.001) (Figure 2). No publication bias was detected with Egger’s test (p =
0.50) or Begg’s test (p = 0.86).

3.4 Subgroup, Meta-Regression, and Sensitivity Analyses

Figure 3 shows subgroup and meta-regression analysis results. Subgroup
analysis showed that plasma magnesium concentration was lower in obese individuals
that control group, particularly in studies conducted in Mexico, studies which included
female and male individuals, obese individuals with age higher than 37.98 years, or
healthy individuals with age higher than 36.78 years. This result was also found in the
studies that used colorimetric method of magnesium assay and in the studies with high
methodological quality.

Meta-regression analysis revealed that age of healthy individuals (p = 0.047)
influenced plasma magnesium concentration in obese and healthy individuals (Figure
3). Sensitivity analyses showed that no single study had an effect on pooled SMD
(Figure 4).

4 Discussion

In this systematic review and meta-analysis, we evaluated ten case-control
studies that analyzed plasma magnesium concentration in obese individuals. Meta-
analysis demonstrated that obese participants had lower plasma magnesium
concentration than healthy individuals (SMD = -0.44, 95% confidence interval = -0.88
to -0.01). This result may be due to reduced dietary magnesium intake in obese group.
Five studies included in this meta-analysis showed that the dietary magnesium intake
was lower in obese group than the dietary reference intakes (EAR) [3,4,6, 7, 20].
Guerrero-Romero et al. [22] verified that overweight and obese individual intake lower
amount of magnesium than healthy individual.

Insulin resistance can also lead to hypomagnesemia in obese patients. Studies
show that magnesium reabsorption in distal convoluted tubule and in loop of Henle is

reduced in individuals with insulin resistance, such as individuals with obesity and type
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2 diabetes mellitus. Thus, insulin resistance can induce urinary magnesium excretion
and, consequently, hypomagnesaemia [25,26,27,28,29,30].

Hypomagnesemia may exacerbate chronic inflammation, insulin resistance
and oxidative stress in obese individuals. Reduction of magnesium in extracellular
compartment induces an increase in intracellular calcium concentration. Excessive
intracellular calcium accumulation increases the release of substance P and the
production of cytokines pro-inflammatory. Magnesium deficiency also enhances the
recruitment of phagocytic cells, which leads to the generation of reactive oxygen
species. Hypomagnesemia also impairs insulin receptor tyrosine kinase activity, thus
inhibiting activation of phosphatidylinositol protein 3-kinase enzyme and protein kinase
B or Akt, proteins involved in insulin signaling pathway [31,32,33].

In our subgroup analyses, there were differences in plasma magnesium
concentration between obese and healthy individuals according to study location,
gender, case group age, control group age, method for assessment of magnesium
concentration and study quality. Furthermore, meta-regression analyses showed that
the source of heterogeneity of magnesium levels among studies was control group
age.

From the country-stratified analysis, we observed that studies conducted in
Mexico showed the lowest plasma magnesium concentrations. About this result, it is
noted the studies of Morales-Ruanet al. [34], Cruz-Gongora et al. [35] and Mejia-
Rodriguez et al. [36]. These researchers measured magnesium serum concentrations
in 5,060 Mexican children, 2,447 Mexican adolescents and 5,410 Mexican adults,
respectively. They verified low serum magnesium in 22.6% of children, 37.6% of
adolescents, 36.3% of female adults, and 31.0% of male adults. Some authors
explained this result due to an insufficient dietary intake of magnesium, high intake of
antagonists of the absorption of magnesium (fiber, tannins and phytates), and low
intake of enhancers of magnesium absorption as such vitamin C in Mexican population
[35,36].

When the subgroup analysis was performed according to case group age and
control group age, we observed lower plasma magnesium concentrations in obese
individuals and healthy individuals with age greater than the mean age of each group.
It is emphasized that bone provides a large exchangeable pool to buffer acute changes
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iIn serum magnesium concentration, and the magnesium content of bone decreases
with age, and bone magnesium store is not completely bioavailable during magnesium
deprivation [37]. Furthermore, magnesium deficiency in the elderly may be related to
an inadequate magnesium intake, a decreased magnesium absorption and/or
increased urinary magnesium loss, or multiple drug use [38].

Analysis stratified by magnesium concentration assessment methods revealed
lower plasma magnesium concentrations when colorimetric assays was used. Different
results were verified by Scalabrini; Ribeiro [39] that conducted a study with objective
to compare colorimetric assays and flame atomic absorption spectrophotometry for
determination of magnesium. Samples measured by both methods showed no
difference between the results. However, colorimetric method uses reference range
with higher magnesium values than atomic absorption spectrophotometry method.
Thus, a same value may be considered low in colorimetric assay, and normal in
spectrophotometry assay. We also found that the high-quality studies showed lower
plasma magnesium concentrations. This result may be related to fact that these studies
are more careful, minimizing potential biases.

Some systematic reviews and meta-analyses have been performed to
investigate the association between magnesium intake and serum concentrations with
metabolic syndrome. Findings these meta-analyses suggest an inverse association
between magnesium and metabolic syndrome. These results show the importance of
magnesium in the protection of obesity-associated diseases [40, 41,42].

A strong feature of this meta-analysis is that the studies were carefully selected
according to a predetermined search strategy to include all available case-control
studies. There are also potential limitations of this study that should be mentioned: high
heterogeneity among studies included, and the possibility that relevant articles were
not included because they were published in languages other than English or Spanish
or they were not indexed in the electronic databases accessed in this study.
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5 Conclusion

Evidence of this systematic review and meta-analysis show hypomagnesemia
in obese individuals of both genders. We suggest that new studies be carry out to

clarify magnesium status in population with the same lifestyle.
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Sample Plasma Mg Method of Selection location NOS
Study Country | Group Age ] Gender BMI
size (mmol/l) Mg assay of control group Score
Corica et al. Obese | 39.2+24 19 F/M (13/6) | 36.00 £ 1.50 | 1.24 £ 0.04 ]
Italy DCPES not described 5
[19]. Controls | 34.3+1.4 12 F/IM (8/4) |22.10+0.73 | 1.23 £ 0.06
Cruz et al. . Obese | 37.4+6.8 55 F 35.28+2.60 | 0.81 +0.06 ]
Brazil FAAS not described 5
[20] Controls | 35.8+ 7.6 59 F 22.03+1.56| 0.79 + 0.06
Faranghi et Obese | 325+7.7 42 F 32.92+2.00| 0.85+0.10
Iran Colorimetric not described 5
al. [3] Controls | 31.4+6.8 40 F 22.63+3.10| 0.95+0.25
Faranghi et Obese | 30 (17-51) 42 F 3295+3.35| 0.87+0.11 ) ) Advertisement with
Iran Colorimetric 8
al. [4] Controls | 31 (19-45) 40 F 23.40+4.12| 0.97 +0.27 letters
Guerrero- 384+ FIM
Obese 100 33.60+3.60 | 0.74 +0.16
Romero; 134 (75/25)
Mexico Colorimetric not described 6
Rodriguez- 376+ FIM
i Controls 138 21.80+2.00| 0.99+0.12
Méran [21] 12.6 (101/37)
Guerrero- Obese | 42.1+1.0 321 FIM 35.00+5.00| 0.78+0.12
Romero et | Mexico 207 % Colorimetric Public invitation 8
al. [22] Controls ﬁ g" 146 FIM 22.60+2.00 | 0.82+0.14
Morais et al. . Obese | 34.7x+7.6 31 F 36.50+2.17| 0.76 + 0.08 )
Brazil FAAS not described 5
(7] Controls | 35.4+86 | 52 F 21.90+1.66| 0.78+0.07
Oliveira et Obese | 36.3+7.0 65 F 35,68 +2.66 | 0.78 +0.08 not described
Brazil FAAS 5
al. [6] Controls | 35.7+7.6 66 F 2198+ 1.62| 0.77 £ 0.07
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46.1 + FIM
Rodriguez - Obese 20 30.90+3.90| 0.78+0.20
) 12.5 (10/10) ) )
Hernandez | Mexico = Colorimetric ambulatory 5
et al. [23] Controls | 46.3+7.1 20 21.40+2.60| 0.86+0.16
(10/10)
Rodriguez- 43.1
] Obese 54 FIM 33.90+3.60| 0.67+0.16
Moran, ) 12.4 ) ) o
Mexico Colorimetric households visits 7
Guerrero- 39.6 £
Controls 54 FIM 2290+150| 0.83+0.12
Romero [24] 14.6

Legend: BMI — Body mass index; Mg — Magnesium; NOS - Newcastle-Ottawa Scale; F — Female; M — Male; DCPES - Direct current plasma emission

spectrometer; FAAS - Flame atomic absorption spectrophotometry.
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Figure 1. Flow diagram of the study selection.
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Articles identified through database searching (n=15241)

Pubmed (583), Cochrane (89), Scopus (9436) and ScienceDirect (5133)

|

Articles excluded after screening (n=15222)

I

1

PubMed (n=573)

Irrelevant articles (n=513)

Non case-control studies (n=19)
Non obese population (n= 16)
Non values of plasma Mg (n=4)

Scopus (n=9426)

Irrelevant articles (n=9367)
Non case-control studies (n=28)
Non obese population (n=20)
Non values of plasma Mg (n=5)

Cochrane (n=88)

Irrelevant articles (n=75)

Non case-control studies (n=11)
Non obese population (n= 0)

Non values of plasma Mg (n=0)

ScienceDirect (n=5132)
Irrelevant articles (n=5124)
Non case-control studies (n=4)
Non obese population (n= 3)

Non values of plasma Mg (n=0)

Non healthy control (n=21) Non healthy control (n=6) Non healthy control (n=2) Non healthy control (n=1)

[ | | |
v

| Duplicated articles (n=09) and studies no published in their entirety (n=03) were excluded }

|

| Studies included in systematic review and meta-analaysis (n=10) |
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Figure 2. Forest plots of studies of plasma magnesium concentration in obese

participants and control group.

Auther Year Obese Control Weight SMD [95% CI]
Corica et al 1999 19 12 l—-—'—l 8.53% 0.20[-0.52, 0.92]
Guerrero-Romero; Rodriguez-Mdran 2002 100 138 —— 10.688% -1.80[-2.11, -1.50]
Rodriguez-Méran; Guerrero-Romero 2004 54 54 - 10.17% -1.12[-1.53,-0.72]
Rodriguez-Hernandez et al 2005 20 20 I—-——i 9.06% -0.43[-1.06, 0.19]
Faranghi et al 2009 42 40 I—'—| 10.01% -0.53[-0.97 -0.08]
Faranghi et al 2011 42 40 l—I—| 10.02% -0.48 [-0.92,-0.05]
Cruz et al 2014 55 59 h—I—| 10.32% 0.33[-0.04, 0.70]
Oliveira et al 2015 65 66 |—"—| 10.43% 013021, 0.48]
Guerrero-Romero et al 2016 321 146 HiH 10.890% -0.32[-0.51,-0.12]
Morais et al 2017 3 52 I—I—‘—l 9.98% -0.27[-0.71, 0.18]
Random Effects Model ( p = 0.000; = 92 5%) --'-' 100.00% -0.44[-0.88 -0.01]

[ I I 1

-3 -156 0 1

Lower Mg level in obese =<— = Higher Mg level in obese
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Figure 3. Subgroup and meta-regression analysis results derived from random-effect

models of plasma magnesium concentration according to different studies.

Subgroup Studies Obese Control . SMD [95% CI] P Pvalué
Country :
Brazil 3 1561 177 I—:'—| 0.09[-0.23, 0.41] 51.7 0.051
Iran 2 84 80 % : -0.50 [-0.82,-0.19] 00.0
ttaly 1 19 12 p—=— -0.20 [-0.52, 0.92]
Mexico 4 495 358 e -0.93[-1.73,-0.12] 956
)

Gender :
FeM 5 514 370 e -0.72 [-1.45,0.00] 947 0.168
F 5 235 257 I—':—| -0.14[-0.48,0.19] 715

. )
Obese age :
> Mean 5 514 370 |—'—| -0.72[-1.45,0.00] 947 0.168
<Mean 5 235 257 = -0.14[-0.48,0.19] 715

I
I
Control age ¢ |
I
1

> Mean 4 495 358 f——— -0.93[-1.73,-0.12] 956 0.047
< Mean 6 254 269 |—I1I—| -0.11[-0.41,0.20] 65.9
I
1
Assessment :
FAAS 3 151 177 = 0.09[-0.23,041] 517 0.399
1
Colorimetric 6 579 438 = -0.79[-1.34,-0.24] 93.0
DCP-AES 1 19 12 —=—— 0.20[-0.52, 0.92]
, )
Quality )
High 3 417 240 ) -0.62[-1.11,0.13] 838 0598
Low 7 332 387 1 -0.35[-1.03,0.33] 944
I
| | | i ] ] |
-3 -2 -1 0 1 2 3
Lower Mg level in obese <-- --- > Higher Mg level in obese

Legend: 2p values from meta-regression of each covariate: country, gender, case age, control age,
degree of obesity, assessment method and study quality; "mean age of obese participants was 37.98
years; ¢ mean age of healthy individuals was 36.78 years; ¢ study quality was assessed using the

Newcastle-Ottawa Scale.
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Figure 4. Forest plot for the sensitivity analysis in meta-analysis.

Coricaet al (1999) - | =
Guerrero-Romero; Rodriguez-Moran (2002) - | i
Rodriguez-Moéran: Guerrero-Romero (2004) - | = !
Rodriguez-Hemandez et al (2005) - | =
Faranghiet al (2009) - | = |
Faranghiet al (2011)- | = |
Cruzetal (2014)- | =
Oliveiraet al (2015)- | =
Guerrero-Romeroet al (2016) - | = i
Morais et al (2017) - | = i
— T —
099 -0.88 044 001 010
95% CI N Estimates

Legend: Name of each study indicates that it was omitted in the analysis.
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Abstract Obesity is a chronic disease characterized by exces-
sive accumulation of body fat and the presence of metabolic
disorders such as insulin resistance. In this sense, zinc is an
important nutrient that stimulates insulin secretion and in-
creases sensitivity to insulin. The aim of this study was to
investigate the effect of zine supplementation on insulin resis-
tance in obese subjects through a systematic review of the
available clinical trials. The search for articles was conducted
using the PubMed, SciVerse Scopus, SciVerse ScienceDirect,
and Cochrane databases, on May 25, 2016, by two authors
independently. The recommendations of the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) were followed in the conduct of this review. The
Cochrane Collaboration tool was used to assess the risk of bias
of the trials included in this review. After screening of the
articles, six clinical trials were included in this systematic
review. The scientific evidence presented in this systematic
review shows that zinc supplementation improves insulin re-
sistance in obese individuals of both sexes.

Keywords Obesity - Zinc - Insulin resistance

Introduction

Obesity is a highly prevalent chronic disease, with complex
and multifactorial etiology, characterized by excessive accu-
mulation of body fat and the presence of metabolic disorders

B4 Dilina do Nascimento Marreiro
dilina.marreiro @ gmail.com

Department of Nutrition, Federal University of Piaui, Campus
Minister Petronio Portela, Ininga, Teresina, Piaui, Brazil

such as insulin resistance, chronic low-grade inflammation,
and oxidative stress [1-3].

Currently, researches are being conducted with a view to
investigate the role of minerals in protection against metabolic
disorders associated with obesity. Zinc, in particular, is an
important inducer of insulin secretion, a sensitizer of insulin
action, and an anti-inflammatory and antioxidant agent [4, 5].

Regarding the participation of zinc in the signaling path-
way of insulin action, it is emphasized that this nutrient stim-
ulates the phosphorylation of the (3 subunit of the insulin
receptor and promotes activation of phosphatidylinositol pro-
tein 3-kinase and protein kinase B or Akt, increasing transport
for glucose inside cells [5-8].

The literature has shown that obese patients have
hypozincemia, which appears to contribute to the develop-
ment of insulin resistance [9, 10]. The reduction in serum
and erythrocyte concentrations of this mineral observed in
these individuals may be due to changes in zinc homeostasis
[11,12].

With regard to the possible factors contributing to changes
in zinc homeostasis in obesity, the chronic inflammation alters
the expression of metallothionein and Zip-14 zinc transporter
protein, which promotes the redistribution of plasma mineral
content in the fat, liver, and muscle, contributing to
hypozincemia in obese individuals [11-15].

However, recent studies show that supplementation with
zinc can restore the expression of their carrier proteins modi-
fied by obesity, making the mineral available for function
[16]. Thus, supplementation with zinc may contribute to the
control of metabolic disorders associated with this disease,
including insulin resistance [4].

Therefore, the aim of this study was to corroborate the
influence of zinc supplementation upon insulin resistance in
obese subjects, through a systematic review of clinical trials
available in the literature.

@ Springer
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Methods
Data Sources and Study Selection

The search for articles was conducted in the PubMed, Scopus,
ScienceDirect, and Cochrane databases, on May 25, 2016, by
two authors (KC and JM), independently. Research conducted
by these authors was compared and equivalence verified in the
search and selection of articles.

The patient, intervention, comparison, and outcomes
(PICO) strategy was used for the guiding questions of this
review setting. The keywords “zinc,” “obese.” “obesity.”
“insulin resistance.” “insulin sensibility.” and “clinical trial”
were used in the literature. The following descriptors cross-
ings were used in the search for articles: “zinc and obes * and
clinical trial, “zinc and (insulin resistance or insulin sensitiv-
ity) and clinical trial”, “obes * and zinc and supplementation”,
“obes * and zinc (insulin resistance or insulin sensitivity)
“and* zinc and supplementation and (insulin resistance or
insulin sensitivity)”.

This systematic review included clinical trials realized
with human subjects, published in English or Spanish,
without a publication year limit that evaluated the effect
of zinc supplementation on insulin resistance in obese
individuals without restrictions of gender, age, or ethnic-
ity. Case studies, cross-sectional studies, case-control
studies, review articles, and animal research were not

» <

included in this review. The study selection details are
shown in Fig. 1.

Relevant information collected from the articles studied in
this review included authors, year of publication, place of
conducting the survey, sample size, sex and age of the study
population, dose and duration of zine supplementation, con-
trol group or placebo, and evaluation methods for insulin re-
sistance or insulin sensitivity.

Assessment of Risk of Bias

The recommendations of the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) [17] were
followed in the conduct of this review, in which a flow dia-
gram was included to demonstrate how many publications
were identified and screened for eligibility and how many
publications were excluded and why. The Cochrane
Collaboration tool was used to assess the risk of bias of the
trials included in this review [18].

Results

Selected Articles

We found 875 articles in the search conducted in the four
mentioned databases. Of these, five articles identified in

Fig. 1 Flow diagram of the study
selection. Legend: Search 1: zinc

and obes* and clinical trial;

Articles identified through database searching (n=875)

search 2: zinc and (insulin

resistance or insulin sensitivity) I

| |

and clinical trial; search 3: obes*
and zinc and supplementation;
search 4: obes* and zinc and
(insulin resistance or insulin
sensitivity); search 5: zinc and
supplementation and (insulin
resistance or insulin sensitivity)

Identification

PubMed (n=382)
Search 1 (n=67)
Search 2 (n=31)
Search 3 (n=106)
Search 4 (n=119)

Search 5 (n=59)

Scopus (n=389) Cochrane (n=58) ScienceDirect (n=46)

Search 1 (n=85) Search 1 (n=35) Search | (n=18)

Search 2 (n=28) Search 2 (n=20) Search 2 (n=4)

Search 3 (n=197) || Search3 (n=1) Search 3 (n=14)

Search 4 (n=46) Search4 (n=1) Search 4 (n=3)

Search 5 (n=33) Search 5 (n=1) Search 5 (n=7)

I I I

£
=
Eh
2
=
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v

Articles elegible (n=15)
PubMed (n=5)

Scopus (n=5)

Cochrane (n=5)

ScienceDirect (n=0)

!

Articles elegible after duplicates removed (n=6)
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Table 1 Methodological quality of included studies measured by the Cochrane Collaboration tool
Goémez-Gareia et al. [20] Marreiro Hashemipour Kelishadi Kim; Lee [19] Payahoo
etal. [21] etal. [22] etal. [4] etal. [23]
Random sequence generation Y Y Y Y N Y
(selection bias)
Allocation concealment Y Y Y Y N Y
(selection bias)
Blinding of participants Y Y Y Y N Y
and personnel
(performance bias)
Blinding of outcome assessment N N Y Y N N
(detection bias)
Incomplete outcome data N N N N N N
(attrition bias)
Selective outcome N N N N Y N
reporting (reporting bias)
Other bias N N N N N N

Legend: Y yes; N no

PubMed, five in Scopus, and five in Cochrane were consid-
ered eligible for inclusion. After removing duplicates, six ar-
ticles were finally included in this systematic review.

The assessment of the risk of bias of the trials included in
this review is presented in Table 1. It was found that the au-
thors had used techniques to avoid potential biases such as of
performance, detection, friction, and information, with the ex-
ception of Kim and Lee’s study [19], in which techniques to
avoid some of these biases were not identified.

Description of Studies

Table 2 shows the characteristics of the clinical trials included
in this review. The studies were conducted with children and
adults, of both genders, in four different countries.
Supplemental zinc doses ranged from 20 to 100 mg per day,
in the form of elemental zinc, zinc sulfate, zinc amino acid
chelate, and zinc gluconate. Three studies conducted supple-
mentation for 4 weeks and three for 8 weeks. The methods

Table 2  Characteristics of clinical trials included in this review

used for evaluation of insulin resistance and insulin sensitivity
were the euglycemic-hyperinsulinemic clamp, the homeosta-
sis model assessment index for insulin resistance (HOMA-
IR), and the insulin sensitivity index.

The Effect of Zinc Supplementation on Insulin Resistance
in Obese Subjects

Of the six studies included in this review, four found an im-
provement in insulin resistance in obese subjects after supple-
mentation with zinc. Marreiro et al. [21] performed supple-
mentation with 30 mg of zinc amino acid chelate for 30 days
in 28 obese women, aged between 25 and 45 years, and found
a reduction in serum insulin and HOMA-IR values (Table 2).

Hashemipour et al. [22] supplemented 30 obese children
(610 years) with 20 mg per day of elemental zinc for 8 weeks
and observed a reduction in serum glucose and insulin and
HOMA-IR values. Kelishadi et al. [4] also conducted a study
on 30 obese children aged between 6 and 10 years, and found

Authors, Location Participants (n) Gender Age  Supplementation Assessment of insulin
publication year _— (year) resistance/insulin sensitivity
Supplement Control Dose Duration
Gomez-Garcia et al. [20] Mexico 7 7 M 21-30 100 mg/day—=zinc sulfate 4 weeks Euglycemic-hyperinsulinemic
clamp
Marreiro et al. [21] Brazil 28 28 F 2545 30 mg/day—zinc 4 weeks HOMA-IR
aminochelate
Hashemipour et al. [22]  Iran 30 30 FM 6-10 20 mg/day—elemental zinc 8 weeks HOMA-IR
Kelishadi et al. [4] Iran 30 30 FM 6-10 20 mg/day—elemental zinc 8 weeks HOMA-IR
Kim; Lee [19] Korea 20 20 F 18-28 30 mg/day—zinc gluconate 8 weeks HOMA-IR and insulin
sensitivity index
Payahoo et al. [23] Iran 30 30 FM 18-45 30 mg/day—zinc 4 weeks HOMA-IR

HOMA-IR Homeostasis model assessment for insulin resistance
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that supplementation with 20 mg per day of elemental zinc for
8 weeks reduced serum concentrations of glucose and insulin
and HOMA-IR index values.

Payahoo et al. [23] evaluated the effect of supplementation
with 30 mg per day of zinc in men and obese adult women for
4 weeks and observed reduction in HOMA-IR values, show-
ing the beneficial effect of the intervention on improvement of
insulin resistance in patients.

Gomez-Garcia et al. [20] and Kim and Lee [19] found no
improvement in insulin resistance after zinc supplementation.
Gomez-Gareia et al. [20] found that 100 mg per day of zinc
sulfate for 30 days did not affect sensitivity to insulin. Kim
and Lee [19] showed that supplementation with 30 mg per day
of zine gluconate for 8 weeks in obese women between 18 and
28 years of age did not alter the HOMA-IR values or the
insulin sensitivity index.

Discussion

In this systematic review, we evaluated six clinical trials with a
view to investigating the effect of zinc supplementation on
insulin resistance in obese individuals. Most experiments
showed beneficial effects of intervention with zinc supple-
ments in this metabolic disorder associated with obesity.

An important point to note in this discussion concerns dis-
crepancies in the supplementation doses, type of supplement
used, bioavailability, and duration of supplementation. These
factors may have influenced the results of some parameters
used to evaluate insulin resistance. In addition, surveys were
conducted in different ethnic groups, age, and gender, which
may have contributed to the observed differences.

1t is worth mentioning the meta-analysis of Capdor, Foster,
and Samman [6], which also evaluated the effects of zinc
supplementation on glycemic markers in humans and con-
cluded that the intervention can reduce glucose and glycated
hemoglobin concentrations, thus contributing to glycemic
control in chronic metabolic disease, especially in diabetic
and obese subjects.

1t is noteworthy that different molecular mechanisms are
involved in zinc acting as a nutrient sensitizer of insulin ac-
tion. This mineral inhibits the protein tyrosine phosphatase 1B
enzyme that catalyzes the dephosphorylation of the 3-subunit
of the insulin receptor; thus, zinc promotes the phosphoryla-
tion of this hormone receptor, an essential step for insulin to
function properly [24].

Zinc also contributes to the activation of the Akt protein,
promoting the translocation of glucose transporter 4
(GLUT4), and glucose uptake by cells, since this mineral in-
hibits the action of the phosphatase enzyme phos-
phatidylinositol 3-kinase (PTEN), which promotes the de-
phosphorylation of phosphatidylinositol 3,4,5-triphosphate

@ Springer

(PIP3), a metabolite that acts as a second messenger in the
insulin signaling pathway [8].

Another important action of zinc relates to the fact that
the mineral is a structural component of the insulin-
regulated aminopeptidase (IRAP) and activates the phos-
pholipase enzyme 3-kinase, which promotes maintenance
of GLUT4 concentration in appropriate amounts in the cell
and translocation of this carrier to the plasma membrane
for subsequent glucose uptake, contributing to glycemic
control in obesity [8, 25].

Two clinical trials included in this systematic review found
that zinc supplementation did not influence insulin resistance
in obese individuals. Here, it is appropriate to mention the
small sample size of these studies, which may have limited
the significance of the observed effects of the intervention on
the markers evaluated. Associated with this, a limitation sug-
gested by Kim and Lee [19] relates to the fact that the authors
have not controlled their analyses for potential confounding
factors such as diet and physical activity.

A strong feature of this review is that the studies were
carefully selected according to a predetermined search strate-
gy for inclusion of clinical trials with impartial perspective in
this systematic review. A limitation that should be mentioned
is the possibility that relevant articles were not included be-
cause they were published in languages other than English or
Spanish or were not indexed in the electronic databases
accessed in this study.

Conclusion

The nutritional status regarding zinc of the obese patients is
altered and might be considered risk factor for development of
metabolic disorders associated with this disease. The scientific
evidence presented in this systematic review shows that zinc
supplementation appears to contribute to improvement of in-
sulin resistance in obese individuals of both sexes.
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Abstract

Studies have shown the participation of minerals in mechanisms involved in the pathogenesis of insulin resistance. Zinc, in
particular, seems to play an important role in the secretion and action of this hormone. Therefore, the aim of this review is to
understand the role of zinc in increasing insulin sensitivity. We conducted a search of articles published in the PubMed and
ScienceDirect database selected from March 2016 to February 2018, using the keywords “zinc,” “insulin,” “insulin resistance,”
“insulin sensitivity,” and “supplementation.” Following the eligibility criteria were selected 53 articles. The scientific evidences
presented in this review show the importance of zinc and their carrier proteins in the synthesis and secretion of insulin, as well as
in the signaling pathway of action of this hormone. Zinc deficiency is associated with glucose intolerance and insulin resistance;

however, the effectiveness of the intervention with the zinc supplementation is still inconclusive.

Keywords Zinc - Insulin resistance - Insulin sensitivity - Insulin secretion - Supplementation

Introduction

Insulin resistance is characterized by reduced sensitivity of the
peripheral tissues to the action of this hormone, particularly in
the adipose tissue, muscle, and liver. This metabolic distur-
bance is associated with several diseases such as obesity, type
2 diabetes mellitus, metabolic syndrome, non-alcoholic fatty
liver disease, cirrhosis, and polycystic ovary syndrome [1-4].

In this context, various factors are related with the devel-
opment of insulin resistance, such as excess body fat (partic-
ularly the accumulation of intra-abdominal fat), chronic in-
flammation, oxidative stress, and endocrine disorders such
as thyroid dysfunction and changes in cortisol homeostasis
[3, 5-7].

In this regard, studies have shown the role of minerals in
mechanisms involved in sensitivity to insulin. Zing, in partic-
ular, has been a mineral of great interest for researchers, for its
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performance in inducing insulin secretion and insulin sensi-
tivity. This micronutrient is required in the formation and
crystallization of insulin, stimulation of phosphorylation of
the {3 subunit of this hormone receptor, activation of the kinase
3 phosphatidylinositol enzyme, and induction of the translo-
cation of glucose transporter 4 (GLUT4) [8-10].

Therefore, considering the complexity of insulin resistance
and the high prevalence of this metabolic disorder in several
diseases, as well as the likely participation of zinc in protec-
tion against resistance to this hormone, this review aims to
understand the role of zinc in increasing insulin sensitivity.

Methods

This is a narrative review based on a bibliographical survey of
articles in PubMed and ScienceDirect databases, without limit
for the year of publication, selected from March 2016 to
February 2018. The keywords used in the search were “zine,”
“insulin,” “insulin resistance,” “insulin sensitivity,” and
“supplementation.” The descriptors were used alone or com-
bined using the boolean operators “AND” and “OR.”
Studies that presented relevant aspects of the participation
of zinc and its carrier proteins in mechanisms underlying the
secretion and action of insulin were included. Only studies in
English were included. Articles were selected for originality
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and relevance, considering the accuracy of the experimental
design and adequacy of the sample size. Classic works and
recent articles were preferentially used. Dissertations, theses,
and articles in which only a summary was available, and those
duplicated in different databases were excluded.

Then, we proceeded to the analysis of the included articles,
starting with reading the titles, followed by summaries, and
later the full text. The application of the exclusion criteria was
performed at all stages, always by consensus of the reviewers.
The literature included the following types of studies: exper-
imental studies, clinical trials, cross-sectional studies, case
control studies, and review articles. At the end, we selected
53 articles.

Zinc: Participation in the Secretion of Insulin

Several studies have shown the participation of zinc in protec-
tion against insulin resistance. Zinc deficiency appears to be
associated with glucose intolerance caused by impairments in
insulin secretion and action, whereas supplementation with
zine increases the concentration of this hormone in the 3 pan-
creatic cells and stimulates insulin secretion, as well as pro-
motes improvement in insulin sensitivity [11-17].

Regarding the role of zinc in insulin secretion from pancre-
atic 3 cells, this trace element acts in the crucial steps of
formation and crystallization of this hormone. It is worth men-
tioning that within the secretory granules present in pancreatic
3 cells, insulin undergoes a process of maturation and it is
coupled with two zinc ions to form the hexameric complex

Fig. 1 Localization of zinc carrier
proteins in pancreatic 3 cell.
Legend: Zn"*—zinc
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function in an animal model of insulin resistance. These re-
searchers verified that glucose tolerance, HOMA-IR index
(homeostasis model assessment-insulin resistance), and
glucose-stimulated insulin secretion were significantly im-
proved by ZnCI2 supplementation in high fat-fed mice by a
mechanism that enhances [ cell function.

Studies have shown the expression of zinc carrier proteins
in 3 pancreatic cells (Fig. 1), and that these transporters of
zine affect the secretion of insulin [20-22]. Cai et al. [22]
examined all members (ZNT1-10) of the ZNT family in pan-
creatic islets and in 3 cell lines of humans and mice and there
were no substantial differences in the expression of nine ZNT
proteins in the human and mouse islets and 3 cells with ex-
ception of ZNT3, which was only detected in human f3 cells,
but not in mouse 3 cells. Moreover, these researchers found
that ZNT2 was localized on the cell surface of both human and
mouse 3 cells, suggesting a role of ZNT2 in direct export of
zinc out of the 3 cell.

Wijesakara et al. [23] evaluated the effect of zinc transport-
er protein ZNT-8 in pancreatic (3 cells and found that ZnT-8
gene knockout mice showed glucose intolerance, reduced
concentration of intracellular zinc, atypical insulin granules,
few secretory granules, increased levels of pro-insulin, and
reduction in the first phase of insulin secretion. This indicates
the importance of this protein in processing, crystallization,
storage, and secretion of insulin and in glucose metabolism.

Zip-1  Zip-4 1Iip-6 IZip-8 IZip-10 Zip-14 . .

InT-1 InT-2

Golgi apparatus
Iip-7

L X X X

Zip-7

ip-9

/

Secretory
granules

InT-8

@ Springer

Associacdo entre as concentracoes de minerais (magnésio, zinco e selénio) e mavcadores metabolicos dos
fenotipos obesidade metabolicamente saudavel e obesidade metabolicamente ndo sauddavel

Kyria Jayanne Climaco Cruz



Zinc and Insulin Resistance: Biochemical and Molecular Aspects

Capitulo 5 185

409

ZNT-8 protein transports zinc from the cytoplasm of 3 pan-
creatic cells to insulin secretory granules, favoring the forma-
tion of zinc-insulin hexamer, which is essential for the secretion
of this hormone. Studies show that single nucleotide polymor-
phisms in the SLC30A8 gene are associated with an increased
risk of diabetes mellitus type 2. In conditions of zinc deficiency,
whereby there is a reduction in the expression of the gene
encoding ZnT-8 in human pancreatic islets and in glucose-
stimulated insulin secretion, and an increase in expression of
this protein restores the secretion of this hormone [24-26].

ZNT-6 protein transports cytoplasmic zinc to the Golgi
apparatus and other vesicular compartments and appears to
be involved in pro-insulin metabolism and insulin secretion;
however, the underlying mechanism is still unclear [18, 21].
Fukunaka et al. [27] demonstrated, in experiment with cell
cultures, that ZNT-6 forms a heterodimer with ZNT-5 and
transports zinc to secretory granules. Thus, ZNT-6 and ZNT-
5 appears to be important in secretory processes, like for ex-
ample, the secretion of insulin.

Another protein important is ZNT-7, responsible for the
transport of the mineral from the cytoplasm to the Golgi com-
plex of b pancreatic cells, influencing the insulin formation
process. Huang et al. [28] demonstrated that overexpression of
ZnT-7 in the islet of Langerhans in the mouse pancreas pro-
motes an increase in insulin mRNA expression by modulating
the activity of the metal responsive transcription factor-1
(MTF-1), and overexpression of ZnT-7 stimulates the synthe-
sis and secretion of this hormone.

Zinc transporter ZNT-3 is also expressed in 3 pancreatic
cells, and under conditions of hyperglycemia and deficiency
of this mineral, an increase in its expression occurs. Deletion
of the ZnT-3 gene (ZnT-3 ") reduces expression of the gene
coding for insulin, affects the secretion of this hormone and
increases fasting glucose in mice during streptozotocin-
induced {3 cell stress. However, the mechanisms involved in
the action of ZNT-3 carrier remain unknown [29].

Concerning the role of ZIP proteins in the metabolism of
insulin, it is worth mentioning that the protein ZIP-10 carrier is
expressed in the plasma membrane of o and {3 pancreatic cells.
In a zinc deficiency situation, ZIP-10 is translocated to the mem-
brane of intracellular vesicles, and ZIP-10 promotes an efflux of
zinc of these vesicles into the cytoplasm of these cells [30-32].

Carrier proteins ZIP-6, 7, and 8 are expressed in various
organelles, and ZIP-6 and 8 are located in the plasma mem-
brane and ZIP-7 in the endoplasmic reticulum and Golgi com-
plex [33]. Bellomo et al. [34] have shown that an increase in
blood glucose in mice changes zinc homeostasis, inducing the
expression of genes Zip-6, 7, and 8 and favoring increased
mineral content in pancreatic 3 cells. Thus, the ZIP-6 and 8
carriers may operate by recycling zinc released during the
insulin secretory process.

Liu et al. [35] showed that downregulation of ZIP-6 and 7
carriers in human and mouse islets [ pancreatic cells reduces

cytosolic zinc content, impairing insulin secretion stimulated
by glucose. Moreover, the authors showed that ZIP-6 protein
interacts with the peptide glucagon receptor 1, protecting pan-
creatic 3 cells from apoptosis.

Thus, the carriers ZIP-6 and 8 located in the plasma mem-
brane of 3 pancreatic cells, contribute to the uptake of plasma
zinc. Moreover, these proteins act by recycling the mineral
secreted with insulin to be reused in the synthesis of the hor-
mone in these cells. ZIP-7, in turn, functions in releasing zinc
from the endoplasmic reticulum and Golgi apparatus to the
cell cytoplasm, while maintaining the homeostasis of the min-
eral during maturation and secretion of insulin [33].

Zinc: Participation in the Action of Insulin

Regarding the role of zinc in signaling pathways involved in
insulin action, this mineral acts via different molecular mech-
anisms (Fig. 2). This mineral stimulates phosphorylation of
the 3 subunit of the insulin receptor and promotes the activa-
tion of phosphatidylinositol 3 kinase and protein kinase B or
Akt, thereby enhancing glucose transport into the cells [9, 10,
36, 37].

Accordingly, Bellomo et al. [38] demonstrated the presence
of binding sites for zinc in protein tyrosine phosphatase
(PTPase) 1B, an enzyme that regulates insulin action by cat-
alyzing the dephosphorylation of the  subunit of its receptor.
Thus, the nutrient deactivates this enzyme, thereby increasing
the phosphorylation of insulin receptor.

Zinc also inhibits the action of phosphatase and tensin ho-
molog (PTEN), an enzyme that promotes the dephosphoryla-
tion of phosphatidylinositol 3,4,5-triphosphate (PIP3), and it
inhibits activation of the protein Akt signaling pathway of
insulin. Moreover, this mineral induces directly the action of
enzymes phosphatidylinositol 3 kinase and protein Akt. Thus,
zinc promotes translocation of GLUT4 and the subsequent
glucose uptake by cells (Fig. 2) [10].

Associated with this, zinc acts on the structural components
involved in glucose transport and ensure their responsiveness
to insulin-regulated aminopeptidase (IRAP) molecule, which
is necessary to maintain the concentration of GLUT4 in appro-
priate amounts in the adipose and muscle cells (Fig. 2) [39].

Zinc stimulates the phosphorylation of glycogen synthase
kinase 3 (GSK-3) and transcription factor forkhead box protein
01 (FoxO1), similar to the action of insulin (Fig. 2). The phos-
phorylation of GSK-3 serine residues inhibits its action, favor-
ing the dephosphorylation and activation of glycogen synthase,
involved in glycogen synthesis. Phosphorylation of FoxO1
induces translocation from the nucleus to the cytoplasm and
inhibits its action to stimulate the expression of gluconeogenic
genes. Thus, zinc induces the storage of glucose as glycogen
and inhibits the production of this monosaccharide, thereby
contributing to glucose homeostasis [10, 40].
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Insulin
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Gene Expression

Fig. 2 Molecular mechanisms involved in the participation of zinc in
the insulin signaling pathway. Legend: Zn—zinc; PTPase—protein
tyrosine phosphatase; Grb2—growth factor receptor-bound protein 2;
SOS—son of sevenless protein; Erk—extracellular signal regulated
kinases; MAPK—mitogen-activated protein kinases; IRS—insulin
receptor substrate; PI3K—phosphoinositide 3-kinase; PIP2—

Accordingly, Wu et al. [41] demonstrated that zinc can
increase glucose uptake by myocytes by modulating the action
of insulin signaling pathway proteins. These researchers found
that the mineral favored activation of Akt enzyme and GLUT4
translocation and stimulated the phosphorylation of GSK-33
protein, promoting glucose uptake and glycogen synthesis,
respectively.

Another important action of zinc with respect to modula-
tion of transcription of the insulin receptor gene is via zinc
finger proteins, which contain three zinc fingers needed for
binding. The binding of these proteins is required to enable the
expression of the gene coding for the insulin receptor. The
zinc finger protein 407 regulates glucose uptake by insulin
by increasing levels of messenger RNA of Glut4 and stimu-
lating its transcription, favoring increased concentration of
GLUT4 in adipocytes of mice [42].

ZNT-7 also acts in peripheral tissues, stimulating the sig-
naling pathway of insulin action. This zinc transporter is
expressed in muscle cells of mice, while deletion of the ZnT-
7 gene (ZnT-7 ) favors reduction of the expression of
mRNA of the insulin receptor, the insulin receptor substrate
2 (IRS-2), and Akt protein. Moreover, overexpression of ZnT-
7 increases the expression of IRS-2 mRNA, phosphorylation
of this substrate, and Akt protein and stimulates glucose up-
take in muscle cells [43]. In this context, Tepaamorndech et al.
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phosphatidylinositol 4,5-bisphosphate; PIP3—phosphatidylinositol
3,4,5-trisphosphate; PDK-—phosphoinositide dependent kinase:
PTEN—phosphatase and tensin homolog; Akt—protein kinase B;
GSK-3—glycogen synthase kinase 3; FOXOl—forkhead box pro-
tein O1; mTOR—mechanistic target of rapamycin; GLUT—glucose
transporter; IRAP—insulin-regulated aminopeptidase

[44] demonstrated that ZNT-7 deficiency contributes to the
manifestation of insulin resistance, as it reduces the insulin-
stimulated phosphorylation of Akt protein in the subcutaneous
adipose tissues of mice, affecting the glucose uptake in this
tissue. Zinc transporter ZIP-7 is also involved in glycemic
control in the muscle cells of mice, because the inhibition of
its expression compromises the phosphorylation of Akt pro-
tein and glycogen synthesis in these cells [45].

ZIP-14 protein is located in the plasma membrane of adi-
pocytes, hepatocytes, and pancreatic (3 cells, and it transports
plasma zinc into the cytoplasm of these cells. The expression
of this protein is increased during inflammation, thus favoring
the “sequestration” of zinc in the liver and adipose tissue.
Furthermore, the carrier affects glucose homeostasis, as the
deletion of the Zip-14 gene (Zip—l447) favors an increase in
phosphorylation of the insulin receptor, phosphatidylinositol
3-kinase, and Akt as well as improves the transport of glucose,
reduces fasting glucose, activates lipogenesis, inhibits lipoly-
sis, and increases the concentration of serum insulin and he-
patic glucose [28, 46, 47].

Aydemir et al. [48] demonstrated that zinc is distributed to
multiple sites in hepatocytes of mice through translocation of
ZIP14 from plasma membrane to endosomes, and verified that
endosomes from Zip14 knockout mice were zinc-deficient.
Thus, ZIP-14 is important to zinc cellular distribution. This
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study also verified that ZIP14-mediated zinc transport contrib-
utes to regulation of endosomal insulin receptor activity and
glucose homeostasis in hepatocytes.

A systematic review and meta-analysis of the effects of
zinc supplementation in patients with diabetes demon-
strated that zinc supplementation has beneficial effects
on glycaemic control and promotes healthy lipid parame-
ters [17]. Other meta-analysis of randomized placebo-
controlled supplementation trials in humans verified re-
duction in glucose concentrations and tendency for a de-
crease in glycated hemoglobin (HbAlc) following zinc
supplementation, suggesting that zinc may contribute to
the management of hyperglycemia in individuals with
chronic metabolic disease [36].

Considering the important functions performed by zinc in
the secretion and action of insulin, several studies have been
conducted with an aim to investigate the effect of supplemen-
tation with this mineral in people with resistance to insulin.
Ranasinghe et al. [49] and Islam et al. [50], for example,
evaluated the effect of zinc supplementation in elderly and
adult diabetic individuals. Ranasinghe et al. [49] verified that
the intervention with 20 mg of elemental zinc for 12 months
reduced fasting plasma glucose concentrations, oral glucose
tolerance test and HOMA-IR index, with significant improve-
ment in 3 cell function. Islam et al. [50] verified that supple-
mentation with 30 mg of zinc sulfate for 24 weeks improves
fasting plasma glucose concentrations, function of [3 cells and
insulin sensitivity.

Some studies also have evaluated the effect of zinc supple-
mentation in obese individuals [8, 51-53]. Payahoo et al. [51]
supplemented 60 adult obese individuals with 30 mg of zinc
gluconate or placebo for 4 weeks, and zinc supplementation
reduced concentrations of serum insulin, and HOMA-IR in-
dex. However, some researchers did not verify benefic effect
of zinc supplementation on glycemic control parameters [53].

Conclusions

The scientific evidences presented in this review show that
zinc and its carrier proteins are involved in insulin synthesis
and secretion as well as in the molecular signaling pathways
underlying the action of this hormone. This nutrient acts to
modulate transcription of the gene coding for the insulin re-
ceptor via zinc finger proteins. Thus, zinc deficiency is asso-
ciated with glucose intolerance and insulin resistance; howev-
er, the effectiveness of the intervention with the zinc supple-
mentation is still inconclusive.
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The aim of this review was to convey updated information on the role of microRNAs in adipo-
genesis, chronic low-grade inflammation, and insulin resistance in obesity. Obesity is a chronic
disease characterized by the presence of metabolic disorders (e.g., low-grade chronic inflamma-
tion), which contributes to the manifestation of insulin resistance. Diverse molecular mechanisms

Keywords: have been implicated in the development of these disorders, and microRNAs stand out as a
microRNAs contributing factor. They are a class of noncoding RNAs that regulate the expression of genes by
Obesity . . e . ) - "

Adipogenesis inducing cleavage of mRNAs or via inhibition of protein translation. It is important to point out that

abese individuals show alterations in the expression of microRNAs favoring manifestation of the
metabolic disorders present in these patients, and these alterations may be reversed by the loss of
weight. Therefore, microRNAs may be regarded as potential biomarkers of obesity-related disor-
ders. Further studies on this topic may advance the understanding of the molecular basis of abesity,

Chronic inflammation
Insulin resistance

including the participation of microRNAs in the pathogenesis of this disease.

© 2016 Elsevier Inc. All rights reserved.

Introduction

Obesity is a chronic disease characterized by excessive accu-
mulation of body fat that may be harmful to health and may
increase mortality, as it is associated with key metabolic disor-
ders, such as low-grade chronic inflammation and insulin resis-
tance (IR) [1-4].

Studies have been carried out to clarify the molecular
mechanisms involved in the development of these metabolic
disorders, with emphasis on participation of microRNAs in the
regulation of adipocyte differentiation, production of proin-
flammatory cytokines, and expression of signaling proteins of
the insulin pathway [5].

MicroRNAs constitute a class of noncoding RNAs that regulate
the expression of genes by inducing cleavage of messenger RNAs
(mRNAs) or inhibition of protein translation. The literature

KJCC, ARSO, |BSM, and |SS participated in the redaction and review of the
manuscript. DNM supervised the paper, and participated in the redaction and
the review of the paper.
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shows alterations in expression of microRNAs in obese in-
dividuals; these changes seem to contribute to the manifestation
of metabolic disorders in this patient population [6,7].

In this regard, a study conducted with obese children showed
alterations in the blood plasma concentrations of microRNAs
(downregulation of miR-221 and miR-28-3p, and upregulation of
miR-486-5p, -486-3p, -142-3p, -130b, and -423-5p), with a sig-
nificant association between the microRNAs assessed and the
body mass index (BMI), percentage of body fat, waist circum-
ference (WC), body fat distribution, IR index, C-reactive protein
(CRP), and plasma concentrations of lipids [8].

Similarly, Pescador et al. [9] analyzed the serum profile of
obese individuals’ microRNAs hoping to identify biomarkers of
obesity-related disorders and confirmed high expression of
microRNAs miR-138, -15b, and -376a, demonstrating the po-
tential of these microRNAs in predicting obesity.

Another important characteristic in this sense is the effect of
body weight reduction on the expression of microRNAs in obese
patients. A study by Ortega et al. [7] demonstrated that the
changes in expression of obesity-induced microRNAs were
reversed due to loss of weight after bariatric surgery, which was
not observed after treatment with a hypocaloric diet.
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In view of the complexity of molecular events involved in the
pathogenesis of obesity, with emphasis on the participation of
microRNAs in the manifestation of metabolic disorders related to
this disease (which have been regarded as potential clinical
targets for prevention and/or treatment of obesity), the objective
of this review was to convey updated information on the role of
these molecules in the control of these disorders.

MicroRNAs and obesity

MicroRNAs are noncoding RNA molecules 18 to 25 nucleo-
tides long that employ posttranscriptional effects to influence
the expression of genes because they bind to a sequence of
bases located in the 3’ untranslated region (3'UTR) of a target
mRNA [5,6].

The complete canonical pairing of bases of mature microRNAs
with the 3'UTR region of their target mRNAs promotes mRNA
cleavage, and this mechanism of action is rare in mammals. The
imperfect pairing of the bases favors blockage of protein trans-
lation via recruitment of GW182 proteins, which interact with
cytoplasmic deadenylases, enzymes that catalyze deadenylation
of the target mRNA, that is, removal of the poly-A tail [10-13].

The specificity of microRNAs is determined chiefly by a
sequence of nucleotides called the seed sequence, which con-
tains ~ 8 base pairs. The small number of base pairs in this region
allows this microRNA to regulate the expression of diverse genes
by means of its binding to various mRNAs [ 14].

MicroRNAs play an important role in various biological pro-
cesses, including proliferation and differentiation of adipocytes,
showing an association with the metabolic disorders present in
obese individuals (e.g., low-grade chronic inflammation and IR)
[5,12]. Ortega et al. [7] verified alterations in the blood plasma
concentrations of microRNAs in obese individuals and found
them to be upregulated in those with morbid obesity.

Li et al. [15] evaluated the profile of genes and microRNAs
expressed in the adipose tissue of obese individuals and
compared this profile with that in nonobese people, The authors
observed differences in the expression of 16 microRNAs and 192
genes, in addition to verifying the existence of 3002 possible
pairwise interactions among them.

Wu et al. [16] analyzed the profile of microRNAs in obese
patients with type 2 diabetes mellitus (T2DM); an altered
expression was demonstrated in these patients. The researchers
detected high levels of the mRNA of microRNAs miR-152 and -17
and reduced levels of the miR-138 involved in the manifestation
of IR and inflammation in obese patients. Additionally, they
observed reduced plasma concentrations of miR-593 in patients
with diabetes. Thus, the authors proposed the use of microRNAs
for prediction of obesity and T2DM,

Some research has evidenced the association between body
weight loss and relevant microRNA expression in dietary and
exercise interventions. Flowers et al. [ 17] conducted a systematic
review of quasiexperimental, cross-sectional design studies, of
which 12 reported an association between circulating micro-
RNAs and exercise. However, only two of the studies reported
changes on microRNAs associated with diet and weight loss,
with downregulation of miR-16, -22, -140, -142, -27 b, -154, -409,
-433, -224, -376b, and upregulation of miR-130b, -221, -183,
-542, -223, -935, and -4772.

MicroRNAs and adipogenesis

Body fat deposits are composed of variable quantities of two
types of adipose tissue. White adipose tissue (WAT) stores

energy in the form of triacylglycerol (TG) and is related to chronic
inflammation and oxidative stress, whereas brown adipose tis-
sue (BAT) dissipates the energy in the form of heat, by means of
the uncoupling protein 1 (UCP1), which can be regarded as an
alternative treatment of obesity [18-21].

It is important to point out that the expression of microRNAs in
obese individuals is altered mainly in the adipose tissue, as it's also
influenced by this type of tissue. Oger et al. [22] evaluated the
expression of microRNAs in adipose tissue, liver, and musculo-
skeletal tissue of obese rats and confirmed downregulation of
miR-200 a and -200 b and an increased level of miR-342-3p and
335-5p only in the epididymal WAT of these animals. Further-
more, it was demonstrated that these microRNAs are differentially
expressed in the vascular stromal fraction of WAT.

As for participation of microRNAs in the regulatory mech-
anisms of adipogenesis, Bork et al. [23] confirmed that miR-
371 increases adipogenic differentiation of mesenchymal
stromal cells because it stimulates the expression of adipo-
nectin and fatty acid-binding protein 4 (FABP4). Shi et al. [24]
reported that rats fed a high-fat diet and obese individuals
show increased expression of miR-148a, which stimulates
adipogenic differentiation of mesenchymal stromal cells by
inhibiting the Wnt1 gene.

MiR-378 a-3p also stimulates adipogenesis in obese rats, and
an increased expression of this microRNA in the adipose tissue of
these animals was confirmed. Scientific evidence shows that
miR-378 a-3p inhibits the mitogen-activated protein kinase 1
(MAPK1), increasing the size and number of adipocytes [25].
Ishida et al. [26] confirmed that miR-378 reduces the expression
of adiponectin in the adipose tissue of obese rats; they found as
well that tumor necrosis factor (TNF)-a increases the expression
of this microRNA.

MiR-30c promotes differentiation of adipocytes, because it
increases the expression of CCAT/enhancer-binding protein o
(C/EBPa) andfor peroxisome proliferator-activated receptor
gamma (PPARY), which induce adipogenesis. This microRNA
works by inhibiting the translation of two target molecules,
plasminogen activator inhibitor 1 (PAI-1) and activin receptor-
like kinase 2 (ALK2) [27].

During differentiation of adipocytes in obesity, there is an
increase in the expression of miR-375, which stimulates this
process because it increases mRNA levels of transcription factors
C/EBPw and PPARy, activates fatty acid-binding protein aP2, and
induces accumulation of TGs. The mechanism of action of this
microRNA involves a reduction in the expression of extracellular
signal-regulated kinases 1/2 (ERK1/2) [28].

MiR-146b also promotes adipogenesis: It works by down-
regulating sirtuin 1 (SIRT1), a molecule that plays an essential
role in mobilization of fatty acids of adipose tissue via deace-
tylation of transcription factors, including forkhead box protein
01 (FOX01) [29].

Chen et al. [30] detected increased expression of miR-146b in
the visceral and subcutaneous adipose tissue of overweight and
obese individuals, in addition to demonstrating that this micro-
RNA suppresses the gene of Kriippel-like factor 7 (KLF7), favoring
the secretion of insulin by p cells of the pancreas and expression
of adipogenic transcription factors (e.g., C/EBP« and PPARY).

On the other hand, miR-135 a-5p inhibits the differentiation
of preadipocytes and adipogenesis, and its expression is reduced
during these processes. This microRNA works by inhibiting the
adenomatous polyposis coli protein (APC), which favors the
translocation of B-catenin to the nucleus and activation of cyclin
D1 and C-myc, stimulating the Wnt/B-catenin signaling pathway,
which is known to negatively regulate adipogenesis [31].
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Table 1
MicroRNA that regulate adipogenesis in obesity
MicroRNA Expression in obesity Molecular pathway Biological system References
miR-200 a/200 b Downregulation Adipocyte differentiation Obese mouse [22]
miR-342-3 p Upregulation Adipose tissue expansion Obese mouse [22]
miR-335-5 p Upregulation Pathophysiological functions of WAT Obese mouse [22]
Modulation of Bmp7 in preadipocytes
miR-371 Upregulation Increased expression of Adiponectin increased Mesenchymal stromal cells [23]
expression of FABP4
miR-148 a Upregulation Adipocyte differentiation Mouse [24]
Inhibition of Wnt1 expression
miR-378 a-3 p Upregulation Inhibition of MAPK1 Obese mouse [25]
miR-378 Upregulation by TNF-x  Reduced expression of adiponectin (WAT) Obese mouse [26,35]
Inhibition of Pde1B (BAT)
miR-30 ¢ Upregulation Increased expression of C/EBPx/PPARY Human multipotent adipose-derived stem cells [27]
Inhibition of PAI-1/ALK2
miR-375 Upregulation Increased expression of C/EBPx/PPARY 3 T3-L1 preadipocytes [28]
Reduced expression of ERK1/2
miR-146 b Upregulation Inhibition of SIRT1 expression Visceral and subcutaneous adipose tissue [29,30]
FOXO1 deacetylation (obese and overweight individuals)
Inhibition of KLF7 expression
miR-135 a-5 p Downregulation Inhibition of adipocyte differentiation 3 T3-L1 adipocytes [31]
Inhibition of APC gene expression
miR-302 a Downregulation Inhibition of adipocyte differentiation 3 T3-L1 adipocytes [32]
Inhibition of PPARY expression
miR-27 Downregulation Inhibition of adipocyte differentiation 3 T3-L1 preadipocytes [33]
Inhibition of PPARY expression
miR-130 Downregulation Inhibition of adipecyte differentiation Human primary preadipocytes and HelLa cells [34]
Inhibition of PPARY expression
miR-26 a/26 b Upregulation Adipocyte differentiation in BAT Human multipotent adipose-derived stem cells  [36]

ALK2, activin receptor-like kinase-2; APC, adenomatous polyposis coli; BAT, brown adipose tissue; C/EBPa, CCAT/enhancer-binding protein «; ERK1/2, extracellular
signal-regulated kinases 1/2; FOXO1, forkhead box protein O1; KLF7, Kruppel-like factor 7; MAPK1, mitogen- activated protein kinase 1; PAI-1, plasminogen activator
inhibitor-1; Pde1 B, phosphodiesterase enzyme: PPARy, peroxisome proliferator-activated receptor gamma; SIRT1, sirtuin 1; WAT, white adipose tissue

Another important microRNA in the regulation of adipo-
genesis is miR-302a. Jeong, Kang, and Koh [32] showed that
miR-302 a inhibits the differentiation of adipocytes by means of
its binding to the 3’UTR region of PPARy mRNA, reducing the
expression of this receptor. MiR-27a and miR-130 also inhibit
the process of differentiation of adipocytes because these
microRNAs reduce the PPARy expression. The reduced expres-
sion of these microRNAs seems to be related to the dysfunction
of adipose tissue in obesity [33,34].

Regarding the microRNAs that act by modifying adipogenesis
and the expression of proteins in BAT, Pan et al. 35| reported that
miR-378 also stimulates adipogenesis and inhibits the phos-
phodiesterase enzyme Pdelb, and they verified increased
expression of this microRNA in this tissue. Therefore, miR-378
increases thermogenesis and energy output, which may
contribute to prevention or reduction of obesity.

Scientific evidence shows that miR-26a and miR-26b play
essential roles in regulation of differentiation of adipocytes in
BAT. These microRNAs induce signaling pathways involved in
energy dissipation, activate UCP1, and alter the morphology of
mitochondria, favoring formation of BAT; their actions were
found to be mediated by inhibition of the ADAM17 gene [36].
Song et al. |37] confirmed that miR-26b stimulates proliferation
and differentiation of adipocytes, suggesting that this microRNA
may be a target for a therapeutic intervention in obesity.

As for the regulation of the lipid metabolism in obese in-
dividuals, it has been reported that miR-33a and miR-33b in-
fluence the homeostasis of blood plasma lipids in these patients.
The molecular mechanism of action of these microRNAs is
related to suppression of genes SREBF1 and ABCAI. The SREBF1
gene encodes sterol regulatory element-binding protein 1
(SREBP1), which activates fatty acid synthase enzymes (FASNs),
stearoyl-CoA desaturase (SCD), and acetyl-CoA carboxylase 1
(ACC1). The ABCA1 gene in turn mediates the efflux of cholesterol

to apolipoprotein A-1 (apoA-1) and contributes to the formation
of nascent high-density lipoprotein particles, which are essential
for the biogenesis of high-density lipopratein cholesterol and the
reverse transport of cholesterol. Thus, miR-33a and miR-33b may
be regarded as potential targets for prevention or treatment of
obesity-related cardiovascular diseases [38]. Table 1 shows
microRNAs that regulate adipogenesis in obesity.

Corroborating the evidence of microRNA participation in
adipogenesis, animal experiments have demonstrated that in-
hibition of key enzymes involved in miRNA biogenesis, such as
ribonuclease 3 and endoribonuclease Dicer, suppressed the dif-
ferentiation of human mesenchymal stem cells into adipocytes,
impaired lipogenesis, and downregulated expression of adipo-
cyte markers such as PPARYy, FAS, and FABP [39].

MicroRNAs and low-grade chronic inflammation

Diverse microRNAs favor the infiltration of macrophages into
adipose tissue and polarization of these cells from the antiin-
flammatory (M2) phenotype to the proinflammatory (M1)
phenotype, contributing to the manifestation of low-grade
chronic inflammation and IR in obese individuals. MicroRNA
124a induces the expression of chemokine ligand 2 (CCL2), pro-
moting adhesion of monocytes to the vascular wall and forma-
tion of atheroma plaques. MicroRNAs 17, 20a, and 106a also
stimulate the infiltration by macrophages by inhibiting the
expression of the gene coding for signal-regulatory protein «
(SIRP-2) [40-42].

As for the polarization of macrophages, the key phenomenon
is the role of miR-223 in inducing the M2 phenotype of macro-
phages; inhibition of this microRNA favors activation and infil-
tration of M1 macrophages into adipose tissue, thus contributing
to obesity-related chronic inflammation. Kilic et al. [43] corrob-
orated a reduction in the expression of miR-223 and miR-143 in
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obese individuals and those with morbid obesity compared with
a control group.

MiR-125b also influences the polarization of macrophages
because it reduces the expression of interferon regulatory factor
4 (IRF4), decreasing the number of antiinflammatory M2 mac-
rophages [40,44,45]. This microRNA additionally works by
stimulating the adipogenic differentiation and accumulation of
TGs in adipose tissue by increasing the mRNA levels of PPARY,
C/EBPz, fatty acid-binding protein 4 (FABP4), and lipase of lipo-
proteins [46].

It is worth mentioning the participation of miR-145 in the
manifestation of low-degree chronic inflammation in obese in-
dividuals. Lorente-Cebridn et al. [47] demonstrated that this
microRNA stimulates the release of glycerol and secretion of
TNF-a by differentiated adipocytes. The increased production of
this cytokine is mediated by the activation of subunit p65 of
nuclear factor (NF)-kB. MicroRNA 145 also reduces the expres-
sion of protease ADAM17, favoring an increase in the fraction of
TNF-a bound to the membrane, its most active biological form,
The activation of lipolysis by this microRNA results from the
increase of phosphorylation of serine residues of the hormone-
sensitive lipase enzyme and the reduction in the mRNA levels
of phosphodiesterase 3 B, stimulating the release of glycerol and
fatty acids by adipose tissue.

Obesity-related chronic inflammation may induce the
expression of some microRNAs (e.g., miR-146a, -215, and -497).
As a negative feedback mechanism, miR-497 inhibits kinase B
inhibitor of NF-kB (IKK[), reducing phosphorylation of inhibitor
of NF-kB (IkB) and hampering the nuclear translocation and ac-
tion of the transcription factor NF-kB, which decreases the pro-
duction of proinflammatory cytokines and, consequently,
alleviates metabolic disorders in obese patients [48].

Scientific evidence has revealed that mature adipocytes of
obese individuals show increased expression of miR-146b
derived from the stimulatory action of proinflammatory cyto-
kines TNF-z and interleukin (IL)-6. This microRNA in turn regu-
lates the inflammatory process by influencing the signaling
pathway of the transcription factor NF-kB [49]. Zhu et al. [50]
confirmed that the expression of miR-335 is also increased by
TNF-a, IL-6, leptin, and resistin in mature adipocytes of patients
with obesity.

Gu et al. [51] showed an elevation of miR-199 a-3 p expres-
sion level in mature human adipocytes (visceral) compared with
preadipocytes, which was higher in visceral adipose deposits
from obese individuals. Additionally, some adipocytokines such
as TNF-a, IL-6, and leptin, as well as free fatty acids, significantly
induced miR-199 a-3 p expression in mature human adipocytes,
whereas resistin had the opposite effect. This result showed that
miR-199 a-3 p may influence chronic low-grade inflammation in
obesity.

Studies have shown reduced expression of microRNAs 221
and 222 in adipogenesis. Nevertheless, this expression is found
to be increased in the adipose tissue of obese rats, and this
process seems to be induced by TNF-« [52,53].

MicroRNAs 221 and 222 perform a relevant function in the
manifestation of chronic inflammation in obesity because they
inhibit proliferation of endothelial cells and angiogenesis, thus
contributing to hypoxia in the tissues, which favors production of
proinflammatory adipokines and stimulates the expression of
miR-27 involved in the development of IR [5].

Meerson et al. [54] observed the existence of a positive cor-
relation among the expression of the miR-221 in the adipose
tissue, BMI, and serum concentrations of glucose and insulin. As
for the mechanisms involved in the contribution of this
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microRNA to the manifestation of IR in obese patients, Meerson
et al. demonstrated that miR-221 induces the expression of fatty
acid synthase, increasing the plasma concentration of fatty acids
and decreasing the expression of receptor 1 of adiponectin and
Ets-1 protein, favoring hypoxia and inflammation in adipose
tissue.

In contrast, Chou et al. [55] reported that differentiated adi-
pocytes of obese patients show reduced expression of miR-221,
when compared with slim individuals. Additionally, these re-
searchers demonstrated that this microRNA contributes to pre-
vention of obesity-related low-grade chronic inflammation by
inhibiting the mRNA expression of TNF-z.

The literature shows reduced expression of miR-132 in the
visceral adipose tissue and in blood plasma of obese individuals
compared with nonobese people [56,57]. In contrast,
Sangiao-Alvarellos et al. [58] observed increased expression of
miR-132 in the hypothalamus of rats fed a high-fat diet as
compared with animals that received a normal-calorie diet, and
this increase was reversed by the treatment with leptin.

In this regard, Strum et al. [59] demonstrated that miR-132
stimulates the production of IL-8 and monocyte chemo-
attractant protein 1 (MCP-1) in human preadipocytes and in vitro
differentiated adipocytes via induction of the translocation and
activation of NF-kB. These effects are mediated by the binding of
this microRNA to the 3’UTR of silent information regulator 1
(SirT1) mRNA, thus causing translational suppression of SirT1.

Mazloom et al. [60] demonstrated that miR-21 expression is
decreased in peripheral blood mononuclear cells (PBMCs) of
obese individuals and its reduced expression appears to be
associated with increased secreted cytokine level. It is note-
worthy that the downregulation of miR-21 expression in PBMCs
of obese individuals leads to increased secretion of proin-
flammatory cytokines by a mechanism involving the upregula-
tion of tumor suppressor programmed cell death protein 4,
proinflammatory protein that is one of the transcriptional targets
of NF-kB. Table 2 shows microRNAs that regulate chronic low-
grade inflammation in obesity.

MicroRNAs and insulin resistance

MicroRNAs also participate in the manifestation of IR. Ortega
etal. [61] showed increased blood plasma concentrations of miR-
222 in patients with T2DM, and these concentrations positively
correlated with fasting glycemia and the proportion of glycated
hemoglobin. The authors also confirmed a positive association
between the microRNA concentration and morbid obesity.

Esguerra et al. [62] analyzed microRNA profiles of diabetic
rats and confirmed an increase in miR-132 expression in the
pancreatic islets of these animals compared with the control
group. They also demonstrated that hyperglycemia may regulate
the expression of this microRNA both in patients with diabetes
and in healthy individuals. An important characteristic is the
participation of miR-132 in regulation of cyclic AMP response
element-binding protein (CREB), a key transcription factor in the
glucose metabolism [63,64].

Regarding miR-320, it is important to point out that this
microRNA participates in mechanisms behind the manifestation
of insulin resistance in obesity. Ling et al. [65] proved that
insulin-resistant adipocytes show increased expression of miR-
320, observing as well that this microRNA inhibits the expres-
sion of subunit p85 of the phosphatidylinositol 3-kinase enzyme,
inhibiting the signaling pathway of this hormone.

In this regard, Tang et al. [66] showed that miR-320 may
regulate glycolysis because it inhibits the expression of
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Table 2
MicroRNA that regulate chronic low-grade inflammation in obesity
MicroRNA Expression in obesity =~ Molecular pathway Biological system References
miR-124 a Downregulation Increased CCL2 expression Synoviocytes derived from surgical specimens [41]
Adhesion of monocytes to the vascular wall
miR-17/20 aj106a - Macrophage infiltration Human myeloblastic cell lines HL-60 and U937 [42]
Inhibition of SIRPx expression Monocyte/macrophage cell line THP-1
miR-223/143 Downregulation Induced M2 macrophages Morbidly obesefobesefoverweight and control [43]
subjects
miR-125 b Upregulation Reduces expression of IRF4 293 T cells, RAW264.7 cells, and BMMs [44,46]
Adipocyte differentiation 3 T3-L1 preadipocytes
C/EBPa/PPARY/FABP-4 and LPL expression
increased
miR-145 - Stimulates release of glycerol and secretion of Subcutaneous [47]
TNF-u WAT obtained from healthy men and women
Activation of NF-xB
Reduces expression of ADAM17
miR-497 Upregulation Inhibition of NF-kB 3 B4.1 and C6 TA4 cells [48]
Decreased production of proinflammatory
cytokines
miR-146 b Upregulation Regulated inflammatory process Human visceral preadipocytes [49]
Influenced signaling pathway of NF-kB
miR-146 a/146 Upregulation Inflammation enhances expression of these miR 3 B4.1 and C6 TA4 cells [48-50]
bf215/335/497 Human visceral preadipocytes
Visceral adipocytes
miR-221 Upregulation/ Inhibited proliferation of endothelial cells and 3 T3-L1 adipocytes [53.55]
Downregulation angiogenesis Adipose tissues from obese and lean women
Hypoxia
Inhibited the mRNA of TNF-z
miR-222 Upregulation Inhibited proliferation of endothelial cells and (57 BL6 ] wild-type male mice [52]
angiogenesis
Hypoxia
miR-132 Downregulation/ Stimulated production of I1L-8 and MCP-1 Paired omental and subcutaneous adipose [57-59]

Upregulation Activation of NF-kB

Translation suppression of SirT1

tissue samples from obese patients
Primary human adipose-derived stem cells
Male Wistar rats

CCL2, chemokine ligand 2; C/EBP2, CCAT/enhancer-binding protein =; FABP-4, fatty acid binding protein 4; IL, interleukin; IRF4, interferon regulatory factor 4; LPL, lipase
of lipoproteins; MCP-1, monocyte chemoattractant protein 1; NF, nuclear factor; PPARy, peroxisome proliferator-activated receptor gamma; SIRPz, signal-regulatory

protein a; TNF, tumor necrosis factor

phosphofructokinase, a rate-limiting enzyme of the glycolytic
pathway. Those authors also confirmed that during oxidative
stress, protein Ets-1 inhibits the expression of miR-320, resulting
in an increase of this enzyme's activity.

On the other hand, Feng and Chakrabarti [67] reported that
hyperglycemia inhibits the expression of miR-320 in endothelial
cells and in the renal cortex of diabetic rats. This microRNA in
turn inhibits the upregulation of vasoactive factors endothelin 1
and glucose-induced vascular endothelial growth factor in these
cells, possibly via modulation of the activation of MAPKs.

MicroRNAs 29a, 29b, and/or 29c also play a relevant role in
the insulin signaling pathway and in the glucose metabolism. He
et al. | 68| confirmed that this microRNA inhibits accumulation of
insulin-stimulated glucose by inhibiting phosphorylation of in-
sulin 1 receptor’s substrate and the kinase B protein or Akt, and
these effects may be mediated by inhibition of insulin-induced
gene 1 (INSIG-1) and caveolin 2. Those authors also found an
increase in the miR-29 expression in the liver and adipose and
musculoskeletal tissues of diabetic rats and demonstrated that
hyperglycemia and hyperinsulinemia are determinants of the
induction of the paralogs miR-29a and miR-29b.

Liang et al. [69] assessed the role of miR-29 in the regulation
of hepatic production of glucose and the glycemic levels in dia-
betic rats and found that the increased hepatic expression of this
microRNA improves hyperglycemia because it inhibits the
glucose production in hepatocytes. These effects were found to
be mediated by the suppression of glucose-6-phosphatase genes
and  peroxisome  proliferator-activated  receptor-gamma
coactivator-1 o (PGC-1 «).

Recent research shows that microRNAs 9, 451 and 696 also
play an important role in hepatic gluconeogenesis and glucose
homeostasis. Yan et al. [70] demonstrated that hepatic miR-9
expression is decreased in obese mice. The authors found that
DNA hypermethylation contributes to downregulation of miR-9
expression in the obese mouse liver, leading to upregulation of
FOXO01 expression and gluconeogenesis.

Zhuo et al. [71] showed that miR-451 is elevated in the liver
tissues of dietary and genetic mouse models of diabetes. The
authors found that overexpression of this microRNA inhibits
hepatic gluconeogenesis, alleviates hyperglycemia, and im-
proves glucose tolerance, and they identified glycerol kinase
enzyme as a direct target of miR-451. Thus, this study suggests
that miR-451 is a potential therapeutic target against hypergly-
cemia in diabetes.

Fang et al. [72] found an inverse correlation between miR-696
and PGC-1 « protein levels in vivo and in vitro, and they verified
that miR-696 directly recognizes a specific location within the 3'-
UTR of PGC-1 « transcripts, inhibiting of PGC-1 « translation in
the liver. In this way, the overexpression of miR-696 led to the
downregulation of phosphoenolpyruvate  carboxykinase
(PEPCK), rate-limiting enzyme of gluconeogenesis activated by
PGC-1 . These results suggest that miR-696 plays a significant
role in hepatic gluconeogenesis and IR.

MiR-20 a-5 p, a member of miR-17 family, regulates
glycogenesis in hepatocytes; however, it is downregulated in
the liver of diabetic mice. p63 protein was identified as target
of miR-20 a-5 p. This protein might directly bind to p53,
thereby regulating phosphatase and tensin homolog (PTEN)
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Table 3
MicroRNA that participate on insulin resistance in obesity
MicroRNA Expression in obesity Molecular pathway Biological system References
miR-222 Upregulation Increased fasting glycemia and glycated hemoglobin Type 2 [61]
Diabetes patients
miR-132 Upregulation Regulated CREB expression Diabetic mouse [62]
miR-320 Upregulation Inhibits expression of PI3K and PFK 3 T3-L1 preadipocytes [65]
miR-29 aj29 bj29 ¢ Upregulation Inhibits collection of insulin-stimulated glucose 3 T3-L1 adipocytes [68]
Reduction of phosphorilation of IRS1 and Akt
Inhibition of INSIG-1 and caveolin 2
miR-125 a-3 p Upregulation Positively associated with JNK Adipose tissue of obese individuals [69]
Negatively associated with IR and PI3 K
miR-144 Upregulation Inhibition of IRS1 expression Type 2 diabetes patients [79]
miR-103/107 Upregulation Inhibition of caveolin 1 Obese mouse [80]

Akt, kinase B protein; CREB, cyclic AMP response element-binding protein; INSIG, insulin-induced gene; IR, insulin receptor; IRS1, insulin 1 receptor's substrate; JNK, C-

Jun N-terminal kinase; PFK, phosphofructokinase; PI3K, phosphoinositide 3-kinase

expression and in turn participating in glycogenesis. Thus, the
authors suggest that miR-20 a-5 p contributes to hepatic
glycogen synthesis through targeting p63 to regulate p53 and
PTEN expression |73].

MiR-152 also regulates hepatic glycogenesis by targeting
PTEN. However, the expression of this microRNA is down-
regulated in the liver of diabetic mice and mice fed a high-fat
diet. In vivo and in vitro results suggested that inhibition of
miR-152 expression induces impaired glycogenesis in hepato-
cytes [74].

MiR-194 is important to regulate glucose metabolism. How-
ever, Latouche et al. [75] verified that expression of this micro-
RNA is reduced in rat model and in human with prediabetes and
established diabetes. Inhibition of miR-194 in skeletal muscle
cells induced an increase in glucose uptake, glycogen synthesis,
and glycolysis. These researchers suggest that miR-194 could be
downregulated in patients with early features of diabetes as an
adaptive response to facilitate tissue glucose uptake and meta-
bolism in a situation of IR.

Zhou et al. [76] found that miR-106b, miR-27a, and miR-30d
play crucial roles in the regulation of glucose metabolism. It
was demonstrated that overexpression of these microRNAs in
insulin-resistant cells decreased glucose consumption and
glucose uptake, and reduced the expression of glucose trans-
porter 4 (GLUT4), mitogen-activated protein kinase 14 (MAPK
14) and phosphatidylinositol 3-kinase (PI3 K) regulatory sub-
unit .

As for the participation of miR-125 a-3 p in the pathophysi-
ology of obesity, Yeh et al. | 77] found increased expression of this
microRNA in the adipose tissue of obese individuals, being
positively associated with the expression of proinflammatory
enzyme c-Jun N-terminal kinase (JNK) and negatively with in-
sulin receptor and phosphatidylinositol 3-kinase, confirming the
importance of miR-125 a-3 p in the regulation of the insulin
signaling pathway.

MiR-181 b plays an essential role in regulating endothelial
function in WAT. Sun et al. [78] found reduced expression of this
microRNA in adipose tissue endothelial cells of obese mice, and
rescue of miR-181 b expression improved glucose homeostasis
and insulin sensitivity. The authors demonstrated that systemic
intravenous delivery of miR-181 b accumulated in adipose tissue
endothelial cells, enhanced insulin-mediated Akt phosphoryla-
tion at Ser473, and reduced endothelial dysfunction, an effect
that shifted macrophage polarization toward an M2 antiin-
flammatory phenotype in epididymal WAT. It is important to
highlight that PHLPP2, a phosphatase that dephosphorylates Akt
at Ser473, is a novel target of miR-181b.

Researchers have shown that diverse microRNAs play an
important role in the pathogenesis of T2DM [79]. Karolina et al.
[79] detected altered expression of various microRNAs and
demonstrated an increase in the expression of miR-144, which
inhibits the insulin signaling pathway through translational in-
hibition of insulin receptor substrate 1 (IRS-1) in these patients,

A study by Trajkovski et al. [80] demonstrated that obese rats
show increased expression of miR-103 and miR-107, which
downregulate caveolin 1, an essential regulator of insulin re-
ceptor. Therefore, these microRNAs suppress the insulin
signaling pathway and the glucose metabolism, predisposing
these animals to development of T2DM. Table 3 shows micro-
RNAs that participate in IR in obesity.

Conclusions

Several lines of scientific evidence show that microRNAs are
involved in molecular mechanisms underlying the manifestation
of obesity-related metabolic disorders (e.g., alterations in adi-
pogenesis, low-grade chronic inflammation, and IR). Therefore,
they can be regarded as possible biomarkers of obesity-related
disorders. Thus, further studies on this topic may advance the
understanding of the molecular basis of obesity, including the
involvement of microRNAs in the pathogenesis of this disease.
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6 CONSIDERACOES FINAIS

O Capitulo 1 traz dados de um estudo original que evidenciam que as
mulheres obesas metabolicamente saudaveis apresentam perfil metabdlico favoravel,
enquanto que as ndo saudaveis possuem descontrole metabdlico, caracterizado pela
presenca de disturbios, a exemplo da resisténcia a insulina, estresse oxidativo e
alteracdes no perfil lipidico.

O estudo também mostra que as mulheres obesas apresentam concentracoes
plasméticas e eritrocitarias reduzidas dos minerais e valores urinérios elevados,
independente do fendtipo saudavel ou ndo saudavel. Além disso, indica que a
condicdo de deficiéncia nutricional relativa aos minerais parece comprometer suas
funcdes na protecédo contra as desordens metabdlicas avaliadas.

A partir do Capitulo 2 desta tese, pode-se concluir que as mulheres obesas
ingerem baixa quantidade de magnésio e célcio, apresentam concentracdes
plasmaticas dos minerais e niveis eritrocitarios de magnésio reduzidas, bem como
excrecao urinaria elevada desses micronutrientes. As raz6es Ca/Mg na dieta, plasma
e urina se encontram elevadas nas mulheres obesas.

Os resultados sugerem que o calcio parece influenciar a homestatose do
magnésio, sendo que o aumento na ingestdo dietética de calcio esta associado a
reducdo no magnésio eritrocitario. No entanto, a razdo Ca/Mg parece nao ser
relevante para o controle glicémico evidenciado nas mulheres obesas, considerando
a inexisténcia de correlacdo entre estas varidveis. Portanto, mais estudos séo
necessarios para esclarecer a importancia da razdo Ca/Mg no controle glicémico na
obesidade.

A revisdo sistematica e metanalise apresentada no Capitulo 3 desta tese
mostra a presenca de hipomagnesemia em individuos obesos de ambos 0s sexos. A
revisado sistematica descrita no Capitulo 4, por sua vez, demonstra a existéncia de
alteracOes no estado nutricional relativo ao zinco em pacientes obesos, o que pode
ser considerado fator de risco para o desenvolvimento de desordens metabdlicas
associadas a esta doenca. Por outro lado, a suplementacdo com zinco parece
contribuir para melhora da resisténcia a insulina em individuos obesos de ambos os

Sexos.
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Por meio da revisdo narrativa constante no Capitulo 5, pode-se concluir que
0 zinco e suas proteinas transportadoras estdo envolvidos na sintese e secre¢cédo da
insulina, bem como nas vias moleculares de sinalizacdo da acédo deste horménio. O
zinco regula ainda a transcricdo do gene codificante para o receptor de insulina por
meio das proteinas dedos de zinco.

O Capitulo 6 mostra que os microRNAs participam de mecanismos
moleculares envolvidos na manifestacdo de desordens metabdlicas na obesidade,
podendo, portanto, serem utilizados como possiveis biomarcadores destes disturbios.
No entanto, novos estudos sobre o tema sdo necessérios para avangar no
entendimento da base molecular da obesidade, incluindo o envolvimento dos

microRNAs na patogénese desta doenca.
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ANEXO A — PARECER CONSUBSTANCIADO DO CEP-UFPI

UFPI - UNIVERSIDADE
FEDERAL DO PIAUI - CAMPUS QQW“QM“P
UNIVERSITARIO MINISTRO

PARECER CONSUBSTANCIADO DO CEP

DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: Impacto de minerais em disturbios enddcrino-metabdlicos
Pesquisador: Dilina do Nascimento Marreiro

Area Tematica:

Versao: 1

CAAE: 66921117.7.0000.5214

Instituigao Proponente: Universidade Federal do Piaui - UFPI

Patrocinador Principal: Financiamento Proprio

DADOS DO PARECER

Nuamero do Parecer: 2.014.100

Apresentacdo do Projeto:

Estudo de natureza transversal, analitico, com caso e controle, envolvendo 300 mulheres, na faixa etaria
entre 20 e 50 anos de idade. As participantes do estudo serdo distribuidas em trés grupos: grupo
experimental | (obesas bariatricas, n=100), grupo experimental |l (obesas nao bariatricas, n=100) e controle
(eutroficas, n=100). Serdo realizadas avaliagdo antropométrica, coleta de material biolégico e registro
alimentar. A avaliagdo antropométrica sera realizada por meio do indice de massa corpdrea, da
circunferéncia da cintura e do pescocgo, e da relagdo cintura-quadril. A analise da ingestdo de
macronutrientes, zinco, magnésio e selénio sera realizada por meio do registro alimentar de trés dias,
utilizando o programa Nutwin. A analise dos minerais no plasma, eritrocito e urina sera realizada por
espectrdmetria de emissao éptica com plasma acoplado indutivamente. As concentragdes séricas de glicose
e insulina serdo determinadas por meio do método enzimatico colorimétrico e quimioluminescéncia,
respectivamente. A resisténcia a insulina sera avaliada por meio do calculo do indice HOMA-IR. A avaliagéo
das concentragdes de cortisol sérico e urinario sera realizada segundo 0 método de quimioluminescéncia.
As concentragdes séricas de colesterol total, LDL-colesterol, HDL-colesterol e triglicérides serdo
determinadas segundo método enzimatico colorimétrico, por analisador bioquimico automatico. A
determinacao da concentracdo sérica de zinco-2-glicoproteina sera realizada de acordo com o método
ELISA do tipo sanduiche. Serdo analisados os hormdnios TSH, T3 e T4 livres, e T3 e T4 totais pelo método
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de imunoensaio por quimioluminescéncia. Os anticorpos tireoideanos antitireoperoxidase (TPOAb) e
antitireoglobulina (TgAb) serdo determinados pelo método de quimioluminescéncia. As concentragbes
plasmaticas do malondialdeido serdo determinadas pela producéo das substancias reativas ao acido
tiobarbiturico (TBARS). A atividade da enzima superoxido dismutase eritrocitaria e glutationa peroxidase
eritrocitaria serdo determinadas nos eritrocitos pelo método in vitro e da oxidag&o da glutationa reduzida por
um hidroperoéxido, respectivamente. A determinag@o da atividade da enzima catalase sera realizada
conforme metodologia descrita por Takahara et al. A analise de isoprostanos urinarios sera determinada por
ELISA. A determinagao da concentragdo plasmatica de TNF-, IL-6, IL-1, IL-18, IL-10, TGF-, adiponectina e
leptina sera realizada de acordo com o método Luminex xMAP. A concentragdo sérica da proteina C reativa
sera realizada por imunoturbidimetria. A creatinina sérica e a creatininuria de 24h serao determinadas pelo
meétodo Lustosa-Basques. Serdo coletadas amostras de tecido adiposo visceral e subcutaneo das pacientes
obesas durante o intraoperatorio de cirurgia bariatrica para investigar o padrdo de expressdo dos
marcadores Akt, IRS, GLUT4, PI3K, AMPK, leptina, adiponectina, zinco-2-glicoproteina, Selenoproteina P,
TRPM7, ATGL, LHS, CD36, FAS, UCP, PPAR-, SREBP-1c, Receptores B3-adrenérgicos, NFkB,
metalotioneina, Zip 14, TNF-, IL-6, IL-1, IL-18, IL-10, TGF-, deiodinases, receptores de horménios
tireoidianos e de glicorticoides, 11-HSD1, superoxido dismutase, glutationa peroxidase e catalase.

Objetivo da Pesquisa:
Objetivo Primario:
- Avaliar o impacto de minerais em distlrbios endécrino-metabdlicos em mulheres obesas.

Objetivo Secundario:

1.Determinar as concentragbes de zinco, magnésio e selénio plasmatico, eritrocitario e urinario;

2.Estimar o consumo alimentar deenergia, macro e micronutrientes e sua adequagao na dieta;

3. Determinar as concentragdes decortisol, cortisona, ACTH,zinco-2-glicoproteina, adiponectina, leptina,
proteina C reativa, hormbnios e anticorpos tireoidianos, TNF-, IL-6, IL-1, IL-18, IL-10 e TGF-,substancias
reativas ao acido tiobarbitlrico e isoprostanos;

4. Avaliar o perfil lipidico, o controle glicémico,a resisténcia a insulina e a fungao renal,

5. Determinar a atividade da enzima superoxido dismutase,glutationaperoxidase e catalase;

6. Quantificar a expressao de genes codificantes para Akt, IRS, GLUT4, PI3K, AMPK, leptina,
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adiponectina, zinco-2-glicoproteina, Selenoproteina P, TRPM7, ATGL, LHS, CD36, FAS, UCP, PPAR-,
SREBP-1c, Receptores B3-adrenérgicos, NFkB, metalotioneina,Zip 14, TNF-, IL-6, IL-1, IL-18, IL-10, TGF-,
deiodinases, receptores de horménios tireoidianos e de glicorticoides, 11-HSD1, superoxido dismutase,

glutationaperoxidase e catalase.

Avaliacao dos Riscos e Beneficios:

Risco: a participante podera sentir leve desconforto, ocorréncia de eventuais hematomas, dor e
sangramento e, em casos mais raros, infecgdo. A fim de minimizar esses riscos, a coleta sera realizada por
profissional de enfermagem experiente, utilizando materiais estéreis e descartaveis, e a equipe estara
preparada para auxiliar a participante diante de qualquer intercorréncia.

Beneficios:
As pacientes terdo acesso aos resultados dos seus exames bioquimicos, que serdo fornecidos apds a
realizagdo dos mesmos pelos pesquisadores, além de orientagdo nutricional.

Comentarios e Consideragdes sobre a Pesquisa:
Pesquisa relevante para o processo ensino/aprendizado.

Consideracdes sobre os Termos de apresentacdo obrigatéria:
Todos os termos de apresentagao foram anexados.

Recomendacoées:
Sem Recomendacdes.

Conclusdes ou Pendéncias e Lista de Inadequagdes:

Projeto apto a ser iniciado pois encontra-se elaborado em consonancia com a Resolugdo N° 466/2012.

Consideragdes Finais a critério do CEP:

Este parecer foi elaborado baseado nos documentos abaixo relacionados:

Tipo Documento Arquivo Postagem Autor Situagao
Informacgdes Basicas|PB_INFORMACOES_BASICAS_DO_P | 10/04/2017 Aceito
do Projeto ROJETO 885107.pdf 16:26:00
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Outros cartadeencaminhamento.pdf 10/04/2017 |Dilina do Nascimento| Aceito
16:24:27 |Marreiro

Outros curriculo.pdf 10/04/2017 |Dilina do Nascimento| Aceito
16:21:58 |Marreiro

Declaragao de declaracaodospesquisadores.pdf 10/04/2017 |Dilina do Nascimento| Aceito

Pesquisadores 15:59:50 | Marreiro

TCLE / Termos de | TCLEmorbidas.pdf 10/04/2017 |Dilina do Nascimento| Aceito

Assentimento / 15:57:18 | Marreiro

Justificativa de

Auséncia

TCLE / Termos de | TCLE.pdf 10/04/2017 |Dilina do Nascimento| Aceito

Assentimento / 156:57:03 | Marreiro

Justificativa de

Auséncia

Projeto Detalhado / | projetocomitedeetica.docx 21/03/2017 |Dilina do Nascimento| Aceito

Brochura 14:52:18 |Marreiro

Investigador

Orgamento ORCAMENTO.docx 21/03/2017 |Dilina do Nascimento| Aceito

14:50:30 |Marreiro

Cronograma CRONOGRAMA.docx 21/03/2017 |Dilina do Nascimento| Aceito
14:49:18 | Marreiro

Qutros Urina.docx 21/03/2017 |Dilina do Nascimento| Aceito
14:48:58 |Marreiro

QOutros Registroalimentar.docx 21/03/2017 |Dilina do Nascimento| Aceito
14:47:58 |Marreiro

QOutros Fichadecadastro.docx 21/03/2017 |Dilina do Nascimento| Aceito
14:45:56 |Marreiro

QOutros termodeconfidencialidade.jpeg 21/03/2017 |Dilina do Nascimento| Aceito
14:43:39 | Marreiro

Folha de Rosto folhaderosto.pdf 21/03/2017 |Dilina do Nascimento| Aceito
14:39:44 | Marreiro

Situacao do Parecer:
Aprovado

Necessita Apreciacao da CONEP:
N&o
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Influence of Magnesium on Insulin Resistance in Obese Women

Kyria Jayanne Climaco Cruz - Ana Raquel Soares de Oliveira + Denise Pereira Pinto +
Jennifer Beatriz Silva Morais - Fabiana da Silva Lima - Célia Colli -
Francisco Leonardo Torres-Leal - Dilina do Nascimento Marreiro
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(© Springer Science+Business Media New York 2014

Abstract The present study evaluated the influence of mag-
nesium on insulin resistance in obese women. A case-control
study involving 114 women on the age between 20 and
50 years old, divided into two groups: control (eutrophic
women, #=59) and case (obese women, n=55). The analysis
of magnesium intake was carried out through the 3-day food
record and also NutWin software version 1.5. The plasma,
erythrocyte, and urinary magnesium concentrations were de-
termined by flame atomic absorption spectrophotometry. The
determinations of serum glucose and serum insulin were
performed by enzymatic colorimetric method and chemilumi-
nescence, respectively. The insulin resistance was assessed by
homeostasis model assessment insulin resistance (HOMA-
IR). The mean values of magnesium intake were lower than
those recommended, without difference between groups
(p>0.05). All the patients who were evaluated showed ade-
quate mean concentrations of magnesium in the plasma and
erythrocyte. The urinary excretion of this mineral was lower
than the reference values in both groups and did not show
significant difference (p>0.05). The values of serum glucose,
serum insulin, and HOMA-IR were higher in obese women
compared to the control group. A negative correlation was

K. J. C.Cruz* A. R. S. de Oliveira * D. P. Pinto + I. B. S. Morais *
D. do Nascimento Marreiro (0<))

Department of Nutrition, Federal University of Piaui, Campus
Minister Petronio Portela, Ininga, Teresina, Piaui, Brazil

e-mail: dilina.marreiro@gmail.com

F. da Silva Lima - C. Colli

Department of Food and Experimental Nutrition, Faculty of
Pharmaceutical Sciences, University of Sdo Paulo, Butantd, Sao
Paulo, Sao Paulo, Brazil

F. L. Torres-Leal

Department of Physiology and Biophysics, Federal University of
Piaui, Campus Minister Petronio Portela, Ininga, Teresina, Piaui,
Brazil

observed between erythrocyte magnesium and glycemic pa-
rameters (p<0.05). Obese patients take in foods with low
dietary magnesium content, and they show hypomagnesuria
as a compensatory mechanism to keep the plasma concentra-
tion of this mineral in adequate levels. The correlation be-
tween the erythrocyte magnesium concentration and the pa-
rameters of glycemic control suggests the influence of this
mineral on the index of insulin resistance in obese women.

Keywords Obesity - Magnesium - Insulin resistance -
Nutritional status

Introduction

In recent years, with the discovery that the white adipose
tissue has a great ability to secrete adipokines, its endocrine
role has been very prominent in the pathogenesis of obesity.
This way, the deregulated production of adipokines seems to
establish a chronic low-grade inflammatory state, which con-
tributes to the manifestation of insulin resistance and cardio-
vascular complications [1, 2].

Insulin resistance is mainly characterized by the changes in
the glucose metabolism resulting from the inhibition of the
signaling pathway of this hormone action. So, several factors
are related to the development of this metabolic disturbance in
obese people, being that the excess of corporal fat is the main
cause, particularly the accumulation of intra-abdominal
fat [2, 3].

Hormonal and biochemical disorders found in obesity have
been the target of researches that aim to clarify the mecha-
nisms involved in the pathogenesis of this illness. However,
recently, researchers have also shown great interest about the
influence of minerals in the appearance of these disorders.
Magnesium, in a particular way, is important because it plays a
primordial function in the energy metabolism [4, 5].

@ Springer
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APENDICE A - FICHA DE CADASTRO DAS PARTICIPANTES DA PESQUISA

MINISTERIO DA EDUCACAO E CULTURA - MEC

_UNIVERSIDADE FEDERAL DO,PIAUI' - UFPI
PRO-REITORIA DE PESQUISA E POS- GRADUACAO
Campus Universitario Ministro Petrénio Portela, Bloco 06 — Bairro Ininga

Cep: 64049-550 — Teresina-Pl — Brasil — Fone (86) 3215-5863 — Fone/Fax (86)3215-
5560

IDENTIFICACAO
N° Formulario:
Nome:

Data: / / DN: / / Idade: anos
Endereco:
Bairro: Cidade:

Telefone: Celular 1: Celular 2:
Ocupacao: NUmero de pessoas em casa:

HISTORIA CLINICA

a) Tempo de obesidade:
b) Fumante? Gravida ou Amamentando?
c) Menopausa: Sim ( ) Nao ( ) Se sim, ha ____ anos.

d) Uso de medicamentos: Sim ( ) Nao ( ) Quais?
e) Consumo de Bebidas alcodlicas: Sim ( ) Nao ( ) Frequéncia?
f) Uso de Suplementos: Sim () Nao () Quais?
g) Presenca de doencas: Sim ( ) Nao ( ) Qual?
( ) Diabetes ( ) DRC ( ) Doenca Hepatica ( ) DCV () Céancer ( ) Disf. Tireoide
f) Pratica exercicio fisico? Sim ( ) Nao ( ) Tipo de exercicio fisico:

PARAMETROS ANTROPOMETRICOS E BIOQUIMICOS
Peso (kg)

Estatura (m)

IMC (kg/m?)
Circunferéncia da Cintura (cm)
Circunferéncia do Quadril (cm)
Circunferéncia do Pescoc¢o (cm)

Volume Urinéario (mL)
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APENDICE B - TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

MINISTERIO DA EDUCACAO E CULTURA
UNIVERSIDADE FEDERAL DO PIAUI
PRO-REITORIA DE PESQUISA E POS-GRADUACAO
Campus Universitario Ministro Petrénio Portella - Bairro Ininga — Teresina/PI
CEP: 64049-550 - Fone (86) 3215 5437.

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

Titulo do projeto: Disturbios Enddcrino-Metabolicos em Mulheres Obesas Mérbidas
Pesquisador responsavel: Dra. Dilina do Nascimento Marreiro
Instituicdo/Departamento: UFPI/ Departamento de Nutricdo

Pesquisadores participantes: Dra. Dilina do Nascimento Marreiro, Kyria Jayanne
Climaco Cruz, Ana Raquel Soares de Oliveira, Jennifer Beatriz Silva, Larissa Cristina
Fontenelle, Loanne Rocha dos Santos, Stéfany Rodrigues de Sousa Melo.

Telefone para contato (inclusive a cobrar): (86) 99911-7297 (tim)/ (86) 99430-2397

Vocé esta sendo convidada para participar, como voluntéria, em uma pesquisa.
Vocé precisa decidir se quer participar ou ndo. Por favor, ndo se apresse em tomar a
decisdo. Leia cuidadosamente o0 que se segue e pergunte ao responsavel pelo estudo
sobre qualquer duvida que tiver. Este estudo sera conduzido pelas Doutorandas Kyria
Jayanne Climaco Cruz, Ana Raquel Soares de Oliveira, Jennifer Beatriz Silva Morais,
Larissa Cristina Fontenelle, Loanne Rocha dos Santos, Stéfany Rodrigues de Sousa
Melo, sob orientagcdo da Profa. Dra. Dilina do Nascimento Marreiro. Apos ser
esclarecida sobre as informagdes a seguir, no caso de aceitar fazer parte do estudo,
assine este documento, que estd em duas vias. Uma delas é sua e a outra é do
pesquisador responsavel. Em caso de recusa, vocé nédo sera penalizada. Em caso de
davida, vocé pode procurar o Comité de Etica em Pesquisa da Universidade Federal
do Piaui pelo telefone (086) 3237-2332.
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DESCRICAO DA PESQUISA

Esta pesquisa tem por objetivo avaliar o estado nutricional relativo ao
magnésio, selénio e zinco e sua relagdo com disturbios enddcrino-metabolicos em
mulheres obesas moérbidas. Para tanto, a participante sera submetida a coleta de
sangue venoso para analise do zinco, magnésio, selénio, colesterol total, HDL-
colesterol, triglicerideos, TSH, T3 e T4 livres, T3 e T4 totais, anticorpos tireoideanos
antitireoperoxidase e antitireoglobulina, zinco-a2-glicoproteina, leptina, glicose,
insulina, cortisol, cortisona, selenoproteina P, adiponectina, proteina C reativa, TNF-
a, IL-6, IL-1B, IL-1Ra, IL-18, IL-10 e TGF-B, substancias reativas ao acido
tiobarbitarico, isoprostanos, creatinina sérica, malondialdeido, bem como a coleta de
urina para determinacdo de zinco, magnésio e selénio urinario, cortisol urinario e
creatininuria de 24h e, além disso, sera determinado o consumo alimentar por meio
de registros alimentares. Nao serd realizada entrevista gravada ou filmada.

Sera também quantificado a expresséo dos genes codificantes para: Akt, IRS,
GLUT4, PI3K, AMPK, leptina, receptor de leptina, adiponectina, zinco-a2-
glicoproteina, selenoproteina P, selenoproteina S, SELENBP1, TRPM7, ATGL, LHS,
CD36, FAS, UCP, PPAR-y, CEBPa, SREBP-1c, receptores B3-adrenérgicos, NF-kB,
MAPKS8, metalotioneina, Zip 14, TNF-a, IL-6, IL-1B, IL-1Ra, IL-18, IL-10, TGF-8,
deiodinases, receptores de horménios tireoidianos e de glicorticoides, 113-HSD1,
11B-HSD2, NADPH oxidase, Nrf2, superéxido dismutase, glutationa peroxidase e
catalase; quantificar a concentracdo de zinco, magnésio e selénio no tecido adiposo,
bem como quantificar a expressdo de microRNAs envolvidos nos disturbios
metabdlicos na obesidade.

Ao participar da pesquisa, a participante ndo sofrera nenhum prejuizo, no
entanto, as perguntas presentes na ficha de cadastro e no registro alimentar, podera
trazer possivel constrangimento da participante. Além disso, em vista da coleta do
material biol6gico requerido para realizacdo desta pesquisa, a participante podera
sentir leve desconforto, ocorréncia de eventuais hematomas, dor e sangramento e,
em casos mais raros, infeccao. A fim de minimizar esses riscos, a coleta sera realizada
por profissional de enfermagem experiente, utilizando materiais estéreis e
descartaveis, e a equipe estara preparada para auxiliar a participante diante de
qualquer intercorréncia.

As participantes do estudo terdo como beneficios os resultados dos exames
bioquimicos das amostras de sangue e de urina, que serdo fornecidos apos a
realizacdo dos mesmos, e orientacéo nutricional. Em qualquer etapa do estudo, vocé
tera acesso aos profissionais responsaveis pela pesquisa para esclarecimento de
eventuais duvidas. Se vocé tiver alguma consideracdo ou duvida sobre a ética da
pesquisa, entre em contato com o Comité de Etica em Pesquisa (CEP) da
Universidade Federal do Piaui (Campus Universitario Ministro Petrénio Portela, Bairro
Ininga, Pr6 Reitoria de Pesquisa — PROPESQ, CEP: 64.049-550, Teresina, Piaui,
Brasil; telefone: (86) 3237-2332.
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Se vocé concordar em participar do estudo, seu nome e identidade seréo
mantidos em sigilo. A menos que requerido por lei ou por sua solicitacdo, somente o
pesquisador, a equipe do estudo, Comité de Etica independente e inspetores de
agéncias regulamentadoras do governo (quando necessario) terdo acesso a suas
informacdes para verificar as informacgdes do estudo. O projeto tera duracao de quatro
anos, com término previsto para o ano de 2024.

Nomes e assinaturas dos pesquisadores

Kyria Jayanne Climaco Cruz

Ana Raquel Soares de Oliveira

Jennifer Beatriz Silva Morais

Larissa Cristina Fontenelle

Loanne Rocha dos Santos

Stéfany Rodrigues de Sousa Melo

Dilina do Nascimento Marreiro

Associagdo entre as concentracoes de minerais (magneésio, zinco e selénio) e marcadores metabolicos dos
fenotipos obesidade metabolicamente sauddvel e obesidade metabolicamente ndo sauddavel

Kyria Jayanne Climaco Cruz



Apéndices 214

CONSENTIMENTO DA PARTICIPACAO DA PESSOA COMO SUJEITO

,RG ,CPF , abaixo assinado,

concordo em participar do estudo “Impacto de minerais em distarbios endocrino-
metabolicos”, como sujeito. Tive pleno conhecimento das informacdes que li ou que
foram lidas para mim, descrevendo o estudo. Discuti com as Doutorandas Kyria
Jayanne Climaco Cruz, Ana Raquel Soares de Oliveira, Jennifer Beatriz Silva Morais,
Larissa Cristina Fontenelle, Loanne Rocha dos Santos e Stéfany Rodrigues de Sousa
Melo sobre a minha decisdo em participar desse estudo. Ficaram claros para mim
quais serdo os propositos do estudo, os procedimentos a serem realizados, seus
desconfortos e riscos, as garantias de confidencialidade e de esclarecimentos
permanentes. Ficou claro também que minha participacdo é isenta de despesas.
Concordo, voluntariamente, em participar deste estudo e poderei retirar 0 meu
consentimento a qualquer momento, antes ou durante o mesmo. A retirada do
consentimento ao estudo ndo acarretara penalidades ou prejuizos.
Teresina
_

Assinatura da participante

Presenciamos a solicitacdo de consentimento, esclarecimentos sobre a
pesquisa e aceite do sujeito em participar.
Testemunhas (ndo ligadas a equipe de pesquisadores):

Nome:

Assinatura;

Nome:

Assinatura:

Observacdes complementares
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APENDICE C - REGISTRO ALIMENTAR
Registro diario de sua alimentacéo

NUmero do Formulario:

% NOs vamos avaliar sua alimentacdo. Pedimos que anote neste registro
alimentar tudo que vocé comer_e beber durante todo o dia e a noite. Vocé
devera anotar todos os alimentos consumidos, sendo 2 dias alternados durante
a semana e um dia no final de semana, totalizando 3 dias.

% Durante o preenchimento deste registro alimentar, alguns aspectos sao
importantes:

1. Preencher logo ap6s o consumo do alimento;

2. Especificar as marcas dos alimentos industrializados;

3. Procurar identificar o tamanho das frutas, vegetais, pedacos de carne,
ou a quantidade que cada alimento € consumido, bem como o tipo de
preparacao (frito, cozido, assado) e caso haja molho, que tipo foi
utilizado.

4. Diferenciar qual o utensilio € usado, por exemplo:

1. Colher —de cha, de sobremesa, de sopa, de servir ou concha
2. Xicara — de ch& ou de café
3. Copo — grande ou de requeijao (americano)
4. Prato de sobremesa
5. Consumo mensal de 60leo e sal da familia:

A: Colher de servir; B: Colher de sopa; C: Colher de F:Prato de sobremesa
sobremesa; D: Colher de cha; E: Concha de servir

G: Xicara cheia; H: Xicara
‘nivelada; I: Xicara média

=

Copo americano
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REGISTRO ALIMENTAR DE 3 DIAS - N°

NUMERO DO FORMULARIO:

Data

/

Segunda () Terca () Quarta () Quinta () Sexta () Sabado () Domingo ()

REFEICOES
(Hora)

ALIMENTOS

QUANTIDADES

(Medidas caseiras)

MARCA
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REGISTRO ALIMENTAR DE 3 DIAS - N°

NUMERO DO FORMULARIO:

Data

/

Segunda () Terca () Quarta () Quinta () Sexta () Sabado () Domingo ()

REFEICOES
(Hora)

ALIMENTOS

QUANTIDADES

(Medidas caseiras)

MARCA
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REGISTRO ALIMENTAR DE 3 DIAS - N°

NUMERO DO FORMULARIO:

Data

/

Segunda () Terca () Quarta () Quinta () Sexta () Sabado () Domingo ()

REFEICOES
(Hora)

ALIMENTOS

QUANTIDADES

(Medidas caseiras)

MARCA
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APENDICE D - INSTRUCOES AS PARTICIPANTES QUANTO A OBTENCAO DE
URINA DE 24 HORAS

Para se obter exatiddo do resultado, € muito importante que a urina seja
coletada cuidadosamente. A obtencédo da urina seré realizada em frasco plastico de
5 litros, previamente desmineralizado, sem conservante e deve ser mantida
REFRIGERADA até o horario da entrega.

A urina devera ser obtida da seguinte forma: pela manha, ao acordar, a
paciente ird esvaziar a bexiga (desprezar a primeira urina, ou seja, ndo devera guarda-
la no frasco) e marcar rigorosamente este horario. Dai por diante, coletar todas as
urinas do dia e da noite, integralmente a cada miccao, colocando-as no frasco de
coleta e mantido em geladeira (ndo congelar) entre as miccoes.

No dia seguinte coletar a 12 urina da manhd, no mesmo horario que
desprezou a 12 urina do dia anterior e no mesmo frasco completando assim o periodo
de 24 horas.

ATENCAO: Todo o material sera fornecido pelo pesquisador.
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APENDICE E - ARTIGOS PUBLICADOS COMO COAUTOR DURANTE O
PERIODO DO DOUTORADO

Periédico/ Ano Titulo

Autores

Zinc and Oxidative

Antioxidants/
Stress: Current
2017 _
Mechanisms
_ _ Magnesium  Status
Biological Trace o
and Its Association
Element _ o
with Oxidative Stress
Research/ 2017

in Obese Women
_ _ Role of Magnesium in
Biological Trace o _
Oxidative Stress in

with

Element
Research/ 2017

Individuals
Obesity

Effect of magnesium
supplementation on
Nutrition/ 2017  insulin resistance in

humans: A systematic

review
) Hypomagnesemia
Revista da _ _ _
) and its relation with
Associacao )

o chronic low-grade
Médica _ _ _
o inflammation in

Brasileira/ 2017 _
obesity
Effect of dietary
calcium and vitamin D
Alimentacé&o on cortisol
Humana/ 2017 concentrations in
morbidly obese
women.

Dilina Marreiro, Kyria Cruz, Jennifer
Morais, Jéssica Beserra, Juliana Severo,
Ana Raquel Oliveira.

Jennifer Morais, Juliana Severo, Ana
Raquel Oliveira, Kyria Cruz, Thaline
Dias, Régina Célia de Assis, Célia Colli,
Dilina Marreiro.

Jennifer Morais, Juliana Severo, Loanne
dos Santos, Stéfany Melo, Raisa Santos,
Ana Raquel Oliveira, Kyria Cruz, Dilina
Marreiro.

Jennifer Morais, Juliana Severo, Georgia
Alencar, Ana Raquel Oliveira, Kyria
Cruz, Dilina Marreiro, Betania Freitas,
Cecilia Carvalho, Maria do Carmo
Martins, Karoline Frota.

Ana Raquel Oliveira, Kyria Cruz, Juliana
Severo, Jennifer Morais, Taynah Freitas,

Rogério Araujo, Dilina Marreiro.

Jéssica Beserra, Larissa Rodrigues,
Priscilla Silva PCR, Ana Raquel Oliveira,
Kyria Cruz, Jennifer Morais, Juliana

Severo, Dilina Marreiro, Luana Martins.
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L . Dietary intake of
Nutricion Clinica

vitamin D and its

Dietética _ . _
. ' relation to insulin
Hospitalaria/ ' .
resistance in obese
2017
women
Role of vitamin D in
. insulin resistance in
Nutrire/ 2017 o
obese individuals
International No Difference in
Journal for Magnesium
Vitamin and Intake between
Nutrition Obese Women and
Research/ 2019 Healthy Controls

Association Between

Biological Trace Cortisol, Insulin

Element Resistance and Zinc
Research/ 2019 in Obesity: a Mini-
Review
International The Role of Zinc in
Journal for Thyroid Hormones
Vitamin and Metabolism
Nutrition
Research/ 2019

Loanne dos Santos, Amanda Braz,
Alana Lima, Stéfany Melo, Raisa Santos,
Jennifer Morais, Juliana Severo, Kyria
Cruz, Ana Raquel Oliveira, Luana
Martins, Dilina Marreiro.

Loanne dos Santos, Alana Lima,
Amanda Braz, Stéfany Melo, Jennifer
Morais, Juliana Severo, Ana Raquel
Oliveira, Kyria Cruz, Dilina Marreiro.
Jennifer Morais, Taynah Freitas, Juliana
Severo, Ana Raquel Oliveira, Kyria
Cruz, Betania Freitas, Célia Colli, Dilina

Marreiro.

Jennifer Morais, Juliana Severo, Jéssica
Beserra, Ana Ragquel Oliveira, Kyria
Cruz, Stéfany Melo, Ginivaldo do
Nascimento, George de Macedo, Dilina
Marreiro.

Juliana Severo, Jennifer Morais, Taynah
Freitas, Ana Leticia Andrade, Mayara
Feitosa, Larissa Fontenelle, Ana Raquel

Oliveira, Kyria Cruz, Dilina Marreiro.
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