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RESUMO

Introducédo: A resisténcia insulinica (RI) decorrente da obesidade esta relacionada a
disturbios hormonais que afetam o sistema reprodutor. Leptina e grelina sdo horménios que
regulam o balanco energético; porém, informacdes acerca da relacdo destes hormoénios com a
infertilidade sdo escassas. A dieta de baixo indice glicémico (BIG) parece exercer impacto
positivo sobre as alteracdes metabdlicas decorrentes da Rl. Objetivo: Verificar o efeito de
uma dieta hipocal6rica de baixo indice/carga glicémica sobre pardmetros antropométricos e
metabolicos, niveis de grelina e leptina e desfechos reprodutivos em mulheres inférteis com
excesso de peso candidatas a fertilizacdo in vitro (FIV). Meétodos: Ensaio clinico
randomizado. Foram analisadas vinte e seis mulheres inférteis com obesidade Grau I ou Il ou
pré-obesidade associada a circunferéncia da cintura aumentada. As pacientes foram alocadas
no grupo Dieta Hipocal6rica de BIG, ou no grupo Controle (manutengdo do habito alimentar)
e acompanhadas por 12 semanas. Pardmetros avaliados: peso corporal, indice de massa
corporal (IMC), percentual de gordura (%G), glicose, insulina, HOMA-IR, lipidios séricos,
hormdnios reprodutivos, grelina acilada, leptina, dose de gonadotrofinas, nimero e qualidade
oocitaria e embrionéaria, taxa de fertilizacdo e de gestacdo. Resultados: Houve reducéo de
5,5% do peso corporal e também do IMC (p < 0,001), do %G (p = 0,002), dos niveis de
glicose (p = 0,034) e de leptina (p = 0,013) no grupo BIG quando comparado ao grupo
controle. Houve um aumento de 18% nos niveis de grelina no grupo BIG quando comparado
ao controle, mas esse aumento nao foi significativo (p > 0,05). O grupo BIG obteve 85,4%
mais odcitos coletados, quando comparado ao grupo controle (7,75 + 1,44 vs. 4,18 + 0,87,
respectivamente, p = 0.039) no ciclo de FIV. Néo houve diferenca entre os grupos na dose de
gonadotrofinas, na qualidade oocitaria e embrionaria, e na taxa de fertilizacdo. Trés (21,4%)
pacientes do grupo BIG apresentaram gestacdo espontanea durante o acompanhamento,
gerando trés nascidos vivos. Conclusdes: A perda de 5,5% do peso corporal através da dieta
hipocalérica BIG foi capaz de melhorar parametros antropométricos, metabolicos,
reprodutivos e os desfechos de FIV, quando comparado as mulheres que mantiveram o peso
corporal. Estes resultados dao sustentacdo a recomendacdo clinica de aconselhar mulheres
com sobrepeso ou obesas a perderem peso através de uma dieta balanceada, preferencialmente
com baixo indice/carga glicémica, antes de serem submetidas a procedimentos de reproducéo
assistida.

Palavras-Chave: infertilidade feminina, dieta, indice glicémico, leptina, grelina, excesso de

peso, fertilizacdo in vitro.



ABSTRACT

Introduction: Insulin resistance (IR) resulting from obesity is related to hormonal
disorders that affect reproductive system. Leptin and ghrelin are hormones that regulate
energy balance; however, the relationship of these hormones with infertility is not clear. The
low glycemic index (LGI) diet seems to exert a positive impact on obesity and metabolic
changes resulting from IR. Objective: To verify the effect of a hypocaloric diet with low
glycemic index/load on anthropometric and metabolic parameters, ghrelin and leptin levels
and reproductive outcomes in overweight and obese infertile women candidates to in vitro
fertilization (IVF). Methods: Randomized clinical trial. Twenty six infertile women with
grade | and Il obesity, or pre-obesity with increased waist circumference were analysed.
Patients were assigned to hypocaloric LGI diet group or control group (maintenance of usual
diet), and followed the protocol for 12 weeks. Parameters evaluated: body weight, body mass
index (BMI), body fat percentage (%BF), glucose, insulin, HOMA-IR, serum lipids,
reproductive hormones, leptin, acylated ghrelin, gonadotrophin doses, number and quality of
oocytes and embryos, fertilization and pregnancy rates Results: There was a 5.5% weight loss
and also a reduction in BMI (p < 0.001), BF% (p = 0.002), glucose (p = 0.034) and leptin
levels (p = 0.013) in the LGI group compared to control. There was a 18% increase in ghrelin
levels in the LGI group compared to control, but this increase was not significant (p > 0.05).
The LGI diet group had 85.4% more oocytes retrieved compared to control group (7.75 *
1.44 vs. 4.18 + 0.87, respectively, p = 0.039) in the IVF cycle. The gonadotrophin dose,
oocyte and embryo quality, and fertilization rate were similar between groups (p > 0.05).
Three (21.4%) patients in the LGl group experienced spontaneous pregnancy during the
follow-up, generating three live births. Conclusion: The 5.5% weight loss trough the
hypocaloric LGI diet was able to improve antropometric, metabolic, reproductive and IVF
outcomes when compared with women that not lose weight. These results support the clinical
recommendation to advise overweight and obese women to lose weight through a balanced
diet, preferably with low glycemic index/load, prior to be submitted to assisted reproduction
technologies.

Key words: female infertility, diet, glycemic index, leptin, ghrelin, overweight, in vitro

fertilization
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APRESENTACAO

Esta tese de doutorado esta estruturada da seguinte forma:

- Uma introducéao apresentando a justificativa, os aspectos relevantes e o problema de
pesquisa;

- Um referencial tedrico abordando os principais estudos publicados em literatura
cientifica e que apresentam relagdo com o assunto do trabalho, onde sdo enfocadas
informacdes importantes para a contextualizacdo do tema de pesquisa;

- Objetivos e Hipdteses de pesquisa;

- Apresentacdo do Manuscrito Original 1 intitulado: “ Effects of a hypocaloric diet
with low glycemic index/load on body adiposity and reproductive outcomes in overweight
and obese infertile women undergoing IVF treatment: a randomized clinical trial”, que sera
submetido a Revista Human Reprodution.

- Apresentacdo do Manuscrito Original 2 intitulado: “Effects of a hypocaloric diet with
low glycemic index/load on body adiposity, metabolic parameters, acylated ghrelin, leptin and
pregnancy rate in overweight and obese infertile women: a randomized clinical trial”, que sera
submetido a Revista American Journal of Clinical Nutrition.

- Considerag0es Finais.
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CAPITULO |

1. INTRODUCAO

A manutencdo de um equilibrio entre a disponibilidade de fontes energéticas e as
necessidades metabdlicas do organismo é um fator essencial para manter a fungédo
gonadotréfica. Portanto, a nutricdo pode influenciar a fertilidade de homens e mulheres. No
entanto, os caminhos metabdlicos e hormonais implicados nesta associacdo necessitam ser
mais esclarecidos (Hammoud et al., 2008).

A infertilidade tem sido reconhecida como uma das desordens relacionadas a
obesidade tanto em homens como em mulheres (Loret de Mola, 2009). Dentre as diversas
alteracdes metabolicas decorrentes da obesidade, a resisténcia a insulina (RI) parece estar
ligada aos distarbios hormonais que afetam o sistema reprodutor (Singla et al. 2010;
Sliwowska et al., 2014). A hiperinsulinemia decorrente da obesidade abdominal leva a
alteracdes nos pulsos de horménio luteinizante (LH) e foliculo estimulante (FSH) no sistema
nervoso central (SNC) e ao aumento da estereidogénese nos ovarios. Além disto, leva a
supressao da sintese hepatica da proteina ligadora de hormonios sexuais (SHBG), aumentando
a proporcdo de androgénios livres para aromatizagdo e conversdo em estrogénio no tecido
adiposo periférico, ocasionando, também, o aumento da biodisponibilidade de estrogénio livre
circulante. Todas estas alteracGes tem efeitos deletérios sobre odcitos, foliculos e endométrio,
e consequentemente, sobre a capacidade reprodutiva (Parihar, 2003; Michalakis et al., 2013).

Nos ultimos anos, crescente atencdo tem sido dada a varios elementos envolvidos na
regulacdo do balango energético. Na coordenacdo da ingestdo dietética e do gasto energético,
o0 sistema nervoso central (SNC) recebe inimeros impulsos e sinais periféricos. Tais sinais sdo
provenientes especialmente do trato gastrintestinal, onde varios horménios sdo liberados por
estimulo de nutrientes como, por exemplo, a grelina, a colecistoquinina, o petideo YY, o
petideo semelhante ao glucagon-1 e o polipeptideo pancreéatico, e também provenientes do
tecido adiposo como, por exemplo, a leptina e a adiponectina, em resposta a um balanco
energético constantemente alterado (Cummings et al., 2005). Dentre estes, podemos destacar
a grelina e a leptina. O estudo destes dois peptideos tem contribuido de forma consideravel
para o entendimento da endocrinologia da obesidade e suas comorbidades. Trabalhos tém
evidenciado a presenca de receptores celulares para leptina e grelina ao nivel de gbnodas, o
gue sugere haver, além da influéncia indireta (hipotalamica), a influéncia direta destes

horménios sobre a fisiologia reprodutora (Caminos et al., 2003; Cervero et al., 2005;
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Metwally et al., 2008a). Entretanto, informacdes acerca da sua relagdo com a infertilidade s&o
escassas.

A perda de peso parece ser um fator importante para aprimorar a resposta insulinica
em individuos obesos. Tratando-se especificamente de mulheres, a perda de peso também
parece aumentar as chances de gravidez espontdnea ou a resposta aos procedimentos de
fertilizacdo in vitro. Dentre as diversas estratégias para a redugdo de peso, esta a dieta de
baixo indice glicémico (BIG), que tem sido um instrumento no manejo da obesidade. Além
disto, a dieta BIG, quando comparada a dietas convencionais, parece exercer maior impacto
sobre as alteragfes metabdlicas decorrentes da RI. Estudos tém examinado de forma isolada o
efeito da dieta hipocalérica ou do indice glicémico (IG) da dieta sobre pardmetros
nutricionais, clinicos e metabolicos. No entanto, de nosso conhecimento, trabalhos
examinando o potencial efeito interativo da dieta hipocalérica e do IG da dieta sobre estes

mesmos parametros, e também sobre parametros de fertilidade sdo inexistentes na literatura.
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CAPITULO Il

2. REVISAO DA LITERATURA

2.1 ESTRATEGIA DE BUSCA DA INFORMACAO

Esta revisao de literatura esta focada nos aspectos relacionados a fertilidade feminina,
excesso de peso (sobrepeso e obesidade), dieta para perda de peso, indice glicémico da dieta,
niveis de grelina, leptina e fisiologia reprodutiva feminina. A estratégia de busca de estudos
envolveu duas bases de dados - PubMed e Scielo, consideradas como as mais importantes e
abrangentes em pesquisa no pais. A busca de dados se deu no periodo entre 1930 e 2014.
Foram realizadas buscas através dos termos: “women reproduction”, “women fertility”,

9 (13

“women infertility”, “obesity”, “overweight”, “weight loss diet”, “diet glycemic index”,
“leptin”, “ghrelin”, “in vitro fertilization™, “assisted reproduction technology”, “women”,
“diet compliance”, “diet intervention” e suas combinacoes.

Foram levantados 667 artigos, os quais foram revisados, selecionados e agrupados
nesta reviséo por subitens: “infertilidade”, “obesidade, consequéncias clinicas e metabodlicas”,

bE 1Y

“obesidade, consequéncias reprodutivas”, “obesidade, infertilidade, adipocinas e enterocinas”,

bh 13

“leptina”, “leptina e fertilidade”, “grelina”, “grelina e fertilidade”, “dieta e fertilidade:
influéncia do indice e carga glicémica”, “conceitos de indice glicémico e carga glicémica da
dieta”, “intervengdo dietética ¢ medidas de adesdo”, a fim de organizar e facilitar o

entendimento dos fatores envolvidos nesta questdo de pesquisa.
2.2 INFERTILIDADE - CONCEITO

A infertilidade é uma desordem do sistema reprodutor que pode ser definida como
uma condicdo onde um casal, apds pelo menos um ano de relacionamento sexual regular e na
auséncia do uso de qualquer método anticoncepcional, ndo observa gestacdo clinica (Zegers-
Hochschild et al., 2009; WHO, 2014a).

2.3 OBESIDADE — CONSEQUENCIAS CLINICAS E METABOLICAS

O sobrepeso e a obesidade sdo definidos como um acumulo de gordura anormal ou

excessivo que pode prejudicar a saude (WHO, 2014b). Estimativas da Organizacdo Mundial
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de Satde (WHO) de 2007 apontam para mais de 1,4 bilhdes de pessoas adultas, com 20 anos
ou mais, apresentando sobrepeso. Destes adultos com sobrepeso, mais de 200 milhdes de
homens e cerca de 300 milhdes de mulheres sdo obesos. De uma forma geral, mais de 10% da
populacdo mundial adulta é obesa. No Brasil, os indices para excesso de peso na populacao
brasileira com 20 ou mais anos de idade, sdo de 50,1% em homens e 48,0% em mulheres, ja
os indices de obesidade sdo 12,4% para homens e 16,9% para mulheres (IBGE, 2009). A
obesidade é uma patologia de etiologia complexa influenciada pela idade, sexo, fatores
comportamentais, ambienteis, hormonais e também por fatores genéticos (Kopelman, 2000).
O indice de massa corporal (IMC) é um indice simples de relacdo peso-altura que é
comumente utilizado para a classificagéo de sobrepeso e obesidade em adultos, e representa a
medida mais comumente utilizada a nivel populacional para mensurar sobrepeso e obesidade,
ja que é a mesma para ambos 0s sexos e para todas as idades entre os adultos. Segundo a
Organizacdo Mundial de Saude (WHO), os pontos de corte e a classificacdo do IMC de
adultos séo feitos da seguinte maneira: IMC < 18,5 kg/m? - baixo peso; IMC > 18,5 e < 25,0
kg/m2 - eutrofia; IMC > 25,0 e < 30,0 kg/m2 — sobrepeso; IMC > 30,0 e < 35,0 kg/m2 —
obesidade grau I; IMC > 35,0 e < 40,0 kg/m? — obesidade grau II; e IMC > 40,0 kg/m2 —
obesidade grau Il (WHO, 1998). O aumento do IMC é um fator de risco para o
desenvolvimento de doencas cardiovasculares (principalmente doencgas do coragao e infarto);
diabetes; desordens musculo-esqueléticas (especialmente osteoartrite); e alguns tipos de
cancer, como o de endométrio, mama e o de colon (WHO, 2014b; Rose, 2007).

Os casos de doencas cronicas ndo transmissiveis (DCNT) estdo crescendo em todo o
mundo. Acredita-se que a proporc¢do de casos de DCNT aumente para 57% da populacdo até
2020 (WHO, 2014b). O sobrepeso e a obesidade sdo importantes fatores ligados a mortes em
geral. Cerca de 3,4 milhdes de adultos morrem a cada ano como resultado de estarem com
sobrepeso ou obesidade. Adicionalmente 44% dos casos de diabetes mellitus, 23% dos casos
de doenca cardiaca isquémica, e entre 7 a 41% dos casos de certos tipos de cancer sdo
atribuidos ao sobrepeso e a obesidade (WHO, 2014b). Quase metade dos casos de morte por
doencas cronicas sdo atribuidas a doencas cardiovasculares quase sempre associadas a
obesidade e diabetes mellitus. Este panorama epidemioldgico de salde é preocupante ndo s
porgue ja afeta grande parte da populacdo, mas também porque comeca a aparecer mais cedo
na vida (WHO, 2002).

A obesidade se desenvolve quando a ingestdo energética excede o gasto energético
(Bray, 2004). Os estoques de energia do nosso organismo sao regulados através de uma

complexa interagdo entre os centros de controle da ingestdo alimentar no sistema nervoso
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central (SNC), localizados particularmente no hipotalamo, e a regulacdo do armazenamento e
mobilizagdo dos estoques de gordura no tecido adiposo, afim de manter as reservas de energia
do organismo (Singla et al., 2010).

O tecido adiposo é o maior Orgdo endocrino do organismo, produzindo varios
horménios que regulam o metabolismo - influenciam a homeostase energética, a resposta
imune, a funcdo reprodutiva entre outros (Singla et al., 2010). Um aumento na massa de
células de gordura leva a um desequilibrio na liberacdo destes hormdnios, o que pode
acarretar diversas consequéncias metabdlicas. Uma complicacdo metabolica frequente da
obesidade, também referida como sindrome metabdlica, consiste em resisténcia a insulina
(frequentemente culminando em faléncia das células B do pancreas), tolerancia diminuida a
glicose, diabetes mellitus tipo 2, dislipidemia, hipertensdo e doenca cardiaca prematura
(Singla et al., 2010).

A insulina é um regulador critico de todos os aspectos envolvidos na biologia das
células de gordura, e os adipécitos sdo um dos tipos celulares mais responsivos a acdo da
insulina. Dentre os papeis fisioldgicos da insulina destaca-se sua influéncia sobre o
metabolismo de macronutrientes assim como sobre o crescimento celular. A acdo da insulina
no metabolismo de lipidios e carboidratos é analoga e abrange, entre outros aspectos, a
promogédo do anabolismo e a inibigdo do catabolismo. A insulina estimula o transporte de
glicose e a sintese de triglicerideos (lipogénese), assim como a inibicdo da lipolise no
organismo (Boden, 1997).

O termo “resisténcia a insulina” ¢ definido como a resisténcia aos efeitos da insulina
sobre a captacdo, metabolismo e armazenamento de glicose. A resisténcia a insulina na
obesidade manifesta-se pela redugéo do transporte e metabolismo de glicose induzido por
insulina nos adipdcitos e no musculo esquelético e pela comprometida supressao da liberagédo
de glicose pelo figado (Maeda et al., 2002).

Os defeitos funcionais ocorridos na resisténcia a insulina podem ser devido ao
comprometimento da sinalizagdo da insulina nos seus tecidos-alvos, como por exemplo, no
tecido adiposo, esquelético e hepatico. Tanto no tecido adiposo quanto no muscular, a ligacdo
da insulina a seus receptores, a fosforilacdo do receptor, e a atividade de tirosina quinase estdo
reduzidas na obesidade. Estudos demonstram que defeitos na sinalizacdo do receptor de
insulina sdo um importante componente envolvido na resisténcia a insulina associada a
obesidade em humanos (Rondione, 1997; Kim et al., 1999).

A acdo hipoglicemiante da insulina de baixar os niveis de glicose sanguinea resulta da

supressdo da producdo hepatica de glicose e do aumento da captacdo de glicose a nivel
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muscular e no tecido adiposo através do GLUT4. Em obesos existe uma sub-regulacdo do
GLUT4, e isto representa a maior contribuicdo para o comprometimento do transporte de
glicose induzido por insulina nos adipdcitos (Sheperd et al., 1993), acarretando uma
disponibilidade reduzida de glicose no tecido adiposo. Moléculas como os &cidos graxos
livres, a leptina, o fator de necrose tumoral-a (TNF-a), todas elas secretadas pelo tecido
adiposo, afetam a homeostase da glicose indiretamente. Acredita-se que outras moléculas
derivadas do tecido adiposo também devem estar envolvidas e influenciando o metabolismo
(Singla et al., 2010).

Além de seus efeitos sobre 0 metabolismo de glicose e insulina, a obesidade também
esta associada com o aumento da lipdlise basal no tecido adiposo e niveis elevados de &cidos
graxos livres na circulacdo (van Hall et al., 2003). A concentracdo de triglicerideos
plasmaticos € outra varidvel metabdlica muito afetada na obesidade. A resisténcia tecidual a
captacdo de glicose induzida por insulina acelera a taxa de producédo de lipoproteina de muito
baixa densidade (VLDL), triglicerideos, e acaba levando a hipertrigliceridemia end6gena
(Reaven et al., 1967; Barter; Nestel 1973; Kissebah et al., 1976). Na obesidade existe uma
reducdo da lipdlise mediada pela enzima lipase-lipoprotéica nos quilomicrons e uma inibicéo
inefetiva da lipélise mediada pela lipase hormdnio-sensivel no tecido adiposo (Lewis et al.,
1993). A lipemia pos-prandial e os niveis de acidos graxos elevados sdo anormalidades bem
reconhecidas da obesidade. A disponibilidade excessiva de &cidos graxos no periodo pos-
prandial imediato (quando normalmente seria suprimido pela insulina) parece influenciar a
captacdo de glicose a uma taxa de aproximadamente 50% (Yu; Cooper 2001). A obesidade
também parece comprometer a funcdo da lipoproteina de baixa densidade (HDL) como
molécula anti-aterogénica e facilitar a sua degradacdo (Wu et al., 2004). Portanto, a obesidade
uma vez instalada, confere ao individuo um perfil metabdlico altamente aterogénico, o qual
estd vinculado a uma maior prevaléncia de DCNT. No Brasil, as DCNT representam hoje a 1°
causa de Obito ajustado para a idade, onde o acidente vascular cerebral é principal causa de
morte, seguido pelo infarto agudo do miocéardio (Malachias, 2010).

O estado nutricional e a dieta sdo importantes fatores relacionados com a promocao e a
manutencdo da boa satde ao longo de todo o curso da vida. Seu papel como determinante no
desenvolvimento de DCNT ja estd bem estabelecido e ocupa uma posicdo importante nas
estratégias preventivas destas doengas (WHO, 2002). Seus efeitos sobre os aspectos

reprodutivos, no entanto, precisam ser mais estudados.
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2.4 OBESIDADE — CONSEQUENCIAS REPRODUTIVAS

Além das causas etioldgicas citadas anteriormente, o sobrepeso e a obesidade sao
atribuidos a mudancas sociais, que envolvem um estilo de vida mais sedentario, com um
declinio nos niveis de atividade fisica e mudancas na densidade energética e na composi¢ado
da dieta (Rich-Edwards et al., 2002; ESHRE, 2006). Como o processo reprodutivo envolve
gasto energético, ele é sensivel a mecanismos fisioldgicos ligados aqueles envolvidos no
controle do apetite e consumo alimentar (Wade; Jones 2004). A funcdo reprodutiva, assim
como o apetite, responde rapidamente a mudangas na oxidacdo metabdlica de alimentos
(Martin et al., 2004) e deve envolver mecanismos de controle tanto central, quanto periférico
(ESHRE, 2006). A interacdo entre hormonios metabdlicos e sinais provenientes de neurdnios
especificos no hipotadlamo, impacta a quantidade e o tipo de substrato metabolico disponivel
para os 6rgdos periféricos, inclusive os ovarios (Seli et al., 2014). Desta forma, parece existir
uma complexa interacdo entre a glandula pituitaria, o pancreas e os ovarios, e sua adequada
interacdo, é fundamental para a salde reprodutiva.

Em mulheres, a reproducdo é um processo que requer um grande investimento
metabdlico, com necessidades energéticas aumentadas para o organismo durante toda a
gestacdo e o periodo de amamentacdo e, como um mecanismo de protecdo contra a
subnutricdo, o eixo reprodutivo tem uma ligagéo estreita com o estado nutricional (Seli et al.,
2014). As mulheres necessitam de uma quantidade minima de gordura para a eficiéncia
reprodutiva; por outro lado, o excesso gordura pode conduzir a anormalidades na fisiologia
reprodutiva. O balango energético, mais do que a perda ou o ganho absoluto de peso, parece
ser um fator chave nesta relacdo (ESHRE, 2006).

Stein e Leventhal, jA em 1934, foram os primeiros a reconhecer a relacdo entre a
obesidade e disturbios reprodutivos (ESHRE, 2006). Eles descreveram a hoje chamada
sindrome “O”: supernutri¢ao, superproducao de insulina, “confusdo” ovariana e desregulacao
da ovulacdo. Atualmente sabe-se que o impacto da obesidade sobre 0 processo reprodutivo
envolve, dentre outros aspectos, alteracdes menstruais, sub ou infertilidade, abortos, e maior
risco de complicagOes gestacionais (Jungheim et al., 2013).

A obesidade é uma importante causa de sub-fertilidade em muitas sociedades
modernas. Dentre 0s muitos processos de sintese que ocorrem no tecido adiposo, talvez um
dos mais importantes com relagdo a reproducdo, seja a modificagdo dos hormonios esteroides
e a secrecdo de adipocinas (Ahima; Flier 2000a). O tecido adiposo contém um grande ndmero

de enzimas para a ativacao, interconversao e inativacao de hormonios esteroides, contribuindo
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substancialmente para o metabolismo da quantidade total de esteroides corporais. Por
exemplo, mais de 50% da testosterona circulante em mulheres pré-menopausicas provém do
tecido adiposo (Weisberg et al., 2003; Wellen; Hotamisligil 2003).

Ainda néo esta claro se é o tecido adiposo visceral, 0 subcutaneo ou ambos, que estao
relacionados com as alteracBes reprodutivas. Sabe-se que a obesidade abdominal €
particularmente preocupante, e esta mais claramente associada a problemas de satde e mortes
prematuras do que a obesidade periférica (WHO, 1997). Mulheres com gordura central em
excesso tém niveis alterados de hormdnios sexuais, insulina e lipidios circulantes. Uma razéo
cintura-quadril (RCQ) elevada estd associada a distirbios hormonais, e algumas destas
alteragcbes parecem estar associadas a anormalidades menstruais, maior tempo para
engravidar, e maior prevaléncia de infertilidade (Zaadstra et al., 1993; Norman et al., 1995;
Hollmann et al., 1997). Por outro lado, sabe-se que muitas multiparas sdo obesas e, de fato,
muitas obesas estdo aptas a gestar facilmente. Entretanto, a visdo geral mostra que estar com
excesso de peso esta correlacionado com dificuldades de engravidar (Norman et al., 2004), e
também interferem na resposta aos tratamentos de fertilidade (ESHRE, 2006). Os mecanismos
pelos quais isto acontece ainda ndo estdo claros, mas a associagdo entre resisténcia a insulina
e anovulacdo pode contribuir para este entendimento (ESHRE, 2006).

Evidéncias recentes e consistentes mostram que a insulina exerce um papel na
regulacdo do processo reprodutivo e pode representar a principal sinalizacdo ligando o
metabolismo e a reproducdo (Sliwowska et al., 2014). O hormoénio liberador de
gonadotrofinas (GnRH) é a principal molécula envolvida no controle do eixo hipotalamo-
hipofise-gbnadas em mamiferos, é sensivel a sinais metabdlicos e dependente do balanco
energético normal (Hill et al., 2008).

A resisténcia a insulina e a hiperinsulinemia compensatéria (Hollmann et al., 1997),
estdo relacionadas a distarbios no padrdo de liberacdo dos pulsos e surtos de GnRH/LH
(hormonio liberador de gonadotrofinas/hormdnio luteinizante) (Hill et al., 2008). Apesar dos
diferentes resultados encontrados, os estudos sugerem que a ac¢do da insulina parece exercer
um papel permissivo primario no controle dos pulsos de GnRH e este efeito parece ser devido
a diferentes aspectos (amplitude vs. tempo) da geracdo do surto de GnRH/LH responsavel
pela ovulagdo (Sliwowska et al., 2014). Na presenca da resisténcia insulinica este processo
parece estar comprometido. As mulheres que apresentam IMC < 25 kg/m? tém uma maior
concentra¢do de LH e horménio foliculo estimulante (FSH) durante o ciclo menstrual total
guando comparadas as mais pesadas (Santoro et al., 2004). Outro estudo comparou 22

mulheres férteis com sobrepeso ou obesidade a 10 mulheres férteis de peso normal. Nas



23

mulheres com excesso de peso foram observadas menores concentracGes de LH e FSH
quando comparadas as mulheres de peso normal. Além disto, os niveis de LH e FSH
mostraram uma correlacdo negativa com os valores de IMC e de circunferéncia da cintura (De
Pergola et al., 2006). A amplitude dos pulsos de LH parece estar reduzida na obesidade
resultando em uma estimulacdo lutea reduzida (Jain et al., 2007).

Em nivel periférico, a insulina aumenta a esteroidogénese ovariana diretamente ou
indiretamente por estimular a liberacdo de LH e por aumentar o numero de receptores de LH
no ovario (Adashi et al., 1981; Bergh et al., 1993). O excesso de tecido adiposo aumenta a
aromatizagdo periférica de androgénio e estrogénio. A insulina diminui a sintese hepatica de
SHBG (proteina ligadora de horménios sexuais), aumentando os niveis de andrdgenos livres.
A diminuicdo do SHBG aumenta a biodisponibilidade de testosterona e estradiol. O feedback
negativo central do excesso de estrogénio pode contribuir para a diminuicdo da sinalizacéo
hipofisaria e hipotalamica. A biodisponibilidade excessiva de estrogénio tem efeitos deletérios
sobre odcitos, foliculos e endométrio, e consequentemente, sobre a capacidade reprodutiva
(Parihar, 2003; Ehrmann, 2004).

Irregularidades menstruais demonstraram estar associadas com IMC, circunferéncia
da cintura e niveis de insulina elevados (Lambert-Messerlian et al., 2011). Santoro et al.
(2004), demonstraram que mulheres com sobrepeso apresentaram ciclos menstruais mais
longos e irregulares, sustentando a hipotese de que a obesidade tem efeitos negativos na
funcdo do corpo lateo. De Pergola et al. (2009) encontraram uma relacéo significativa entre a
circunferéncia da cintura aumentada e a ocorréncia de oligomenorreia em mulheres com
sobrepeso ou obesidade. Um estudo envolvendo mulheres que apresentavam gestacoes
consecutivas observou que o IMC > 25 kg/m? foi correlacionado com um tempo prolongado
para obter a concepcdo (Hassan et al., 2004). Outro estudo, concluiu que a fecundidade estava
reduzida em mulheres com sobrepeso e obesidade quando comparadas as mulheres de peso
normal (Gesink et al., 2007). Uma meta-analise recente demonstrou que entre as mulheres que
engravidavam espontaneamente, existia um risco aumentado de aborto entre as mulheres
obesas, quando comparadas as mulheres de peso normal (Boots; Stephenson 2011).
Consequentemente, quando comparadas a mulheres com o IMC normal (18,5 — 24,9 kg/m?),
mulheres com o IMC aumentado tém uma maior chance de desenvolver infertilidade (Linne,
2004; Catalano; Ehrenberg 2006; Stothard et al., 2009; Shirazian; Raghaven 2009; Metwally
et al., 2010). Com o aumento global do sobrepeso e da obesidade, um nimero aumentado de
mulheres com sobrepeso e obesidade tem buscado a fertilidade através de procedimentos de

reproducéo assistida. No entanto, existem evidéncias conflitantes no que diz respeito ao efeito
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do IMC aumentado sobre desfechos de procedimentos de reproducgéo assistida. Apesar de
alguns estudos ndo terem demonstrado efeitos adversos do IMC aumentado sobre desfechos
de FIV, outros tém relacionado o IMC aumentado com um impacto negativo sobre os
desfechos destes tratamentos. Tais desfechos negativos incluem a necessidade de maiores
doses de gonadotrofinas, um menor nimero de od6citos coletados, uma maior taxa de
cancelamento de ciclo, taxas reduzidas de gravidez e nascidos vivos, assim como maiores
taxas de aborto (Wittemer et al., 2000; Jungheim et al., 2009; Jungheim; Moley 2010;
Rittenberg et al., 2011a; Rittenberg et al. 2011b; Luke et al., 2011a; Jungheim et al., 2013).

Uma meta-analise recente demonstrou que mulheres com sobrepeso e obesidade (IMC
> 25,0 kg/m?) tém desfechos mais pobres apds seguirem tratamento de FIV quando
comparadas aquelas mulheres com IMC normal. Este estudo foi capaz de demonstrar que o
IMC aumentado esta relacionado a uma reducéo significativa na taxa de nascidos vivos e a
uma taxa aumentada de abortos apés tratamento de FIV (Rittenberg et al., 2011a).
Confirmando estes achados, outra meta-analise também demonstrou o impacto negativo do
IMC aumentado sobre desfechos de FIV. Este estudo demonstrou que para cada unidade de
aumento do IMC, a probabilidade de ocorrer o nascimento de um pré-termo de < 32 semanas
aumenta em 16% (McLernon et al., 2010).

Mulheres com sobrepeso e obesidade apresentam alteracGes metabdlicas séricas, que
levam a niveis séricos elevados de colesterol e &cidos graxos livres, além de modificacdo dos
niveis de glicose e insulina circulantes (Lebovitz, 2006). Trabalhos envolvendo captacdo de
odlcitos em modelos animais demonstraram que as mudancas metabolicas séricas se refletem
no liquido folicular (Leroy et al., 2004, 2005). O fluido folicular € um liquido que existe no
ovario e exerce um papel importante no desenvolvimento do odcito, na fertilidade feminina e
no desenvolvimento embrionario. Sabendo que ambos, 0 06cito e 0 embrido sdo vulneraveis a
mudancgas em seu micro-ambiente (Leroy et al., 2012), alguns trabalhos tém sido realizados
afim de avaliar o micro-ambiente folicular de mulheres submetidas a procedimentos de
reproducédo assistida. Estes estudos demonstram que a alteracdo deste micro-ambiente pode
impactar a qualidade do odcito e da célula do cumulus. O excesso caldrico observado na
obesidade impede, em grande parte, 0 processo reprodutivo em nivel do complexo odécito-
ceélula do cumulus e o desenvolvimento embrionério inicial, onde o excesso de metabolitos
leva a anormalidades mitocondriais e defeitos na meiose, com consequente reducéo das taxas
de implantacdo ou anormalidades de desenvolvimento subsequentes (Robker et al., 2009;
Jungheim et al., 2013; Seli et al., 2014).
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O liquido folicular de mulheres obesas tem niveis aumentados de insulina e lipidios, os
quais estdo associados a uma qualidade embrionaria ruim (Robker et al., 2009). Os efeitos
deste problema se manifestam como subinfertilidade quando se esta tentando engravidar
espontaneamente durante um ciclo ovulatorio (Bolumar et al., 2000); sucesso reduzido na
concepgdo apo6s procedimentos de FIV, com menor numero de odcitos coletados (Esinler et
al., 2008); maiores taxas de cancelamentos de ciclo (Luke et al., 2011a); taxas reduzidas de
gestacdes clinicas e nascidos vivos (Luke et al., 2011b); e uma maior taxa de abortos em
mulheres com sobrepeso e obesas (Metwally et al., 2008b; Boots; Stephenson 2011).

Um trabalho mais recente demonstrou que as mudancas nos pardmetros metaboélicos
circulantes avaliados no estudo como, por exemplo, a quantidade de apolipoproteina A e de
proteinas totais, se refletem no liquido folicular, afetando potencialmente a qualidade do
odcito. No entanto, este efeito foi independente do IMC (Valckx et al., 2012). Apesar de
haver pouca informacdo a respeito deste aspecto na literatura, estes trabalhos apontam 0s
primeiros indicios de que h& uma relagdo entre o perfil metabdlico sérico alterado e o
comprometimento da salde reprodutiva. Isto demonstra que ndo sé o peso e a adiposidade
corporal, mas também a qualidade da alimentacdo e da dieta parecem ser essenciais para a
manutencdo da fisiologia reprodutiva normal. A possibilidade de que dislipidemias, alteragdes
nos niveis de glicose e insulina, ou até mesmo na quantidade de micronutrientes circulantes
poderiam contribuir para a infertilidade feminina em seres humanos, sugere que, futuramente,
focar o tratamento nutricional nestes aspectos poderia prover uma nova abordagem para
complementar a terapéutica atual para infertilidade.

A Tabela 1 resume as principais alteragdes reprodutivas relacionadas a obesidade.

Tabela 1. Impacto da obesidade sobre o Processo Reprodutivo

Condicao Risco Associado

Menstruacéao Risco de disfungdo menstrual: amenorreia,
oligomenorreia e menorragia;

Infertilidade Risco de infertilidade ovulatéria e anovulatoria:
anovulacdo, resposta fraca as medicagdes para
fertilidade;

Aborto Risco de aborto, espontaneamente ou ap6s
tratamento para infertilidade;

Glicose Risco de tolerancia diminuida a glicose e diabetes
mellitus tipo 2;

Tratamento para Infertilidade Necessidade de inducdo da ovulagdo com citrato de

clomifeno/gonadotrofinas; taxas de sucesso
gestacionais por FIV/ICSI;
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Gestacéo Prevaléncia de hipertensdo induzida pela gravidez,
diabetes gestacional, cesarianas e Sindrome de
Down.

Adaptado de Pasquali et al., 2003. FIV — fertilizacdo in vitro; ICSI — injecéo
intracitoplasmatica de espermatozoides.

2.5 OBESIDADE, INFERTILIDADE, ADIPOCINAS E ENTEROCINAS

O entendimento da endocrinologia da obesidade e suas comorbidades tem se
expandido com a descoberta das adipocinas, secretadas pelo tecido adiposo, e das enterocinas,
secretadas pelo intestino. Estas substancias tém uma vasta gama de efeitos sobre 0s processos
metabdlicos, incluindo aqueles sobre o apetite, 0 metabolismo energético, a agdo da insulina,
0 metabolismo de lipidios, a pressdo arterial, a coagulacdo, e a reproducdo (Gosman et al.,
2006; Metwally et al., 2008a; Muccioli et al., 2011; Repaci et al., 2011; Tong; Xu 2012;
Evans; Anderson 2012; Michalakis et al., 2013; Reverchon et al, 2014). Quase todas as
adipocinas e enterocinas identificadas até o momento tém receptores no hipotalamo,
demonstrando que este é um tecido alvo importante para esses horménios. Além disto, 0s
receptores para esses sinais sao encontrados em uma variedade de tecidos, permitindo também
efeitos em tecidos especificos. Dentre as adipocinas podemos destacar a leptina, e dentre as
enterocinas, a grelina. Informagdes sobre o papel desses hormdénios no tratamento da

obesidade e sua relacdo com a infertilidade sdo escassas.

2.5.1 LEPTINA

Atualmente reconhece-se o tecido adiposo branco como um 6rgdo multifuncional.
Adicionalmente a sua ac¢do na reserva de energia, o tecido adiposo branco é fonte de sinais
enddcrinos criticos para o controle do peso corporal e uma gama de outros diversos fatores
hormonais, chamados de adipocinas, as quais sdo consideradas a ligacdo essencial na
comunicacdo entre o sistema nervoso central e os tecidos periféricos (Kershaw; Flier 2004).
Estas moléculas sdo citoquinas produzidas principalmente pelos adipécitos ou pelas células
do estroma adiposo. Varia¢Ges nas quantidades de tecido adiposo branco modulam o nivel de
expressdo e as quantidades séricas de adipocinas. A medida que a massa corporal aumenta,
um estado de hipoxia relativa ocorre dentro dos adipocitos, gerando uma resposta inflamatoria

que resulta na liberagdo de adipocinas. A adipocina leptina, em conjunto com a enterocina
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grelina, estdo entre os fatores mais investigados que podem ter um impacto no processo
reprodutivo de mulheres obesas (Metwally et al., 2008a).

A leptina (originada da palavra grega que significa “magro”) ¢ um peptideo nao-
glicosilado de 146 aminoacidos e 16 kDa (Ahima; Flier 2000b). A leptina é produzida,
principalmente, no tecido adiposo branco e, além dos adipdcitos, também é expressa, em
menor quantidade, no hipotalamo, hiipofise, epitélio gastrico, placenta, glandulas mamérias e
gbnadas (Budak et al., 2006). Uma de suas funcdes esta relacionada ao controle da ingestdo
alimentar, atuando em células do nucleo arqueado do hipotalamo, no SNC. A leptina promove
a reducdo da ingestdo alimentar e o aumento do gasto energético, e regula a funcéo
neuroenddcrina e 0 metabolismo de glicose e lipidios (Friedman, 2002). Além de seu
importante papel no metabolismo, a leptina também parece participar no controle dos sistemas
hematopoiético (Umemoto et al., 1997), imune (Faggioni et al., 2001), reprodutor (Metwally
et al., 2008a; Tong; Xu 2012; Evans; Anderson 2012; Michalakis et al., 2013; Reverchon et
al, 2014), cardiovascular (Sader et al., 2003), no metabolismo ésseo (Thomas et al., 2002),
entre outros.

A leptina tem uma extensiva interacdo com outros peptideos relacionados ao controle
do apetite no SNC. No nucleo arqueado os receptores de leptina (LepR) estdo co-localizados
com neurdnios secretores de pré-opiomelanocortina (POMC), Neuropeptideo Y / Proteina
Relacionada ao Agouti (NPY/AgRP) e Kissl, que secreta kisspeptina (Donato et al., 2011).
Ha duas populac@es distintas principais de células receptoras de leptina no nucleo arqueado;
uma destas co-expressa NPY e AgRP, e a outra co-expressa POMC e CART (transcricao
regulada por cocaina e anfetamina). Estes correspondem, aparentemente, aos dois principais
caminhos para a regulacdo energética e outras fungdes pela leptina (Evans; Anderson 2012).
A acdo da leptina é feita a partir da ativacdo de receptores especificos presentes nos 6rgaos
alvos (ObRDb, de cadeia longa, com maior expressdao no hipotalamo, e os receptores de cadeia
curta ObRa, encontrados no pancreas, e mais especificamente nas células a ¢ o das ilhotas de
Langerhans (Sandoval; Davis 2003; Moreno-Aliaga et al., 2010).

Em humanos, a concentracdo plasmatica de leptina esta relacionada principalmente
com massa total de tecido adiposo do organismo, sendo maiores em mulheres do que em
homens (Kennedy et al., 1997). A maior deposi¢do de gordura em mulheres poderia explicar
parcialmente a diferenca nos niveis de leptina entre os dois sexos (Ostlund et al., 1996).
Assim como a leptina, os niveis de insulina sdo positivamente correlacionados com a
adiposidade e o peso corporais (Woods; Seeley 2000). A chegada da insulina ao SNC reduz a

ingestdo alimentar e o peso corporal em camundongos (Brown et al., 2006) e em humanos
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(Hallschmid et al., 2004). Tem sido proposto que a insulina modula a expressdo de leptina
(Malmstrom et al., 1996) e tém-se reportado que ela aumenta a sintese de leptina (Gettys et
al., 1996; Leroy et al., 1996). Uma exposicao prolongada ao jejum e a exercicios fisicos
intensos diminuem os niveis plasmaticos de leptina, ao passo que a alimentagcdo excessiva
aumenta sua concentracdo (Kolaczynski et al., 1996). Alguns trabalhos sugerem que a
composi¢do da dieta tambem pode influenciar os niveis de leptina (Jenkins et al., 1997
Mantzoros et al., 1998).

A hiperleptinemia, encontrada em pessoas obesas, é atribuida a alteracdes no receptor
de leptina ou a uma deficiéncia em seu sistema de transporte na barreira hemato-encefalica,
fendmeno denominado resisténcia a leptina. Os mecanismos pelos quais 0 aumento de tecido
adiposo é traduzido em aumento da concentracao sérica de leptina, envolvem tanto o nimero
de células adiposas quanto a inducdo do RNAm ob. Individuos obesos apresentam um
aumento do numero de células adiposas, o que significa uma maior quantidade de RNAm ob
encontrada em seus adipécitos do que em sujeitos eutroficos (Maffei et al., 1995). Entretanto,
a concentracdo sérica de leptina ndo é dependente somente do tamanho do tecido adiposo,
uma vez que a reducdo de 10% do peso corporal provoca diminuicdo de cerca de 53% de
leptina plasmaética, sugerindo que outros fatores, além da adiposidade tecidual, estdo
envolvidos na regulacdo de sua producédo (Sandoval; Davis 2003; Adami et al., 2002).

A grande maioria das pessoas obesas apresenta quadro de resisténcia a leptina, ou seja,
apresentam grandes quantidades de leptina na circulacdo, mas seu efeito de saciedade e
inibicdo do apetite ndo ocorre. Dessa forma, a eficicia da administracdo de leptina a esses
individuos permanece duvidosa e sua eficicia ainda ndo foi comprovada. Estudos s&o
necessarios para identificar quais os possiveis defeitos nos receptores e mecanismos pos-
receptores de acdo da leptina no hipotalamo, que poderiam ser responsaveis pela resisténcia a

leptina, encontrada em humanos obesos (Bray, 1997, Steinberg et al., 2004).

2.5.1.1 LEPTINA E FERTILIDADE

Esta bem estabelecido que o excesso ou a deficiéncia de tecido adiposo branco afeta a
puberdade, a maturacédo sexual, e a fertilidade em diferentes espécies (Mircea et al., 2007). A
obesidade e 0 excesso de peso estdo significativamente envolvidos na reducdo da fertilidade
natural em mamiferos. Novos papéis para as adipocinas tém emergido recentemente no campo
da fertilidade e reproducdo (Budak et al., 2006).
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Uma associacdo estreita é inferida entre leptina e o eixo hipotalamo-hipofise-gbnodas.
Sugere-se que a leptina poderia ser o gatilho, representando o principal sinal chave na
modulacdo da relacdo entre as reservas energeticas e a funcéo reprodutiva (Gonzalez et al.,
1999). Acredita-se que a leptina tenha o papel de informar ao cérebro que as reservas
energéticas na forma de gordura séo suficientes para manter a reproducéo (Cunningham et al.,
1999). Os efeitos reprodutivos da leptina sdo diversos, e os 6rgdos alvo variam desde o
hipotalamo até o ovario e o endométrio (Metwally et al., 2008a).

O modelo dos camundongos ob/ob ajudou a revelar muitas das acdes da leptina no
sistema reprodutor. Estes camundongos knock-out para leptina (ob/ob) ou para o receptor de
leptina (LepR, db/db) apresentam secrecdo de GnRH prejudicada, baixos niveis de
gonadotrofinas, desenvolvimento incompleto dos 6rgaos reprodutores e da maturacdo sexual.
A obesidade observada em animais com falta de leptina ou com a falta do receptor de leptina
LepR também estad acompanhada de infertilidade (Zhang et al., 1994; Tartaglia et al., 1995).
Ambos, ratos machos ou fémeas, com deficiéncia de leptina sdo estéreis, e isto pode ser
corrigido pela reposicdo de leptina (Barash et al., 1996; Chehab et al., 1996; Mounzih et al.,
1997). Humanos com deficiéncia de leptina desenvolvem fenotipos reprodutivos semelhantes
aos observados em camundongos ob/ob (Montague et al., 1997). Nestes pacientes a reposi¢ao
de leptina induz o aumento dos niveis de gonadotrofinas e esteroides sexuais, assim como o
aumento das gonadas e o desenvolvimento puberal normal (Farooqi et al., 1999; Farooqi et
al., 2002). Claramente, a leptina atua como uma molécula circulante chave que reflete as
reservas energeéticas internas e, desta forma, produz um sinal permissivo para as funcbes
reprodutivas normais (Tong; Xu 2012).

O efeito da leptina a nivel central no eixo hipotdlamo-hipofise é estimulatdrio
(Moschos et al., 2002). Os niveis de leptina parecem apresentar uma variacdo circadiana e
estas variacOes tém sido associadas as variagbes minuto-a-minuto do LH. A leptina pode,
portanto, ser responsavel por informar ao cérebro a quantidade critica de reservas de gordura
necessaria para a secre¢ao do hormoénio liberador de LH, do préprio LH, e para a ativacdo do
eixo hipotalamo-hipofise-gbnadas (Mantzoros, 2000).

O uso de soro antileptina injetado no ventriculo cerebral de ratos levou a uma
diminuicdo dos pulsos de LH (Carro et al., 1997). A leptina esta relacionada ndo s6 com a
manutencgéo da pulsatilidade do LH (Licinio et al., 1998; Fenichel et al., 2008), mas também
com o surto pré-ovulatorio que leva a ovulagao (Quennell et al., 2009). Dentro do ciclo diério
existe uma relacéo estreita entre a taxa de metabolismo e a pulsatilidade de LH. Este padrdo

parece ser resultado da mudanca na disponibilidade de combustiveis metabdlicos (Fenichel et
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al., 2008) pois a resposta do eixo reprodutivo a mudancas no estado nutricional parece ser
répida (Sullivan et al., 2003). Por exemplo, 0 jejum acompanhado da queda nos niveis de
leptina esta associado a reducdo da atividade secretoria do LH em varias espécies
(Cunningham et al., 1999). Um estudo demonstrou que a cepa transgénica de camundongos
que expressa leptina exageradamente tem a sua puberdade acelerada (Yura et al., 2000). Os
autores notaram, porém, o aparecimento de hipogonadismo hipogonadotréfico de inicio tardio
nestes mesmos animais. Tal estudo confirma a importancia da leptina na reproducdo, mas
aponta para os possiveis efeitos detrimentais da hiperleptinemia a longo prazo sobre o eixo
hipotalamo-hipdfise-gdnadas.

Em nivel periférico os receptores de leptina sdo encontrados nas células da granulosa e
da teca, nos odcitos, nos embrides pré-implantados e no endométrio de humanos (Cervero et
al., 2005). O mRNA da leptina e a leptina per se sdo expressos na teca, na célula da granulosa,
trompas de falopio e endométrio (Cioffi et al., 1997; Cervero et al., 2005; Craig et al., 2005).
A leptina tem mostrado influenciar os efeitos das gonadotrofinas, da insulina e do fator de
crescimento semelhante a insulina-1 (IGF-1), sobre a esteroidogénese ocorrida em células
ovarianas humanas isoladas (Agarwal et al., 1999). A leptina correlaciona-se com os niveis de
progesterona ao longo de todo o ciclo menstrual (Hardie et al., 1997), e os receptores de
leptina nos odcitos devem influenciar o desenvolvimento e a maturacdo oocitéria (Craig et al.,
2005). No ovario acredita-se que a leptina possa afetar o ciclo menstrual através de um efeito
inibitério direto no desenvolvimento dos foliculos (Moschos et al., 2002). Este efeito é
sustentado por haver receptores de leptina nas células foliculares. Estes receptores parecem
mediar a reducdo da esteroidogénese induzida por leptina in vitro em ambos, célula da
granulosa e da teca, em estudos com animais (Moschos et al., 2002; Metwally et al., 2008a).
Os niveis séricos de leptina variam ao longo do curso do ciclo menstrual, aumentando durante
a fase folicular tardia e a fase lutea. A razdo para este aumento ndo esta clara, mas isto pode
ser o resultado de um aumento na producdo de leptina pelos adipdcitos em resposta a uma
ingestdo caldrica aumentada, pela liberacdo hipotalamica de neuropeptideo Y, ou pela
liberacdo de leptina do foliculo maduro (Riad-Gabriel et al., 1998).

Apds a puberdade, a quantidade de leptina que chega ao cérebro é maior em mulheres
do que em homens, como um resultado da maior concentragdo de leptina no fluido
cerebroespinhal de mulheres (Schwartz et al., 1996). Isto sugere que mulheres podem ser mais
resistentes a acdo da leptina e, portanto, necessitam de niveis maiores para atingir uma
resposta adequada (Schwartz et al., 1996). Adicionalmente, o0 excesso de leptina,

caracteristico da obesidade, tem importantes efeitos reprodutivos. O excesso de leptina tem
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mostrado ser detrimental a reproducdo em multiplos niveis do eixo hipotalamo-hipofise-
gbnadas.

Ambos, 0s ovarios e 0s testiculos, expressam numero adequado de receptores de
leptina. No entanto, se as concentracdes de leptina no sangue excedem certo nivel, a
esteroidogénese dos hormonios sexuais € reduzida por supressao direta das gbnadas (Baldelli
et al., 2002). Existem multiplos outros mecanismos propostos para a faléncia reprodutiva em
consequéncia dos niveis alterados de leptina, incluindo, além da secrecdo anormal de
gonadotrofinas, o impedimento da foliculogénese, a apoptose da célula da granulosa e a
implantacdo defeituosa (Malik et al., 2001; Hamm et al., 2004).

Em mulheres obesas, a exposi¢cdo dos ovarios a concentracbes mais elevadas de
leptina inibem a producéo de estradiol pelas células da granulosa, como uma resposta ao FSH
e ao IGF-1. Além disto, a producdo de androstenediona pelas células internas da teca, como
um resultado da estimulagdo do LH e do IGF-1, também esta inibida. Isto resulta em um
déficit de maturacdo do foliculo, causando ciclos anovulatérios (Michalakis et al. 2013).

A hiperleptinemia reduz o desenvolvimento de odcitos desnudados a metafase Il em
culturas de foliculos de ratos in vitro (Swain et al., 2004). Entretanto, embriGes expostos a
leptina ndo alteraram o desenvolvimento ou a incubagdo do blastécito (Swain et al., 2004). Os
dados em animais e humanos ndo sdo inteiramente consistentes a respeito dos efeitos da
leptina sobre a esteroidogénese ovariana/folicular, meiose do o6cito ou desenvolvimento
embrionario. Entretanto, estes dados demonstram que o excesso de leptina, caracteristica da
obesidade, ou a administracdo exdgena de leptina para perda de peso tem impacto em uma
variedade de tecidos reprodutivos.

Além destes aspectos, a influéncia da leptina sobre o desenvolvimento folicular e a
maturacdo oocitaria também pode ter importantes implicacdes para a inducdo oocitaria em
procedimentos de reproducdo assistida (Brannian; Hansen 2002; Spicer, 2001). Os niveis de
leptina tém mostrado ser significativamente mais elevados durante protocolos de
hiperestimulacdo ovariana controlada (Lindheim et al., 2000), consequentemente, niveis mais
elevados de leptina em pacientes obesas que sdo submetidas a ciclos de fertilizacdo in vitro
podem inibir a resposta ovariana ao estimulo das gonadotrofinas e, desta forma, explicar
porgue pacientes obesas apresentam respostas precarias durante hiperestimulacdes ovarianas
(Karlsson et al., 1997; Spicer, 2001).

A leptina também parece exercer um papel importante no desenvolvimento e clivagem
primaria do embrido (Brannian; Hansen 2002), na regulacdo do crescimento e

desenvolvimento fetal, na hematopoiese embrionaria, e na angiogénese fetal e placentaria
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(Metwally et al., 2008a). Outros estudos tém sugerido um efeito negativo da obesidade sobre
a qualidade do odcito e do embrido (Wittemer et al., 2000; Metwally et al., 2007). E possivel
que a obesidade tenha um efeito adverso em ambos, sobre o endométrio e sobre o o6cito ou o
embrido. Entretanto, este efeito precisa ser melhor investigado (Metwally et al., 2008a). Por
fim, outros trabalhos sugerem que a leptina deve exercer um papel importante em outros
orgdos-alvo reprodutivos, como o endométrio e as glandulas mamarias, e também influenciar
importantes funcdes como a lactacéo e a prevencéo de abortos (Moschos et al., 2002; Henson;
Castracane 2000).

2.5.2 GRELINA

A grelina ¢ um horménio que foi identificado em ratos por Kojima et al., em 1999.
Origina-se da palavra Ghre, que significa growth hormone release, e revela sua primeira
funcdo identificada, que consiste na sua ligacdo ao Receptor do Hormdnio de Crescimento
(GHS-R1), estimulando sua liberacdo. Os receptores GHS-R1 estdo particularmente
concentrados no SNC, mas estdo presentes também em outras areas como em tecidos
periféricos, endocrinos e nao endocrinos (Kojima et al.,, 2001; Muccioli et al., 2002;
Gnanapavan et al., 2002). Assim, a grelina apresenta efeitos que incluem: 1) regulacdo da
secrecdo lactotrofica e corticotréfica, e do eixo gonadal; 2) atividade orexigena acoplada ao
controle do gasto energético; 3) controle da motilidade gastrica e secrecdo de &cido; 4)
controle da funcdo pancreéatica exdcrina e enddcrina (Muccioli et al., 2002; Yoshihara et al.,
2002), entre outras. Apesar de a grelina poder exercer varias acdes bioldgicas, seu papel na
regulacdo da homeostase energética é geralmente visto como sua funcdo mais importante
(Cummings, 2006).

A grelina é um peptideo composto por 28 aminoacidos e encontrada sob duas
isoformas, a forma acilada e a ndo-acilada. A acilacdo sofrida pela molécula é exclusiva da
grelina e € necessaria para o peptideo atravessar a barreira hemato-encefalica e essencial para
ligar-se a seu receptor classico, 0 GHS-R1. Consequientemente, muitas das acdes bioldgicas
da grelina, especialmente aquelas envolvendo efeitos enddcrinos e anabodlicos, requerem a
acilacdo da grelina (van der Lely et al., 2004). O estdémago é o principal sitio de sintese de
grelina. Este peptideo também é encontrado em outras por¢des do trato gastrintestinal,
incluindo o duodeno, o ileo e o colon (Sato et al., 2005; Volante et al., 2002; Iglesia et al.,
2004), com a concentracdo diminuindo em direcdo ao célon. Uma quantidade menor de

grelina é produzida em outros diversos tecidos como os pulmdes, as ilhotas pancreaticas,
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gbnadas, cortex adrenal, placenta, rins e outros (Mota; Zanesco 2007; Kojima et al., 1999; van
Der Lely et al., 2004).

O SNC recebe os sinais relacionados a saciedade proveniente do trato gastrintestinal
via aferentes vagais e humoralmente através de peptideos derivados do trato gastrintestinal. A
grelina acilada atravessa a barreira hemato-encefélica e estimula a ingestdo de alimentos
atuando nestes sitios do sistema nervoso central (Karhunen et al., 2008). O efeito da grelina
na ingestdo de alimentos é independente da secrecao de GH e parece ser mediado via AgRP,
pelo caminho dos receptores de melanocortina e pela ativacdo do caminho dos receptores de
NPY no hipotalamo (Muccioli et al., 2002; Shintani et al., 2001; Monteleone et al., 2003).

A grelina estimula a ingestdo alimentar de curto prazo mais do que qualquer outra
molécula exceto o NPY, ao qual ela é aproximadamente equipotente (Asakawa et al., 2001;
Wren et al., 2001) e é a Unica que tem a habilidade de estender seu efeito se injetada tanto
central como perifericamente. E também a Gnica substancia dos mamiferos que tem mostrado
aumentar o apetite e a ingestdo alimentar quando liberada, em humanos (Wren et al., 2001,
Neary et al., 2004). Além disto, os niveis de grelina em humanos sdo rapidamente suprimidos
pela ingestdo de nutrientes (Tschop et al., 2001a), e perfis plasmaticos de 24 horas revelam
um marcante aumento pré-prandial e diminuicdo pds-prandial de grelina a cada refeicdo
(Cummings; Purnell 2001; Cummings et al., 2002; Weigle et al., 2003). Sua administracdo
cronica aumenta de forma duradoura o peso corporal, como resultado de seu efeito anabélico
na ingestdo de alimentos, gasto energético e utilizacdo de combustiveis (Tschop et al., 2001b;
Asakawa et al., 2001; Wren et al., 2001). Tem sido estabelecido que os niveis circulantes de
grelina estdo associados ao estado nutricional e deve servir como um indicador de balango
energético de curto prazo (Shintani et al., 2001; Tschop et al., 2001b).

As concentracOes de grelina variam no organismo de acordo com o estado nutricional.
Seus niveis estdo reduzidos em individuos obesos, elevados em individuos magros e muito
elevados em pacientes com caquexia, refletindo as diferentes necessidades de consumo
alimentar (Gibson et al., 2010; Otto et al., 2001). Tem sido sugerido que os baixos niveis de
grelina em obesos devem refletir uma adaptacdo compensatdria visando a redu¢do da ingestao
alimentar (Tschop et al., 2001a). Portanto, a resisténcia a grelina ndo existe claramente em
individuos obesos (Druce et al., 2005), assim como ocorre com a leptina. No entanto, a queda
pos-prandial nos niveis de grelina esta reduzida em pacientes obesos (English et al., 2002),
comprometendo potencialmente o término da refeicdo e, consequentemente, a redugdo do

consumo alimentar (Cummings et al., 2002).



34

Adicionalmente, trabalhos mostram que os niveis de grelina flutuam ndo apenas em
resposta ao estado nutricional, jejum e a alimentacdo, mas também sensivelmente a
composicao da dieta (Erdmann et al., 2004; Al Awar et al., 2005; Tannous dit EI Khoury et
al., 2006). Mudancas poés-prandiais na grelina plasmatica parecem ser dependentes da
composicdo de macronutrientes da refeicdo (Erdmann et al., 2004; Al Awar et al., 2005).
Acredita-se que a ingestdo de energia suprima a grelina, em ratos e seres humanos, em uma
ordem de eficcia de: carboidratos > proteinas > lipidios (Cummings, 2005). Além disto,
quando o aporte calorico das refeicdes € variado, mas o volume, a distribuicdo de
macronutrientes, e todos 0s outros componentes sdo mantidos constantes, a intensidade e a
duracdo da supressdo da grelina prandial é dose-dependente relacionada com o aporte de
calorias ingeridas (Le Roux et al., 2005).

Tem sido sugerido que em termos de resposta metabdlica a ingestdo de alimentos, as
mudangas nos niveis de glicose e insulina seriam o principal mecanismo determinante da
supressao de grelina. A ingestdo de aclcar suprime a secrecdo de grelina (Tschop et al., 2000)
0 que indica o efeito inibitorio direto da glicose sobre a grelina. A observacdo de que a
insulina e a grelina tem perfis de secrecdo de 24 horas inversos, e que as duas estdo
envolvidas na resposta fisiologica a ingestdo de alimentos, tem levado a hipotese de que a
insulina regula a secrecdo de grelina e vice-versa (Cummings, 2005). Existe uma associa¢éo
negativa entre a secrecdo de grelina e insulina (Cummings; Purnell 2001; Tschop et al.,
2001b) que deve refletir a influéncia inibitéria da insulina sobre a secrecdo e a sintese de
grelina (Saad et al., 2002).

Embora a insulina e a glicose sanguinea tenham um papel relevante no controle da
secrecdo de grelina, outros mediadores fisioldgicos parecem estar envolvidos. (Cummings;
Schwartz 2003; Gelling et al., 2004). A verdadeira causa da supressdao de grelina induzida
pela refeicdo ainda € incerta, ndo se sabe se é a resposta metabdlica, fatores mecanicos, a
presenca de nutrientes no intestino, o estimulo do sabor induzido pelo alimento ou a liberacdo
de horménios entéricos (Overduin et al., 2005). Portanto, at¢ o momento, ndo é possivel
determinar o mecanismo preciso responsavel pelas diferentes acdes supressivas da dieta sobre

a grelina circulante.

2.5.2.1 GRELINA E FERTILIDADE

O efeito da grelina como sinalizador periférico de reserva energética e o efeito

reprodutivo comprovado de outros reguladores do balanco energético como a leptina,



35

demonstram ser possivel que a grelina possa contribuir para o controle funcional do eixo
reprodutivo e sua integracdo com o balango energético (Barreiro; Tena-Sempere 2004).

Uma grande quantidade de evidéncias indica que a grelina participa da regulacédo da
fisiologia reprodutiva com efeitos sistematicos em diversos niveis do sistema reprodutivo, e
também com acdo direta em nivel de gbnadas onde a expressdo de grelina e a expressao do
receptor GHS-R1 de grelina tém sido reportados (Tanaka et al., 2003; Tena-Sempere et al.,
2002, 2008; Barreiro; Tena-Sempere 2004; Tena-Sempere, 2005).

Tém sido demonstradas acdes diretas da grelina no eixo hipotalamo-hipdfise. A
administracdo central de grelina suprimiu a secre¢do pulsatil de LH em ratas ovarectomizadas
(Furuta et al., 2001). Um trabalho de Fernandez-Feranadez et al. (2006), demonstrou que a
grelina inibiu a secrecdo de LH in vivo em diferentes estagios do ciclo menstrual de ratas, e
em ratas ovacteromizadas. Adicionalmente, a grelina reduz a liberacdo hipotalamica de GnRH
e a resposta de LH ao GnRH in vitro (Fernandez-Fernandez et al., 2006; Furuta et al., 2001;
Igbal et al., 2006). Em contraste, outros estudos tém mostrado que a grelina estimula de uma
maneira dose-dependente a secrecdo basal de LH e FSH pela hipéfise (Fernandez-Fernandez
et al., 2006).

Em humanos, os efeitos especificos da administracdo de grelina sobre a secrecdo de
LH ainda ndo foram muito estudados. Kluge et al. (2007), demonstraram que a grelina é capaz
de causar atraso e supressdo da amplitude dos pulsos de LH em humanos. Também em
humanos, a grelina inibe significativamente o FSH (Kluge et al., 2009), mas assim como 0s
achados em ratos, a supressdo de LH parece ser mais forte que a de FSH (Kluge et al., 2007).
Outros trabalhos com analises mais detalhadas da pulsatilidade de LH ap6s administracdo de
grelina poderdo ajudar a revelar o efeito da grelina sobre o controle da secrecdo de
gonadotrofinas em humanos.

Em nivel periférico, evidéncias recentes indicam fortemente que a grelina e os
receptores de grelina (GHS-R1a e GHS-R1b) estdo presentes no ovario de mamiferos e ndo
mamiferos (Caminos et al., 2003; Gaytan et al., 2003; Miller et al., 2005; Sirotkin et al., 2006;
Zhang et al., 2008). Dados mostraram informacdes conclusivas sobre a expressdo da grelina
(do RNAm e niveis do peptideo) em ovarios de ratos adultos. Para confirmar a regulacdo
fisiologica da expressdo do gene da grelina no ovario foi conduzida uma avaliagdo dos niveis
de mRNA nos diferentes estagios do ciclo menstrual de ratas (Caminos et al., 2003). Foi
descoberto que, embora fosse encontrada a expressao em todos os estagios testados, 0s niveis
de mRNA variavam significativamente dependendo da fase do ciclo, com o0 menor valor visto

na fase proestrus e 0 maximo durante a fase diestrus (1° dia). Paralelamente, um perfil ciclico
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parecido da expressdo da grelina foi encontrado, com valores de pico durante a fase lUtea.
Estes valores sugerem uma expressdo predominante de grelina na formacdo do corpo luteo
(CL), principalmente quando este entra na sua fase funcional, e os valores comecam a
decrescer a medida que ocorre regressdo ou nova formacdo do mesmo. Estes valores foram
obtidos e confirmados por anélises imunohistoquimicas realizadas no citoplasma de células na
fase lutea (Caminos et al., 2003). O padrdo de crescimento ascendente mostrado pela grelina
na fase lutea também foi verificado para a progesterona. O perfil da expresséo de grelina no
CL coincide com o pico de sua atividade funcional e é paralelo ao padrdo de secrecdo de
progesterona (Caminos et al., 2003).

No ovério humano, as células intersticiais do hilo e o corpo Iuteo jovem e maduro séo
imunoreagentes para grelina (Gaytan et al., 2003). A presenca do GHS-R1a nos foliculos
ovarianos e no corpo lateo sugere um papel regulatorio potencial da grelina produzida
localmente e sistematicamente no controle direto do desenvolvimento folicular e no
funcionamento das células ovarianas. De fato, em cultura de células lGteas da granulosa
humana, a grelina exerce um efeito inibitério sobre a esteroidogénese - producdo de
progesterona e estradiol - atuando através do seu receptor funcional GHS-R1a (Viani et. al.,
2008; Tropea et. al., 2007). A expressdao do receptor GHS-R1a mostrou um padrdo mais
amplo de distribuicdo nos tecidos, com sinais especificos no ovario, células foliculares
somaticas, células intersticiais do hilo e célula lutea em seus diversos estagios de
desenvolvimento (Gaytan et al., 2003). Apesar dos dados obtidos, a maneira como a grelina se
envolve em processos tais como esteroidogénese, angiogénese, remodelacdo dos tecidos e
crescimento do corpo IGteo ainda nédo estdo bem estabelecidos.

Além de todos estes achados, demonstrou-se que a grelina também atua como um
mensageiro quimico que realiza a mediacdo da comunicacdo intracelular. Desta forma, a
grelina pode estar envolvida no processo de transducdo de sinal. O mRNA de ambos, da
grelina e de seu receptor, tém sido detectados na mdrula e em estagios mais avancados do
desenvolvimento embrionéario (Kawamura et al., 2003). Os dados sugerem que niveis
elevados de grelina podem impedir o desenvolvimento de embrides pré-implantados de
camundongos (Muccioli et al., 2011). Adicionalmente, a implantacdo do embrido é um
mecanismo regulado rigidamente e se inicia com mudangas no ambiente uterino, como no
endométrio, para promover uma otima relagdo feto-mde. Enquanto o mRNA do GHS-R1a é
detectado no endométrio ao longo de todo o ciclo menstrual normal, a expressdo de grelina é
observada apenas na fase secretoria do endométrio, principalmente nas células epiteliais

luminais e glandulares (Tanaka et al., 2003). Estes dados apontam para uma possivel fungéo
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da grelina como um regulador da receptividade endometrial humana. Por fim, também foi
observado que o tratamento com niveis elevados de grelina durante a primeira metade da
gestacdo em ratos, reduz o tamanho da ninhada (Barreiro; Tena-Sempere 2004; Fernandez-
Fernandez et al., 2005), sugerindo que a grelina também possa ter relacdo com o
desenvolvimento fetal.

O efeito orexigeno liquido da grelina resulta funcionalmente em oposicdo aqueles
produzidos pela leptina (Wynne et al., 2005), e muitos dados suportam a nocao de que ambos
0s hormdnios atuam de maneira complementar, informando o SNC sobre as reservas do
organismo para a manutencdo da homeostase energética (Muccioli et al., 2011). O mesmo
pode ser verdadeiro para o controle da fungdo reprodutiva. Entdo, levando em conta o fato de
0 eixo reprodutivo ser altamente dependente do estado energético do corpo, a grelina e a
leptina, agindo tanto central quanto perifericamente, podem representar um dos mecanismos

de sinalizac&o ligando o balanco nutricional e o eixo hipotalamo-hip6fise-gonadas.

2.6 DIETA E FERTILIDADE: A INFLUENCIA DO INDICE E CARGA GLICEMICA

Quando a fertilidade ¢ um problema associado a obesidade, a primeira meta de
tratamento é normalizar os niveis séricos de androgénios e restaurar a funcdo reprodutiva,
pela normalizacdo da resisténcia a insulina que pode ser obtida pela perda de peso e gordura
abdominal. A primeira linha de tratamento de mulheres obesas inférteis com ou sem a
sindrome dos ovarios policisticos (PCOS) ¢é, portanto, a mudanca no estilo de vida — MEV
(Pasquali et al., 2003). As MEVs melhoram a fertilidade por que: diminuem o tecido adiposo
(melhorando a sensibilidade a insulina, aumentando os niveis de SHBG, aumentando os ciclos
ovulatérios, melhorando a farmacodindmica das medicacBes e melhorando a funcdo
hipotaldmica); melhoram a funcdo metabdlica do tecido adiposo restante; reduzem a
inflamacdo (Huber-Buchholz et al., 1999; Robker et al., 2011; Gleeson et al., 2011;
Thompson et al., 2012). Uma pequena redugdo de 5 a 10% no IMC de mulheres obesas
inférteis resulta em melhora nos desfechos de todas as formas de tratamento para fertilidade
(Clarck et al., 1998). As mulheres obesas devem ser encorajadas a perder peso por trés razdes:
1) ha uma chance significativa de recuperar a fertilidade natural; 2) h4 maior chance de
sucesso nos procedimentos de reproducéo assistida; e 3) a morbidade e a mortalidade materna
se reduzirdo (Wilkes; Murdoch 2009).

A quase totalidade dos estudos relacionando MEVs e desfechos reprodutivos

envolvem pacientes com PCOS e demonstram que as MEVs (intervencdo de dieta e/ou
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aumento de atividade fisica), permanecem, de fato, sendo a estratégia 6tima de tratamento
para estas mulheres PCOS obesas ou com sobrepeso. Estudos demonstram que uma perda de
peso relativamente pequena (entre 5 a 10%), obtida através de restricdo calorica em longo
prazo (5 a 6 meses), podem melhorar a resisténcia a insulina, o hiperandrogenismo, 0s niveis
de IGF e SHBG, a funcdo menstrual e a fertilidade (Moran et al., 2011a; Parihar, 2003).

Apesar de existir uma explicagdo bioldgica plausivel para a MEV melhorar a
fertilidade, existem poucos estudos randomizados bem controlados que avaliaram o efeito das
MEVs especificamente sobre a fertilidade. Em uma revisdo MclLean e Wellons (2012),
descrevram que muitos dos estudos realizados para avaliar a fungédo reprodutiva sdo estudos
de coorte pequenos ou protocolos observacionais sem grupo placebo, com altas taxas de
desisténcia e marcadores de fertilidade de “segunda linha”.

Os estudos avaliando a perda de peso em pacientes obesos com PCOS incluem de 6 a
143 pacientes, e duracdo de 1 semana até 15 meses. Estes estudos avaliaram diferentes dietas
e reportaram perdas de peso variaveis desde <5 até >15% do peso corporal inicial (Moran et
al., 2009). A maioria dos estudos avaliou dietas de muito baixa caloria (VLED) ou dietas
provendo de 1000 a 1500 kcal/dia (Moran et al., 2009). Além da perda de peso os estudos
também relatam efeitos como: reducdo da gordura visceral, do hiperandrogenismo, da
resisténcia a insulina; aumento do SHBG; melhora na regularidade dos ciclos menstruais; e
aumento nas taxas de ovulacdo e gestacdo (Clarck et al., 1998; Huber-Buchholz et al., 1999;
Moran et al., 2009; Tolino et al., 2005; Holte et al., 1995; Bitzow et al., 2000).

Clark et al. (1995) completaram um estudo de cohort com 13 obesas resistentes ao
citrato de clomifeno e com histdria de pelo menos 2 anos de infertilidade. Todas as pacientes
atrasaram seus tratamentos convencionais para participar de um programa de 6 meses de dieta
e exercicios. Ap6s 4 meses, as pacientes apresentaram uma perda de peso média de 4,3 kg e
92% do grupo obteve ovulacdo neste periodo. Kiddy et al. (1992) demonstraram melhora da
fertilidade apds perda de peso modesta. Eles avaliaram 24 pacientes obesas com PCOS e as
submeteram a uma dieta de 1000 kcal, baixa em gorduras, por um periodo de 6 a 7 meses.
Cinco das 11 mulheres que tinham disfuncdo ovulatéria no inicio do estudo engravidaram
apos perder 5% de seu peso corporal total. Da mesma forma, Crosignani et al. (2003),
encontraram melhoras nas taxas de gestagdo em um grupo de mulheres obesas, anovulatorias,
com perda de peso de apenas 5% de seu peso corporal total. Galletly et al. (1996a) também
encontrou melhoras similares nas taxas de gestacdo durante tratamentos de fertilidade apos
MEV em mulheres que tiveram uma perda de peso modesta (cerca de 6kg). Parihar et al.

(2003) observou que mulheres em um programa de perda de peso apresentaram o retorno da
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fertilidade e da responsividade ao citrato de clomifeno associado & melhora na resisténcia
insulinica e a reducdo na adiposidade central.

Os estudos demonstram que o fator determinante mais importante em uma intervencéao
dietética para perda de peso em mulheres obesas com PCOS parece ser o balanco energético
(Moran et al., 2013). Mas, de uma forma geral, a restricdo cal6rica, com ou sem perda de
peso, parece melhorar a resisténcia a insulina e reduzir os androgénios circulantes em
pacientes PCOS com sobrepeso/obesas e deve ser recomendada para estas pacientes,
associada a uma ingestdo alimentar adequada, com escolha de alimentos saudaveis,
independente da composi¢do da dieta (Moran et al., 2013). A perda de peso substancial,
apesar de desejavel, ndo € essencial para o sucesso da restauracdo da funcdo reprodutiva
nestas pacientes, pois a reducdo da resisténcia a insulina parece estar correlacionada de uma
forma mais proxima com a restauracdo do sucesso dos desfechos reprodutivos (Parihar,
2003). As dietas que provém de 1200 a 1500 kcal/dia parecem ser igualmente benéficas
quando comparadas a dietas mais restritivas, e apresentam melhores taxas de adesdo (Moran
et al.,, 2009). Apesar de a literatura sustentar a restricdo energética como um método para
melhorar o metabolismo e a fertilidade, ainda ndo existe informacdes acerca da quantidade
6tima das calorias a serem restringidas e fertilidade (ACOG, 2005). No entanto, uma dieta
hipocal6rica (com reducdo de 500 a 1000 Kkcal/dia) costuma ser a recomendacdo para
pacientes PCOS com sobrepeso e obesidade (ESHRE/ASRM, 2008; Moran et al., 2009;
Panidis et al., 2013).

Aproximadamente 15% das mulheres submetidas a técnicas de reproducdo assistida
estdo obesas ou com sobrepeso (Lintsen et al., 2005). A taxa de gestacdo para a populacdo
fértil normal é de aproximadamente 20 a 30% por ciclo de tentativa (Taylor, 2003; Wilcox et
al., 1995), com uma taxa cumulativa de sucesso de 84% em um ano (NICE, 2008). Taxas de
sucesso semelhantes também sdo observadas em resposta a procedimentos de reproducdo
assistida - RA (Rowell; Braude 2003), porém o0 excesso de peso das pacientes pode
comprometer estes valores.

O acesso a procedimentos de RA em alguns paises € restrito e como a perda de peso
em mulheres com sobrepeso/obesas tem demonstrado aumentar as taxas de gestacdo natural e
melhorar o curso da gestacdo (Hollmann et al., 1996), as mulheres que apresentam um IMC
acima do limite vém sendo aconselhadas a perderem peso antes de se submetem a
procedimentos de RA. No entanto, as evidéncias sdo limitadas quanto a seguranga e a

efetividade dessa recomendacéo (Sim et al., 2014a).
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Uma revisdo sistematica recente (Sim et al., 2014a) identificou sete estudos que
investigaram o efeito de uma intervencdo dietética em mulheres obesas ou com sobrepeso
antes do tratamento com técnicas de RA (Sim et al., 2014b; Moran et al., 2011b; Clark et al.,
1995; Clark et al., 1998; Galletly et al, 1996b; van Veen et al., 2011; Awartani et al., 2012).
Quatro destes sete estudos reportaram uma melhora significativa nas taxas de gestagdo e/ou
nascidos vivos quando comparados aos grupos controle (Sim et al., 2014b; Clark et al., 1995;
Clark et al., 1998; Galletly et al, 1996b). Dos estudos restantes, dois reportaram uma
tendéncia nao significativa de aumento nas taxas de gestacdo (Moran et al., 2011b; Awartani
et al., 2012) e um estudo reportou uma pequena reducgéo nestes valores (van Veen etal., 2011).
Beneficios clinicos adicionais reportados em consequéncia da perda de peso pela dieta ou por
MEVs incluem a regularizacdo do padrdo menstrual (Clark et al., 1995; Clark et al., 1998), a
reducdo do numero de ciclos de RA necessarios para conseguir a gestacdo (Sim et al., 2014b;
Awartani et al., 2012) e uma reducdo nas taxas de cancelamento de ciclos (Awartani et al.,
2012). Também houve um aumento no nimero de gestacdes naturais naquelas participantes
gue comparativamente perderam mais peso (Sim et al., 2014b; Clark et al., 1995; Clark et al.,
1998; Galletly et al, 1996b), com exce¢do de um estudo (van Veen etal., 2011).

Um ensaio clinico randomizado (Sim et al., 2014b), realizou um protocolo de dieta
VLED por 6 semanas, seguida por uma dieta hipocalérica como parte de uma intervencgéo
multidisciplinar em mulheres obesas. A taxa de gestagdo no grupo intervencdo foi
significativamente maior que no grupo de comparacdo (e incluiu gestacBes naturais),
entretanto as respostas ndo foram tdo boas quando comparadas as MEVs que ndo incluem
VLED. Outro estudo usando VLED (Tsagareli et al., 2006) envolveu 10 mulheres obesas ou
com sobrepeso, das quais, 4 desistiram de seguir no estudo. As demais seguiram uma
intervencdo de VLED parcial seguida por uma VLED completa, ou somente uma VLED
completa por 27-41 dias imediatamente antes da coleta de seus odcitos e subsequente
procedimento de FIV. Este estudo reportou um desfecho de fertilidade pouco promissor;
apesar de as mulheres terem atingido uma perda de peso de 5,6 kg em média, nenhuma das 6
participantes do estudo engravidou e metade das participantes ndo conseguiu nem ao menos
uma simples fertilizag&o.

Apesar de a qualidade geral dos estudos disponiveis ser fraca, essa revisdo sistematica
mostra que a perda de peso obtida através de dieta ou MEVSs com ou sem suporte
comportamental (Sim et al., 2014b; Clark et al., 1995; Clark et al., 1998; Galletly et al,
1996b) relaciona-se com um aumento significativo nas taxas de gestacdo e/ou nascidos vivos

em mulheres obesas ou com sobrepeso submetidas a procedimentos de RA. O estudo que
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envolveu o uso de VLED completa ou VLED parcial seguida por VLDE completa, sugeriu
um desfecho detrimental para a fertilidade em comparagdo com as taxas de gestacdo e
fertilizacdo usuais em resposta a procedimentos de RA. Uma hipotese seria a de que o perfil
hormonal e metabdlico da adesdo a VLED, que envolve uma cetose leve, deve afetar
adversamente a reserva ovariana, o desenvolvimento dos oocitos e/ou a atividade dos eixos
hipotdlamo-hipdfise-gonadas e hipotalamo-hipofise-adrenal (Sainsbury et al., 2012; Seimon
et al., 2013), os quais regulam a funcgéo reprodutiva e a fertilidade.

Por outro lado, observou-se que a perda de peso associou-se com aumento nas
gestacOes naturais (Sim et al., 2014b; Clark et al., 1995; Clark et al., 1998; Galletly et al,
1996b), eliminando a necessidade de tratamento de fertilidade. Além disto, beneficios
adicionais como a regularizacdo do padrdo menstrual, a reducdo do nimero de ciclos de RA
necessarios para obter a gestacdo, e a reducdo das taxas de cancelamento de ciclo também
foram reportados apos intervencGes para perda de peso. Essa revisdo também sugere algumas
diferencas nos desfechos de procedimentos de RA em resposta a diferentes intervengdes para
perda de peso. Pesquisas adicionais sdo necessarias para determinar se algum método em
particular para reducdo de peso é mais adequado para promover desfechos positivos em
procedimentos de RA. No entanto, de uma forma geral, os resultados sustentam a
recomendacdo clinica de aconselhar mulheres obesas e/ou com sobrepeso a perder peso
previamente ao procedimento de RA.

Apesar de os beneficios da perda de peso sobre a melhora do perfil metabdlico e de
fertilidade estar melhor estabelecido, dados em relacdo a melhor composic¢do da dieta ndo
estdo claros. Reduzir a ingestdo de gordura tem sido o foco primario na prevencdo e
tratamento dietético do sobrepeso e da obesidade por mais de vinte anos. No entanto,
alimentos ricos em gordura proporcionam relativamente menos saciedade do que porcdes
isoenergéticas de alimentos ricos em carboidrato ou proteina (Blundell et al., 1995; Holt et al.,
1995). Estudos de intervencdo tém mostrado que dietas ricas em carboidratos ad libitum
promovem uma maior perda de peso quando comparadas a dietas ricas em gordura ad libitum
(Astrup et al., 2000). Em uma revisdo, Seidell et al. (1998) descreveram que em muitos
estudos epidemioldgicos observou-se que a alta ingestdo de gordura na dieta correlaciona-se
com o aumento das taxas de obesidade. Por outro lado, a adesdo aos aconselhamentos
dietéticos padrbes para reducdo da ingestio de gorduras e aumento da ingestdo de
carboidratos na dieta, geralmente associam-se com o0 aumento da carga glicémica da dieta.

Ambos, a quantidade e a qualidade do carboidrato influenciam a glicemia pos-

prandial, e a interacdo entre estes dois fatores provavelmente € sinérgica. Uma dieta ocidental
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tipica é rica em carboidratos e inclui alimentos de alto 1G, os quais sdo digeridos e absorvidos
rapidamente, resultando em uma elevada carga glicémica e uma demanda aumentada de
secrecdo de insulina (Foster-Powell; Brand-Miller 1995; Holt et al., 1997). Em pessoas
resistentes a insulina, que consomem alimentos de alto 1G, a hiperglicemia e a
hiperinsulinemia pds-prandial encontram-se aumentadas, possivelmente contribuindo para a
exaustdo das células B-pancredticas e para o desenvolvimento de DM tipo 2 (Salmeron et al.,
1997a, 1997b). Além disto, também se hipotetiza que a carga glicémica elevada da dieta
aumenta a dificuldade de controlar o peso, pois a rapida digestibilidade dos carboidratos
podem causar flutuagdes marcantes nos niveis sanguineos de glicose e insulina, por sua vez
estimulando a fome (Ludwig et al., 1999) e inibindo a oxidagédo de gordura.

Apesar de a dieta rica em carboidratos ¢ pobre em gordura seguir sendo a “melhor
recomendacdo”, muitos estudos sugerem que dietas ricas em carboidratos e pobre em
proteinas ou com baixa carga glicémica trariam beneficio para a redugdo do peso corporal e
do risco cardiovascular (Ebbeling et al., 2003; Bouche et al., 2002; Pereira et al., 2004;
Brynes et al., 2003; Stern et al., 2004; Sloth et al., 2004; Ebbeling et al., 2005; Noakes et
al.,, 2005). Comparada a dietas padrdo, a restricio ou a modificacdo da ingestdo de
carboidratos pode trazer beneficios no gasto energético (Pereira et al., 2004), concentracdes
de triglicerideos, niveis de colesterol HDL e homeostase de glicose (Hu, 2005). Além disto,
alimentos ricos em carboidratos com baixo IG sdo capazes de manter a sensibilidade a
insulina e aumentar o potencial de perda de peso quando compradas a dietas baixas em
gordura ad libitum (Hu, 2005).

Alimentos com baixo IG podem beneficiar o controle do peso de duas maneiras: 1) por
promoverem a saciedade - um aumento de 50% no IG da refeicdo resulta em uma reducdo de
50% na saciedade (Brand-Miller et al., 2002) e 2) por promoverem a oxidacdo de gordura ao
invés de oxidar carboidratos (Brand-Miller et al., 2002). Uma revisao realizada por Ludwig et
al. (2000), demonstrou que 16 de 17 estudos analisados confirmaram que refei¢cbes com baixo
IG aumentaram a plenitude de forma mais extensa quando comparada a refeicdes de alto 1G.

Apds o consumo de uma refeicdo de alto IG, as concentracdes de insulina aumentam
dramaticamente, com o objetivo de reduzir rapidamente os niveis de glicose e acidos graxos
livres, frequentemente a niveis mais baixos que os de jejum. Assim, entre 3 a 5h apods o
consumo, a concentracdo de dois dos maiores combustiveis metabdlicos circulantes esta
reduzida simultaneamente, uma situagcdo que pode ser interpretada pelo sistema nervoso
central como um “estado baixo de combustivel” (Ludwig et al., 2000). A solicitagdo

espontanea por refeicdes (cegada para o tempo), em humanos, teve correspondéncia com o



43

declinio transitério nas concentracdes sanguineas de glicose durante o periodo pds-absortivo
(Melanson et al., 1999). Além disto, a exposicdo prolongada a hiperglicemia e a
hiperinsulinemia cronica resulta na expressdo reduzida de enzimas limitantes e altera o
potencial para oxidacdo de gorduras. Uma capacidade reduzida de oxidar acidos graxos esta
presente em alguns humanos obesos e também em ratos propensos a obesidade (Simoneau et
al., 1999; Commerford et al., 2000), e isto, em longo prazo, pode levar ao acimulo de
gordura corporal.

O consumo de dietas ricas em carboidratos resulta em hiperglicemia e
hiperinsulinemia pos-prandial recorrente. Isto é acentuado em pessoas sedentarias que estdo
com sobrepeso, sdo insulino-resistentes, ou ambos. Como consequéncia, a oxidacdo de
carboidratos € maior, e a oxidacdo de gorduras € menor ao longo do periodo pos-prandial. A
expressao de enzimas envolvidas na sintese de lipidios esta aumentada e a expressao daquelas
envolvidas na oxidacdo de lipidios esta reduzida. Os estoques de glicogénio no figado e no
musculo sdo mantidos em niveis mais altos com dietas de alto 1G, mas o uso de glicogénio e
também a gliconeogénese podem estar elevadas. As respostas dos horménios
contrarregulatorios (por exemplo, cortisol e noradrenalina) também estdo elevadas devido ao
rebote hiperglicemia-hipoglicemia no periodo pds-prandial. Isto estimula a gliconeogénese a
partir de aminoacidos gliconeogénicos, assim como estimula o inicio da refeicdo em
individuos que se alimentam livremente. Desta forma, o periodo de 0-6 horas ap6s 0 consumo
de uma dieta de alto IG esta caracterizado por uma maior dependéncia de carboidrato e
proteina como fonte de combustivel e menos dependente de gordura. Como 0s estogues de
carboidratos e proteinas sdo limitados, a sua maior taxa de utilizacdo possivelmente estimula
0 apetite e encoraja 0 consumo excessivo de alimentos (Brand-Miller et al., 2002).

Estudos de curto e longo prazo em humanos e animais trazem evidéncias de que a
dieta de alto IG, de fato, afeta o apetite e a metabolizacdo de nutrientes de forma a promover o
acumulo de gordura corporal. Agus et al. (2000) avaliou o efeito de dietas hipocaléricas, uma
com alto e outra com baixo IG sobre os perfis hormonal e fisioldgico de individuos com
sobrepeso, por 9 dias. Os autores demonstraram que houve maior declinio no gasto
energeético, o balango nitrogenado teve uma tendéncia a ser mais negativo e o apetite maior
em resposta a dieta de alto 1G. Howe et al. (1996) demonstraram que uma dieta de baixo IG a
base de amido rico em amilose por 14 semanas pareceu aumentar a retengdo protéica quando
comparada com a dieta a base de amido de alto IG, em ambos homens normais e
hiperinsulinémico. Em uma revisdo, Brand-Miller et al. (2002) descreve que em alguns

estudos com modelos animais demonstrou-se que o amido de alto IG causa aumento no
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acumulo de gordura visceral e reduz a capacidade lipolitica apesar de a ingestdo de energia e
macronutrientes terem sido precisamente controladas.

Um estudo realizado por McMillan-Price et al. (2006), testou o efeito de 4 dietas com
diferentes cargas glicémicas sobre o risco cardiovascular em adultos com
sobrepeso/obesidade. A dieta 1 consistia em 55% carboidrato, 15% proteina e alto 1G; a dieta
2 consistia em 55% carboidrato, 15% proteina e baixo 1G; a dieta 3 consistia em 45%
carboidrato, 25% proteina e alto IG; e a dieta 4 consistia em 45% carboidrato, 25% proteina e
baixo IG. Os autores observaram que a perda de peso percentual foi semelhante em todos os
grupos, entretanto, as dietas 2 e 3 tiveram uma maior propor¢do de individuos que atingiram a
meta de perder 5% ou mais do peso corporal. Ocorreu aumento dos niveis de LDL na dieta 3,
porém, a dieta 2 reduziu os niveis de LDL. Os autores concluiram que ambas, as dietas ricas
em proteinas e as com baixo IG aumentaram a perda de peso, mas a reducdo do risco
cardiovascular foi otimizada pela dieta rica em carboidrato e baixo IG.

Existem poucos estudos que avaliaram a fertilidade e dietas com diferentes
macronutrientes. Em teoria, dietas com baixo indice glicémico ou altas em proteinas, as quais
melhorariam a resisténcia a insulina, poderiam ser mais efetivas para mulheres com PCOS
(Anderson et al., 2010). Dietas ricas em carboidratos, especialmente aquelas com alto indice
glicémico, estdo associadas com risco aumentado de infertilidade anovulatéria (Chavarro et
al., 2009), assim como dietas ricas em gorduras trans (Chavarro et al., 2007) e proteina animal
(Chavarro et al., 2008). Apesar de a dieta de alto IG poder mediar seus efeitos diretamente
como resultado da hiperglicemia ou indiretamente pelos niveis alterados de sensibilidade a
insulina e androgénios, a dieta rica em gordura trans parece impedir a fertilidade via
lipoperoxidacdo (Wu et al., 2010).

Estudos envolvendo pacientes com PCOS mostraram que a substituicdo dos
carboidratos por proteinas ndo resultou em nenhuma melhora adicional na sensibilidade a
insulina quando comparada a dieta rica em carboidratos (Marsh et al., 2005; Farshchi et al.,
2007; Liepa et al., 2008; Moran et al., 2003; Stamets et al., 2004). Por outro lado, um estudo
cruzado conduzido por Douglas et al., (2006) demonstraram que uma dieta moderada a baixa
em carboidratos (43%) conduzida por 16 dias, reduziu os niveis de insulina das mulheres
PCOS, o qual pode, ao longo do tempo, melhorar os desfechos enddcrinos e reprodutivos. Um
estudo realizado em seguida, por Marsh et al., (2010), em 96 mulheres com PCOS confirmou
estes achados: com uma perda de peso apenas modesta (4-5% do peso corporal), a dieta

moderada em carboidrato e de baixo IG proporcionou uma melhora na sensibilidade a
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insulina, melhorou a regularidade menstrual e os escores emocionais quando comparada a
dieta hipocal6rica convencional.

Outro trabalho, um ensaio clinico randomizado cegado simples de 12 semanas,
recrutou 60 mulheres PCOS obesas ou com sobrepeso, as quais foram alocadas
randomicamente para: 1) dieta convencional hipocal6rica (15% de proteina); ou 2) dieta
hipocaldrica modificada, rica em proteina e com baixa carga glicémica (30% de proteina e
alimentos com baixa carga e 1G). O trabalho demonstrou que ambas as dietas reduziram
significativamente o peso corporal e os niveis de androgénios, mas a combinacdo de alta
proteina mais baixa carga glicémica na dieta modificada levou a um aumento na sensibilidade
a insulina e uma reducdo nos niveis de PCR quando comparada a dieta convencional
(Mehrabani et al., 2012).

Moran et al. (2003) randomizaram 45 mulheres obesas com PCOS para uma dieta rica
em proteinas (30% de proteina, 40% de carboidrato, e 30% de lipidio) ou dieta pobre em
proteina (55% de carboidrato, 15% de proteina e 30% de lipidio) e as seguiram por 16
semanas. Ndo houve diferenca no peso corporal ou nas mudangas da composi¢do corporal
entre as dietas. Adicionalmente, ndo houve diferenca entre as dietas na capacidade da
restauragdo da ovulagdo. Entretanto, devido a uma taxa de desisténcia de 37%, o estudo
perdeu o poder para detectar a diferenca.

Chavarro et al (2007b) investigaram o estilo de vida e a fungéo reprodutiva usando
dados do estudo Nurses Health Il, um estudo prospectivo de longo prazo sobre o estilo de
vida e doencas crénicas em enfermeiras. O autor observou que aquelas mulheres que tinham
um maior percentual de ingestdo alimentar diéria provinda de carboidratos tinham um maior
risco de infertilidade ovulatéria do que aquelas mulheres que limitavam o seu consumo de
carboidratos. Além disto, o alto indice glicémico da dieta foi diretamente relacionado a
infertilidade ovulatéria. Os autores também observaram que o consumo elevado de gordura
saturada estava relacionado com o aumento no risco de infertilidade ovulatéria, e que obter
proteinas de fontes vegetais ao invés de fontes animais reduziria este risco. Resumidamente,
Chavarro et al. (2007b), fazem as seguintes recomendacdes nutricionais para melhorar a
ovulagéo e a fertilidade: cortar gorduras trans da dieta, escolher gorduras insaturadas para
cozinhar, escolher fontes de proteinas vegetais em detrimento das animais, e escolher graos
integrais ao invés de carboidratos simples e refinados.

De uma forma geral, parece que uma dieta com 50% das calorias totais provindas de
carboidratos (preferencialmente com baixo 1G), 30% de lipidios (preferencialmente gordura

mono ou poliinsaturada, e menos de 10% de gordura saturada), 20% de proteinas e alta
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quantidade de fibras, seria a mais apropriada para pacientes com PCOS (Moran et al., 2009;
Panidis et al., 2013). Além disto, mesmo que o0s estudos realizados com dietas especificas
sejam heterogénios e uma conclusdo final ndo possa ser tomada, parece eficiente limitar o
consumo de aguUcar e carboidratos refinados, dando preferéncia a produtos com baixo IG, com
0 objetivo de favorecer melhoras metabodlicas. Possivelmente, os efeitos positivos destas
recomendacdes beneficiem também individuos obesos, aprimorando seu controle metabdlico.

Entretanto, mais estudos sdo necessarios para melhor estabelecer e confirmar estes achados.

2.7 CONCEITOS DE INDICE GLICEMICO E CARGA GLICEMICA DA DIETA

O indice glicémico (IG) ¢ um “ranking” de alimentos contendo carboidratos que foi
desenvolvido para classificar sistematicamente estes macronutrientes de diferentes alimentos
de acordo com seus efeitos sob a glicemia pos-prandial. E determinado pela relagio entre a
area abaixo da curva de resposta glicémica duas horas apds o consumo de uma por¢do do
alimento teste e a area abaixo da curva de resposta glicémica correspondente ao consumo de
uma porcao do alimento referéncia. O valor obtido nessa relacdo é multiplicado por 100 e o
IG é expresso em porcentagem (Liu, Willett, 2005). Tanto a glicose como o pdo branco
podem ser utilizados como alimento referéncia na determinagdo do 1G e a porgéo do alimento
teste e do alimento referéncia devem conter a mesma quantidade de carboidrato disponivel
(normalmente 50 gramas) (FAO/WHO, 1998). Alimentos com alto IG (AIG) sdo digeridos e
absorvidos mais rapidamente do que os alimentos com baixo IG (BIG) e promovem, portanto,
maior aumento nas concentragdes plasmaticas de glicose (Jenkins et al., 1986).

Por comparar quantidades iguais de carboidrato, o IG representa uma medida da
qualidade do carboidrato (Foster-Powell et al., 2002). Tendo em vista que a resposta
glicémica é influenciada pela quantidade e pela qualidade do carboidrato consumido
(Sartorelli, Cardoso, 2006), o conceito de carga glicémica (CG) foi introduzido em 1997 na
Universidade de Harvard. A CG é uma medida da quantidade e da qualidade do carboidrato
consumido, sendo obtida pelo produto do IG do alimento e o seu contetdo de carboidrato
disponivel (Liu, Willett, 2005). Quanto maior a CG, maior é a resposta glicémica e
insulinémica provocada pelo alimento (Foster-Powell et al., 2002).

Os valores de 1G e CG tém sido compilados em tabelas. A mais recente e completa
delas foi publicada em 2008 e engloba 2487 itens (Atkinson et al., 2008). Os alimentos podem
ser classificados de acordo com o IG em alto (IG > 70%), médio (IG entre 56 ¢ 69%) ou baixo

(IG < 55%). Em relacdo a CG, os alimentos sdo classificados como tendo alta (CG > 20g),
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média (CG entre 11 e 19g) ou baixa CG (CG < 10g). Nao existem valores definidos para a
classificacdo do IG diério, enquanto que a CG diaria maior do que 120 é classificada como
alta e a CG diaria menor do que 80 é classificada com baixa (www.glycemicindex.com).

A CG diaria ou de uma refeicdo é obtida pela soma da CG de todos os alimentos que
compde a refeicdo ou a dieta em questdo. Para o calculo do IG de uma refeicdo ou diério a
FAO prop6s um padrdo a ser seguido (FAO/WHO, 1998): determina-se primeiramente a
porcentagem de cada alimento em relacdo ao carboidrato total da refeicdo/ dieta, multiplica-se
este valor pelo IG de cada alimento e divide-se esse valor por 100. Somam-se os valores
obtidos para predizer o IG da refeicdo/ dieta. Ha consenso na literatura quanto a utilizacéo
desse padrdo para a determinacdo do IG de refeigdes ou dietas, sendo que sua acuracia
dependente da fidedignidade dos valores de IG de seus componentes (Howlett, Ashwell
2008).

2.8 INTERVENCAO DIETETICA E MEDIDAS DE ADESAO

Qualquer intervencdo dietética requer monitoramento continuo da ingestdo alimentar
para verificar a adesdo ao tratamento. Os métodos mais utilizados para avaliacdo da dieta
ingerida sdo: questionario de frequéncia alimentar; recordatorio de 24 h; registro alimentar
com ou sem pesagem de alimentos. No entanto, como a informagéo depende exclusivamente
da pessoa que esta sendo avaliada, ha necessidade, na maioria das vezes, de desenvolver
certas habilidades no individuo em estudo para diminuir a0 maximo a margem de erros nas
informacdes. A dificuldade de obter confiabilidade plena da ingestdo alimentar € uma questdo
antiga que vem sendo debatida ao longo de muitas décadas. No entanto, apesar dos esfor¢os
para desenvolver métodos com mais acuracia para monitorar a ingestdo alimentar, todos séo
incapazes de evitar o sub-relato (Macdiarmid, Blundell 1998). Black et al. (1991) definem um
registro alimentar valido como sendo “aquele no qual o sujeito se alimenta da mesma forma
como teria feito se ndo estivesse sob observagdo”, 0 que é extremamente dificil, pois a
situagdo de “observacdo” por si artificializa o processo — ¢ o chamado efeito “Hawthorne” ou
“experimentador” (Rosenthal, Rosnow 1991). Registros alimentares invalidos surgem de
diferentes tipos de comportamento, incluindo:

1. Alimento sendo consumido, mas deliberadamente n&o registrado (subregistro
intencional);

2. Consumo alimentar sendo reduzido, ou certos alimentos sendo evitados durante o

periodo do estudo (alteracéo intencional da dieta);
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3. Alimentos sendo consumidos, mas nédo registrados por esquecimento (subregistro
n&o intencional) (Macdiarmid, Blundell 1998).

Diversos estudos mais antigos observaram que o subregistro de consumo alimentar é
mais prevalente em individuos com sobrepeso ou obesidade; do sexo feminino e com mais
idade (Macdiarmid, Blundell 1998). Esta é uma realidade que ainda persiste em estudos mais
recentes (Bothwell et al., 2009; Bartholome et al., 2013), constituindo um constante desafio
para 0s ensaios clinicos baseados em mudancas dietéticas que precisam assegurar a
causalidade dos desfechos encontrados.

Biomarcadores sdo comumente utilizados para a validacao de registros alimentares em
relagdo a nutrientes especificos, por exemplo: nitrogénio urinario, para validar o registro do
consumo proteico; acidos graxos do tecido adiposo para validar o consumo de diferentes
acidos graxos; potassio urinario; vitamina C sérica; e carotenoides séricos. Entretanto, ndo
existem biomarcadores validados para consumo de carboidratos e indice glicémico dos
mesmos. Um dos biomarcadores mais comumente utilizados é o nitrogénio urinario. Moulin
et al. (1998), em um ensaio clinico randomizado com pacientes com diabetes mellitus tipo 2
submetidos a intervencdo dietética com mudanca na qualidade e quantidade de proteinas,
validaram os registros alimentares com pesagem de alimentos através da validacdo do
consumo proteico utilizando nitrogénio urindrio. N&o havendo biomarcadores para tipos de
proteinas consumidas, foi assumido neste estudo que, ndo havendo subregistro do consumo
guantitativo de proteinas, provavelmente o registro do tipo de proteina consumida e dos
demais macro e micronutrientes também foi fidedigno. No entanto, este método ndo pode ser
aplicado a mulheres em idade reprodutiva quando a coleta da urina de 24 h e o registro
alimentar precisam coincidir com o periodo menstrual. Isso é particularmente limitante em

estudos delineados para periodos pré FIV.



49

CAPITULO 11l

3. OBJETIVOS

3.1 OBJETIVO GERAL

Verificar o efeito da dieta hipocalorica de baixo indice e carga glicémica sobre
parametros antropométricos e metabdlicos, niveis de grelina e leptina e desfechos

reprodutivos em mulheres inférteis com excesso de peso candidatas a fertilizagéo in vitro.

3.2 OBJETIVOS ESPECIFICOS

— Comparar os niveis sanguineos de grelina acilada, leptina, glicose, insulina, colesterol
total e fracdes, triglicerideos e horménios sexuais antes e apds o tratamento com dieta;

— Comparar os niveis sanguineos de grelina acilada, leptina, glicose, insulina, colesterol
total e fracdes, triglicerideos e hormonios sexuais entre 0 grupo controle e o grupo
com intervencdo dietética;

— Analisar a correlacdo entre indice de massa corporal, percentual de gordura corporal,
insulinemia, glicemia, perfil lipidico e horménios sexuais com os niveis sanguineos de
leptina, grelina acilada e desfechos reprodutivos;

— Verificar e comparar a quantidade de gonadotrofinas necessaria para estimular a
ovulacdo nas pacientes do grupo intervencdo e grupo controle;

— Descrever e comparar resposta ovariana, qualidade oocitaria e embrionaria, taxa de

fertilizacdo e gestacdo de cada grupo ap6s o periodo de intervencéo.
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CAPITULO IV

4. HIPOTESES

Com base na literatura, levantam-se as seguintes hipoteses:

H1 — A intervencéo dietética sera eficaz para a perda de peso e diminuicdo dos niveis
de gordura corporal.

H2 — A intervencdo dietética sera eficaz em aprimorar a insulinemia, o perfil
glicémico e lipidico;

H3 — Ocorrera aumento nos niveis de grelina acilada e diminuicdo dos niveis de
leptina ao final do periodo de intervencao no grupo com intervecdo dietética;

H4 - Haverd correlacdo dos niveis de grelina acilada, leptina e dos desfechos
reprodutivos com os parametros antropométricos, metabolicos e hormonais.

H5 - As pacientes que foram submetidas a intervencdo dietética necessitardo de
guantidades menores de gonadotrofinas para estimular a ovulacdo quando comparadas as
pacientes do grupo controle;

H6 — Havera desfechos reprodutivos mais favordveis no grupo com intervencéo

dietética quando comparado ao sem intervencao.



51

REFERENCIAS

1.

10.

11.

12.

13.

14.

15.

16.

17.

ACOG Committee on Gynecologic Practice. ACOG committee opinion. Number 319,
October 2005. The role of obstetrician-gynecologist in the assessment and management
of obesity. Obstet Gynecol. 2005;106(4):895-9.

Adami GF, Civalleri D, Cella F, Marinari G, Camerine G, Papadia F, et al. Relationship
of serum leptin to clinical and anthropometric findings in obese patients. Obesity
Surgery. 2002;12(5):623-7.

Adashi EY, Hsueh AJ, Yen SS. Insulin enhancement of luteinizing hormone and follicle-
stimulating hormone release by cultured pituitary cells. Endocrinology. 1981;108:1441—
9.

Agarwal SK, Vogel K, Weitsman SR and Magoffin DA. Leptin antagonizes the insulin-
like growth factor-1 ugmentation of steroidogenesis in granulosa and theca cells of the
human ovary. J Clin Endocrinol Metab. 1999;84:1072-1076.

Agus MSD, Swain JF, LarsonCL, Eckert EA, Ludwig DS. Dietary composition and
physiologic adaptations to energy restriction. Am J Clin Nutr. 2000;71:901-7.

Ahima RS, Flier JS. Adipose tissue as an endocrine organ. Trends Endocrinol Metab.
2000a;11:327-332.

Ahima RS, Flier JS. Leptin. Annu Rev Physiol. 2000b;62:413-37.

Al Awar R, Obeid O, Hwalla N, Azar S. Postprandial acylated ghrelin status following fat
and protein manipulation of meals in healthy young women. Clin Sci. 2005;109:405-11.

Anderson K, Norman RJ, Middleton P. Preconception lifestyle advice for people with
subfertility. Cochrane Database Syst Rev. 2010;(4):CD008189.

Asakawa A, Inui A, Kaga T, Yuzuriha H, Nagata T, Ueno N, et al. Ghrelin is an appetite-
stimulatory signal from stomach with structural resemblance to motilin.
Gastroenterology. 2001;120:337-45.

Astrup A, Grunwald GK, Melanson EL, Saris WH, Hill JO. The role of low-fat diets in
body weight control: a meta-analysis of ad libitum dietary intervention studies. Int J Obes
Relat Metab Disord. 2000;24:1545-52.

Atinkson FS, Foster-Powell K, Brand-Miller J.C. International Tables of Glycemic Index
and Glycemic Load Values: 2008. Diabetes Care. 2008;31(12):2281-2283.

Awartani KA, Al-Sahan N, Al-Hassan SH, Coskun S. Effect of weight loss in morbidly
obese infertile women on IVF outcome. Fertil Steril. 2012;98: S204.

Baldelli R, Dieguez C, Casanueva FF. The role of leptin in reproduction: experimental
and clinical aspects. Ann Med. 2002;34(1):5-18.

Barash 1A, Cheung CC, Weigle DS, Ren H, Kabigting EB, Kuijper JL, Clifton DK,
Steiner RA. Leptin is a metabolic signal to the reproductive system. Endocrinology.
1996;137(7):3144-3147.

Barreiro ML, Tena-Sempere M. Ghrelin and reproduction: a novel signal linking energy
status and fertility? Mol Cell Endocrinol. 2004;226:1-9. Barter PJ, Nestel PJ. Precursors
of plasma triglyceride fatty acids in obesity. Metabolism. 1973;22:779-783.

Bartholome LT, Peterson RE, Raatz SK, Raymond NC. A comparison of the accuracy of
self-reported intake with measured intake of a laboratory overeating episode in


http://www.ncbi.nlm.nih.gov/pubmed/11159873?ordinalpos=3&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/11159873?ordinalpos=3&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed?term=Ren%20H%5BAuthor%5D&cauthor=true&cauthor_uid=8770941
http://www.ncbi.nlm.nih.gov/pubmed?term=Kabigting%20EB%5BAuthor%5D&cauthor=true&cauthor_uid=8770941
http://www.ncbi.nlm.nih.gov/pubmed?term=Kuijper%20JL%5BAuthor%5D&cauthor=true&cauthor_uid=8770941
http://www.ncbi.nlm.nih.gov/pubmed?term=Clifton%20DK%5BAuthor%5D&cauthor=true&cauthor_uid=8770941
http://www.ncbi.nlm.nih.gov/pubmed?term=Steiner%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=8770941

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.
29.

30.

31.

32.

33.

52

overweight and obese women with and without binge eating disorder. Eur J Nutr.
2013;52(1):193-202.

Bergh C, Carlsson B, Olsson JH, Selleskog U, Hillensjé T. Regulation of androgen
production in cultured human thecal cells by insulin-like growth factor | and insulin. Fertil
Steril. 1993;59(2):323-31.

Black AE, Goldberg GR, Jebb SA, Livingstone MBE, Cole TJ, Prentice AM. Critical
evaluation of energy intake data using fundamental principles of energy physiology
2.Evaluating the results of published surveys. Eur J Clin Nutr. 1991;45:583-599.

Blundell JE, Cotton JR, Delargy H, Green S, Greenough A, King NA, Lawton CL. The
fat paradox: fat-induced satiety signals versus high fat overconsumption. Int J Obes.
1995;19:832-5.

Boden G. Role of fatty acids in the pathogenesis of insulin resistance and NIDDM.
Diabetes. 1997;46:3-10.

Bolumar F, Olsen J, Rebagliato M, Saez-Lloret I, Bisanti L. Body mass index and
delayed conception: a European Multicenter Study on Infertility and Subfecundity. Am J
Epidemiol. 2000;151(11):1072-1079.

Boots C, Stephenson MD. Does obesity increase the risk of miscarriage in spontaneous
conception: a systematic review. Semin Reprod Med. 2011;29:507-513.

Bothwell EKG, Ayala GX, Conway TL, Rock CL, Gallo LC, Elder JP. Underreporting of
Food Intake among Mexican/Mexican-American Women: Rates and Correlates. J Am
Diet Asso. 2009;109(4):624-632.

Bouche C, Rizkalla SW, Luo J, et al. Five-week, low—glycemic index diet decreases total
fat mass and improves plasma lipid profile in moderately overweight nondiabetic men.
Diabetes Care. 2002;25:822-828.

Brand-Miller JC, Holt SHA, Pawlak DB, McMillan J. Glycemic index and obesity. Am J
Clin Nutr. 2002;76(suppl):281S-5S.

Brannian JD, Hansen KA. Leptin and ovarian folliculogenesis: implications for ovulation
induction and ART outcomes. Semin. Reprod. Med. 2002;20: 103-112.

Bray G. Progress in understanding the genetics of obesity. J Nutr. 1997;127:940S-42.

Bray GA. Medical consequences of obesity. J Clin Endocrinol Metab. 2004;89: 2583-
2589.

Brown LM, Clegg DJ, Benoit SC, Woods SC. Intraventricular insulin and leptin reduce
food intake and body weight in C57BL/6J mice. Physiol Behav. 2006;89:687—691.

Brynes AE, Mark Edwards C, Ghatei MA, Dornhorst A, Morgan LM, Bloom SR, Frost
GS. A randomised four-intervention crossover study investigating the effect of
carbohydrates on daytime profiles of insulin, glucose, non-esterified fatty acids and
triacylglycerols in middle-aged men. Br J Nutr. 2003;89:207-218.

Budak E, Fernandez SM, Bellver J, Cerverd A, Simon C, Pellicer A. Interactions of the
hormones leptin, ghrelin, adiponectin, resistin, and PYY3-36 with the reproductive
system. Fertil Steril. 2006;85(6):1563-81.

Butzow TL, Lehtovirta M, Siegberg R, Hovatta O, Koistinen R, Seppéla M, Apter D. The
decrease in luteinizing hormone secretion in response to weight reduction is inversely


http://www.ncbi.nlm.nih.gov/pubmed?term=Selleskog%20U%5BAuthor%5D&cauthor=true&cauthor_uid=8425626
http://www.ncbi.nlm.nih.gov/pubmed?term=Hillensj%C3%B6%20T%5BAuthor%5D&cauthor=true&cauthor_uid=8425626
http://www.ncbi.nlm.nih.gov/pubmed?term=Green%20S%5BAuthor%5D&cauthor=true&cauthor_uid=8589787
http://www.ncbi.nlm.nih.gov/pubmed?term=Greenough%20A%5BAuthor%5D&cauthor=true&cauthor_uid=8589787
http://www.ncbi.nlm.nih.gov/pubmed?term=King%20NA%5BAuthor%5D&cauthor=true&cauthor_uid=8589787
http://www.ncbi.nlm.nih.gov/pubmed?term=Lawton%20CL%5BAuthor%5D&cauthor=true&cauthor_uid=8589787
http://www.ncbi.nlm.nih.gov/pubmed?term=Dornhorst%20A%5BAuthor%5D&cauthor=true&cauthor_uid=12575905
http://www.ncbi.nlm.nih.gov/pubmed?term=Morgan%20LM%5BAuthor%5D&cauthor=true&cauthor_uid=12575905
http://www.ncbi.nlm.nih.gov/pubmed?term=Bloom%20SR%5BAuthor%5D&cauthor=true&cauthor_uid=12575905
http://www.ncbi.nlm.nih.gov/pubmed?term=Frost%20GS%5BAuthor%5D&cauthor=true&cauthor_uid=12575905
http://www.ncbi.nlm.nih.gov/pubmed?term=Frost%20GS%5BAuthor%5D&cauthor=true&cauthor_uid=12575905
http://www.ncbi.nlm.nih.gov/pubmed?term=Cerver%C3%B3%20A%5BAuthor%5D&cauthor=true&cauthor_uid=16759918
http://www.ncbi.nlm.nih.gov/pubmed?term=Sim%C3%B3n%20C%5BAuthor%5D&cauthor=true&cauthor_uid=16759918
http://www.ncbi.nlm.nih.gov/pubmed?term=Pellicer%20A%5BAuthor%5D&cauthor=true&cauthor_uid=16759918

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

53

related to the severity of insulin resistance in overweight women. J. Clin. Endocrinol.
Metab. 2000;85:3271-3275.

Caminos JE, Tena-Sempere M, Gaytan F, Sanchez-Criado JE, Barreiro ML, Nogueiras R,
et al. Expression of ghrelin in the cyclic and pregnant rat ovary. Endocrinology.
2003;144:1594-602.

Carro E, Pinilla L, Seoane LM, Considine RV, Aguilar E, Casanueva FF, Dieguez C.
Influence of endogenous leptin tone on the estrous cycle and luteinizing hormone
pulsatility in female rats. Neuroendocrinology. 1997;66:375-7.

Catalano PM, Ehrenberg HM. The short-and long-term implications of maternal obesity o
the mother and her offspring. BJOG. 2006;113:1126-1133.

Cervero A, Horcajadas JA, Dominguez F, Pellicer A, Simén C. Leptin system in embryo
development and implantation: a protein in search of a function. Reprod Biomed Online
2005;10(2):217-23.

Chavarro JE, Rich-Edwards JW, Rosner BA, Willett WC. Dietary fatty acid intakes and
the risk of ovulatory infertility. Am J Clin Nutr. 2007a;85(1):231-237.

Chavarro JE, Rich-Edwards JW, Rosner BA, Willett WC. Diet and lifestyle in the
prevention of ovulatory disorder infertility. Obstet Gynecol. 2007b;110:1050-58.

Chavarro JE, Rich-Edwards JW, Rosner BA, Willett WC. Protein intake and ovulatory
infertility. Am J Obstet Gynecol. 2008;198(2):210 e211-217.

Chavarro JE, Rich-Edwards JW, Rosner BA, Willett WC. A prospective study of dietary
carbohydrate quantity and quality in relation to risk of ovulatory infertility. Eur J Clin
Nutr. 2009;63(1):78-86.

Chehab FF, Lim ME, Lu R. Correction of the sterility defect in homozygous obese
female mice by treatment with the human recombinant leptin. Nat Genet. 1996;
12(3):318-320.

Cioffi JA, Van Blerkom J, Antczak M, Shafer A, Wittmer S, Snodgrass HR. The
expression of leptin and its receptors in pre-ovulatory human follicles. Mol Hum Reprod.
1997;3(6):467-72.

Clark AM, Ledger W, Galletly C, Tomlinson L, Blaney F, Wang X, Norman RJ. Weight
loss results in significant improvement in pregnancy and ovulation rates in anovulatory
obese women. Hum Reprod. 1995;10(10):2705-12.

Clark AM, Thornley B, Tomlinson L, Galletley C, Norman RJ. Weight loss in obese
infertile women results in improvement in reproductive outcome for all forms of
fertility treatment. Hum Reprod. 1998; 13: 1502—-1505.

Commerford SR, Pagliassotti MJ, Melby CL, Wei Y, Gayles EC, Hill JO. Fat oxidation,
lipolysis, and free fatty acid cycling in obesity-prone and obesity-resistant rats. Am J
Physiol Endocrinol Metab. 2000;279:E875-85.

Craig JA, Zhu H, Dyce PW, Zhu H, Dyce PW, Wen L, Li J. Leptin enhances porcine
preimplantation embryo development in vitro. Mol Cell Endocrinol. 2005;229(1-2):141—
7.

Crosignani PG, Colombo M, Vegetti W, Somigliana E, Gessati A, Ragni G.Overweight
and obese anovulatory patients with polycystic ovaries: parallel improvements in
anthropometric indices, ovarian physiology and fertility rate induced by diet. Hum
Reprod. 2003;18(9):1928-32.


http://www.ncbi.nlm.nih.gov/pubmed?term=Dieguez%20C%5BAuthor%5D&cauthor=true&cauthor_uid=9430442
http://www.ncbi.nlm.nih.gov/pubmed?term=Pellicer%20A%5BAuthor%5D&cauthor=true&cauthor_uid=15823226
http://www.ncbi.nlm.nih.gov/pubmed?term=Sim%C3%B3n%20C%5BAuthor%5D&cauthor=true&cauthor_uid=15823226
http://www.ncbi.nlm.nih.gov/pubmed?term=Shafer%20A%5BAuthor%5D&cauthor=true&cauthor_uid=9239734
http://www.ncbi.nlm.nih.gov/pubmed?term=Wittmer%20S%5BAuthor%5D&cauthor=true&cauthor_uid=9239734
http://www.ncbi.nlm.nih.gov/pubmed?term=Snodgrass%20HR%5BAuthor%5D&cauthor=true&cauthor_uid=9239734
http://www.ncbi.nlm.nih.gov/pubmed?term=Ledger%20W%5BAuthor%5D&cauthor=true&cauthor_uid=8567797
http://www.ncbi.nlm.nih.gov/pubmed?term=Galletly%20C%5BAuthor%5D&cauthor=true&cauthor_uid=8567797
http://www.ncbi.nlm.nih.gov/pubmed?term=Tomlinson%20L%5BAuthor%5D&cauthor=true&cauthor_uid=8567797
http://www.ncbi.nlm.nih.gov/pubmed?term=Blaney%20F%5BAuthor%5D&cauthor=true&cauthor_uid=8567797
http://www.ncbi.nlm.nih.gov/pubmed?term=Wang%20X%5BAuthor%5D&cauthor=true&cauthor_uid=8567797
http://www.ncbi.nlm.nih.gov/pubmed?term=Norman%20RJ%5BAuthor%5D&cauthor=true&cauthor_uid=8567797
http://www.ncbi.nlm.nih.gov/pubmed?term=Zhu%20H%5BAuthor%5D&cauthor=true&cauthor_uid=15607538
http://www.ncbi.nlm.nih.gov/pubmed?term=Dyce%20PW%5BAuthor%5D&cauthor=true&cauthor_uid=15607538
http://www.ncbi.nlm.nih.gov/pubmed?term=Wen%20L%5BAuthor%5D&cauthor=true&cauthor_uid=15607538
http://www.ncbi.nlm.nih.gov/pubmed?term=Li%20J%5BAuthor%5D&cauthor=true&cauthor_uid=15607538
http://www.ncbi.nlm.nih.gov/pubmed?term=Colombo%20M%5BAuthor%5D&cauthor=true&cauthor_uid=12923151
http://www.ncbi.nlm.nih.gov/pubmed?term=Vegetti%20W%5BAuthor%5D&cauthor=true&cauthor_uid=12923151
http://www.ncbi.nlm.nih.gov/pubmed?term=Somigliana%20E%5BAuthor%5D&cauthor=true&cauthor_uid=12923151
http://www.ncbi.nlm.nih.gov/pubmed?term=Gessati%20A%5BAuthor%5D&cauthor=true&cauthor_uid=12923151
http://www.ncbi.nlm.nih.gov/pubmed?term=Ragni%20G%5BAuthor%5D&cauthor=true&cauthor_uid=12923151

49.

50.

51.

52.

53.

54,

55.

56.

57.

58.

59.

60.

61.

62.
63.

64.

65.

54

Cummings DE, Purnell JQ, Frayo RS, Schmidova K, Wisse BE, Weigle DS. A
preprandial rise in plasma ghrelin levels suggests a role in meal initiation in humans.
Diabetes. 2001;50:1714-19.

Cummings DE, Weigle DS, Frayo RS, Breen PA, Ma MK, Dellinger EP, et al. Plasma
ghrelin levels after diet-induced weight loss or gastric bypass surgery. N Engl J Med.
2002;346:1623-30.

Cummings DE, Schwartz MW. Genetics and pathophysiology of human obesity. Annu
Rev Med. 2003;54:453-71

Cummings DE, Foster-Schubert KE, Overduin J. Ghrelin and energy balance: focus on
current controversies. Curr Drug Targets. 2005;6(2):153-69.

Cummings DE. Ghrelin and the short- and long-term regulation of appetite and body
weight. Physiol Behav. 2006;89:71-84.

Cunningham MJ, Clifton DK, Steiner RA. Leptin's actions on the reproductive axis:
perspectives and mechanisms. Biol Reprod. 1999;60:216-22.

De Pergola G, Maldera S, Tartagni M, Pannacciulli N, Loverro G, Giorgino R. Inhibitory
effect of obesity on gonadotropin, estradiol, and inhibin B levels infertile women. Obesity
(Silver Spring). 2006;14(11):1954-60.

De Pergola G, Tartagni M, d'Angelo F, Centoducati C, Guida P, Giorgino R. Abdominal
fat accumulation, and not insulin resistance, is associated to oligomenorrhea in non-
hyperandrogenic overweight/obese women. J Endocrinol Invest. 2009;32(2):98-101.

Donato J Jr, Cravo RM, Frazao R, Gautron L, Scott MM, Lachey J, Castro IA, Margatho
LO, Lee S, Lee C, Richardson JA, Friedman J, Chua S Jr, Coppari R, Zigman JM,
Elmquist JK, Elias CF. Leptin’s effect on puberty in mice is relayed by the ventral
premammillary nucleus and does not require signaling in Kissl neurons. J Clin Invest.
2011;121:355-368.

Douglas CC, Gower BA, Darnell BE, Ovalle F, Oster RA, Azziz R. Role of diet in the
treatment of polycystic ovary syndrome. Fertil Steril. 2006;85:679-688.

Druce MR, Wren AM, Park AJ, et al. Ghrelin increases food intake in obese as well as
lean subjects. Int J Obes (Lond). 2005;29(9):1130-6.

Ebbeling CB, Leidig MM, Sinclair KB, Hangen JP, Ludwig DS. A reduced glycemic
load diet in the treatment of adolescent obesity. Arch Pediatr Adolesc Med.
2003;157:773-779.

Ebbeling CB, Leidig MM, Sinclair KB, Seger-Shippee LG, Feldman HA, Ludwig DS.
Effects of an ad libitum reduced glycemic load diet on cardiovascular disease risk factors
in obese young adults. Am J Clin Nutr. 2005;81:976-982.

Ehrmann DA. Polycystic ovary syndrome. N Engl J Med. 2004;352(12):1223-36.

English PJ, Ghatei MA, Malik 1A, Bloom SR, Wilding JP. Food fails to suppress ghrelin
levels in obese humans. J Clin Endocrinol Metab. 2002:87:2984.

Erdmann J, Topsch R, Lippl F, Gussmann P, Schusdziarra V. Postprandial response of
plasma ghrelin levels to various test meals in relation to food intake, plasma insulin, and
glucose. J Clin Endocrinol Metab. 2004;89(6):3048-54.

ESHRE/ASRM - Sponsored PCOS Consensus Workshop Group. Consensus on infertility
treatment related to polycystic ovary syndrome. Hum Reprod. 2008;23(3):462-477.


http://www.ncbi.nlm.nih.gov/pubmed/15777186?ordinalpos=10&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/15777186?ordinalpos=10&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed?term=Pannacciulli%20N%5BAuthor%5D&cauthor=true&cauthor_uid=17135611
http://www.ncbi.nlm.nih.gov/pubmed?term=Loverro%20G%5BAuthor%5D&cauthor=true&cauthor_uid=17135611
http://www.ncbi.nlm.nih.gov/pubmed?term=Giorgino%20R%5BAuthor%5D&cauthor=true&cauthor_uid=17135611
http://www.ncbi.nlm.nih.gov/pubmed?term=Centoducati%20C%5BAuthor%5D&cauthor=true&cauthor_uid=19411803
http://www.ncbi.nlm.nih.gov/pubmed?term=Guida%20P%5BAuthor%5D&cauthor=true&cauthor_uid=19411803
http://www.ncbi.nlm.nih.gov/pubmed?term=Giorgino%20R%5BAuthor%5D&cauthor=true&cauthor_uid=19411803
http://www.ncbi.nlm.nih.gov/pubmed?term=Richardson%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=21183787
http://www.ncbi.nlm.nih.gov/pubmed?term=Friedman%20J%5BAuthor%5D&cauthor=true&cauthor_uid=21183787
http://www.ncbi.nlm.nih.gov/pubmed?term=Chua%20S%20Jr%5BAuthor%5D&cauthor=true&cauthor_uid=21183787
http://www.ncbi.nlm.nih.gov/pubmed?term=Coppari%20R%5BAuthor%5D&cauthor=true&cauthor_uid=21183787
http://www.ncbi.nlm.nih.gov/pubmed?term=Zigman%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=21183787
http://www.ncbi.nlm.nih.gov/pubmed?term=Elmquist%20JK%5BAuthor%5D&cauthor=true&cauthor_uid=21183787
http://www.ncbi.nlm.nih.gov/pubmed?term=Elias%20CF%5BAuthor%5D&cauthor=true&cauthor_uid=21183787

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

55

ESHRE - The ESHRE Capri Workshop Group. Nutrition and reproduction in women.
Hum Reprod Update. 2006;12(3):193-207.

Esinler 1, Bozdag G, Yarali H. Impact of isolated obesity on ICSI outcome. Reprod
Biomed Online. 2008;17(4):583-587.

Evans JJ, Anderson GM. Balancing ovulation and anovulation: integration of the
reproductive and energy balance axes by neuropeptides. Hum Reprod Update.
2012;18(3):313-332.

Faggioni R, Feingold KR, Grunfeld C. Leptin regulation of the immune response and the
immunodeficiency of malnutrition. FASEB J. 2001;15:2565-71.

FOOD AND AGRICULTURE ORGANIZATION OF THE UNITED NATIONS AND
WORLD HEALTH ORGANIZATION (FAO). Carbohydrates in human nutrition: report
of a joint FAO/WHO expert consultation. FAO Food and Nutrition Paper 1998;66:1-140.

Farooqi 1S, Jebb SA, Langmack G, Lawrence E, Cheetham CH, Prentice AM, Hughes
IA, McCamish MA, O'Rahilly S. Effects of recombinant leptin therapy in a child with
congenital leptin deficiency. N Engl J Med. 1999; 341(12):879-884.

Farooqi IS, Matarese G, Lord GM, Keogh JM, Lawrence E, Agwu C, Sanna V, Jebb SA,
Perna F, Fontana S, Lechler RI, DePaoli AM, O'Rahilly S. Beneficial effects of leptin on
obesity, T cell hyporesponsiveness, and neuroendocrine/metabolic dysfunction of human
congenital leptin deficiency. J Clin Invest. 2002; 110(8):1093-1103.

Farshchi H, Rane A, Love A, Kennedy RL. Diet and nutrition in polycystic ovary
syndrome (PCOS): pointers for nutritional management. J Obstet Gynaecol.
2007:27:762—773.

Fenichel RM, Dominguez JE, Mayer L, Walsh BT, Boozer C, Warren MP. Leptin levels
and luteinizing hormone pulsatility in normal cycling women and their relationship to
daily changes in metabolic rate. Fertil Steril. 2008;90:1161-1168.

Fernandez-Fernandez R, Martini AC, Navarro VM, Castellano JM, Dieguez C, Aguilar E,
Pinilla L, Tena-Sempere M. Novel signals for the integration of energy balance and
reproduction. Molecular and Cellular Endocrinology 2006;254-255:127-132.

Foster-Powell K, Brand-Miller J. International tables of glycemic index. Am J Clin Nutr.
1995;62(suppl):871S-93S.

Foster-Powell K, Holt SHA, Brand-Miller JC. International table of glycemic index and
glycemic load values: 2002. Am J Clin Nutr. 2002;76:5-56.

Friedman JM. The function of leptin in nutrition, weight and physiology. Nutrition Rev.
2002;60(10):S1-14.

Furuta M, Funabashi T, Kimura F. Intracerebroventricular administration of ghrelin
rapidly suppresses pulsatile luteinizing hormone secretion in ovariectomized rats.
Biochem. Biophys. Res. Commun. 2001;288:780—785.

Galletly C, Clark A, Tomlinson L, Blaney F. Improved pregnancy rates for obese,
infertile women following a group treatment program. An open pilot study. Gen Hosp
Psychiatry 1996a;18(3):192-5.

Galletly C, Clark A, Tomlinson L, Blaney F. A group program for obese, infertile
women: weight loss and improved psychological health. J Psychosom Obstet Gynaecol.
1996b;17:125-128.


http://www.ncbi.nlm.nih.gov/pubmed?term=Lawrence%20E%5BAuthor%5D&cauthor=true&cauthor_uid=10486419
http://www.ncbi.nlm.nih.gov/pubmed?term=Cheetham%20CH%5BAuthor%5D&cauthor=true&cauthor_uid=10486419
http://www.ncbi.nlm.nih.gov/pubmed?term=Prentice%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=10486419
http://www.ncbi.nlm.nih.gov/pubmed?term=Hughes%20IA%5BAuthor%5D&cauthor=true&cauthor_uid=10486419
http://www.ncbi.nlm.nih.gov/pubmed?term=Hughes%20IA%5BAuthor%5D&cauthor=true&cauthor_uid=10486419
http://www.ncbi.nlm.nih.gov/pubmed?term=McCamish%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=10486419
http://www.ncbi.nlm.nih.gov/pubmed?term=O%27Rahilly%20S%5BAuthor%5D&cauthor=true&cauthor_uid=10486419
http://www.ncbi.nlm.nih.gov/pubmed?term=Keogh%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=12393845
http://www.ncbi.nlm.nih.gov/pubmed?term=Lawrence%20E%5BAuthor%5D&cauthor=true&cauthor_uid=12393845
http://www.ncbi.nlm.nih.gov/pubmed?term=Agwu%20C%5BAuthor%5D&cauthor=true&cauthor_uid=12393845
http://www.ncbi.nlm.nih.gov/pubmed?term=Sanna%20V%5BAuthor%5D&cauthor=true&cauthor_uid=12393845
http://www.ncbi.nlm.nih.gov/pubmed?term=Jebb%20SA%5BAuthor%5D&cauthor=true&cauthor_uid=12393845
http://www.ncbi.nlm.nih.gov/pubmed?term=Perna%20F%5BAuthor%5D&cauthor=true&cauthor_uid=12393845
http://www.ncbi.nlm.nih.gov/pubmed?term=Fontana%20S%5BAuthor%5D&cauthor=true&cauthor_uid=12393845
http://www.ncbi.nlm.nih.gov/pubmed?term=Lechler%20RI%5BAuthor%5D&cauthor=true&cauthor_uid=12393845
http://www.ncbi.nlm.nih.gov/pubmed?term=DePaoli%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=12393845
http://www.ncbi.nlm.nih.gov/pubmed?term=O%27Rahilly%20S%5BAuthor%5D&cauthor=true&cauthor_uid=12393845
http://www.ncbi.nlm.nih.gov/pubmed?term=Clark%20A%5BAuthor%5D&cauthor=true&cauthor_uid=8739012
http://www.ncbi.nlm.nih.gov/pubmed?term=Tomlinson%20L%5BAuthor%5D&cauthor=true&cauthor_uid=8739012
http://www.ncbi.nlm.nih.gov/pubmed?term=Blaney%20F%5BAuthor%5D&cauthor=true&cauthor_uid=8739012

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.
97.

56

Gaytan F, Barreiro ML, Chopin LK, Herington AC, Morales C, Pinilla L, Casanueva FF,
Aguilar E, Dieguez C, Tena-Sempere M. Immunolocalization of ghrelin and its
functional receptor, the type la growth hormone secretagogue receptor, in the cyclic
human ovary. J Clin Endocrinol Metab. 2003;88:879-887.

Gelling RW, Overduin J, Morrison CD, Morton GJ, Frayo RS, Cummings DE, Schwartz
MW. Effect of uncontrolled diabetes on plasma ghrelin concentrations and ghrelin-
induced feeding. Endocrinology. 2004;145:4575-82.

Gesink Law DC, Maclehose RF, Longnecker MP. Obesity and time to pregnancy. Hum
Reprod. 2007;22(2):414-20.

Gettys TW, Harkness PJ, Watson PM. The beta 3-adrenergic receptor inhibits insulin-
stimulated leptin secretion from isolated rat adipocytes. Endocrinology. 1996;137:4054—
4057.

Gibson W, Liu J, Gaylinn B, Thorner MO, Meneilly GS, Babich SL, Thompson D,
Chanoine JP. Effects of glucose and insulin on acyl ghrelin and desacyl ghrelin, leptin,
and adiponectin in pregnant women with diabetes. Metabolism. 2010;59(6):841-7.

Gleeson M, Bishop NC, Stensel DJ, Lindley MR, Mastana SS, Nimmo MA. The anti-
inflammatory effects of exercise: mechanisms and implications for the prevention and
treatment of disease. Nat Rev Immunol. 2011;11(9):607-15.

Gnanapavan S, Kola B, Bustin SA, Morris DG, McGee P, Fairclough P, Bhattacharya S,
Carpenter R, Grossman AB, Korbonits M. The tissue distribution of the mRNA of ghrelin
and subtypes of its receptor, GHS-R, in humans. J Clin Endocrinol Metab.
2002;87:2988-91.

Gonzalez LC, Pinilla L, Tena-Sempere M, Aguilar E. Leptin stimulates prolactin and
luteinizing hormone secretion in fasted adult male rats. Neuroendocrinology.
1999;70:213-220.

Gosman GG, Katcher HI, Legro RS. Obesity and the role of gut and adipose hormones in
female reproduction. Hum Reprod Update. 2006;12(5):585-601.

Hallschmid M, Benedict C, Schultes B, Fehm HL, Born J, Kern W. Intranasal insulin
reduces body fat in men but not in women. Diabetes. 2004;53:3024-3029.

Hamm ML, Bhat GK, Thompson WE and Mann DR. Folliculogenesis is impaired and
granulosa cell apoptosis is increased in leptin-deficient mice. Biol Reprod. 2004;71:66—
72.

Hammoud AO, Gibson M, Peterson CM, Meikle AW, Carrell DT. Impact of male obesity
on infertility: a critical review of the current literature. Fertil Steril. 2008;90(4):897-904.

Hardie L, Trayhurn P, Abramovich D, Fowler P. Circulating leptin in women: a
longitudinal study in the menstrual cycle and during pregnancy. Clin Endocrinol (Oxf)
1997;47(1):101-6.

Hassan MA, Killick SR. Negative lifestyle is associated with a significant reduction in
fecundity. Fertil Steril. 2004;81(2):384-92.

Henson MC, Castracane VD. Leptin in pregnancy. Biol Reprod. 2000;63: 1219-1228.

Hill JW, Elmquist JK, Elias CF. Hypothalamic pathways linking energy balance and
reproduction. Am J Physiol Endocrinol Metab. 2008;294:E827-32.


http://www.ncbi.nlm.nih.gov/pubmed?term=Schwartz%20MW%5BAuthor%5D&cauthor=true&cauthor_uid=15256489
http://www.ncbi.nlm.nih.gov/pubmed?term=Schwartz%20MW%5BAuthor%5D&cauthor=true&cauthor_uid=15256489
http://www.ncbi.nlm.nih.gov/pubmed?term=Thorner%20MO%5BAuthor%5D&cauthor=true&cauthor_uid=20005544
http://www.ncbi.nlm.nih.gov/pubmed?term=Meneilly%20GS%5BAuthor%5D&cauthor=true&cauthor_uid=20005544
http://www.ncbi.nlm.nih.gov/pubmed?term=Babich%20SL%5BAuthor%5D&cauthor=true&cauthor_uid=20005544
http://www.ncbi.nlm.nih.gov/pubmed?term=Thompson%20D%5BAuthor%5D&cauthor=true&cauthor_uid=20005544
http://www.ncbi.nlm.nih.gov/pubmed?term=Chanoine%20JP%5BAuthor%5D&cauthor=true&cauthor_uid=20005544
http://www.ncbi.nlm.nih.gov/pubmed?term=Bishop%20NC%5BAuthor%5D&cauthor=true&cauthor_uid=21818123
http://www.ncbi.nlm.nih.gov/pubmed?term=Stensel%20DJ%5BAuthor%5D&cauthor=true&cauthor_uid=21818123
http://www.ncbi.nlm.nih.gov/pubmed?term=Lindley%20MR%5BAuthor%5D&cauthor=true&cauthor_uid=21818123
http://www.ncbi.nlm.nih.gov/pubmed?term=Mastana%20SS%5BAuthor%5D&cauthor=true&cauthor_uid=21818123
http://www.ncbi.nlm.nih.gov/pubmed?term=Nimmo%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=21818123
http://www.ncbi.nlm.nih.gov/pubmed?term=Bhattacharya%20S%5BAuthor%5D&cauthor=true&cauthor_uid=12050285
http://www.ncbi.nlm.nih.gov/pubmed?term=Carpenter%20R%5BAuthor%5D&cauthor=true&cauthor_uid=12050285
http://www.ncbi.nlm.nih.gov/pubmed?term=Grossman%20AB%5BAuthor%5D&cauthor=true&cauthor_uid=12050285
http://www.ncbi.nlm.nih.gov/pubmed?term=Korbonits%20M%5BAuthor%5D&cauthor=true&cauthor_uid=12050285
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Hammoud%20AO%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/pubmed?term=Gibson%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18929048
http://www.ncbi.nlm.nih.gov/pubmed?term=Peterson%20CM%5BAuthor%5D&cauthor=true&cauthor_uid=18929048
http://www.ncbi.nlm.nih.gov/pubmed?term=Meikle%20AW%5BAuthor%5D&cauthor=true&cauthor_uid=18929048
http://www.ncbi.nlm.nih.gov/pubmed?term=Carrell%20DT%5BAuthor%5D&cauthor=true&cauthor_uid=18929048
javascript:AL_get(this,%20'jour',%20'Fertil%20Steril.');

57

98. Hollmann M, Runnebaum B, Gerhard I. Effects of weight loss on the hormonal profile in
obese, infertile women. Hum Reprod. 1996;11:1884-1891.

99. Hollmann M, Runnebaum B, Gerhard I. Impact of waist-hip-ratio and body-mass-index
on hormonal and metabolic parameters in young, obese women. Int J Obes Relat Metab
Disord. 1997;21:476-483.

100.Holt SH, Brand-Miller JC, Petocz P, Farmakalidis E. A satiety index of common foods.
Eur J Clin Nutr. 1995;49:675-90.

101.Holt SH, Brand-Miller JC, Petocz P. An insulin index of common foods: the insulin
demand generated by 1000-kJ portions of common foods. Am J Clin Nutr.
1997;66:1264-76.

102.Holte J, Bergh T, Berne C, Wide L, Lithell H. Restored insulin sensitivity but persistently
increased early insulin secretion after weight loss in obese women with polycystic ovary
syndrome. J. Clin. Endocrinol. Metab. 1995;80:2586-2593.

103.Howe JC, Rumpler WV, Behall KM. Dietary starch composition and level of energy
intake alter nutrient oxidation in ‘carbohydrate-sensitive’ men. J Nutr. 1996;126:2120-9.

104.Howlett J, Ashwell, M. Glycemic response and health: summary of a workshop. Am J
Clin Nutr. 2008;87(suppl):212-216.

105.Hu FB. Protein, body weight and cardiovascular health. Am J Clin Nutr.
2005;82(suppl):242S-247S.

106.Huber-Buchholz M, Carey DG, Norman RJ. Restoration of reproductive potential by
lifestyle modification in obese polycystic ovary syndrome: role of insulin sensitivity and
luteinizing hormone. J Clin Endocrinol Metab. 1999;84(4):1470-4.

107.IBGE - Instituto Brasileiro de Geografia e Estatistica. Pesquisa de Orcamentos Familiares
(POF) 2008-2009. Acessado em 11/08/2014: http://cod.ibge.gov.br/23BNJ. 2009.

108.Iglesia MJ, Pineiro R, Blanco M, Gallego R, Dieguez C, Gualillo O, et al. Growth
hormone releasing peptide (ghrelin) is synthesized and secreted by cardiomyocytes.
Cardiovasc Res. 2004;62:442-48.

109.Igbal J, Kurose Y, Canny B, Clarke 1J. Effects of central infusion of ghrelin on food
intake and plasma levels of growth hormone, luteinizing hormone, prolactin, and cortisol
secretion in sheep. Endocrinology. 2006;147:510-5109.

110.Jain A, Polotsky P, Rochester D, Berga SL, Loucks T, Zeitlian G, Gibbs K, Polotsky HN,
Feng S, Isaac B, Santoro N. Pulsatile luteinizing hormone amplitude and progesterone
metabolite excretion are reduced in obese women. J Clin Endocrinol Metab.
2007;92:2468-2473.

111.Jenkins DJ, Wolever TM, Taylor RH, Barker H, Fielden H, Baldwin JM, Bowling AC,
Newman HC, Jenkins AL, Goff DV. Glycemic index of foods: a physiological basis for
carbohydrate exchange. A J Clin Nutr. 1986;32:362-366.

112.Jenkins AB, Markovic TP, Fleury A, Campbell LV. Carbohydrate intake and short-term
regulation of leptin in humans. Diabetologia. 1997;40:348-51.

113.Jungheim E, Lanzendorf S, Odem R, Moley K, Chang A, Ratts V. Morbid obesity is
associated with lower clinical pregnancy rates after in vitro fertilization in women with
polycystic ovary syndrome. Fertil Steril. 2009;92:256-261.



http://cod.ibge.gov.br/23BNJ
http://www.ncbi.nlm.nih.gov/pubmed?term=Jenkins%20DJ%5BAuthor%5D&cauthor=true&cauthor_uid=6259925
http://www.ncbi.nlm.nih.gov/pubmed?term=Wolever%20TM%5BAuthor%5D&cauthor=true&cauthor_uid=6259925
http://www.ncbi.nlm.nih.gov/pubmed?term=Taylor%20RH%5BAuthor%5D&cauthor=true&cauthor_uid=6259925
http://www.ncbi.nlm.nih.gov/pubmed?term=Barker%20H%5BAuthor%5D&cauthor=true&cauthor_uid=6259925
http://www.ncbi.nlm.nih.gov/pubmed?term=Fielden%20H%5BAuthor%5D&cauthor=true&cauthor_uid=6259925
http://www.ncbi.nlm.nih.gov/pubmed?term=Baldwin%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=6259925
http://www.ncbi.nlm.nih.gov/pubmed?term=Bowling%20AC%5BAuthor%5D&cauthor=true&cauthor_uid=6259925
http://www.ncbi.nlm.nih.gov/pubmed?term=Newman%20HC%5BAuthor%5D&cauthor=true&cauthor_uid=6259925
http://www.ncbi.nlm.nih.gov/pubmed?term=Jenkins%20AL%5BAuthor%5D&cauthor=true&cauthor_uid=6259925
http://www.ncbi.nlm.nih.gov/pubmed?term=Goff%20DV%5BAuthor%5D&cauthor=true&cauthor_uid=6259925

58

114.Jungheim ES, Moley KH. Current knowledge of obesity’s effects in the pre- and
periconceptional periods and avenues for future research. Am J Obstet Gynecol.
2010;203:525-530.

115.Jungheim ES, Travieso JL, Hopeman MM. Weighing the impact of obesity on female
reproductive function and fertility. Nutrition Reviews. 2013;71(Suppl. 1):S3-S8.

116.Karhunen LJ, Juvone KR, Huotari A, Purhonen AK, Herzig KH. Effect of protein, fat,
carbohydrate and fibre on gastrointestinal peptide release in humans. Regul Pept.
2008;149:70-78.

117.Karlsson C, Lindell K, Svensson E, Bergh C, Lind P, Billig H, Carlsson LM, Carlsson B.
Expression of functional leptin receptors in the human ovary. J. Clin. Endocrinol. Metab.
1997;82: 4144-4148.

118.Kawamura K, Sato N, Fukuda J, Kodama H, Kumagai J, Tanikawa H, Nakamura A,
Honda Y, Sato T, Tanaka T. Ghrelin inhibits the Development of mouse preimplantation
embryos in vitro. Endocrinology. 2003;144:2623-33.

119.Kennedy A, Gettys TW, Watson P, Wallace P, Ganaway E, Pan Q, Garvey WT. The
metabolic significance of leptin in humans: gender-based differences in relationship to

adiposity, insulin sensitivity, and energy expenditure. J Clin Endocrinol Metab.
1997;82:1293-300.

120.Kershaw EE, Flier JS. Adipose tissue as an endocrine organ. J Clin Endocrinol Metab.
2004;89(6):2548-2556.

121.Kiddy DS, et al. Improvement in endocrine and ovarian function during dietary treatment

of obese women with polycystic ovary syndrome. Clin Endocrinol (Oxf).
1992;36(1):105-11.

122.Kim YB, Nikoulina SE, Ciaraldi TP, Henry RR, Kahn BB. Normal insulin-dependent
activation of Akt/protein kinase B, with diminished activation of phosphoinositide 3-
kinase, in muscle in type 2 diabetes. J Clin Invest. 1999;104.:733-741

123.Kim MS, Yoon CY, Park KH, Shin CS, Park, KS, Kim SY, et al. Changes in ghrelin and
ghrelin receptor expression according to feeding status. Neuroreport. 2003;14:1317-20.

124.Kissebah AH, Alfarsi S, Adams PW, Wynn V. The metabolic fate of plasma lipoproteins
in normal subjects and in patients with insulin resistance and endogenous
hypertriglyceridaemia. Diabetologia. 1976;12:501-5009.

125.Kluge M, Schussler P, Uhr M, Yassouridis A, Steiger A. Ghrelin suppresses secretion of
luteinizing hormone in humans. J Clin Endocrinol. Metab. 2007;92:3202-5.

126.Kluge M, Uhr M, Bleninger P, Yassouridis A, Steiger A. Ghrelin suppresses secretion of
FSH in males. Clin Endocrinol (Oxf). 2009;70:920-3.

127.Kojima M, Hosoda H, Date Y, Nakazato M, Matsuo H, Kangawa K. Ghrelin is a growth-
hormone-releasing acylated peptide from stomach. Nature. 1999;402:656-60.

128.Kojima M, Hosoda H, Kangawa K. Purification and distribution of ghrelin: the natural

endogenous ligand for the growth hormone secretagogue receptor. Horm Res.
2001;56(1):S93-S97.

129.Kolaczynski JW, Considine RV, Ohannesian J, Marco C, Opentanova I, Nyce MR.

Responses of leptin to short-term fasting and refeeding in humans. Diabetes.
1996;45:1511-5.


http://www.ncbi.nlm.nih.gov/pubmed?term=Bergh%20C%5BAuthor%5D&cauthor=true&cauthor_uid=9398729
http://www.ncbi.nlm.nih.gov/pubmed?term=Lind%20P%5BAuthor%5D&cauthor=true&cauthor_uid=9398729
http://www.ncbi.nlm.nih.gov/pubmed?term=Billig%20H%5BAuthor%5D&cauthor=true&cauthor_uid=9398729
http://www.ncbi.nlm.nih.gov/pubmed?term=Carlsson%20LM%5BAuthor%5D&cauthor=true&cauthor_uid=9398729
http://www.ncbi.nlm.nih.gov/pubmed?term=Carlsson%20B%5BAuthor%5D&cauthor=true&cauthor_uid=9398729

59

130.Kopelman PG. Obesity as a medical problem. Nature. 2000;404:635-643.

131.Lambert-Messerlian G, Roberts MB, Urlacher SS, et al. First assessment of menstrual
cycle function and reproductive endocrine status in Samoan women. Hum Reprod.
2011;26(9):2518-24.

132.Le Roux CW, Patterson M, Vincent RP, Hunt C, Ghatei MA, Bloom SR. Postprandial
plasma ghrelin is suppressed proportional to meal caloric content in normal weight but not
obese subjects. J Clin Endocrinol Metab. 2005;90:1068-71.

133.Lebovitz HE. Insulin resistance - a common link between type 2 diabetes and
cardiovascular disease. Diabetes Obes Metab. 2006;8:237—249.

134.Leroy P, Dessolin S, Villageois P, Moon BC, Friedman JM, Ailhaud G, Dani C.
Expression of ob gene in adipose cells. Regulation by insulin. J Biol Chem.
1996;271:2365-2368.

135.Leroy JLMR, Vanholder T, Delanghe JR, Opsomer G, Van Soom A, Bols PEJ, Dewulf J,
de Kruif A. Metabolic changes in follicular fluid of the dominant follicle in high-yielding
dairy cows early post partum. Theriogenology. 2004;62:1131-1143.

136.Leroy JLMR, Vanholder T, Mateusen B, Christophe A, Opsomer G, de Kruif A, Genicot
G, Van Soom A. Non-esterified fatty acids in follicular fluid of dairy cows and their
effect on developmental capacity of bovine oocytes in vitro. Reproduction.
2005;130:485-495.

137.Leroy JLMR, Rizos D, Sturmey R, Bossaert P, Gutierrez-Adan A, Van Hoeck V, Valckx
S, Bols PEJ. Intrafollicular conditions as a major link between maternal metabolism and
oocyte quality: a focus on dairy cow fertility. Reprod Fert Develop. 2012;24:1-12.

138.Lewis GF, Uffelman KD, Szeto LW, Steiner G. Effects of acute hyperinsulinemia on
VLDL triglyceride and VLDL apoB production in normal weight and obese individuals.
Diabetes. 1993;42:833-842.

139.Licinio J, Negrao AB, Mantzoros C, Kaklamani V, Wong ML, Bongiorno PB, Mulla A,
Cearnal L, Veldhuis JD, Flier JS et al. Synchronicity of frequently sampled, 24-h
concentrations of circulating leptin, luteinizing hormone, and estradiol in healthy women.
Proc Natl Acad Sci. 1998;95:2541-2546.

140.Liepa GU, Sengupta A, Karsies D. Polycystic ovary syndrome (PCOS) and other
androgen excess-related conditions: can changes in dietary intake make a difference?
Nutr. Clin. Pract. 2008;23:63—71.

141.Lindheim SR, Sauer MV, Carmina E, Chang PL, Zimmerman R, Lobo RA.Circulating
leptin levels during ovulation induction: relation to adiposity and ovarian morphology.
Fertil. Steril. 2000;73:493-498.

142 Linne Y. Effects of obesity on women’s reproduction and complications during
pregnancy. Obes. Rev. 2004;5:137-143.

143.Lintsen AME, Pasker-de Jong PCM, de Boer EJ, Burger CW, Jansen CAM, Braat
DDM, van Leeuwen FE. Effects of subfertility cause, smoking and body weight on
the success rate of IVF. Hum Reprod. 2005; 20:1867-1875.

144.Liu S, Willett WC. Dietary carbohydrates. Disponivel em UpToDate®:
https://store.utdol.com/app/index.asp.> Acesso em: 29 ago. 2005.

145.Loret de Mola JR. Obesity and its relationship to infertility in men and women. Obstet
Gynecol Clin North Am. 2009;36(2):333-46.


http://www.ncbi.nlm.nih.gov/pubmed?term=Chang%20PL%5BAuthor%5D&cauthor=true&cauthor_uid=10689001
http://www.ncbi.nlm.nih.gov/pubmed?term=Zimmerman%20R%5BAuthor%5D&cauthor=true&cauthor_uid=10689001
http://www.ncbi.nlm.nih.gov/pubmed?term=Lobo%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=10689001
http://www.ncbi.nlm.nih.gov/pubmed?term=van%20Leeuwen%20FE%5BAuthor%5D&cauthor=true&cauthor_uid=15817580
https://store.utdol.com/app/index.asp.%3e%20Acesso%20em:%2029%20ago.%202005
javascript:AL_get(this,%20'jour',%20'Obstet%20Gynecol%20Clin%20North%20Am.');
javascript:AL_get(this,%20'jour',%20'Obstet%20Gynecol%20Clin%20North%20Am.');

60

146.Ludwig DS, Majzoub JA, Al-Zahrani A, Dallal GE, Blanco I, Roberts SB. High glycemic
index foods, overeating, and obesity. Pediatrics. 1999;103:E26.

147.Ludwig DS. Dietary glycemic index and obesity. J Nutr. 2000;130(suppl):280S-3S.

148.Luke B, Brown MB, Missmer SA, Bukulmez O, Leach R, Stern JE. The effect of
increasing obesity on the response to and outcome of assisted reproductive technology: a
national study. Fertil Steril. 2011;96(4):820-825.

149.Luke B, Brown MB, Stern JE, Missmer SA, Fujimoto VY, Leach R; SART Writing
Group. Female obesity adversely affects assisted reproductive technology (ART)
pregnancy and live birth rates. Hum Reprod. 2011b;26(1):245-252.

150.Macdiarmid J, Blundell J. Assessing dietary intake: Who, what and why of under-
reporting. Nutr Res Rev. 1998;11: 231-253.

151.Maeda N, Shimomura I, Kishida K, Nishizawa H, Matsuda M, Nagaretani H, Furuyama
N, Kondo H, Takahashi M, Arita Y, Komuro R, Ouchi N, Kihara S, Tochino Y, Okutomi
K, Horie M, Takeda S, Aoyama T, Funahashi T, Matsuzawa Y. Diet-induced insulin
resistance in mice lacking adiponectin/ACRP30. Nat Med. 2002;8:731-737.

152.Maffei MJ, Haalas J, Ravussin E, Pratley RE, Lee GH, Zhang Y, Fei H, Kim S, Lallone
R, Ranganathan S, et al. Leptin levels in humans and rodent: measurement of plasma
leptin and ob RNA in obese and weight-reduced subjects. Nature Med. 1995;11(1):1155-
61.

153.Malachias, MVB. VI Diretrizes Brasileiras de Hipertensdo, Palavra do Presidente.
Revista Brasileira de Hipertensdo, 2010:17(1):2-3.

154.Malik NM, Carter ND, Murray JF, Scaramuzzi RJ, Wilson CA, Stock MJ. Leptin
requirement for conception, implantation, and gestation in the mouse. Endocrinology.
2001;142:5198-5202.

155.Malmstrom R, Taskinen MR, Karonen SL, Yki-Jarvinen H. Insulin increases plasma
leptin concentrations in normal subjects and patients with NIDDM. Diabetologia.
1996;39:993-996.

156.Mantzoros CS, Prasad AS, Beck F, Grabowski S, Kaplan J, Adair C, et al. Zinc may
regulate serum leptin concentration in humans. J Am Coll Nutr. 1998;17:270-5.

157.Mantzoros CS. 2000. Role of leptin in reproduction. Ann. N.Y. Acad. Sci. 2000;900:174—
183.

158.Marsh K, Brand-Miller J. The optimal diet for women with polycystic ovary syndrome?
Br J Nutr. 2005;94:154-165.

159.Marsh JA, Steinbeck KS, Atkinson FS, Petocz P, Brand-Miller JC. Effect of a low
glycemic index compared with a conventional healthy diet on polycystic ovary syndrome.
Am J Clin Nutr. 2010;92:83-92.

160.Martin GB, Rodger J, Blache D. Nutritional and environmental effects on reproduction in
small ruminants. Reprod Fertil Dev. 2004;16:491-501.

161.McLean M, Wellons MF. Optimizing Natural Fertility: The Role of Lifestyle
Modification. Obstet Gynecol Clin N Am. 2012;39:465-477.

162.McLernon DJ, Harrild K, Bergh C, Davies MJ, de Neubourg D, Dumoulin JCM, Gerris J,
et al. Clinical effectiveness of elective single versus double embryo transfer: meta-
analysis of individual patient data from randomized trials. BMJ. 2010;341:c6945.


http://www.ncbi.nlm.nih.gov/pubmed?term=Missmer%20SA%5BAuthor%5D&cauthor=true&cauthor_uid=21071489
http://www.ncbi.nlm.nih.gov/pubmed?term=Fujimoto%20VY%5BAuthor%5D&cauthor=true&cauthor_uid=21071489
http://www.ncbi.nlm.nih.gov/pubmed?term=Leach%20R%5BAuthor%5D&cauthor=true&cauthor_uid=21071489
http://www.ncbi.nlm.nih.gov/pubmed?term=SART%20Writing%20Group%5BCorporate%20Author%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=SART%20Writing%20Group%5BCorporate%20Author%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Fei%20H%5BAuthor%5D&cauthor=true&cauthor_uid=7584987
http://www.ncbi.nlm.nih.gov/pubmed?term=Kim%20S%5BAuthor%5D&cauthor=true&cauthor_uid=7584987
http://www.ncbi.nlm.nih.gov/pubmed?term=Lallone%20R%5BAuthor%5D&cauthor=true&cauthor_uid=7584987
http://www.ncbi.nlm.nih.gov/pubmed?term=Lallone%20R%5BAuthor%5D&cauthor=true&cauthor_uid=7584987
http://www.ncbi.nlm.nih.gov/pubmed?term=Ranganathan%20S%5BAuthor%5D&cauthor=true&cauthor_uid=7584987

61

163.McMillan-Price J, Petocz P, PhD; Atkinson F, O’Neill K, Samman S, Steinbeck K,
Caterson |, Brand-Miller J. Comparison of 4 Diets of Varying Glycemic Load on Weight
Loss and Cardiovascular Risk Reduction in Overweight and Obese Young Adults. A
Randomized Controlled Trial. Arch Intern Med. 2006;166:1466-1475.

164.Mehrabani HH, Salehpour S, Amiri Z, Farahani SJ, Meyer BJ, Tahbaz F. Beneficial
effects of a high-protein, low-glycemic-load hypocaloric diet in overweight and obese
women with polycystic ovary syndrome: a randomized controlled intervention study. J.
Am Coll Nutr. 2012;31:117-125.

165.Melanson KJ, Westerterp-Plantenga MS, Saris WH, Smith FJ, Campfield LA. Blood
glucose patterns and appetite in time-blinded humans: carbohydrate versus fat. Am J
Physiol. 1999;277:R337-45.

166.Metwally M, Cutting R, Tipton A, Skull J, Ledger WL, Li TC. The effect of increased
body mass index on oocyte and embryo quality in patients undergoing in vitro
fertilisation. Reprod Biomed Online. 2007;15(5):532-8.

167.Metwally M, Ledger WL, Chiu Li T. Reproductive Endocrinology and Clinical Aspects of
Obesity in Women. Ann. N.Y. Acad. Sci. 2008a;1127: 140-146.

168.Metwally M, Ong KJ, Ledger WL, Li TC. Does high body mass index increase the risk of
miscarriage after spontaneous and assisted conception? A meta-analysis of the evidence.
Fertil Steril. 2008b;90(3):714-726.

169.Metwally M, Saravelos S, Ledger WL, Li, TC. Body mass index and risk of miscarriage
in women with recurrent miscarriage. Fertil Steril. 2010;94:290-295.

170.Michalakis K, Mintziori G, Kaprara A, Tarlatzis BC, Goulis DG. The complex
interaction between obesity, metabolic syndrome and reproductive axis: A narrative
review. Metabolism Clinical and Experimental. 2013;62:457—478.

171.Miller DW, Harrison JL, Brown YA, Doyle U, Lindsay A, Adam CL, et al. Immuno-
histochemical evidence for an endocrine/paracrine role for ghrelin in the reproductive
tissues of sheep. Reprod Biol Endocrinol. 2005;3:60.

172.Mircea CN, Lujan ME, Pierson RA. Metabolic fuel and clinical implications for female
reproduction. J Obstet Gynaecol Can. 2007;29:887-902.

173.Montague CT, Farooqi IS, Whitehead JP, Soos MA, Rau H, Wareham NJ, Sewter CP,
Digby JE, Mohammed SN, Hurst JA, Cheetham CH, Earley AR, Barnett AH, Prins JB,
O'Rahilly S. Congenital leptin deficiency is associated with severe early-onset obesity in
humans. Nature. 1997; 387(6636):903-908.

174.Monteleone P, Bencivenga R, Longobardi N, Serritella C, Maj M. Differential responses
of circulating ghrelin to high-fat or high-carbohydrate meal in healthy women. J Clin
Endocrinol Metab. 2003;88(11):5510-14.

175.Moran LJ, Noakes M, Clifton PM, Tomlinson L, Galletly C, Norman RJ, Dietary
composition in restoring reproductive and metabolic physiology in overweight women
with polycystic ovary syndrome. J. Clin. Endocrinol. Metab. 2003;88:812—-819.

176.Moran LJ, Pasquali R, Teede HJ, Hoeger KM, Norman RJ. Treatment of obesity in
polycystic ovary syndrome: a position statement of the Androgen Excess and Polycystic
Ovary Syndrome Society. Fertil. Steril. 2009;92:1966-1982.


http://www.ncbi.nlm.nih.gov/pubmed?term=Skull%20J%5BAuthor%5D&cauthor=true&cauthor_uid=18044034
http://www.ncbi.nlm.nih.gov/pubmed?term=Ledger%20WL%5BAuthor%5D&cauthor=true&cauthor_uid=18044034
http://www.ncbi.nlm.nih.gov/pubmed?term=Li%20TC%5BAuthor%5D&cauthor=true&cauthor_uid=18044034
http://www.ncbi.nlm.nih.gov/pubmed?term=Soos%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=9202122
http://www.ncbi.nlm.nih.gov/pubmed?term=Rau%20H%5BAuthor%5D&cauthor=true&cauthor_uid=9202122
http://www.ncbi.nlm.nih.gov/pubmed?term=Wareham%20NJ%5BAuthor%5D&cauthor=true&cauthor_uid=9202122
http://www.ncbi.nlm.nih.gov/pubmed?term=Sewter%20CP%5BAuthor%5D&cauthor=true&cauthor_uid=9202122
http://www.ncbi.nlm.nih.gov/pubmed?term=Digby%20JE%5BAuthor%5D&cauthor=true&cauthor_uid=9202122
http://www.ncbi.nlm.nih.gov/pubmed?term=Mohammed%20SN%5BAuthor%5D&cauthor=true&cauthor_uid=9202122
http://www.ncbi.nlm.nih.gov/pubmed?term=Hurst%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=9202122
http://www.ncbi.nlm.nih.gov/pubmed?term=Cheetham%20CH%5BAuthor%5D&cauthor=true&cauthor_uid=9202122
http://www.ncbi.nlm.nih.gov/pubmed?term=Earley%20AR%5BAuthor%5D&cauthor=true&cauthor_uid=9202122
http://www.ncbi.nlm.nih.gov/pubmed?term=Barnett%20AH%5BAuthor%5D&cauthor=true&cauthor_uid=9202122
http://www.ncbi.nlm.nih.gov/pubmed?term=Prins%20JB%5BAuthor%5D&cauthor=true&cauthor_uid=9202122
http://www.ncbi.nlm.nih.gov/pubmed?term=O%27Rahilly%20S%5BAuthor%5D&cauthor=true&cauthor_uid=9202122
http://www.ncbi.nlm.nih.gov/pubmed/14602798?ordinalpos=2&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/14602798?ordinalpos=2&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum

62

177.Moran LJ, Hutchison SK, Norman RJ, Teede HJ. Life-style changes in women with
polycystic ovary syndrome. Cochrane Database Syst Rev 7:CD007506.
d0i:10.1002/14651858.CD007506. 2011a.

178.Moran L, Tsagareli V, Norman R, Noakes M. Diet and IVF pilot study: short-term weight
loss improves pregnancy rates in overweight/obese women undertaking IVF. Aust N Z J
Obstet Gynaecol. 2011b; 51: 455-459.

179.Moran LJ, Ko H, Misso M, Marsh K, Noakes M, Talbot M Frearson M, Thondan M,
Stepto N, Teede HJ. Dietary composition in the treatment of polycystic ovary syndrome:
a systematic review to inform evidence-based guidelines. J Acad Nutr Diet.
2013;113(4):520-545.

180.Moreno-Aliaga MJ, Lorente-Cebrian S, Martinez JA. Regulation of adipokine secretion
by n-3 fatty acids. Proc Nutr Soc. 2010;69(3):324-32.

181.Moschos S, Chan JL, Mantzoros CS. Leptin and reproduction: a review. Fertil. Steril.
2002;77:433-444.

182.Mota GR, Zanesco A. Leptina, Grelina e Exercicio Fisico. Arq Bras Endocrinol Metabol.
2007;51(1):25-33.

183.Moulin CC, Tiskievicz F, Zelmanovitz T, Oliveira J, Azevedo MJ, Gross, JL. Use of
weighed diet records in the evaluation of diets with different protein contents in patients
with type 2 diabetes. Am J Clin Nutr. 1998; 67:853-857.

184.Mounzih K, Lu R, Chehab FF. Leptin treatment rescues the sterility of genetically obese
ob/ob males. Endocrinology. 1997;138(3):1190-1193.

185.Muccioli G, Tschop M, Papotti M, Deghenghi R, Heiman M, Ghigo E. Neuroendocrine
and peripheral activities of ghrelin: implications in metabolism and obesity. Eur J
Pharmacol. 2002;440:235-54.

186.Muccioli G, Lorenzi T, Lorenzi M, Ghé C, Arnoletti E, Raso GM, Castellucci M,
Gualillo O, Meli R. Beyond the metabolic role of ghrelin: A new player in the regulation
of reproductive function. Peptides. 2011;32:2514-2521.

187.National Institute for Health and Clinical Excellence (NICE). Fertility: Assessment
and Treatment for People with Fertility Problems (Clinical Guideline N°. 11).
http://www.nice.org.uk/CG011 [Accessed 14 July 2008].

188.Neary NM, Small CJ, Wren AM, Lee JL, Druce MR, Palmieri C, et al. Ghrelin increases
energy intake in cancer patients with impaired appetite: acute, randomized, placebo-
controlled trial. J Clin Endocrinol Metab. 2004;89:2832-36.

189.Noakes M, Keogh JB, Foster PR, Clifton PM. Effect of an energy-restricted, high-
protein, low-fat diet relative to a conventional high-carbohydrate, low fat diet on weight
loss, body composition, nutritional status, and markers of cardiovascular health in obese
women. Am J Clin Nutr. 2005;81:1298-1306.

190.Norman RJ, Masters SC, Hague W, Beng C, Pannall P, Wang JX. Metabolic approaches
to the subclassification of polycystic ovary syndrome. Fertil Steril. 1995;63:329-335.

191.Norman RJ, Noakes M, Wu R, Davies MJ, Moran L, Wang JX. Improving
reproductive performance in overweight/obese women with effective weight
management. Hum Reprod Update. 2004;10:267-280.


http://www.ncbi.nlm.nih.gov/pubmed?term=Frearson%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23420000
http://www.ncbi.nlm.nih.gov/pubmed?term=Thondan%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23420000
http://www.ncbi.nlm.nih.gov/pubmed?term=Stepto%20N%5BAuthor%5D&cauthor=true&cauthor_uid=23420000
http://www.ncbi.nlm.nih.gov/pubmed?term=Teede%20HJ%5BAuthor%5D&cauthor=true&cauthor_uid=23420000

63

192.0stlund RE, Yang JW, Klein S, Gingerich R. Relation between plasma leptin
concentration and body fat, gender, diet, age and metabolic covariates. J Clin Endocrinol
Metab. 1996; 81:3909-13.

193.0tto B, Cuntz U, Fruehauf E, et al. Weight gain decreases elevated plasma ghrelin
concentrations of patients with anorexia nervosa. Eur J Endocrinol. 2001;145(5):669-73.

194.0Overduin J, Frayo RS, Grill HJ, Kaplan JM, Cummings DE. Role of the duodenum and
macronutrient type in ghrelin regulation. Endocrinology. 2005;146:845-50.

195.Panidis D, Tziomalos K, Papadakis E, Vosnakis C, Chatzis P, Katsikis I. Lifestyle
intervention and anti-obesity therapies in the polycystic ovary syndrome: impact on
metabolism and fertility. Endocrine. 2013;44:583-590.

196.Parihar M. Obesity and infertility. Reviews in Gynaecological Practice 2003; 3:120-126.

197.Pasquali R, Petrusi C, Gerghini S, Cacciari M, Gambineri A. Obesity and
reproductive disorders in women. Hum Reprod Update. 2003;9:359-372.

198.Pereira MA, Swain J, Goldfine AB, Rifai N, Ludwig DS. Effects of a low—glycemic load
diet on resting energy expenditure and heart disease risk factors during weight loss.
JAMA. 2004;292:2482-2490.

199.Quennell JH, Mulligan AC, Tups A, Liu X, Phipps SJ, Kemp CJ, Herbison AE, Grattan
DR, Anderson GM. Leptin indirectly regulates gonadotropin-releasing hormone neuronal
function. Endocrinology. 2009;150:2805-2812.

200.Reaven GM, Lerner RL, Stern MP, Farquhar JW. Role of insulin in endogenous
hypertriglyceridemia. J Clin Invest. 1967;46:1756-1767.

201.Repaci A, Gambineri A, Pagotto U, Pasquali R. Ghrelin and reproductive disorders.
Molecular and Cellular Endocrinology. 2011;340:70-79.

202.Reverchon M, Ramé C, Bertoldo M, Dupont J. Adipokines and the Female Reproductive
Tract. Int J Endocrinol. 2014;2014:232454.

203.Riad-Gabriel MG, Jinagouda SD, Sharma A, et al. Changes in plasma leptin during the
menstrual cycle. Eur. J. Endocrinol. 1998;139:528-531.

204.Rich-Edwards JW, Spiegelman D, Garland M, Hertzmark E, Hunter DJ, Colditz GA,
Willett WC, Wand H, Manson JE. Physical activity, body mass index and ovulatory
disorder infertility. Epidemiology. 2002;13:184-190.

205.Rittenberg V, Seshadri S, Sunkara SK, Sobaleva S, Oteng-Ntim E, EI-Toukhy T. Effect
of body mass index on IVF treatment outcome: an updated systematic review and meta-
analysis. Reprod BioMed Online. 2011a:23:421-439.

206.Rittenberg V, Sobaleva S, Ahmad A, Oteng-ntim E, Bolton V, Khalaf Y, Braude P, El-
Toukhy T. Influence of BMI on risk of miscarriage after single blastocyst transfer. Hum.
Reprod. 2011b;26(10):2642—2650.

207.Robker RL, Akison LK, Bennett BD, Thrupp PN, Chura LR, Russell DL, Lane M,
Norman RJ. Obese women exhibit differences in ovarian metabolites, hormones, and
gene expression compared with moderate-weight women. J Clin Endocrinol Metab.
2009;94:1533-1540.

208.Robker RL, Wu LL, Yang X. Inflammatory pathways linking obesity and ovarian
dysfunction. J Reprod Immunol 2011;88(2):142-8.


http://www.ncbi.nlm.nih.gov/pubmed/?term=Reverchon+M%2C+Ram%C3%A9+C%2C+Bertoldo+M%2C+Dupont+J.+Adipokines+and+the+Female+Reproductive+Tract.+International+Journal+of+Endocrinology+2014.+Vol.+2014%2C+Article+ID+232454%2C+10+pages.

64

209.Rondinone CM. Insulin receptor substrate (IRS) 1 is reduced and IRS-2 is the main
docking protein for phosphatidylinositol 3-kinase in adipocytes from subjects with non-
insulin-dependent diabetes mellitus. Proc Natl Acad Sci. 1997;94:4171-4175.

210.Rose DP, Haffner SM, Baillargeon J. Adiposity, the metabolic syndrome, and breast
cancer in African-American and white American women. Endocr Ver. 2007; 28:763-777.

211.Rosenthal R, Rosnow RL. Essentials of behavioral research: methods and data analysis,
2nd ed. New York: McGraw-Hill, Inc, 1991.

212.Rowell P, Braude P. Assisted conception. | — General principles. BMJ. 2003;327:799—
801.

213.Saad MF, Bernaba B, Hwu CM, Jinagouda S, Fahmi S, Kogosov E, Boyadjian R. Insulin
regulates plasma ghrelin concentration. J Clin Endocrinol Metab. 2002;87:3997-4000.

214.Sader S, Nian M, Liu P. Leptin a novel link between obesity, diabetes, cardiovascular
risk, and ventricular hypertrophy. Circulation. 2003;108:644-6.

215.Sainsbury A, Zhang L. Role of the hypothalamus in the neuroendocrine regulation of
body weight and composition during energy deficit. Obes Rev. 2012;13:234-257.

216.Salmeron J, Ascherio A, Rimm EB, Colditz GA, Spiegelman D, Jenkins DJ, Stampfer
MJ, Wing AL, Willett WC. Dietary fiber, glycemic load, and risk of NIDDM in men.
Diabetes Care. 1997a;20:545-50.

217.Salmeron J, Manson JE, Stampfer MJ, Colditz GA, Wing AL, Willett WC. Dietary fiber,
glycemic load, and risk of non-insulin-dependent diabetes mellitus in women. JAMA.
1997b;277:472-7.

218.Sandoval DA, Davis SN. Leptin: metabolic control and regulation. J Diab Compl.
2003;17(2):108-13.

219.Santoro N, Lasley B, McConnell D, et al. Body size and ethnicity are associated with
menstrual cycle alterations in women in the early menopausal transition: the Study of
Women's Health Across the Nation (SWAN) Daily Hormone Study. J Clin Endocrinol
Metab. 2004;89(6):2622-31.

220.Sartorelli DS, Cardoso MA. Associacdo entre Carboidratos da Dieta Habitual e Diabetes
Mellitus Tipo 2: Evidéncias epidemioldgicas. Arquivo Brasileiro de Endocrinologia e
Metabolismo. 2006;50(3):415-426.

221.Sato T, Fukue Y, Teranishi H, Yoshida Y, Kojima M. Molecular forms of hypothalamic
ghrelin and its regulation by fasting and 2-deoxy-dglucose administration.
Endocrinology. 2005;146:2510-16.

222.Schwartz MW, Peskind E, Raskind M, Boyko EJ, Porte D Jr. Cerebrospinal fluid leptin
levels: relationship to plasma levels and to adiposity in humans. Nat. Med. 1996;2: 589—
593.

223.Seidell JC. Dietary fat and obesity: an epidemiologic perspective. Am J Clin Nutr
1998;67(suppl):546S-508S.

224.Seimon RV, Hostland N, Silveira SL, Gibson AA, Sainsbury A. Effects of energy
restriction on activity of the hypothalamo-pituitary-adrenal axis in obese humans and
rodents: implications for diet-induced changes in body composition. Horm Mol Biol Clin
Investig. 2013;15:71-80.


http://www.ncbi.nlm.nih.gov/pubmed?term=Boyadjian%20R%5BAuthor%5D&cauthor=true&cauthor_uid=12161550
http://www.ncbi.nlm.nih.gov/pubmed?term=Colditz%20GA%5BAuthor%5D&cauthor=true&cauthor_uid=9096978
http://www.ncbi.nlm.nih.gov/pubmed?term=Spiegelman%20D%5BAuthor%5D&cauthor=true&cauthor_uid=9096978
http://www.ncbi.nlm.nih.gov/pubmed?term=Jenkins%20DJ%5BAuthor%5D&cauthor=true&cauthor_uid=9096978
http://www.ncbi.nlm.nih.gov/pubmed?term=Stampfer%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=9096978
http://www.ncbi.nlm.nih.gov/pubmed?term=Stampfer%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=9096978
http://www.ncbi.nlm.nih.gov/pubmed?term=Wing%20AL%5BAuthor%5D&cauthor=true&cauthor_uid=9096978
http://www.ncbi.nlm.nih.gov/pubmed?term=Willett%20WC%5BAuthor%5D&cauthor=true&cauthor_uid=9096978
http://www.ncbi.nlm.nih.gov/pubmed?term=Colditz%20GA%5BAuthor%5D&cauthor=true&cauthor_uid=9020271
http://www.ncbi.nlm.nih.gov/pubmed?term=Wing%20AL%5BAuthor%5D&cauthor=true&cauthor_uid=9020271
http://www.ncbi.nlm.nih.gov/pubmed?term=Willett%20WC%5BAuthor%5D&cauthor=true&cauthor_uid=9020271
http://www.ncbi.nlm.nih.gov/pubmed?term=Boyko%20EJ%5BAuthor%5D&cauthor=true&cauthor_uid=8616722
http://www.ncbi.nlm.nih.gov/pubmed?term=Porte%20D%20Jr%5BAuthor%5D&cauthor=true&cauthor_uid=8616722

65

225.Seli E, Babayev E, Collins SC, Nemeth G, Horvath TL. Minireview: Metabolism of
Female Reproduction: Regulatory Mechanisms and Clinical Implications. Mol
Endocrinol. 2014;28: 790-804.

226.Shepherd PR, Gnudi L, Tozzo E, Yang H, Leach F, Kahn BB. Adipose cell hyperplasia
and enhanced glucose disposal in transgenic mice overexpressing GLUT4 selectively in
adipose tissue. J Biol Chem. 1993;268:22243-22246.

227.Shintani M, Ogawa Y, Ebihara K, Aizawa-Abe M, Miyanaga F, Takaya K, et al. Ghrelin,
an endogenous growth hormone secretagogue, is a novel orexigenic peptide that
antagonizes leptin action through the activation of hypothalamic neuropeptide Y/Y1
receptor pathway. Diabetes. 2001;50:227-32.

228.Shirazian T, Raghaven S. Obesity and pregnancy: implications and management
strategies for providers. Mt. Sinai J. Med. 2009;76:539-545.

229.Sim KA, Partridge SR, Sainsbury A. Does weight loss in overweight or obese women
improve fertility treatment outcomes? A systematic review. Obesity Reviews
2014a;15:839-850.

230.Sim KA, Dezarnaulds GM, Denyer GS, Skilton MR, Caterson ID. Weight loss improves
reproductive outcomes for obese women undergoing assisted reproductive technology: a
randomised controlled trial. Clin Obes 2014b;14:792-805.

231.Simoneau JA, Veerkamp JH, Turcotte LP, Kelley DE. Markers of capacity to utilize fatty
acids in human skeletal muscle: relation to insulin resistance and effects of weight loss.
FASEB J. 1999;13:2051-60.

232.Singla P, Bardoloi A, Parkash AA. Metabolic effects of obesity: A review. World J
Diabetes. 2010;1(3):76-88.

233.Sirotkin AV, Grossmann R, Maria-Peon MT, Roa J, Tena-Sempere M, Klein S. Novel
expression and functional role of ghrelin in chicken ovary. Mol Cell Endocrinol.
2006;257-258:15-25.

234.Sliwowska JH, Fergani C, Gawalek M, Skowronska B, Fichna P, Lehman MN. Insulin:
Its role in the central control of reproduction. Physiol Behav. 2014;133:197-206.

235.Sloth B, Krog-Mikkelsen I, Flint A, Tetens I, Bjorck I, Vinoy S, Elmstahl H, Astrup A,
Lang V, Raben A. No difference in body weight decrease between a low-glycemic-index
and a high-glycemic-index diet but reduced LDL cholesterol after 10-wk ad libitum
intake of the low-glycemic-index diet. Am J Clin Nutr. 2004;80:337-347.

236.Spicer, LJ. Leptin: a possible metabolic signal affecting reproduction. Domest. Anim.
Endocrinol. 2001;21: 251-270.

237.Stamets K, Taylor DS, Kunselman A, Demers LM, Pelkman CL, Legro RS. A
randomized trial of the effects of two types of short-term hypocaloric diets on weight loss
in women with polycystic ovary syndrome. Fertil. Steril. 2004;81:630-637.

238.Steinberg GR, Smith AC, Wormald S, Malenfant P, Collier C, Dyck DJ. Endurance
training partially reverses dietary induced leptin resistance in rodent skeletal muscle. Am
J Physiol Endocrinol Metab. 2004;286:E57-63.

239.Stern L, Igbal N, Seshadri P, Chicano KL, Daily DA, McGrory J, Williams M, Gracely
EJ, Samaha FF. The effects of low-carbohydrate versus conventional weight loss diets in
severely obese adults: one-year follow-up of a randomised trial. Ann Intern Med.
2004;140:778-785.


http://www.ncbi.nlm.nih.gov/pubmed?term=Tetens%20I%5BAuthor%5D&cauthor=true&cauthor_uid=15277154
http://www.ncbi.nlm.nih.gov/pubmed?term=Bj%C3%B6rck%20I%5BAuthor%5D&cauthor=true&cauthor_uid=15277154
http://www.ncbi.nlm.nih.gov/pubmed?term=Vinoy%20S%5BAuthor%5D&cauthor=true&cauthor_uid=15277154
http://www.ncbi.nlm.nih.gov/pubmed?term=Elmst%C3%A5hl%20H%5BAuthor%5D&cauthor=true&cauthor_uid=15277154
http://www.ncbi.nlm.nih.gov/pubmed?term=Astrup%20A%5BAuthor%5D&cauthor=true&cauthor_uid=15277154
http://www.ncbi.nlm.nih.gov/pubmed?term=Lang%20V%5BAuthor%5D&cauthor=true&cauthor_uid=15277154
http://www.ncbi.nlm.nih.gov/pubmed?term=Raben%20A%5BAuthor%5D&cauthor=true&cauthor_uid=15277154
http://www.ncbi.nlm.nih.gov/pubmed?term=Chicano%20KL%5BAuthor%5D&cauthor=true&cauthor_uid=15148064
http://www.ncbi.nlm.nih.gov/pubmed?term=Daily%20DA%5BAuthor%5D&cauthor=true&cauthor_uid=15148064
http://www.ncbi.nlm.nih.gov/pubmed?term=McGrory%20J%5BAuthor%5D&cauthor=true&cauthor_uid=15148064
http://www.ncbi.nlm.nih.gov/pubmed?term=Williams%20M%5BAuthor%5D&cauthor=true&cauthor_uid=15148064
http://www.ncbi.nlm.nih.gov/pubmed?term=Gracely%20EJ%5BAuthor%5D&cauthor=true&cauthor_uid=15148064
http://www.ncbi.nlm.nih.gov/pubmed?term=Gracely%20EJ%5BAuthor%5D&cauthor=true&cauthor_uid=15148064
http://www.ncbi.nlm.nih.gov/pubmed?term=Samaha%20FF%5BAuthor%5D&cauthor=true&cauthor_uid=15148064

66

240.Stothard K, Tennant P, Bell R, Rankin J. Maternal overweight and obesity and the risk of
congenital anomalies: a systematic review and meta-analysis. JAMA. 2009;301:636—650.

241.Sullivan SD, Defazio RA, Moenter SM. Metabolic regulation of fertility through
presynaptic and postsynaptic signaling to gonadotropin-releasing hormone neurons. J
Neurosci. 2003;23:8578-8585.

242.Swain JE, Dunn RL, McConnell D, Gonzalez-Martinez J, Smith GD. Direct effects of
leptin on mouse reproductive function: regulation of follicular, oocyte, and embryo
development. Biol Reprod. 2004;71:1446-1452.

243.Tanaka K, Minoura H, Isobe T, Yonaha H, Kawato H, Wang DF, Yoshida, T, Kojima M,
Kangawa K, Toyoda N. Ghrelin is involved in the decidualization of human endometrial
stromal cells. J. Clin. Endocrinol. Metab. 2003;88:2335-2340.

244.Tannous dit EI Khoury D, Obeid O, Azar ST, Hwalla N. Variations in postprandial
ghrelin status following ingestion of high-carbohydrate, high-fat, and high-protein meals
in males. Ann Nutr Metab. 2006;50(3):260-9.

245.Tartaglia LA, Dembski M, Weng X, Deng N, Culpepper J, Devos R, Richards GJ,
Campfield LA, Clark FT, Deeds J, Muir C, Sanker S, Moriarty A, Moore KJ, Smutko JS,
Mays GG, Wool EA, Monroe CA, Tepper RI. Identification and expression cloning of a
leptin receptor, OB-R. Cell. 1995; 83(7):1263-1271.

246.Taylor A. ABC of subfertility: extent of the problem. BMJ. 2003;327: 434-436.

247.Tena-Sempere M, Barreiro ML, Gonzalez LC, Gaytan F, Zhang FP, Caminos JE, et al.
Novel expression and functional role of ghrelin in rat testis. Endocrinology.
2002;143:717-25.

248.Tena-Sempere M. Ghrelin: novel regulator of gonadal function. J. Endocrinol. Invest.
2005;28:26-29.

249.Tena-Sempere M. Ghrelin and reproduction, ghrelin as novel regulator of the
gonadotropic axis. Vitam Horm. 2008;77:285-300.

250.Thomas T, Burguera B. Is leptin the link between fat and bone mass? J Bone Miner Res.
2002;17(9):1563-9.

251.Thompson D, Karpe F, Lafontan M, Frayn K. Physical activity and exercise in the
regulation of human adipose tissue physiology. Physiol Rev 2012;92(1):157-91.

252.Tolino A, Gambardella V, Caccavale C, D’Ettore A, Giannotti F, D’Anto V, De Falco
CL. Evaluation of ovarian functionality after a dietary treatment in obese women with
polycystic ovary syndrome. Eur. J. Obstet. Gynecol. Reprod. Biol. 2005;119:87-93.

253.Tong Q, Xu Y. Central Leptin Regulation of Obesity and Fertility. Curr Obes Rep.
2012;1(4):236-244.

254.Tropea A, Tiberi F, Minici F, Orlando M, Gangale MF, Romani F, Miceli F, Catino S,
Mancuso S, Sanguinetti M, Lanzone A, Apa, R. Ghrelin affects the release of luteolytic
and luteotropic factors in human luteal cells. J. Clin. Endocrinol. Metab. 2007;92:3239-
3245.

255.Tsagareli V, Noakes M, Norman RJ. Effect of a very-low-calorie diet on in vitro
fertilization outcomes. Fertil Steril. 2006;86:227-229.

256.Tschop M, Smiley DL, Heiman ML. Ghrelin induces adiposity in rodents. Nature.
2000;407:908-13.


http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Tannous%20dit%20El%20Khoury%20D%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Obeid%20O%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Azar%20ST%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Hwalla%20N%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/pubmed?term=Deng%20N%5BAuthor%5D&cauthor=true&cauthor_uid=8548812
http://www.ncbi.nlm.nih.gov/pubmed?term=Culpepper%20J%5BAuthor%5D&cauthor=true&cauthor_uid=8548812
http://www.ncbi.nlm.nih.gov/pubmed?term=Devos%20R%5BAuthor%5D&cauthor=true&cauthor_uid=8548812
http://www.ncbi.nlm.nih.gov/pubmed?term=Richards%20GJ%5BAuthor%5D&cauthor=true&cauthor_uid=8548812
http://www.ncbi.nlm.nih.gov/pubmed?term=Campfield%20LA%5BAuthor%5D&cauthor=true&cauthor_uid=8548812
http://www.ncbi.nlm.nih.gov/pubmed?term=Clark%20FT%5BAuthor%5D&cauthor=true&cauthor_uid=8548812
http://www.ncbi.nlm.nih.gov/pubmed?term=Deeds%20J%5BAuthor%5D&cauthor=true&cauthor_uid=8548812
http://www.ncbi.nlm.nih.gov/pubmed?term=Muir%20C%5BAuthor%5D&cauthor=true&cauthor_uid=8548812
http://www.ncbi.nlm.nih.gov/pubmed?term=Sanker%20S%5BAuthor%5D&cauthor=true&cauthor_uid=8548812
http://www.ncbi.nlm.nih.gov/pubmed?term=Moriarty%20A%5BAuthor%5D&cauthor=true&cauthor_uid=8548812
http://www.ncbi.nlm.nih.gov/pubmed?term=Moore%20KJ%5BAuthor%5D&cauthor=true&cauthor_uid=8548812
http://www.ncbi.nlm.nih.gov/pubmed?term=Smutko%20JS%5BAuthor%5D&cauthor=true&cauthor_uid=8548812
http://www.ncbi.nlm.nih.gov/pubmed?term=Mays%20GG%5BAuthor%5D&cauthor=true&cauthor_uid=8548812
http://www.ncbi.nlm.nih.gov/pubmed?term=Wool%20EA%5BAuthor%5D&cauthor=true&cauthor_uid=8548812
http://www.ncbi.nlm.nih.gov/pubmed?term=Monroe%20CA%5BAuthor%5D&cauthor=true&cauthor_uid=8548812
http://www.ncbi.nlm.nih.gov/pubmed?term=Tepper%20RI%5BAuthor%5D&cauthor=true&cauthor_uid=8548812
http://www.ncbi.nlm.nih.gov/pubmed?term=Karpe%20F%5BAuthor%5D&cauthor=true&cauthor_uid=22298655
http://www.ncbi.nlm.nih.gov/pubmed?term=Lafontan%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22298655
http://www.ncbi.nlm.nih.gov/pubmed?term=Frayn%20K%5BAuthor%5D&cauthor=true&cauthor_uid=22298655

67

257.Tschop M, Wawarta R, Riepl RL, Friedrich S, Bidlingmaier M, Landgraf R, et al. Post-
prandial decrease of circulating human ghrelin levels. J Endocrinol Invest.
2001a;24:RC19-RC21.

258.Tschop M, Weyer C, Tataranni PA, Devanarayan V, Ravussin E, Heiman ML. Circulating
ghrelin levels are decreased in human obesity. Diabetes. 2001b;50:707-9.

259.Umemoto Y, Tsuji K, Yang FC, Ebihara Y, Kaneko A, Furukawa S, et al. Leptin
stimulates the proliferation of murine myelocytic and primitive hematopoietic progenitor
cells. Blood. 1997;90(9):3438-43.

260.Valckx SDM, De Pauw I, De Neubourg D, Inion I, Berth M, Fransen E, Bols PEJ, Leroy
JLMR. BMI-related metabolic composition of the follicular fluid of women undergoing
assisted reproductive treatment and the consequences for oocyte and embryo quality.
Hum Reprod. 2012;27(12):3531-3539.

261.van der Lely AJ, Tschop M, Heiman ML, Ghigo E. Biological, physiological,
pathophysiological and pharmacological aspects of ghrelin. Endocr Rev. 2004;25(3):426-
57.

262.van Hall G, Steensberg A, Sacchetti M, Fischer C, Keller C, Schjerling P, Hiscock N,
Moller K, Saltin B, Febbraio MA, Pedersen BK. Interleukin-6 stimulates lipolysis and fat
oxidation in humans. J Clin Endocrinol Metab. 2003;88:3005-3010.

263.van Veen LJ, van den Dool GC, Rijnsaardt HGM, Lambers MDA. The development of a
life style program aimed at weight reduction in obese patients with subfertility in a large
district hospital, results after five years. European Society of Human Reproduction and
Embryology: Stockholm, 2011.

264.Viani |, Vottero A, Tassi F, Cremonini G, Sartori C, Bernasconi S, Ferrari B, Ghizzoni L.
Ghrelin inhibits steroid biosynthesis by cultured granulosa-lutein cells. J Clin Endocrinol
Metab. 2008;93:1476-81.

265.Volante M, Fulcheri E, Allia E, Cerrato M, Pucci A, Papotti M. Ghrelin expression in
fetal, infant and adult human. J Histochem Cytochem. 2002;50:1013-21.

266.Wade GN, Jones JE. Neuroendocrinology of nutritional infertility. Am J Physiol Regul
Integr Comp Physiol. 2004;287:R1277-R1296.

267.Weigle DS, Cummings DE, Newby PD, Breen PA, Frayo RS, Matthys CC, Callahan HS,
Purnell JQ. Roles of leptin and ghrelin in the loss of body weight caused by a low fat,
high carbohydrate diet. J Clin Endocrinol Metab. 2003;88:1577-86.

268.Weisberg SP, McCann D, Desai M, Rosenbaum M, Leibel RL, Ferrante Jr. AW. Obesity
is associated with macrophage accumulation in adipose tissue. J Clin Invest.
2003;12:1796-1808.

269.Wellen KE, Hotamisligil GS. Obesity-induced inflammatory changes in adipose tissue. J
Clin Invest. 2003;112:1785-1788.

270.Wilcox AJ, Weinberg CR, Baird DD. Timing of sexual intercourse in relation to
ovulation. Effects on the probability of conception, survival of the pregnancy, and sex of
the baby. N Engl J Med. 1995;333(23):1517-21.

271.Wilkes S, Murdoch A. Obesity and female fertility: a primary care perspective. J Fam
Plann Reprod Health Care. 2009; 35(3):181-185.


http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22van%20der%20Lely%20AJ%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Tsch%C3%B6p%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Heiman%20ML%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Ghigo%20E%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/pubmed?term=Ferrari%20B%5BAuthor%5D&cauthor=true&cauthor_uid=18230661
http://www.ncbi.nlm.nih.gov/pubmed?term=Ghizzoni%20L%5BAuthor%5D&cauthor=true&cauthor_uid=18230661
http://www.ncbi.nlm.nih.gov/pubmed?term=Callahan%20HS%5BAuthor%5D&cauthor=true&cauthor_uid=12679442
http://www.ncbi.nlm.nih.gov/pubmed?term=Purnell%20JQ%5BAuthor%5D&cauthor=true&cauthor_uid=12679442

68

272.Wittemer C, Ohl J, Bailly M, Bettahar-Lebugle K, Nisand, I.Does body mass index of
infertile women have an impact on I\VVF procedure and outcome? J. Assist Reprod Genet.
2000;10:547-552.

273.Woods SC, Seeley RJ. Adiposity signals and the control of energy homeostasis.
Nutrition. 2000;16:894-902.

274.World Health Organization (WHO). Obesity: Preventing and Managing the Global
Epidemic — Report of a WHO consultation on Obesity. Geneva, 1998.

275.World Health Organisation (WHO). Obesity: Preventing and Managing the Global
Epidemic. Report of WHO Consultation on Obesity. Geneva, 2007.

276.World Health Organization (WHO). Acessado em 11/08/2014.
http://www.who.int/reproductivehealth/topics/infertility/definitions/en/#.U9wy5IlzdfWw.e
mail. 2014a

277.World Health Organization (WHO). Acessado em 11/08/2014.
http://www.who.int/mediacentre/factsheets/fs311/en/. 2014b.

278.Wren AM, Seal LJ, Cohen MA, Brynes AE, Frost GS, Murphy KG, et al. Ghrelin
enhances appetite and increases food intake in humans. J Clin Endocrinol Metab.
2001;86:5992-95.

279.Wu A, Hinds CJ, Thiemermann C. High-density lipoproteins in sepsis and septic shock:
metabolism, actions, and therapeutic applications. Shock 2004;21:210-221.

280.Wu LL, Dunning KR, Yang X, et al. High-fat diet causes lipotoxicity responses in
cumulus-oocyte complexes and decreased fertilization rates. Endocrinology.
2010;151(11):5438-5445,

281.Wynne K, Stanley S, McGowan B, Bloom S. Appetite control. J Endocrinol.
2005;184:291-318.

282.Yoshihara F, Kojima M, Hosoda H, Nakazato M, Kangawa K. Ghrelin: a novel peptide
for growth hormone release and feeding regulation. Curr Opin Clin Nutr Metab Care.
2002;5:391-95.

283.Yu KC, Cooper AD. Postprandial lipoproteins and atherosclerosis. Front Biosci
2001;6:D332-D354.

284.Yura S, Ogawa Y, Sagawa N, Masuzaki H, Itoh H, Ebihara K, Aizawa-Abe M, Fujii S,
Nakao K. Accelerated puberty and late-onset hypothalamic hypogonadism in female
transgenic skinny mice overexpressing leptin. J Clin Invest. 2000;105:749-55.

285.Zaadstra BM, Seidell JC, Van Noord PA, te Velde ER, Habbema JD, Vrieswijk B,
Karbaat J. Fat and female fecundity: prospective study of effect of body fat distribution
on conception rates. Br Med J. 1993;306:484-487.

286.Zegers-Hochschild F, Adamson GD, Mouzon J, Ishihara O, Mansour R, Nygren K,
Sullivan E, van der Poel S. ICMART/WHO. The International Committee for Monitoring
Assisted Reproductive Technology (ICMART) and the World Health Organization
(WHO). Revised Glossary on ART Terminology. Hum Reprod. 2009;24(11):2683-2687.

287.Zhang W, Lei Z, Su J, Chen S. Expression of ghrelin in the porcine hypothalamo—
pituitary—ovary axis during the estrous cycle. Anim Reprod Sci. 2008;109:356—67.

288.Zhang Y, Proenca R, Maffei M, Barone M, Leopold L, Friedman JM. Positional cloning
of the mouse obese gene and its human homologue. Nature 1994;372:425-432.


http://www.who.int/reproductivehealth/topics/infertility/definitions/en/#.U9wy5lzdfWw.email
http://www.who.int/reproductivehealth/topics/infertility/definitions/en/#.U9wy5lzdfWw.email
http://www.who.int/mediacentre/factsheets/fs311/en/
http://www.ncbi.nlm.nih.gov/pubmed?term=Aizawa-Abe%20M%5BAuthor%5D&cauthor=true&cauthor_uid=10727443
http://www.ncbi.nlm.nih.gov/pubmed?term=Fujii%20S%5BAuthor%5D&cauthor=true&cauthor_uid=10727443
http://www.ncbi.nlm.nih.gov/pubmed?term=Nakao%20K%5BAuthor%5D&cauthor=true&cauthor_uid=10727443

69

CAPITULO V

5. MANUSCRITO ORIGINAL 1

EFFECTS OF A HYPOCALORIC DIET WITH LOW GLYCEMIC INDEX/LOAD ON
BODY ADIPOSITY AND REPRODUCTIVE OUTCOMES IN OVERWEIGHT AND
OBESE INFERTILE WOMEN UNDERGOING IVF TREATMENT: A

RANDOMIZED CLINICAL TRIAL

ABSTRACT

Introduction: Insulin resistance (IR) resulting from obesity is related to hormonal disorders
that affect reproductive system. The low glycemic index (LGI) diet seems to exert a positive
impact on obesity and the metabolic changes resulting from IR. Objective: To investigate the
effect of a hypocaloric diet with low glycemic index/load on anthropometric and metabolic
parameters, ghrelin and leptin levels and reproductive outcomes in overweight and obese
infertile women candidates to in vitro fertilization (IVF). Methods: Randomized clinical trial
analysing 26 infertile women with grade | and Il obesity, or pre-obesity associated with
increased waist circumference. Patients were assigned in the hypocaloric LGI diet group or
control group (maintenance of usual diet), and followed the protocol for 12 weeks. Parameters
evaluated: body weight, body mass index (BMI), body fat percentage (%BF), waist/hip ratio
(WHR), glucose, insulin, HOMA-IR, serum lipids, reproductive hormones, gonadotrophin
doses, number and quality of oocytes and embryos, fertilization and pregnancy rates.
Compliance to the diets were evaluated by means of a 3-day food record assessed at baseline,
week 6 (middle) and week 12 (completion of the study). Results: There was 5.5% weight loss
and also reductions in BMI (p < 0.001), BF% (p = 0.002), WHR (p <0.001) and glucose (p =

0.034) in the LGI group compared to control. The LGI diet group had 85.4% more oocytes
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retrieved compared to the control group (7.75 = 1.44 vs. 4.18 + 0.87, respectively, p = 0.039).
The dose of gonadotrophins, the oocyte and embryo quality, and fertilization rate were similar
between groups (p > 0.05). Three (21.4%) patients in the LGI group experienced spontaneous
pregnancy during the follow-up, generating 3 live births. Conclusion: The 5.5% weight loss
trough the hypocaloric LGl diet was able to improve metabolic, reproductive and IVF
outcomes when compared with women that not lose weight. These results support the clinical
recommendation to advise overweight and obese women to lose weight through a balanced
diet, preferably with low glycemic index/load, prior to be submited to assisted reproduction

technologies.

Key words: female infertility, diet, glycemic index, overweight, in vitro fertilization
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INTRODUCTION

Infertility has been currently recognized as a disorder related to obesity (Loret de
Mola, 2009). The impact of obesity on reproductive process involves, among others, sub or
infertility, menstrual abnormalities, miscarriages, and increased risk of pregnhancy
complications (Pasquali et al., 2003; Jungheim et al., 2013). Furthermore, many studies have
linked the increased body mass index (BMI) with negative impact on assisted reproduction
technology (ART) outcomes. These negative outcomes include the need for higher doses of
gonadotropins, a small number of oocytes retrieved, reduced pregnancy and live birth rates,
and higher rates of miscarriages (Maheshwari et al., 2007; Metwally et al., 2007; Jungheim et
al., 2009; Zang et al., 2010; Pandey et al., 2010; Jungheim; Moley 2010; Rittenberg et al.,
2011a; Rittenberg et al. 2011b; Luke et al., 2011; Jungheim et al., 2013).

Among several metabolic changes associated with obesity, insulin resistance (IR)
appears to be linked to hormonal disorders that affect reproductive system (Singla et al. 2010;
Sliwowska et al., 2014). Hyperinsulinemia, resulting from abdominal obesity, leads to
changes on LH and FSH pulses in the central nervous system (CNS) and increases
steroidogenesis in the ovaries. In addition, leads to suppression of the hepatic synthesis of sex
hormone binding globulin (SHBG), increasing the proportion of free androgen for
aromatization and conversion to estrogen in the adipose tissue, leading, also, to increased free
circulating estrogen bioavailability. All these changes have deleterious effects on oocytes,
follicles and endometrium, and consequently on reproductive capacity (Parihar, 2003;
Michalakis et al., 2013). Thus, when infertility is a problem associated with obesity, one of
the main goals of the treatment to restore reproductive function is the normalization of IR,
which can be obtained by weight loss and visceral fat reduction. According to McLean and
Wellons (2012), there are few well-controlled randomized trials that have evaluated the effect

of lifestyle modification specifically on fertility. Although limited, these studies demonstrate,
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in addition to weight loss, effects such as improvements in the regularity of the menstrual
cycle, reduction on visceral fat, hyperandrogenism and insulin resistance; increase in sex
hormone binding globulin (SHBG) and on ovulation and pregnancy rates (Clark et al., 1998;
Huber-Buchholz et al., 1999; Parihar, 2003; ESHRE/ASRM, 2008; Moran et al., 2009).

Approximately 15% of women undergoing ARTSs are overweight or obese (Lintsen et
al.,, 2005). Access to ARTs is restricted in some countries, and as weight loss in
overweight/obese women has been shown to increase rates of pregnancy and improve the
natural course of pregnancy (Hollmann et al., 1996), women who have an increased BMI
have been advised to lose weight before undergoing ARTS.

Despite of the benefits of weight loss for obese infertile women be well established in
the literature, there are few studies that evaluated the relationship between fertility and diets
with different compositions. Compared to standard diets, restriction or modification of
carbohydrates quality seems to reflect benefits in some parameters such as energy expenditure
(Pereira et al., 2004), triglyceride and HDL-cholesterol levels, and glucose homeostasis (Hu,
2005). In addition, carbohydrate-rich foods with low glycemic index (LGI) seem to improve
insulin sensitivity and increase the potential for weight loss when compared to low fat diets
ad libitum (Hu, 2005). Thus, LGI foods can benefit body weight control mainly by promoting
satiety and fat oxidation instead of carbohydrate oxidation (Brand-Miller et al., 2002).

Among several strategies to reduce body weight, the LGI diet has been a strategy in
the management of obesity. However, there are limited studies on the effect of the LGI diet on
reproductive outcomes, especially during ARTs. We hypothesized that, in infertile overweight
women, the LGI diet would reflect an additional benefit, mainly because of its positive effect
on glucose and insulin levels that this type of diet seems to have. Thus, the aim of this study

was to investigate the effect of a hypocaloric diet with low glycemic index/load on
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anthropometric and metabolic parameters, ghrelin and leptin levels and reproductive

outcomes in overweight and obese infertile women candidates to in vitro fertilization (IVF).

SUBJECTS AND METHODS

Women diagnosed with female infertility (irrespective of their infertility diagnosis),
body mass index (BMI) > 30 kg/m2 or BMI > 25 kg/m? associated with waist circumference >
80 cm, and undergoing IVF were eligible for the study. In addition, participants should have
stable body weight in the last three months prior to the study, have no stomach/digestive
problems, have no cardiovascular disease, not smoking, and not being on medication.
Exclusion criteria were: BMI > 40 kg/mz, following any other type of nutritional intervention,
comorbidities that could interfere in reproductive ability (genetic and endocrine disorders,
diabetes mellitus, cancer, liver or kidney failure), alcoholics, patients who have contact
(work) with heavy metals or chemicals (exposure to solvents and pesticides). The patients
were questioned about their level of physical exercise on the topics: modality, frequency
(number of times/week), and duration (in minutes). In this study, all patients analysed did not
practice any physical exercise and were advised not to start any activity during the study
follow-up, in order to maintain the same level of caloric expenditure and isolate the effect of
the dietary intervention. Thirty-five women commenced the intervention and were
randomised to LGI diet group (16) or control group (19). Nine women dropped out of the
study (two diet LGI group, seven control). Fourteen women completed the diet intervention,
and twelve women completed the control protocol (Figure 1). Of the 26 patients analyzed, 4
had polycystic ovary syndrome - PCOS (1 patient in the control and 3 in LGI diet group), but
in all cases associated with one or more other causes of female infertility. The study protocol

complied with the Declaration of Helsinki, was approved by the Hospital de Clinicas de Porto
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Alegre Ethics Committee, and all subjects gave written informed consent to participate in the
study.

*hkkkhkhkkikikik I N S ERT F I G U R E 1 . *hkkkhkhkhkkikikikk

Study Design

Randomized Clinical Trial (RCT). This study followed the randomized block design.
Blinding was not possible to perform in this RCT, because of the active participation of the
patients and the care providers, that were necessary throughout the study protocol.

Patients were referred from Public Primary Care Units to the Unit of Obstetrics and
Gynecology of the Hospital de Clinicas de Porto Alegre, located in the state of Rio Grande do
Sul, Brazil. After their medical diagnose of infertility, the patients were organized on a
waiting list to perform the IVF cycle. Patients were recruited from this list, in chronological
order of entrance. The patients selected were participating on their first cycle of IVF. The
period of recruitment and follow-up was between January 2012 and December 2013. All
dietary advices were provided by a qualified nutritionist.

Preliminary visit: personal data and anthropometric measures to assess the
inclusion/exclusion criteria were collected. Patients who met the criteria and accepted to
participate on the study received general advice about the follow-up protocol and were
instructed to complete their first Three-Day Food Record (3DFR).

Basal Visit (week 0): to start the study protocol, patients should attend the hospital
between the 2nd and the 4th day of their menstrual cycle. In this day, blood samples were
drawn after twelve hours overnight fast to asses hormonal and metabolic parameters;
anthropometric data was also performed. Body mass and height were recorded for the
calculation of BMI (body mass (kg)/height(m?)). Waist circumference (WC) was measured in

the midway position between the lowest rib margin and the iliac crest, near the umbilicus. Hip
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circumference (HC) was taken at the maximal gluteal protrusion (lateral view). The skinfolds
were measured at seven sites (triceps, subscapular, pectoral, axillary, abdomen, suprailiac, and
thigh) using a Lange caliper (Beta Technology Inc., Cambridge, Md., USA), according to the
method recommended by the International Society for the Advancement of Kinanthropometry
(Marfell-Jones et al., 2006), and were used to calculate the body fat percentage (Jackson;
Pollock 1978). Patients presented their first 3DFR (baseline) and were randomized into one of
two groups: 1) LGI diet group; or 2) control group. From this visit, patient began to follow the
proposed protocols, which should be maintained for the next 12 weeks.

Intermediate visit (week 6): nutritional advices were reinforced, anthropometric
measurements were collected (body mass, waist and hip circumferences) and the adherence of
the patients to proposed diets was verified through another 3DFR (intermediate).

Final visit (week 12): To finalize the follow-up protocol patients should attend the
hospital between the 2nd and the 3rd day of their menstrual cycle. In this day, the same
protocol of the Basal Visit was repeated. Patients presented their last 3DFR (final).
Immediately after the end of the follow-up, patients started the ovarian stimulation protocol to

perform the IVF cycle.

Dietary intervention

Patients were randomized to: 1) control group - patients were instructed to maintain
their food intake habits; or 2) hypocaloric diet with low glycemic index (Gl)/load (GL) - LGI
diet group. In this study, foods with GI < 55 were classified as being of low GI. A low GL
was classified as a daily value < 80 (www.glycemicindex.com). The intervention diet was
designed as a moderate reduced-energy, moderate-to-high fiber, low GI/GL diet. The diet was
planned to provide around 50% of calories from carbohydrate, 20% from proteins and 30%

from lipids. Calorie content of the diet was individualized, each patient received an equivalent
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of 20 kcal/kg of current body weight (Martins; Cardoso 2000). Diet was prescribed by using
household measures or kitchen utensils to quantify food portions in each meal. Portion size of
foods varied on the menu according to the caloric intake offered to each patient. Participants
received a list of equivalents, separated by categories of foods to replace foods prescribed in
the diet according to food category (eg, dairy products, fruits, etc). All food contained in the
list of equivalents had low glycemic index. Researchers provided olive oil and dried fruits
(Uniagro®, RS, Brazil) to patients in the LGI diet group during all the 12-week intervention.
A high intake of vegetables (mainly raw) and salads was encouraged, and the intake of added
sugars and alcohol was discouraged. The food composition of the intervention diet is
presented in Table 1.
Hekekdkxk kx| NSERT TABLE 1 ***#skdoksk

All participants were asked to keep a 3-day food record - including two week days and
one weekend day - at baseline, 6-weeks after starting the dietary intervention, and at the
completion of the study. To detail accurately and standardize the description of food portions,
all pacients received a portfolio with photos, that was prepared based on the Photo-Registry
for Dietary Surveys (Zabotto, 1996). The energy, macronutrients and dietary fiber content of
the diets were calculated by a nutritionist with the assistance of the software Nutribase 7
(USDA, 2008). Commonly eaten branded foods for which nutritional data were available,
were added to the database of the software. Carbohydrate-intake data were exported from the
software and used to measure the dietary Gl and GL. The GI of individual foods was assigned
according to published values on the basis of glucose as the reference food (Atkinson et al.,
2008). When a published value was not available, the GI was estimated according to van
Bakel et al. (2009). The GI for each food item was multiplied by the proportion of total
carbohydrate contributed by the food to obtain a GL. The daily GL was calculated by

summing the GL values for each food item for that day.
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Blood biochemistry

Blood samples for the analysis of glucose, insulin, total cholesterol, HDL-cholesterol,
LDL-cholesterol, triglycerides, follicle stimulating hormone (FSH), luteinizing hormone
(LH), estradiol, progesterone, prolactin, testosterone, and sex hormone-binding globulin
(SHBG), were stored in tubes without anti-clotting and determined at the Laboratory of
Patologia Clinica of HCPA, using convencional methods. Insulin Resistence was determined
using the Homeostasis Model Assessment (HOMAIL-IR): HOMAI1-IR = fasting glucose
(mg/dl/18) x fasting insulin (uU/ml)/22,5 (Mattews et al., 1985); and the HOMAZ2-IR,
obtained by the program HOMA Calculator v2.2.2 (OCD, 2014). Free testosterone was

estimeted as total testosterone (nmol/lI)/SHBG (nmol/l) x 100.

Reproductive Outcomes

An ultrasound scan was performed early in the cycle to ensure the absence of ovarian
cysts, then a dose of 200 Ul of recombinant FSH (r-FSH) were administered for four days
(days 3, 4, 5 and 6 of the menstrual cycle), followed by 150 Ul of human menopausal
gonadotrophin (HMG) daily. Follicular growth was monitored by ultrasound and when at
least one follicle reached an average diameter of 14 mm, a daily dose of 0.25 mg of cetrorelix
acetate was administered. The ultrasonographic monitoring of follicle growth continued until
the day when at least one follicle reached an average diameter of 17 mm. On this day a dose
of 250 pg of alfacoriogonadotropin was administered to promote oocyte maturation. The
ovarian follicle aspiration was made 34-36 hours after alfacoriogonadotropin application.

Oocyte quality was classified as follows: Immature (M1): small or large cumulus
with little filament. Compact corona forming a dense cover around the oocyte; Intermediate

(M2): large cumulus, dispersed and filamented. Corona still dark and compact around the
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oocyte, but starting dispersion; Mature (M3): large cumulus, dispersed and filamented.
Characteristic corona, with no space between cells, with no ray format, the limits of the
oocyte can be seen. M3 is the one with the best chance of fertilization and development; Post-
mature (M4): highly dispersed cumulus, large or small by its fragmentation. Very filamented
and non existent corona. Oocyte can be clearly identified, the first polar body can be observed
(RedLara, 2006).

The quality of the embryos was determined by calculating the Embryo Score, wich
was obtained by observing the cleavage (presence - 1; absence - 0); embryo stage (four cells
- 1; other stages - 0); cell irregularity (absence - 1; presence - 0); cell fragmentation > 20%
(absence - 1; presence - 0), where the top quality embryo receives note 4 (Terriou et al.,
2001).

The fertilization, clinical pregnancy and live birth rates were determined, respectively,
as follows: number of embryos obtained/total number of oocytes x 100; number of clinical
pregnancies/total number of patients in the group x 100; and number of live births/total

number of pregnancies in the group x 100.

Statistical analyses

All data were analyzed with the assistance of the Statistical Package for Social
Sciences (SPSS) version 19.0 (SPSS Inc., Chicago, Ill., USA). To compare the means of
metabolic, hormonal, anthropometric and reproductive outcomes of the two groups
(intervention and control) measured at two moments (pre and post) the Generalized
Estimation Equation (GEE) with unstructured work correlation was performed, to be able to
handle the dependency between observations of the same subject. Because of the small
sample size we did not use the factorial model (group + moment + group + moment) instead

we used control-pre + control-post + intervention-post and took as reference, measurements
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made in the “pre” moment of the intervention group. GEE was also conducted to analyze diet
composition in both groups. Relationships were explored using the coefficient of linear
correlation of Pearson or Spearman. Independent t test or Mann-Whitney test were conducted
when relevant. Statistical significance was accepted at p < 0.05. Data are expressed as mean +

standard error.

RESULTS

Baseline characteristcs of participants were similar in both groups (Table 2), except
for the waist/hip ratio (WHR) that was higher in the LGI diet group in the begining of the
study.

*khkhkhkhhhkhkkk I NSERT TAB LE 2.**********

Antropometric, Metabolic and Hormonal Parameters

There was a reduction of 5.5% of body weight in patients of the LGI group, while
patients in the control group had an increase in body weight of 0.9% (- 4.51 + 0.83 vs. 0.72 £
0.75 kg, respectively, p < 0.001). There were also reductions in BMI (Figure 2A), %BF
(Figure 2B), WHR (-0.03 £ 0.00 vs. 0.01 * 0.00, respectively, p < 0,001), hip circumference
(-3.99 * 0.85vs. -0.25 * 0.59, respectively, p < 0.001) and glucose (Figure 2C); and estradiol
levels were higher (44.90 = 3.96 vs. 41.72 + 2.45, respectively, p = 0,049) in the LGI diet
group compared to control group. The remaining variables showed no significant differences
between groups (Table 3).
FHAXAXFFIFFINSERT FIGURE 2. ***Hxskxkx

*hkkkkhkkkhkkikkk I N S ERT TAB LE 3 .**********
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Reproductive and IVF Outcomes

The LGI diet group had 85.4% more oocytes retrieved compared to control group
(7.75 = 1.44 vs. 4.18 £ 0.87, respectively, p = 0.039). There was a negative correlation
between the number of oocytes retrieved with BMI (r2 = - 0.542, p = 0.020) and %BF (r2 = -
0.475, p = 0.040). The dose of gonadotrophins, the oocyte and embryo quality, and
fertilization rate were similar (p > 0.05) between groups (Table 4). Clinical pregnancy rate
was 21.4% in the LGI diet group, since three of fourteen patients experienced spontaneous
pregnancy during the follow-up, generating three live births — live birth rate of 100%. There
were no pregnancies, and consequently, there were no live births in the control group.

*khkhkhkhhhkhkkk I NSERT TAB LE 4.**********

Diet compliance

Analysis of dietary food records showed that, in the control group, there were no
differences in diet composition (caloric intake, macronutrients distribution, dietary fiber and
glycemic load) between the target diet (usual diet) and the actual diet (Table 5). In the LGI
diet group, there were no differences in macronutrients distribution and glycemic load
between the target and the actual diet, but the caloric intake was a little lower than the target
basically due to a protein intake (grams) below of the target (Table 5). The average dietary
fiber intake was also below of the target in LGI diet group, although higher than the patient’s
habitual (baseline) consumption (p = 0.016). Comparing the actual diet consumed in both
groups the analysis showed, as expected, that the caloric intake and glycemic load were lower,
and the dietary fiber intake was higher in LGI diet group compared to control. The
macronutrients distribution was similar between groups, except for protein. It was also
expected, since the protein target planned in the diet of the LGI diet group, provided an

increase in the proportion of protein compared to the patient's usual consumption (Table 5).
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*kkkhkkhkkikkkik I NSERT TAB LE 5.**********

DISCUSSION

To our knowledge, this is the first study that demonstrated the positive effect of a
hypocaloric diet composed by low glycemic index/load foods not only on metabolic and
hormonal parameters (body adiposity, fasting glycemia, estradiol levels) but also on
reproductive and IVF outcomes (improvement of the number of oocytes retrieved, pregnancy
and live birth rates).

Overweight and obesity are related to infertility. Lifestyle modification programs
(especially diet programs) have been shown to be associated with poor levels of compliance
(Moran et al., 2003). This is particularly complicated in stressful situations, as infertility. The
individualization of the program, the monitoring and support by an expert health professional
are aspects that increase treatment compliance (Moran et al., 2009). In this study we offered
to overweight infertile women a diet with moderate calorie restriction and low glycemic
index/load foods. The proposal was to provide a diet that: patients could have a good
compliance (as it was not a highly restricted calorie diet), that could be easy to apply in
clinical practice, composed by foods easily to acquire by patients from a public hospital and
that offers, in theory, the additional benefit of a better quality carbohydrates.

Diet histories, 24-h recalls, food-frequency questionnaires, weighed diet records, and
food diaries have been used in epidemiologic and clinical research to assess the dietary intake
of individuals (Eppright et al., 1952; Viberti et al., 1987; Azevedo et al., 1990; MacDowell et
al., 1994; Willett, 1994). However, all the information must be given by the subjects
themselves, and this information may be incorrect. The measurement of 24-h urinary nitrogen
excretion is a reliable index that could be used to evaluate protein intake. However, there is no

biochemical index for analyzing the type of carbohydrate eaten or its glycemic index.
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Therefore, one must rely on the patient’s information to assess the glicemic index/load of the
foods eaten. Moulin et al. (1998) conducted a randomized clinical trial with diabetes mellitus
type 2 patients that consumed diets with diferentes types and quantities of protein. The
authors assumed accord between total protein intake evaluated by dietary assessment methods
and that calculated by nitrogen output, and the study indicates that the patient’s information is
reliable. The underreporting is more prevalente among women, overweight or obesity subjects
and increases with age (Macdiarmi, Blundell 1998) and this was, therefore, a challenge for
this trial. During this study it was not possible to measure 24-h urinary nitrogen to validate the
diet records due to the menstrual cycle and consequently blood cells nitrogen contamination.
However, patients lost weight and several metabolic and anthropometric parameters have
changed after the intervention, which seems to indicate diet compliance. Maybe the
counseling with a clinical nutritionist over the diet period could had helped to have a better
compliance to the dietetic treatment.

Substantial weight loss, although desirable, is not essential for the success of the
restoration of reproductive function in obese patients (Parihar, 2003).The available studies
demonstrate that a relatively small weight loss (from 5 to 10%), obtained by caloric restriction
in the long term (5 to 6 months) may improve metabolic and reproductive parameters of obese
infertile women (Parihar, 2003; ESHRE/ASRM, 2008, Moran et al., 2009). Diets that offer
between 1200-1500 kcal/day appear to be equally beneficial when compared to more
restrictive diets and have better compliance rates (Moran et al., 2009). In addition, a very fast
weight loss achieved by very low calorie diets (VLED) or excessive exercise appear to be
detrimental to reproductive outcomes during fertility treatments. In this way, for the
effectiveness of weight loss it must be gradual and sustained (Pandey et al., 2010). The total
calories consumed in the dietary intervention of this study, i.e. 1332 kcal in average, were

according to those proposed in most studies and was effective for achieving 5.5% of weight
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loss, an important goal proposed by the main guidelines, in the 12 weeks prior to IVF cycle.
The dropout rate of only 12.5% (2 of the 16 patients randomized) throughout the study in the
intervention group evidenced a good compliance to the proposed treatment.

Many studies suggest that high carbohydrates-low protein diets with a low glycemic
load shows benefits for body weight and cardiovascular risk reduction (Bouche et al., 2002;
Pereira et al., 2004; Brynes et al., 2003; Ebbeling et al., 2005). Some of these results were
also observed in this study; i.e, the proposed low glycemic index/load diet was effective in
promoting weight loss, reduction of %BF, WHR, and fasting glucose levels in the
intervention group. However, the study failed in evidence reduction in insulin levels and
HOMA-IR indexes. Similar studies analysing the effect of the glycemic index of the diet
(high vs. low) on weight loss of non PCOS women, with a similar duration of our study, also
failed in demonstrate changes in insulin levels and/or HOMA-IR, independent of the group
(McMiller-Price et al., 2006; Schieri et al., 2007). Other studies with the same objective were
able to demonstrate this effect, but the duration of the intervention was longer (> 6 months)
than this work (Juanola-Falgarona et al., 2014; Schwingshackl e Hoffmann, 2013). In the
present study, only 15% of the patients evaluated had PCOS. Analyzing the effect of diets for
weight loss, regardless of composition, studies with similar or greater duration than ours, were
able to demonstrate improvements in insulin levels, HOMA-IR and insulin sensitivity index
calculated using the oral glucose tolerance test - ISlogrr (Clark et al., 1995; Moran et al.,
2003; Stamets et al., 2004; Marsh et al., 2010; Mehrabani et al., 2012) in PCOS patients,
women who have different characteristics of our patients. Thus, both, the duration of the
intervention and the characteristics of the patients seem to influence the responses of insulin
and insulin sensitivity in studies involving dietary interventions.

Few studies have evaluated fertility and diets with different glycemic indexes/ loads.

Marsh et al. (2010) conducted a study in 96 PCOS women and showed that with a modest
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weight loss (4-5% of body weight) a moderate carbohydrate diet with low GI provided an
improvement on menstrual regularity when compared to conventional low-calorie diet. On
the other hand, high carbohydrates diets with high glycemic index appear to be associated
with increased risk of anovulatory infertility (Chavarro et al., 2009). Thus, the type of
carbohydrates offered on the diet appears to result in different effects on reproductive
outcomes. The study of Marsh et al. (2010) offered in their intervention group diet a quite
similar glycemic load as prescribed to the intervention group in our study (74 vs. 75). The
weight loss associated to the LGI diet in our study, as in the cited study, was able to promote
substantial improvements on reproductive outcomes on the intervention group, compared to
control group.

After losing weight, patients in the LGI diet group had 85.4% more oocytes retrieved
and higher levels of estradiol compared to patients in the control group. We also found a
moderate negative correlation between the number of oocytes retireved with BMI and %BF.
A study evaluating morbidly obese women also found that the group who lost weight had a
greater number of oocytes when compared to women who did not lose weight (Awartani et
al., 2012). A systematic review and a large cohort study showed that in comparison with
women of normal weight, overweight women have significantly fewer oocytes retrieved
(Maheshwari et al., 2007; Zang et al., 2010). Some studies have shown that although they
may produce the same number of visible follicles during controlled ovarian hyperstimulation,
obese women have significantly lower estradiol levels than women of normal weight. This
suggests that there is something different involved in the way how the ovary of obese women
respond to gonadotrophins stimulation (Shah et al., 2011; Jungheim et al., 2009). The control
group had lower levels of estradiol in the beginning of ovarian stimulation compared to the
LGI group, suggesting a lower oocyte recruitment, and this may be a possible explanation for

the patients in this group have had lower number of oocytes retrieved. Chavarro et al., (2012)
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demonstrated that losing weight prior to initiation of ART was related to higher yield
metaphase Il oocytes, particularly among women who were overweight or obese at baseline.
However, in the present study, the quality of the oocytes retrieved did not differ between
groups. This is confirmed by Metwally et al. (2007), that suggest in their study that oocyte
quality appear not be affected by BMI.

A systematic review and a large cohort study of IVF outcomes showed that
overweight women required higher doses of gonadotrophin compared with normal weight
patients (Maheshwari et al., 2007; Li et al., 2010). We were not able to demonstrate this effect
in our study, since there were no differences in gonotrophin doses used in both groups. The
exactly why patients with greater body mass appear to require higher doses of gonadotrophin,
despite some hypotheses, remains unclear. In the present study, although not observing
differences in dose, the effect of the gonadotrophin on ovary may have been different, since
the patients who lost weight had more oocytes developed than those who maintained their
body weight.

Despite of the higher number of oocytes retrieved in the LGI group, there were no
differences in fertilization rate and quality of embryos between the groups. Although some
studies showed that comparing with women of normal weight, overweight women have lower
fertilization rates, fewer cleaved embryos and fewer high-grade embryos (Zang e tal., 2010;
Metwally et al., 2007), other studies concluded that the embryo quality was not impaired in
overweight and obese women (Dechaud et al., 2006; Bellver et al., 2010, Shah et al., 2011).
Chavarro et al., (2012) demonstarted that losing weight prior to the beginning of ART was
unrelated to the proportion of poor quality embryos and found no relation between BMI and
fertilization rate. Simirlarly, the present study, is consistent with the literature, showing the
lack of association between the BMI with fertilization rate and embryo quality. Although

large studies have already been conducted to verify the effect of overweight and obesity on
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assisted reproduction outcomes, the literature have a lack of studies on the effects of weight
loss on these same outcomes and many of them remains unclear. Our work contributes to
elucidate at least in part, some of these aspects.

In the present study there were three spontaneous pregnancies (21.4%) and these
pregnancies generated three live births (100%) in the LGI diet group. A recent systematic
review (Sim et al., 2014a) identified seven studies investigating the effect of a dietary
intervention in overweight or obese women before treatment with ARTs (Sim et al., 2014b;
Moran et al., 2011b; Clark et al., 1995; Clark et al., 1998; Galletly et al., 1996; van Veen etal.,
2011; Awartani et al., 2012). Four of these seven studies reported a significant improvement
in pregnancy rates and/or live births compared to the control groups (Sim et al., 2014b; Clark
et al., 1995; Clark et al., 1998; Galletly et al, 1996). Of the remaining studies, two reported a
non-significant trend towards an increase in pregnancy rates (Moran et al., 2011b; Awartani
et al., 2012) and one study reported a small reduction in these values (van Veen etal., 2011). It
was also observed that, as in our study, weight loss was associated with increases in natural
pregnancies (Sim et al., 2014b; Clark et al., 1995; Clark et al., 1998; Galletly et al, 1996),
eliminating the need for fertility treatment.

This study has some limitations. The small sample size and the relative short duration
of the intervention, may have limited the power to detect changes in some outcomes,
including changes in HOMA-IR, oocyte and embryo quality and fertilyzation rate. Thus,
future studies with a larger sample and a longer time of intervention are needed to confirm our
results. In addition, it would also be desirable in the future to evaluate these same outcomes
counting with an additional group of a conventional diet for weight loss (ie, a high glycemic
index diet) to access the isolated effect of the glycemic index/load of the diet, independent of

weight loss, on the study outcomes.
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CONCLUSION

This study, despite the relative short time of intervention and have been developed
immediately before the beginning of the IVF cycle, showed that the 5.5% weight loss trough
the LGI diet with moderate reduction in calories, was able to improve metabolic, reproductive
and IVF outcomes when compared with women in the control group who did not lose weight.
These results support the clinical recommendation to advise overweight and obese women to
lose weight through a balanced diet, preferably with low glycemic index/load, prior to be

submited to assisted reproduction technologies.
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Figure 1. Flow of participants through the trials comparing a low glycemic index (LGI) diet
group with a control group.



Table 1. Intervention Diet food composition

Meal Composition

Breakfeast 1 cup (200 ml) of milk

1-2 slices of whole-grain bread

1-2 tea spoon of margarine

1 portion of a low glycemic index fruit
(2 slices of ricotta cheese)!

Snack 1 portion of a low glycemic index fruit

Lunch 3-5 table spoons of brown rice

1-1and % ladle of black beans

1 portion of a lean meat

free vegetables of A% group

2-4 table spoons of raw vegetables of B® group
1 tea spoon of olive oil

Snack 1 portion of a low glycemic index fruit

(1-2 table spoon of rolled oats) *
Dinner — Option 1 equal to lunch, without black beans
Dinner — Option 2 2-3 slices of whole-grain bread

2-3 tea spoon of margarine

2 slices of ricotta cheese

(1 slice of ham)*

free vegetables of A% group

1 portion of a low glycemic index fruit
(1-2 table spoon o rolled oats) *

Snack 1 portion of dried fruits

Food between brackets, were present or not on the menu, according to the
calorie intake that should be provided to each patient.

2\/egetables of A group were considered those vegetables containing
around 5% of its content of carbohydrates.

%Vegetables of B group were considered those vegetables containing
around 10% of its content of carbohydrates.



Table 2. Baseline characteristics of the study participants

Parameter Control Group LGI Group p
(meanxSE) (mean£SE)

Subjects (n) 12 14

Age (years) 31.25+£0.78 31.36 £ 0.89 0.930
Body Mass (kg) 74.45+2.70 77.03 = 2.06 0.429
Height (m) 1.60 £ 0.01 1.63£0.00 0.081
BMI (kg/m?2) 28.82£0,98 28.67 + 0.60 0.894
Body Fat (%) 38.94 £ 0.95 39.66 + 0.96 0.579
Waist Circumference (cm) 91.10+2.28 95.28 +1.76 0.132
Hip Circumference (cm) 110.62 £ 2.20 109.03+1.59  0.543
Waist/Hip Ratio 0.82+£0.014 0.87 £0.013 0.010
Total Cholesterol (mg/dl) 174.75 £ 5.08 178.21+8.71  0.721
HDL (mg/dl) 48.83 £ 2.61 48.14 £ 2.40 0.701
LDL (mg/dl) 111.41 + 4.69 107.67 £6.04  0.611
Triglycerides (mg/dl) 82.50 + 10.50 112.00+19.87 0.173
Glucose (mg/dl) 85.16 + 2.68 90.54 + 2.53 0.485
Insulin (uUI/dI) 10.77 £1.53 13.93 £ 2.03 0.197
HOMAI-IR 2.30+0.36 3.14 £ 0.56 0.193
HOMAZ2-IR 1.39+£0.18 1.90+0.31 0.202
FSH (mlu/dl) 7.28+2.11 6.61 + 1.87 0.373
LH (mlU/dl) 4.74 +0.83 3.70+0.23 0.211
Estradiol (pg/ml) 59.70 £ 8.31 54.44 + 6.54 0.604
Progesterone (ng/ml) 0.47 £ 0.07 0.46 £ 0.06 0.877
Free Testosterone (nmol/l)  0.043 = 0.007 0.032+£0.005 0.091
Prolactin (ng/ml) 11.52 £ 1.63 12,29 £1.22 0.695
SHBG (nmol/l) 50.93 + 7.63 46.03 £ 3.31 0.539

LGl — low glycemic index; BMI — body mass index; HOMA-IR,
homeostatic model assessment of insulin resistence; FSH - follicle
stimulating hormone; LH - luteinizing hormone; SHBG - sex hormone-

binding globulin.
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Figure 2. BMI (A), % Body Fat (B) and Glucose levels (C) in the LGI (n=11) and
control (n=12) groups, pre and post intervention. Values are in mean = SE.
*Significantly different from the intervention group, p < 0.05. Levels of glucose were
adjusted for insulin.
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Table 3. Antropometric, hormonal and metabolic characteristics of the study participants post
intervention

Parameter Control Group A Control Group LGI Group A LGI Group p*
(meanxSE) (mean+SE) (meanxSE) (meanxSE)

Subjects (n) 12 12 11 11

Body Mass (kg) 75.17 + 2.87 0.72+£0.75 72.77+2.13° -451+0.83° <0.001
BMI (kg/m2) 29.12 +1.13 0.30+0.31 27.19+0.76° -1.95+0.45° <0.001
Body Fat (%) 39.50 £0.79 0.56 £ 0.45 36.24 +1.48° -3.69+1.25° 0.002
Waist Circumference (cm)  95.00 £ 2.23 0.01£0.00 92.67 £2.08° -1.31+2.83 0.243
Hip Circumference (cm) 110.37 £ 2.17 -0.25+0.59 105.25+1.47° -3.99+0.85° <0.001
Waist/Hip Ratio 0.83 £ 0.017 0.01 +0.005 0.83+0.013° -0.03+£0.009° <0.001
Total Cholesterol (mg/dl) 17791 £5.96 3.16 +4.98 185.18 £ 7.83 -090+6.32 0.864
HDL (mg/dl) 50.83 +3.24 4.00 + 1.66 50.00 +4.00 2.00 £ 2.32 0.370
LDL (mg/dl) 110.23 + 4.36 -1.18+4.34 114.60 + 5.06 1.89 +5.25 0.446
Triglycerides (mg/dl) 84.25 +13.48 1.75 £ 8.68 102.90 + 15.77 -24.00 £15.97 0.155
Glucose (mg/dl) 84.66 £ 8.43 -0.50 + 2.50 87.27 £ 2.26 -327+1,76  0.034°
Insulin (uUl/dl) 10.62 £ 0.72 -0.15+£1.00 14.57 + 2.75 -0.25+1.23 0.848
HOMAL-IR 2.22 +0.17 -0.07+£0.25 3.27+0.73 -0.17+0.31  0.589
HOMAZ2-IR 1.35+0.09 -0.04£0.12 1.90+0.34 0.009+0.13  0.994
FSH (mlU/dl) 7.48 + 0.62 0.19+0.29 7.13+0.76 0.89 £ 0.59 0.174
LH (mlu/dl) 4.73+£1.10 -0.008 +£0.74 3.24 £ 0.42 -0.31£042 0.386
Estradiol (pg/ml) 41.72 £2.45 -17.98 £ 7.47 44,90 £ 3.96 -7.95+6.40  0.049°
Progesterone (ng/ml) 0.58 £ 0.05 0.11 £ 0.07 0.49 £ 0.07 0.11 £ 0.06 0.414
Free Testosterone (nmol/l)  0.035+0.006 -0.006+0.006 0.028 +0.006 -0.006 +0.005 0.482
Prolactin (ng/ml) 11.65+2.01 0.13+0.60 12.23+1.73 -1.01+1.24 0.412
SHBG (nmol/l) 46.04 £7.10 -4.89+2.19 4550 £ 4.81 1.73+3.01 0.546

LGI — low glycemic index; BMI — body mass index; HOMA-IR, homeostatic model
assessment of insulin resistence; FSH - follicle stimulating hormone; LH - luteinizing hormone;
SHBG - sex hormone-binding globulin. 2ajusted for insulin. “ajusted for SHBG; ‘relative to 14
subjects. values for GEE of variables mean + SE, comparing the LGI diet and the control group.



Table 4. Reproductive and IVF Outcomes
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1

Parameter Control Group LGI Diet p
Subjects (n) 12 9
Total Dose of Gonadotrophin (Ul) 886.36 + 58.81 850.00 £ 79.05  0.527
Mean number of oocytes retrieved 4.18 £0.87 7.75+1.44 0.039
Oocyte Quality: M4 oocytes % (n) 11.40% (5/44) 12.90% (8/62) 0.813
M3 oocytes % (n) 29.50% (13/44) 27.40% (17/62)  0.812
M2 oocytes % (n) 25.00% (11/44) 32.30% (20/62)  0.420
M1 oocytes % (n) 34.10% (15/44) 27.40% (17/62)  0.463
Fertilization Rate % (n) 45.45% (20/44) 45.16% (28/62)  0.976
Embryo Quality: Top grade (4) embryos % (n) 10.00% (2/20) - 0.091
Average grade (3) embryos % (n) 45.00% (9/20) 35.71% (10/28)  0.521
Average grade (2) embryos % (n) 45.00% (9/20) 50.00% (14/28)  0.735
Poor grade (1) embryos % (n) - 14.29% (4/28) 0.081

IVF - in vitro fertilization; LGI — low glycemic index.

Values are in mean+SE or % (n).

'Comparison between the control and LGI diet group (Independent sample t test or Mann-

Whitney test).



Table 5. Target and actual diet energy, macronutrients, dietary fiber and glycemic load

LGI Diet Group Control Group
Parameter Target* Actual® p Target* Actual® p° p°
(mean+SE) (meanxSE) (mean+SE) (mean+SE)

Subjects (n) 14 14 12 12

Energy (kcal) 1537.49+31.34  1332.04+£89.44 0.045 1983.14+116.70 1909.17 £161.07 0531  0.001
CHO (% energy) 48.53 £ 0.23 50.99 + 2.07 0.259 52.93+1.72 52.64 £1.15 0.889 0471
CHO (g) 189.48 £ 4.24 173.53 £ 14.78 0.316 264.67 +22.33 153.92 £24.02 0.680  0.003
Protein (% energy) 21.77 £0.16 19.77 £ 0.95 0.058 17.40 + 0.67 17.39 + 0.66 0.986  0.033
Protein () 85.11+1.68 65.05 £ 3.91 <0.001 83.13 £ 4.56 80.93 £ 6.37 0.497  0.027
Fat (% energy) 29.69 + 0.07 29.23+1.48 0.759 29.66 +1.71 29.89 + 1.07 0.644 0.710
Fat (9) 51.55 +0.94 48.89 + 3.33 0.062 65.10 + 5.58 63.88 + 5.65 0.801  0.002
Dietary Fiber (g) 31.87 £0.80 21.41 +1.65 <0.001 12.83 +1.09 1422 +1.72 0.347  0.002
GL 75.00 £ 2.01 72.00 £ 6.51 0.666 134.26 + 12.01 127.57 + 16.08 0.421 <0.001

LGI - low glycemic index; CHO - carbohydrate; GL - glycemic load

Values (means + SE) were calculated from sample menus.

Actual values (means + SE) were calculated from the 3d-food records completed during the
intervention.

$Comparison between the target and actual values in the LGI diet group (independent t test).

*“The target for control group was considered the composition of the usual diet of the patients at the
baseline of the study.

>Comparison between the target and actual values in the control group (GEE).

®Comparison of the actual diets between the LGl diet and the control group (GEE).
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CAPITULO VI

6. MANUSCRITO ORIGINAL 2

EFFECTS OF A A HYPOCALORIC DIET WITH LOW GLYCEMIC INDEX/LOAD
ON BODY ADIPOSITY, METABOLIC PARAMETERS, ACYLATED GHRELIN,
LEPTIN AND PREGNANCY RATE IN OVERWEIGHT AND OBESE INFERTILE

WOMEN: A RANDOMIZED CLINICAL TRIAL

ABSTRACT

Introduction: Insulin resistance (IR) resulting from obesity is related to hormonal disorders
that affect reproductive system. Leptin and ghrelin are hormones that regulate energy balance;
however, the relationship of these hormones with infertility is not clear. The low glycemic
index (LGI) diet seems to exert a positive impact on obesity and metabolic changes resulting
from IR. Objective: To verify the effect of a hypocaloric diet with low glycemic index/load
on anthropometric and metabolic parameters, ghrelin and leptin levels and pregnancy rate in
overweight and obese infertile women candidates to in vitro fertilization (IVF). Methods:
Randomized clinical trial analysing 26 infertile women with grade | and Il obesity, or pre-
obesity associated with increased waist circumference. Patients were assigned in the
hypocaloric LGI diet group or control group (maintenance of usual diet), and followed the
protocol for 12 weeks. Parameters evaluated: body weight, body mass index (BMI), body fat
percentage (%BF), glucose, insulin, HOMA-IR, serum lipids, reproductive hormones, leptin,
acylated ghrelin, number of oocytes retrieved in the IVF cycle and pregnancy rate.
Compliance to the diets were evaluated by means of a 3-day food record assessed at baseline,
week 6 (middle) and week 12 (completion of the study). Results: There was 5.5% weight loss

and also reductions in BMI (p < 0.001), BF% (p = 0.002), glucose (p = 0.034) and leptin
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levels (p = 0.013) in the LGI group compared to control. There was a 18% increase in ghrelin
levels in the LGI group after the intervention (86.60 = 12.00 pg/dl vs. 97.33 + 12.27 pg/dl ),
but this increase was not significant (p = 0.215). The LGI diet group had 85.4% more oocytes
retrieved compared to control group (7.75 + 1.44 vs. 4.18 £+ 0.87, respectiely, p = 0.039) in the
IVF cycle. Three (21.4%) patients in the LGl group experienced spontaneous pregnancy
during the follow-up, generating three live births. Conclusion: The hypocaloric LGI diet
promoted a decrease in BMI, % BF, glucose and leptin levels. It is possible that these effects
have favored oocyte development and improved the pregnancy and live birth rates in the
intervention group. These results support the clinical recommendation to advise overweight
and obese women to lose weight through a balanced diet, preferably with low glycemic

index/load, prior to be submited to assisted reproduction technologies.

Key words: female infertility, diet, glycemic index, leptin, ghrelin, overweight
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INTRODUCTION

Infertility has been currently recognized as a disorder related to obesity (Loret de
Mola, 2009). The impact of obesity on reproductive process involves, among others, sub or
infertility, menstrual abnormalities, miscarriages, and increased risk of pregnhancy
complications (Pasquali et al., 2003; Jungheim et al., 2013).

Among several metabolic changes associated with obesity, insulin resistance (IR)
appears to be linked to hormonal disorders that affect reproductive system (Singla et al. 2010;
Sliwowska et al., 2014). Hyperinsulinemia, resulting from abdominal obesity, leads to
changes on LH and FSH pulses in the central nervous system (CNS) and increases
steroidogenesis in the ovaries. In addition, leads to suppression of the hepatic synthesis of sex
hormone binding globulin (SHBG), increasing the proportion of free androgen for
aromatization and conversion to estrogen in the adipose tissue, leading, also, to increased free
circulating estrogen bioavailability. All these changes have deleterious effects on oocytes,
follicles and endometrium, and consequently on reproductive capacity (Parihar, 2003;
Michalakis et al., 2013). Thus, when infertility is a problem associated with obesity, one of
the main goals of the treatment to restore reproductive function is the normalization of IR,
which can be obtained by weight loss and visceral fat reduction. According to McLean and
Wellons (2012), there are few well-controlled randomized trials that have evaluated the effect
of lifestyle modification specifically on fertility. Although limited, these studies demonstrate,
in addition to weight loss, effects such as improvements in the regularity of the menstrual
cycle, reduction on visceral fat, hyperandrogenism and insulin resistance; increase in sex
hormone binding globulin (SHBG) and on ovulation and pregnancy rates (Clark et al., 1998;
Huber-Buchholz et al., 1999; Moran et al., 2009).

Despite of the benefits of weight loss for obese infertile women be well established in

the literature, there are few studies that evaluated the relationship between fertility and diets
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with different compositions. Compared to standard diets, restriction or modification of
carbohydrates quality seems to reflect benefits in some parameters such as energy expenditure
(Pereira et al., 2004), triglyceride and HDL-cholesterol levels, and glucose homeostasis (Hu,
2005). In addition, carbohydrate-rich foods with low glycemic index (LGI) seem to improve
insulin sensitivity and increase the potential for weight loss when compared to low fat diets
ad libitum (Hu, 2005). Thus, LGI foods can benefit body weight control mainly by promoting
satiety and fat oxidation instead of carbohydrate oxidation (Brand-Miller et al., 2002).

Several elements are involved in the regulation of body energy balance. In the
coordination of dietary intake and energy expenditure, the central nervous system (CNS)
receives numerous peripheral impulses and signals in response to a constantly altered energy
balance (Cummings et al., 2005). Among these elements, we can emphasize the hormones
leptin and ghrelin. The study of these two peptides has contributed considerably to the
understanding of endocrinology of obesity and its comorbidities. Recent studies have reported
the presence of cellular receptors for leptin and ghrelin at the gonads level, which suggests
that there is, in addition to an indirect influence (hypothalamic), a direct influence of these
hormones on reproductive physiology (Metwally et al., 2008). However, information about
their relationship with infertility are scarce.

Among several strategies to reduce body weight, the LGI diet has been a strategy in
the management of obesity. However, there are limited studies on the effect of the LGI diet on
reproductive outcomes and on the levels of leptin and ghrelin in overweight infertile women.
We hypothesized that, in overweight infertile women, the LGI diet would reflect an additional
benefit than a conventional diet, mainly because of its positive effect on metabolic parameters
and on the levels of leptin and ghrelin. Thus, the aim of this study was to investigate the effect

of a hypocaloric diet with low glycemic index/load on anthropometric and metabolic
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parameters, leptin and ghrelin levels and reproductive outcomes in overweight and obese

infertile women candidates to in vitro fertilization (IVF).

SUBJECTS AND METHODS

Women diagnosed with female infertility (irrespective of their infertility diagnosis),
body mass index (BMI) > 30 kg/m2 or BMI > 25 kg/m? associated with waist circumference >
80 cm, and undergoing IVF were eligible for the study. In addition, participants should have
stable body weight in the last three months prior to the study, have no stomach/digestive
problems, have no cardiovascular disease, not smoking, and not being on medication.
Exclusion criteria were: BMI > 40 kg/mz, following any other type of nutritional intervention,
comorbidities that could interfere in reproductive ability (genetic and endocrine disorders,
diabetes mellitus, cancer, liver or kidney failure), alcoholics, patients who have contact
(work) with heavy metals or chemicals (exposure to solvents and pesticides). The patients
were questioned about their level of physical exercise on the topics: modality, frequency
(number of times/week), and duration (in minutes). In this study, all patients analysed did not
practice any physical exercise and were advised not to start any activity during the study
follow-up, in order to maintain the same level of caloric expenditure and isolate the effect of
the dietary intervention. Thirty-five women commenced the intervention and were
randomised to LGI diet group (16) or control group (19). Nine women dropped out of the
study (two diet LGI group, seven control). Fourteen women completed the diet intervention,
and twelve women completed the control protocol (Figure 1). Of the 26 patients analyzed, 4
had polycystic ovary syndrome - PCOS (1 patient in the control and 3 in LGI diet group), but
in all cases associated with one or more other causes of female infertility. The study protocol

complied with the Declaration of Helsinki, was approved by the Hospital de Clinicas de Porto
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Alegre Ethics Committee, and all subjects gave written informed consent to participate in the
study.

*hkkkhkhkkikikik I N S ERT F I G U R E 1 . *hkkkhkhkhkkikikikk

Study Design

Randomized Clinical Trial (RCT). This study followed the randomized block design.
Blinding was not possible to perform in this RCT, because of the active participation of the
patients and the care providers, that were necessary throughout the study protocol.

Patients were referred from Public Primary Care Units to the Unit of Obstetrics and
Gynecology of the Hospital de Clinicas de Porto Alegre, located in the state of Rio Grande do
Sul, Brazil. After their medical diagnose of infertility, the patients were organized on a
waiting list to perform the IVF cycle. Patients were recruited from this list, in chronological
order of entrance. The patients selected were participating on their first cycle of IVF. The
period of recruitment and follow-up was between January 2012 and December 2013. All
dietary advices were provided by a qualified nutritionist.

Preliminary visit: personal data and anthropometric measures to assess the
inclusion/exclusion criteria were collected. Patients who met the criteria and accepted to
participate on the study received general advice about the follow-up protocol and were
instructed to complete their first Three-Day Food Record (3DFR).

Basal Visit (week 0): to start the study protocol, patients should attend the hospital
between the 2nd and the 4th day of their menstrual cycle. In this day, blood samples were
drawn after twelve hours overnight fast to asses hormonal and metabolic parameters;
anthropometric data was also performed. Body mass and height were recorded for the
calculation of BMI (body mass (kg)/height(m?)). Waist circumference (WC) was measured in

the midway position between the lowest rib margin and the iliac crest, near the umbilicus. Hip
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circumference (HC) was taken at the maximal gluteal protrusion (lateral view). The skinfolds
were measured at seven sites (triceps, subscapular, pectoral, axillary, abdomen, suprailiac, and
thigh) using a Lange caliper (Beta Technology Inc., Cambridge, Md., USA), according to the
method recommended by the International Society for the Advancement of Kinanthropometry
(Marfell-Jones et al., 2006), and were used to calculate the body fat percentage (Jackson;
Pollock 1978). Patients presented their first 3DFR (baseline) and were randomized into one of
two groups: 1) LGI diet group; or 2) control group. From this visit, patient began to follow the
proposed protocols, which should be maintained for the next 12 weeks.

Intermediate visit (week 6): nutritional advices were reinforced, anthropometric
measurements were collected (body mass, waist and hip circumferences) and the adherence of
the patients to proposed diets was verified through another 3DFR (intermediate).

Final visit (week 12): To finalize the follow-up protocol patients should attend the
hospital between the 2nd and the 3rd day of their menstrual cycle. In this day, the same
protocol of the Basal Visit was repeated. Patients presented their last 3DFR (final).
Immediately after the end of the follow-up, patients started the ovarian stimulation protocol to

perform the IVF cycle.

Dietary intervention

Patients were randomized to: 1) control group - patients were instructed to maintain
their food intake habits; or 2) hypocaloric diet with low glycemic index (Gl)/load (GL) - LGI
diet group. In this study, foods with GI < 55 were classified as being of low GI. A low GL
was classified as a daily value < 80 (www.glycemicindex.com). The intervention diet was
designed as a moderate reduced-energy, moderate-to-high fiber, low GI/GL diet. The diet was
planned to provide around 50% of calories from carbohydrate, 20% from proteins and 30%

from lipids. Calorie content of the diet was individualized, each patient received an equivalent
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of 20 kcal/kg of current body weight (Martins; Cardoso 2000). Diet was prescribed by using
household measures or kitchen utensils to quantify food portions in each meal. Portion size of
foods varied on the menu according to the caloric intake offered to each patient. Participants
received a list of equivalents, separated by categories of foods to replace foods prescribed in
the diet according to food category (eg, dairy products, fruits, etc). All food contained in the
list of equivalents had low glycemic index. Researchers provided olive oil and dried fruits
(Uniagro®, RS, Brazil) to patients in the LGI diet group during all the 12-week intervention.
A high intake of vegetables (mainly raw) and salads was encouraged, and the intake of added
sugars and alcohol was discouraged. The food composition of the intervention diet is
presented in Table 1.
Hekekdkxk kx| NSERT TABLE 1 ***#skdoksk

All participants were asked to keep a 3-day food record - including two week days and
one weekend day - at baseline, 6-weeks after starting the dietary intervention, and at the
completion of the study. To detail accurately and standardize the description of food portions,
all pacients received a portfolio with photos, that was prepared based on the Photo-Registry
for Dietary Surveys (Zabotto, 1996). The energy, macronutrients and dietary fiber content of
the diets were calculated by a nutritionist with the assistance of the software Nutribase 7
(USDA, 2008). Commonly eaten branded foods for which nutritional data were available,
were added to the database of the software. Carbohydrate-intake data were exported from the
software and used to measure the dietary Gl and GL. The GI of individual foods was assigned
according to published values on the basis of glucose as the reference food (Atkinson et al.,
2008). When a published value was not available, the GI was estimated according to van
Bakel et al. (2009). The GI for each food item was multiplied by the proportion of total
carbohydrate contributed by the food to obtain a GL. The daily GL was calculated by

summing the GL values for each food item for that day.
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Blood biochemistry

Blood samples for the analysis of glucose, insulin, total cholesterol, HDL-cholesterol,
LDL-cholesterol, triglycerides, follicle stimulating hormone (FSH), luteinizing hormone
(LH), estradiol, progesterone, prolactin, testosterone, and sex hormone-binding globulin
(SHBG), were stored in tubes without anti-clotting and determined at the Laboratory of
Patologia Clinica of HCPA, using convencional methods. Blood samples for leptin analysis

Lat

were stored in tubes without anti-clotting. These samples were centrifuged at 3.500 r-min-
4 °C for 10 min. The respective supernatants were aliquoted and frozen at — 75 °C for later
analysis. Blood samples for analysis of acylated ghrelin were stored in tubes with EDTA anti-
clotting. Immediately after collection, 40 pL of p-hydroxymercuribenzoic acid was added to
blood sample. Then the sample was centrifuged at 3.500 r-min* at 4 °C for 10 min. After
centrifugation the plasma was aliquoted in 1.5 mL microtubes and 100 pL of hydrochloric
acid (1 N) for each 1 mL of plasma was added. Samples were again centrifuged for 5 min.
After centrifugation the supernatant was aliquoted into 1.5 mL microtubes and frozen at — 75
°C for later analysis. Leptin and acylated ghrelin were determined by enzyme immunoassay
(SP1 BIO, Montigny le Bretonneux, France) using a plate reader (Biochrom Anthos
MultiRead 400, Biochrom Ltd., Cambridge, UK). Insulin Resistence was determined using
the Homeostasis Model Assessment (HOMA1-IR): HOMAL-IR = fasting glucose (mg/dl/18) x
fasting insulin (uU/mI)/22,5 (Mattews et al., 1985); and the HOMAZ2-IR index, obtained by

the program HOMA Calculator v2.2.2 (OCD, 2014). Free testosterone was estimeted as total

testosterone (nmol/l)/SHBG (nmol/l) x 100.

Reproductive Outcomes
An ultrasound scan was performed early in the cycle to ensure the absence of ovarian

cysts, then a dose of 200 Ul of recombinant FSH (r-FSH) were administered for four days
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(days 3, 4, 5 and 6 of the menstrual cycle), followed by 150 Ul of human menopausal
gonadotrophin (HMG) daily. Follicular growth was monitored by ultrasound and when at
least one follicle reached an average diameter of 14 mm, a daily dose of 0.25 mg of cetrorelix
acetate was administered. The ultrasonographic monitoring of follicle growth continued until
the day when at least one follicle reached an average diameter of 17 mm. On this day a dose
of 250 pg of alfacoriogonadotropin was administered to promote oocyte maturation. The
ovarian follicle aspiration was made 34-36 hours after alfacoriogonadotropin application.

The clinical pregnancy and live birth rates were determined, respectively, as follows:
number of clinical pregnancies/total number of patients in the group x 100; and number of

live births/total number of pregnancies in the group x 100.

Statistical analyses

All data were analyzed with the assistance of the Statistical Package for Social
Sciences (SPSS) version 19.0 (SPSS Inc., Chicago, Ill., USA). To compare the means of
metabolic, hormonal, anthropometric and reproductive outcomes of the two groups
(intervention and control) measured at two moments (pre and post) the Generalized
Estimation Equation (GEE) with unstructured work correlation was performed, to be able to
handle the dependency between observations of the same subject. Because of the small
sample size we did not use the factorial model (group + moment + group + moment) instead
we used control-pre + control-post + intervention-post and took as reference, measurements
made in the “pre” moment of the intervention group. GEE was also conducted to analyze diet
composition in both groups. Relationships were explored using the coefficient of linear
correlation of Pearson or Spearman. Independent t test or Mann-Whitney test were conducted
when relevant. Statistical significance was accepted at p < 0.05. Data are expressed as mean +

standard error.
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RESULTS

Baseline characteristcs of participants were similar in both groups (Table 2), except
for the waist/hip ratio (WHR) that was higher in the LGI diet group in the begining of the
study.

*kkkhkkhkkikkkik I NSERT TAB LE 2.**********

Antropometric, Metabolic and Hormonal Parameters

There was a reduction of 5.5% of body weight in patients of the LGI group, while
patients in the control group had an increase in body weight of 0.9% (- 4.51 + 0.83 vs. 0.72 £+
0.75 kg, respectively, p < 0.001). There were also reductions in BMI (27.19 £ 0.76 vs. 29.12
+ 1.13, respectively, p <0.001), %BF (Figure 2A), WHR (-0.03 + 0.00 vs. 0.01 + 0.00,
respectively, p < 0,001), hip circumference (-3.99 + 0.85vs. -0.25 + 0.59, respectively, p <
0.001) and glucose (Figure 2B); and estradiol levels were higher (44.90 + 3.96 vs. 41.72 +
2.45, respectively, p = 0,049) in the LGI diet group compared to control group. There was a
reduction of 26% in leptin levels in the LGI diet group and remain stable in the control group
(Figure 2C). There was an 18% increase in ghrelin levels in the LGI group after the
intervention, but this increase was not significant (p = 0.215). The remaining variables
showed no significant differences between groups (Table 3).
ks kkxkrx NSERT FIGURE 2, ** sk

*khkhkhkhhhkhkkkx I NSERT TAB LE 3.**********

Reproductive and IVF Outcomes
The LGI diet group had 85.4% more oocytes retrieved compared to control group
(7.75 = 1.44 vs. 4.18 + 0.87, respectively, p = 0.039). There was a moderate negative

correlation between the number of oocytes retrieved with BMI (r2 = - 0.542, p = 0.020), %BF
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(rz2=-0.475, p = 0.040) and leptin levels (r2 = -0.515, p = 0.024). Clinical pregnancy rate was
21.4% in the LGI diet group, since three of fourteen patients experienced spontaneous
pregnancy during the follow-up, generating three live births — live birth rate of 100%. There

were no pregnancies, and consequently, there were no live births in the control group.

Diet compliance

Analysis of dietary food records showed that, in the control group, there were no
differences in diet composition (caloric intake, macronutrients distribution, dietary fiber and
glycemic load) between the target diet (usual diet) and the actual diet (Table 4). In the LGI
diet group, there were no differences in macronutrients distribution and glycemic load
between the target and the actual diet, but the caloric intake was a little lower than the target
basically due to a protein intake (grams) below of the target (Table 4). The average dietary
fiber intake was also below of the target in LGI diet group, although higher than the patient’s
habitual (baseline) consumption (p = 0.016). Comparing the actual diet consumed in both
groups the analysis showed, as expected, that the caloric intake and glycemic load were lower,
and the dietary fiber intake was higher in LGI diet group compared to control. The
macronutrients distribution was similar between groups, except for protein. It was also
expected, since the protein target planned in the diet of the LGI diet group, provided an
increase in the proportion of protein compared to the patient's usual consumption (Table 4).

*khkhkhkhhhkhkkkx I NSERT TAB LE 4.**********

DISCUSSION
This study demonstrated the positive effect of a hypocaloric diet composed by low

glycemic index/load foods not only on metabolic and hormonal parameters (body adiposity,
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fasting glycemia, estradiol and leptin levels) but also on reproductive and IVF outcomes
(improvement of the number of oocytes retrieved, pregnancy and live birth rates).

Overweight and obesity are related to infertility. Substantial weight loss, although
desirable, is not essential for the success of the restoration of reproductive function in obese
patients (Parihar, 2003).The available studies demonstrate that a relatively small weight loss
(from 5 to 10%), obtained by caloric restriction in the long term (5 to 6 months) may improve
metabolic and reproductive parameters of obese infertile women (Parihar, 2003;
ESHRE/ASRM, 2008, Moran et al., 2009). Diets that offer between 1200-1500 kcal/day
appear to be equally beneficial when compared to more restrictive diets and have better
compliance rates (Moran et al., 2009). In addition, a very fast weight loss achieved by very
low calorie diets (VLED) or excessive exercise appear to be detrimental to reproductive
outcomes during fertility treatments. In this way, for the effectiveness of weight loss it must
be gradual and sustained (Pandey et al., 2010). The total calories consumed in the dietary
intervention of this study, i.e. 1332 kcal in average, were according to those proposed in most
studies and was effective for achieving 5.5% of weight loss, an important goal proposed by
the main guidelines, in the 12 weeks prior to IVF cycle. The dropout rate of only 12.5% (2 of
the 6 patients randomized) throughout the study in the intervention group evidenced a good
compliance to the proposed treatment.

Diet histories, 24-h recalls, food-frequency questionnaires, weighed diet records, and
food diaries have been used in epidemiologic and clinical research to assess the dietary intake
of individuals (Eppright et al., 1952; Viberti et al., 1987; Azevedo et al., 1990; MacDowell et
al., 1994; Willett, 1994). However, all the information must be given by the subjects
themselves, and this information may be incorrect. The measurement of 24-h urinary nitrogen
excretion is a reliable index that could be used to evaluate protein intake. However, there is no

biochemical index for analyzing the type of carbohydrate eaten or its glycemic index.
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Therefore, one must rely on the patient’s information to assess the glicemic index/load of the
foods eaten. Moulin et al (1998) conducted a randomized clinical trial with diabetes mellitus
type 2 patients that consumed diets with diferentes types and quantities of protein. The
authors assumed accord between total protein intake evaluated by dietary assessment methods
and that calculated by nitrogen output, and the study indicates that the patient’s information is
reliable. The underreporting is more prevalente among women, overweight or obesity subjects
and increases with age (Macdiarmi, Blundell 1998) and this was, therefore, a challenge for
this trial. During this study it was not possible to measure 24-h urinary nitrogen to validate the
diet records due to the menstrual cycle and consequently blood cells nitrogen contamination.
However, patients lost weight and several metabolic and anthropometric parameters have
changed after the intervention, which seems to indicate diet compliance. Maybe the
counseling with a clinical nutritionist over the diet period could had helped to have a better
compliance to the dietetic treatment

Many studies suggest that high carbohydrates-low protein diets with a low glycemic
load shows benefits for body weight and cardiovascular risk reduction (Bouche et al., 2002;
Pereira et al., 2004; Brynes et al., 2003; Ebbeling et al., 2005). Some of these results were
also observed in this study; i.e, the proposed low glycemic index/load diet was effective in
promoting weight loss, reduction of %BF, WHR, and fasting glucose levels in the
intervention group. However, the study failed in evidence reduction in insulin levels and
HOMA-IR indexes. Similar studies analysing the effect of the glycemic index of the diet
(high vs. low) on weight loss of non PCOS women, with a similar duration of our study, also
failed in demonstrate changes in insulin levels and/or HOMA-IR, independent of the group
(McMiller-Price et al., 2006; Schieri et al., 2007). Other studies with the same objective were
able to demonstrate this effect, but the duration of the intervention was longer (> 6 months)

than this work (Juanola-Falgarona et al., 2014; Schwingshackl e Hoffmann, 2013). In the
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present study, only 15% of the patients evaluated had PCOS. Analyzing the effect of diets for
weight loss, regardless of composition, studies with similar or greater duration than ours, were
able to demonstrate improvements in insulin levels, HOMA-IR and insulin sensitivity index
calculated using the oral glucose tolerance test - ISlogrr (Clark et al., 1995; Moran et al.,
2003; Stamets et al., 2004; Marsh et al., 2010; Mehrabani et al., 2012) in PCOS patients,
women who have different characteristics of our patients. Thus, both, the duration of the
intervention and the characteristics of the patients seem to influence the responses of insulin
and insulin sensitivity in studies involving dietary interventions.

Few studies have evaluated fertility and diets with different glycemic indexes/ loads.
Marsh et al. (2010) conducted a study in 96 PCOS women and showed that with a modest
weight loss (4-5% of body weight) a moderate carbohydrate diet with low GI provided an
improvement on menstrual regularity when compared to conventional low-calorie diet. On
the other hand, high carbohydrates diets with high glycemic index appear to be associated
with increased risk of anovulatory infertility (Chavarro et al., 2009). Thus, the type of
carbohydrates offered on the diet appears to result in different effects on reproductive
outcomes. The study of Marsh et al. (2010) offered in their intervention group diet a quite
similar glycemic load as prescribed to the intervention group in our study (74 vs. 75). The
weight loss associated to the LGI diet in our study, as in the cited study, was able to promote
substantial improvements on reproductive outcomes on the intervention group, compared to
control group.

In this study, after weight loss, there was a reduction of 26% in leptin levels in the LGI
diet group, and leptin remains stable in the control group. In addition, leptin levels had a
moderate negative correlation with the number of oocytes retrieved in the IVF cycle. The
number of oocytes retrieved was 85.4% higher in the LGI diet group compared to control. In

peripheral level, leptin receptors are found in granulosa and theca cells, in oocytes, and others
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(Cervero et al., 2005). Leptin excess, characteristic of the obesity, has important effects on
reproduction. The ovaries express an appropriate number of leptin receptors. However, if
leptin concentration exceeds a certain level in the blood, steroidogenesis of sex hormones is
reduced by direct suppression of gonads (Baldelli et al., 2002). In obese women, the exposure
of the ovaries to higher concentrations of leptin inhibits the production of estradiol by the
granulosa cells (Michalakis et al. 2013). In fact, in our study the estradiol levels were lower in
the control group compared to intervention group in the begining of the IVF cycle.
Additionally, the influence of leptin on follicular development and oocyte maturation may
also have important implications for oocyte induction in assisted reproduction procedures
(Brannian e Hansen, 2002; Spicer, 2001). Leptin levels have been shown to be significantly
higher during controlled ovarian hyperstimulation protocols (Lindheim et al., 2000), therefore
higher levels of leptin in obese patients who are undergoing IVF cycles can inhibit ovarian
response to gonadotropin stimulation and thus explain why obese patients have a poorer
response during ovarian hyperstimulation (Karlsson et al., 1997; Spicer, 2001).

Ghrelin levels showed a non-significant increase of 18% in LGI diet group. The
absence of statistical significance was probably due to the small sample size and the large
inter-individual variability of this parameter. As leptin, ghrelin concentrations vary according
to the nutritional status. Ghrelin levels are reduced in obese individuals (Gibson et al., 2010;
Otto et al., 2001) and diets that induce weight loss increase its levels (Cummings et al., 2002).
Many evidences indicate that ghrelin participates in the reproductive physiology regulation
with systemic effects and also direct actions on gonad levels, where ghrelin and GHS-R1
ghrelin receptor expression have been reported (Barreiro, Tena-Sempere 2004; Caminos et al.,
2003; Fernandez-Fernandez et al., 2004,2006; Tena-Sempere, 2005; 2008). The presence of
GHS-R1a in ovarian follicular cells, corpora lutea and interstitial hilus cells, suggests a

potential regulatory role of ghrelin produced locally and systematically in the direct control of
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follicular development and ovarian cells action (Gaytan et al., 2003). Thus, although not
statistically significant, we hypothesize that the increase in ghrelin levels in the LGI diet
group may have had clinical importance for these patients, and may have been envolved in the
the metabolic and reproductive outcomes improvement. Many data support that leptin and
ghrelin act in a complementary manner on energy balance regulation (Metwally et al., 2008),
and the same could be true for reproductive axis regulation. Then, taking into account the fact
that the reproductive axis is highly dependent on the energy state of the body, leptin and
ghrelin acting both, central and peripherally, may represent one of the signaling mechanisms
that link the nutrient balance and the hypothalamic-pituitary-gonads axis.

In the present study there were three spontaneous pregnancies (21.4%) and these
pregnancies generated three live births (100%) in the LGI diet group. There are few well-
controlled randomized trials that have evaluated the effect of lifestyle modification
specifically on reproductive outcomes (McLean; Wellons 2012). Although limited, these
studies demonstrate, in addition to weight loss, increases in pregnancy rates (Moran et al.,
2009). A recent systematic review (Sim et al., 2014a) analysed studies that investigate the
effect of a dietary intervention in overweight or obese women before treatment with assisted
reproduction technologies and also observed that in some studies (Sim et al., 2014b; Clark et
al., 1995; Clark et al., 1998; Galletly et al, 1996), as in our study, the weight loss was
associated with increase in natural pregnancies and live birth rates, eliminating the need for
fertility treatment.

This study has some limitations. The small sample size and the relative short duration
of the intervention, may have limited the power to detect changes in some outcomes,
including changes in HOMA-IR, oocyte and embryo quality and fertilyzation rate. Thus,
future studies with a larger sample and a longer time of intervention are needed to confirm our

results. In addition, it would also be desirable in the future to evaluate these same outcomes
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counting with an additional group of a conventional diet for weight loss (ie, a high glycemic
index diet) to access the isolated effect of the glycemic index/load of the diet, independent of

weight loss, on the study outcomes.

CONCLUSION

The hypocaloric LGI diet, despite the relative short time of intervention and have been
developed immediately before the beginning of the IVF cycle, promoted a decrease in BMI,
% BF, blood glucose and leptin levels, admittedly altered in IR. It is possible that these effects
have favored oocyte development and improved pregnancy and live birth rates in the
intervention group. These results support the clinical recommendation to advise overweight
and obese women to lose weight through a balanced diet, preferably with low glycemic

index/load, prior to be submited to assisted reproduction technologies.
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Figure 1. Flow of participants through the trials comparing a low glycemic index (LGI) diet

group with a control group.



Table 1. Intervention Diet food composition

Meal

Composition

Breakfeast

1 cup (200 ml) of milk

1-2 slices of whole-grain bread

1-2 tea spoon of margarine

1 portion of a low glycemic index fruit
(2 slices of ricotta cheese)!

Snack

1 portion of a low glycemic index fruit

Lunch

3-5 table spoons of brown rice

1-2 and % ladle of black beans

1 portion of a lean meat

free vegetables of A% group

2-4 table spoons of raw vegetables of B® group
1 tea spoon of olive oil

Snack

1 portion of a low glycemic index fruit
(1-2 table spoon of rolled oats) *

Dinner — Option 1

equal to lunch, without black beans

Dinner — Option 2

2-3 slices of whole-grain bread

2-3 tea spoon of margarine

2 slices of ricotta cheese

(1 slice of ham)*

free vegetables of A% group

1 portion of a low glycemic index fruit
(1-2 table spoon o rolled oats) *

Snack

1 portion of dried fruits

Food between brackets, were present or not on the menu, according to the

calorie intake that should be provided to each patient.

2\/egetables of A group were considered those vegetables containing

around 5% of its content of carbohydrates.

%Vegetables of B group were considered those vegetables containing

around 10% of its content of carbohydrates.
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Table 2. Baseline characteristics of the study participants

Parameter Control Group LGI Group p
(meanxSE) (mean£SE)

Subjects (n) 12 14

Age (years) 31.25+£0.78 31.36 £ 0.89 0.930
Body Mass (kg) 74.45+2.70 77.03 = 2.06 0.429
Height (m) 1.60 £ 0.01 1.63£0.00 0.081
BMI (kg/m?2) 28.82£0,98 28.67 + 0.60 0.894
Body Fat (%) 38.94 £ 0.95 39.66 + 0.96 0.579
Waist Circumference (cm) 91.10+2.28 95.28 +1.76 0.132
Hip Circumference (cm) 110.62 £ 2.20 109.03+1.59  0.543
Waist/Hip Ratio 0.82+£0.014 0.87 £0.013 0.010
Total Cholesterol (mg/dl) 174.75 £ 5.08 178.21+8.71  0.721
HDL (mg/dl) 48.83 £ 2.61 48.14 £ 2.40 0.701
LDL (mg/dl) 111.41 + 4.69 107.67 £6.04  0.611
Triglycerides (mg/dl) 82.50 + 10.50 112.00+19.87 0.173
Glucose (mg/dl) 85.16 + 2.68 90.54 + 2.53 0.485
Insulin (uUI/dI) 10.77 £ 1.53 13.93 £ 2.03 0.197
HOMAI-IR 2.30£0.36 3.14 £ 0.56 0.193
HOMAZ2-IR 1.39+£0.18 1.90+0.31 0.202
FSH (mlu/dl) 7.28+2.11 6.61 + 1.87 0.373
LH (mlU/dl) 4.74 +0.83 3.70+0.23 0.211
Estradiol (pg/ml) 59.70 £ 8.31 54.44 + 6.54 0.604
Progesterone (ng/ml) 0.47 £ 0.07 0.46 £ 0.06 0.877
Free Testosterone (nmol/l)  0.043 = 0.007 0.032+£0.005 0.091
Prolactin (ng/ml) 11.52 £ 1.63 12,29 £1.22 0.695
SHBG (nmol/l) 50.93 + 7.63 46.03 £3.31 0.539
Leptin (ng/ml) 69.42 £11.02 82.22+1299 0.676
Acylated Ghrelin (pg/dl) 87.27 + 21.23 86.60 +12.00 0.831

LGI - low glycemic index; BMI — body mass index; HOMA-IR,
homeostatic model assessment of insulin resistence; FSH - follicle
stimulating hormone; LH - luteinizing hormone; SHBG - sex hormone-
binding globulin.
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Figure 2. % Body Fat (A), Glucose levels (B) and Leptin levels (C) in the LGI (n=11)
and control (n=12) groups, pre and post intervention. Values are in mean + SE.
*Significantly different from the intervention group, p < 0.05. Levels of glucose were
adjusted for insulin.
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Table 3. Antropometric, hormonal and metabolic characteristics of the study participants post
intervention

Parameter Control Group A Control Group LGI Group A LGI Group p*
(meanxSE) (mean+SE) (meanxSE) (meanxSE)

Subjects (n) 12 12 11 11

Body Mass (kg) 75.17 + 2.87 0.72+£0.75 72.77+2.13° -451+0.83° <0.001
BMI (kg/m2) 29.12 +1.13 0.30+0.31 27.19+0.76° -1.95+0.45° <0.001
Body Fat (%) 39.50 £0.79 0.56 £ 0.45 36.24 +1.48° -3.69+1.25° 0.002
Waist Circumference (cm)  95.00 £ 2.23 0.01£0.00 92.67 £2.08° -1.31+2.83 0.243
Hip Circumference (cm) 110.37 £ 2.17 -0.25+0.59 105.25+1.47° -3.99+0.85° <0.001
Waist/Hip Ratio 0.83 £ 0.017 0.01 +0.005 0.83+0.013° -0.03+£0.009° <0.001
Total Cholesterol (mg/dl) 17791 £5.96 3.16 +4.98 185.18 £ 7.83 -090+6.32 0.864
HDL (mg/dl) 50.83 +3.24 4.00 + 1.66 50.00 +4.00 2.00 £ 2.32 0.370
LDL (mg/dl) 110.23 + 4.36 -1.18+4.34 114.60 + 5.06 1.89 +5.25 0.446
Triglycerides (mg/dl) 84.25 +13.48 1.75 £ 8.68 102.90 + 15.77 -24.00 £15.97 0.155
Glucose (mg/dl) 84.66 £ 8.43 -0.50 + 2.50 87.27 £ 2.26 -327+1,76  0.034°
Insulin (uUl/dl) 10.62 £ 0.72 -0.15+£1.00 14.57 + 2.75 -0.25+1.23 0.848
HOMAL-IR 2.22 +0.17 -0.07+£0.25 3.27+0.73 -0.17+0.31  0.589
HOMAZ2-IR 1.35+0.09 -0.04£0.12 1.90+0.34 0.009+0.13  0.994
FSH (mlU/dl) 7.48 + 0.62 0.19+0.29 7.13+0.76 0.89 £ 0.59 0.174
LH (mlu/dl) 4.73+£1.10 -0.008 +£0.74 3.24 £ 0.42 -0.31£042 0.386
Estradiol (pg/ml) 41.72 £2.45 -17.98 £ 7.47 44,90 £ 3.96 -7.95+6.40  0.049°
Progesterone (ng/ml) 0.58 £ 0.05 0.11 £ 0.07 0.49 £ 0.07 0.11 £ 0.06 0.414
Free Testosterone (nmol/l)  0.035+0.006 -0.006+0.006 0.028 +0.006 -0.006 +0.005 0.482
Prolactin (ng/ml) 11.65+2.01 0.13+0.60 12.23+1.73 -1.01+1.24 0.412
SHBG (nmol/l) 46.04 £7.10 -4.89+2.19 4550 £4.81 1.73+£3.01 0.546
Leptin (ng/ml) 69.11 + 9.52 -0.30 £ 4.63 60.78 £10.61  -21.43+£894 0.013
Acylated Ghrelin (pg/dl) 87.02 + 22.65 -0.24 £9.04 97.33 £ 12.27 10.72+9.07  0.215

LGl — low glycemic index; BMI — body mass index; HOMA-IR, homeostatic model
assessment of insulin resistence; FSH - follicle stimulating hormone; LH - luteinizing
hormone; SHBG - sex hormone-binding globulin. ®ajusted for insulin. Pajusted for SHBG;
“relative to 14 subjects. ‘values for GEE of variables mean + SE, comparing the LGI diet
and the control group.



Table 4. Target and actual diet energy, macronutrients, dietary fiber and glycemic load

LGI Diet Group Control Group
Parameter Target* Actual® p Target* Actual® p°
(mean+SE) (meanxSE) (mean+SE) (mean+SE)

Subjects (n) 14 14 12 12

Energy (kcal) 1537.49+31.34  1332.04+£89.44 0.045 1983.14+116.70 1909.17 £161.07 0531  0.001
CHO (% energy) 48.53 £ 0.23 50.99 + 2.07 0.259 52.93+1.72 52.64 £1.15 0.889 0471
CHO (g) 189.48 £ 4.24 173.53 £ 14.78 0.316 264.67 +22.33 153.92 £24.02 0.680  0.003
Protein (% energy) 21.77 £0.16 19.77 £ 0.95 0.058 17.40 + 0.67 17.39 + 0.66 0.986  0.033
Protein () 85.11+1.68 65.05 £ 3.91 <0.001 83.13 £ 4.56 80.93 £ 6.37 0.497  0.027
Fat (% energy) 29.69 + 0.07 29.23+1.48 0.759 29.66 +1.71 29.89 + 1.07 0.644 0.710
Fat (9) 51.55 +0.94 48.89 + 3.33 0.062 65.10 + 5.58 63.88 + 5.65 0.801  0.002
Dietary Fiber (g) 31.87 £0.80 21.41 +1.65 <0.001 12.83 +1.09 1422 +1.72 0.347  0.002
GL 75.00 £ 2.01 72.00 £ 6.51 0.666 134.26 + 12.01 127.57 + 16.08 0.421 <0.001

LGI - low glycemic index; CHO - carbohydrate; GL - glycemic load

Values (means + SE) were calculated from sample menus.

Actual values (means + SE) were calculated from the 3d-food records completed during the
intervention.

$Comparison between the target and actual values in the LGI diet group (independent t test).

*The target for control group was considered the composition of the usual diet of the patients at the
baseline of the study.

>Comparison between the target and actual values in the control group (GEE).

®Comparison of the actual diets between the LGl diet and the control group (GEE).
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CAPITULO VII

7. CONSIDERACOES FINAIS

O Setor de Reproducgdo Assistida do Servigo de Ginecologia e Obstetricia do HCPA é
um dos cinco centros do pais a oferecer este servico a comunidade de forma gratuita, uma vez
que ndo é subsidiado pelo Sistema Unico de Satde (SUS). Assim, todas as formas de
intervengdo que possam levar a melhoras nos desfechos reprodutivos irdo colaborar para a
aplicacdo racional dos recursos financeiros destinados a este fim. Neste estudo nos
oferecemos as pacientes inférteis com excesso de peso uma dieta hipocaldrica, composta por
alimentos de baixo indice/carga glicémica. A proposta era oferecer uma dieta que: pudesse ter
uma boa taxa de adesdo (ja que ndo era uma dieta muito restrita em calorias); que pudesse ser
facilmente aplicada na pratica clinica, que fosse composta por alimentos de facil obtencéo
pelas pacientes de um hospital publico; e que oferecesse, em teoria, o beneficio adicional de
um carboidrato de melhor qualidade.

Os resultados do presente estudo permitem concluir que a dieta de baixo indice
glicémico, com moderada redugéo de calorias, consumida nas 12 semanas que antecederam o
ciclo de FIV foi eficaz para a perda de 55% do peso corporal, também com reducdo do
percentual de gordura, da razdo cintura/quadril, da glicemia, da leptinemia, e melhora no
nimero de odcitos coletados e nas taxas de gestacdo e nascidos vivos, quando comparado as
mulheres que mantiveram o peso corporal.

Em relacdo as hipdteses de pesquisa: a hipétese 1 foi confirmada integralmente, pois a
intervencdo dietética foi eficaz para a perda de peso e diminui¢do dos niveis de gordura
corporal das pacientes no grupo dieta BIG; a hipotese 2 foi confirmada parcialmente, pois
houve melhora nos niveis de glicemia das pacientes no grupo dieta BIG, mas a intervencédo
dietética ndo foi capaz de evidenciar melhoras significativas nos niveis de insulinemia e perfil
lipidico; a hipotese 3 foi confirmada integralmente, ja que o grupo dieta BIG apresentou
reducdo de 26% nos niveis de leptina e um aumento, embora ndo significativo, de 18% nos
niveis de grelina acilada; a hipdtese 4 foi confirmada, ja que os resultados apontaram diversas
correlagbes entre as variaveis avaliadas, dentre as quais podemos destacar as correlagdes
negativas moderadas entre o nimero de odcitos coletados com IMC, percentual de gordura e
niveis de leptina; a hipotese 5 ndo foi confirmada j& que ndo houve diferenca nas doses de
gonadotrofinas utilizadas em cada grupo para a estimulagdo ovariana ao longo do ciclo de
FIV; e a hipotese 6 foi confirmada, pois as pacientes do grupo BIG apresentaram melhores
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desfechos reprodutivos, como um maior nimero de odcitos coletados e uma maior taxa de
gestacéo e nascidos vivos, quando comparadas ao grupo controle.

Os resultados deste trabalho ddo sustentacdo a recomendacdo clinica de aconselhar
mulheres com sobrepeso ou obesas a perderem peso através de uma dieta balanceada,
preferencialmente com baixo indice/carga glicémica, antes de serem submeterem a
procedimentos de reproducdo assistida. Entretanto, outros estudos sdo necessarios com
amostras mais expressivas e um maior tempo de intervencdo para a confirmacdo dos
resultados deste estudo. Trabalhos futuros avaliando os mesmos desfechos, mas contando
com um grupo adicional de dieta convencional para perda de peso (por ex. uma dieta de alto
indice glicémico), seria desejavel para avaliar o efeito isolado do indice/carga glicémica,
independente da perda de peso, nos desfechos do estudo. Além disto, também seria
interessante o desenvolvimento de outros estudos avaliando dietas com diferentes proporcdes
de macronutrientes, ou verificando os efeitos de nutrientes especificos: como por exemplo, 0
tipo de saturacdo dos lipidios oferecidos, 0s tipos de aminoacidos que compdem as proteinas
da dieta, ou o efeito da suplementacdo de micronutrientes. Um melhor entendimento do papel
da dieta, dos nutrientes, e da relacdo das reservas energéticas com a reproducao, possibilitara
uma prescricdo nutricional mais efetiva para o controle do peso corporal e melhora dos

pardmetros metabdlicos e hormonais que favorecem o processo reprodutivo.
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CAPITULO VIII

8. ANEXOS

8.1 ANEXO 1

UNIVERSIDADE FEDERAL DO RIO GRANDE DO SUL - HCPA
TERMO DE CONSENTIMENTO

Vocé estd sendo convidada a participar de um estudo intitulado “Efeito do indice
glicémico da dieta sobre os niveis de grelina, leptina, parametros metabolicos e de fertilidade
em mulheres com excesso de peso atendidas no setor de Reproducgdo Assistida do HCPA”,
que sera desenvolvido no Hospital de Clinicas de Porto Alegre.

O excesso de gordura corporal e algumas alteracdes metabolicas associadas a
quantidade e tipo de gordura depositada no corpo, alteracdo de gordura e de insulina no
sangue podem influenciar a qualidade do ciclo menstrual e os niveis dos horménios sexuais
femininos e, consequentemente, a fertilidade feminina e a chance de sucesso nos
procedimentos de reproducdo assistida (fertilizacdo in vitro, por exemplo). Este estudo visa
analisar os efeitos do tipo de alimentacdo sobre horménios reguladores do apetite, horménios
sexuais, gorduras e glicose sanguineos, assim como descrever os resultados relacionados ao
procedimento de reproducdo assistida apds a realizacdo da dieta (niumero de dvulos
puncionados, percentual de Ovulos fertilizados, assim como qualidade dos embrides
formados). Vocé fara parte de um de 3 grupos de tratamento: Grupo 1 — dieta I; Grupo 2: dieta
Il; ou Grupo 3: dieta habitual (vocé fara todos os exames e avalia¢cdes, mas mantera o seu
padrdo alimentar habitual). A escolha do grupo sera feita através de sorteio e vocé sera
informada em qual grupo foi incluida apenas ao final do estudo. Para a medida da gordura
corporal seré utilizado um aparelho portatil em forma de pinga (adipébmetro) que fara uma
leve pressdo por cerca de 2-3 segundos no ponto a ser medido. Além destas medidas, havera
coleta de sangue em duas ocasides, com um intervalo de trés meses entre elas. Em relagéo as
coletas de sangue, vocé sentira o desconforto da picada da agulha e podera haver rompimento
de vaso e hematomas, situacOes que podem ocorrer em qualquer coleta de sangue. Sua
presenca também sera necessaria em no minimo trés e no maximo cinco visitas (dependendo
do tipo de tratamento), onde os pesquisadores fardo o acompanhamento do tratamento

dietético proposto e lhe dardo algumas orienta¢fes nutricionais. Os Unicos gastos que vocé
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tera serdo os relativos aos deslocamentos para estas consultas e para a sua alimentagéo, que
podera conter alguns alimentos especiais, dependendo do tipo de dieta que for sorteada.

EU oo fui informada dos objetivos
especificados acima e da justificativa deste estudo de forma clara e detalhada. Recebi
informagdes especificas sobre cada procedimento no qual estarei envolvida, dos desconfortos
previstos tanto quanto dos beneficios esperados. Todas as minhas davidas foram respondidas
com clareza e sei que serei livre para realizar perguntas antes, durante ou apds o estudo,
estando livre para desistir do mesmo em qualquer momento, sem prejuizo algum ao meu
atendimento. Fui informada de que a participacdo neste estudo é absolutamente voluntéria,
sem, portanto, qualquer tipo de gratificacdo, tendo direito aos meus resultados no final do
estudo. Fui certificada que os resultados deste estudo serdo mantidos confidenciais, tendo
acesso a eles somente os profissionais envolvidos no trabalho e o voluntario analisado, e
quando divulgados preservardo o anonimato dos participantes.

Este termo de consentimento livre e esclarecido devera ser preenchido em duas vias, sendo
uma para Vocé e a outra arquivada pelo pesquisador, tendo este documento sido revisado e
aprovado pelo comité de Etica em Pesquisa do HCPA (Fone: 51 33597640).

O ProfiSSIONAl ........cciiiiiiieeee e certificou-me de que as

informacgdes por mim fornecidas terdo carater confidencial.

Pesquisadores Responsaveis
Prof. Dra. Cileide Cunha Moulin (Fones: 51 33085122)
Nut? Gedrgia Franco Becker (Fone: 51 3359 8103)

Porto Alegre, de de
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8.2 ANEXO 2
CARTA DE APROVACAO

HCPA - HOSPITAL DE CLINICAS DE PORTO ALEGRE
GRUPO DE PESQUISA E POS-GRADUAGAO

COMISSAD CIENTIFICA E COMITE DE ETICA EM PESQUISA

A Comisséo Clentifice @ o Comité de Efica em Pesquisa do Hospital de Clinicas de Poro Alegre
(CEP/HCPAL que & reconhecido pela Comissao Macional de Ebca em Pesquisa (COMNEPYMS & palo
Office For Human HResearch Protections {OHAPMVUSDHHS, como Insthsional Review Board

(IRBOOOO0921 ) analisaram o projeto:

Projeto: 110326
Data da Versdao do Projeto: 2309/2011
Data da Versao do TCLE: 2209/ 2011

Pesquisadores:
EDLMADC PAMDOLF PASSOS

LARIEEA PETAY DOS SANTOS

GECHRIA FRANCD BECKER
CILEIDE CLNHA BOULIN

Titwle: Efeito do indice glicémico da dieta sobre resposta ovanana, escore embriondrio e taxa
de ferilizacio de mulheres com excesso de peso em reprodugao assistida

Este projeto fol APROVADOD em seus aspectos éficos & metocdologicos, bam coma o respestivo
Termo de Consentimenta Livee @ Esclarecido. de acordo com as diretrizes @ nomas nacionais e
infermacionals de pesquisa dinica, especialmente as Resolugdes 196/96 & complementaras do Consalho
Macional de Sauds.

- O3 membros da Comissdo Cientifica e do Comité de Etica em Pesguisa ndo participaram do processo
de avaliagao dos projelas Nos qUais constam Como pesquesadones,
Toda e gualguer alleracio do projelo, assem Como of ewventos adversos graves, ceverdo ser
comunicados imediatamente 20 CEF/HCPA,
- 0 pesquissdor deverd apresantar ralatdrics semesirais de acompanbarmenta & relalonio linal ao

CERMHCPA
- Somente poderd ser utdzado o Termo de Consentimento Lrn.n;:i & Esclarecido no qual consta o carimbo

de aprovagao do CEPHCPA #

Py
&

i
J

rd £ F'ﬁ.'lu Alegre, 14 de outubro de 2011

Iy

F'm1." Nau:;f; Clausell
CoordenagoraGPPG e CEPHCPA



132

8.3 ANEXO 3
CARTA AO PESQUISADOR
HCPA - HOSPITAL DE CLINICAS DE PORTO ALEGRE
GRUPO DE PESQUISA E POS-GRADUAGAC
COMISSAO CIENTIFICA E COMISSAO DE PESQUISA E ETICA EM SAUDE
Carta N°: 20957
Ap pesquisador responsavel
Projeto: 110326 Reg. CONEP:
CAAE: 0260.0.001.165-11
Titulo: Efeito do indice glicémico da dieta sobre niveis de grelina, leptina,

parametros metabolicos e de fertilidade em mulheres com excesso de
peso atendidas no setor de reproducao assistida do HCPA.

Pesquisador Responsavel: CILEIDE CUNHA MOULIN

Informamaos que a carta de aprovagao emitida em 14/10/2011 pelo CEP-HCPA & referente ao
prajeto "Efeito do indice glicémico da dieta sobre niveis de grelina, leptina, parametros
metabolicos e de fertilidade em mulheres com excesso de peso atendidas no setor de
Reprodugdo Assistida do HCPA"

legre, 05 de dezembro de 2011.

Iéruf‘ Madifie Clausell



8.4 ANEXO 4

Allocation

Follow up

Analisys

FLUXO CONSORT

(n = 168)

Assessed for eligibility

Excluded (n = 133)

Not meeting inclusion criteria
(n=119)

Refused to participate (n = 0)
Other reasons (n = 14)

Randomized (n = 35)

Allocated to intervention
(n=16)

Received allocated
intervention (n = 16)

Did not receive allocated
intervention (n = 0)

Allocated to intervention
(n=19)

Received allocated
intervention (n = 19)

Did not receive allocated
intervention (n = 0)

Lost to follow up
(n=2)

Discontinued intervention (n = 2)
n = 1 personal reasons

n =1 could not comply with the
intervention

Lost to follow up
(n=7)

Discontinued intervention (n = 7)
n = 2 personal reasons

n = 3 could not comply with the
intervention

n = 2 other health problem

Analyzed (n = 14)

Excluded from metabolic and

hormonal final analysis (n = 3)
n = 3 spontaneous pregancy

Excluded from IVF outcomes (n = 5)
n = 3 spontaneous pregancy
n = 2 cycle cancelation

Analyzed (n = 12)

Excluded from metabolic and
hormonal final analysis (n = 0)

Excluded from IVF outcomes (n = 0)
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8.5 ANEXO 5

REGISTRO BRASILEIRO DE

REGISTRO ENSAIO CLINICO

@ Ensaios Clinicos

NOTICIAS | SOBRE | AJUDA | CONTATO

nove / PAINEL
Submissdes RS
Data Titulo Situacdo
2012/03/19 Efeito do indice glicémico da dieta sobre niveis de pendente
14:26 grelina, leptina, para dlicos e de fertili

USUARIO

cmoulin

SUBMISSOES

001

PENDENCIAS

000

Perfil 1
s o

BT |Es | EN

134

BUSCA AVANCADA

Incluir nos descitores especificos da
de salde ou...

Observagdes

Data Submissa Cont Texto
2012/09/05  Efeito do indice health-

00:10 icémico da dieta iti ’,‘
2013/09/05  Efeito do indice health-

Incluir nos desaitores especificos

@% pode modificar esse ensaio porque ele esta sendo r@

e S

Parte Nome do formulario Situagio (en) Situagdo (pt-br)
1 Identificagdc do ensaic 0 Parcial o Parcial

ped Patrocinadores . Coenduide . Concluide
a Condides de saide [ P ® concuice
4 Intervengies . Conduide . Concluide
5 Recutsments [ P ® cocuiie
6 Tipo do estudo ® corovise ® cooovico
7 Desfechos . Concluido . Conduide
8 Contatos . Conduido . Conduido
9 Anexcs . Concluido . Conduido

Enviar para Revisdo | 0 Todos os campos obrigatérios foram preenchidos.

Upload XML da Plataforma Brasil -

Mo file selected.

] Ministério
ey | L

fovEawE FEBERAL
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8.6 ANEXO 6
CHECK LIST CONSORT — MANUSCRITO 1
CONSORT 2010 checklist of information to include when reporting a randomised trial*
Iltem Reported on
Section/Topic No  Checklist item page No
Title and abstract
la Identification as a randomised trial in the title Pag. 69
1b Structured summary of trial design, methods, results, and conclusions (for specific guidance see CONSORT for abstracts) Pag. 69
Introduction
Background and 2a  Scientific background and explanation of rationale Pag. 71
objectives . N
2b Specific objectives or hypotheses Pag. 72-73
Methods
Trial design 3a Description of trial design (such as parallel, factorial) including allocation ratio Pag.74
3b Important changes to methods after trial commencement (such as eligibility criteria), with reasons N&o se aplica
Participants 4a Eligibility criteria for participants Pag. 73
4b  Settings and locations where the data were collected Pag. 74
Interventions 5 The interventions for each group with sufficient details to allow replication, including how and when they were actually administered
Pag. 74-77
Outcomes 6a Completely defined pre-specified primary and secondary outcome measures, including how and when they were assessed Pag. 74-79
6b  Any changes to trial outcomes after the trial commenced, with reasons N&o se aplica
Sample size 7a How sample size was determined Projeto HCPA n°
11-0326
7b  When applicable, explanation of any interim analyses and stopping guidelines N&o se aplica
Randomisation:
Sequence 8a  Method used to generate the random allocation sequence Pag. 74
eneration
g 8b Type of randomisation; details of any restriction (such as blocking and block size) Pag. 74
Allocation 9 Mechanism used to implement the random allocation sequence (such as sequentially numbered containers), describing any steps taken
concealment to conceal the sequence until interventions were assigned
mechanism Pag. 74
Implementation 10 Who generated the random allocation sequence, who enrolled participants, and who assigned participants to interventions Projeto HCPA n°
11-0326

Blinding 1la  If done, who was blinded after assignment to interventions (for example, participants, care providers, those assessing outcomes) and




Statistical methods

Results

Participant flow (a
diagram is strongly
recommended)

Recruitment

Baseline data

Numbers analysed

Outcomes and
estimation

Ancillary analyses

Harms

Discussion
Limitations

Generalisability
Interpretation

Other information
Registration

Protocol

Funding

11b
12a
12b

13a

13b

l4a

14b
15
16

17a

17b
18

19

20

21
22

23
24

25

how
If relevant, description of the similarity of interventions

Statistical methods used to compare groups for primary and secondary outcomes

Methods for additional analyses, such as subgroup analyses and adjusted analyses

For each group, the numbers of participants who were randomly assigned, received intended treatment, and were analysed for the
primary outcome
For each group, losses and exclusions after randomisation, together with reasons

Dates defining the periods of recruitment and follow-up
Why the trial ended or was stopped
A table showing baseline demographic and clinical characteristics for each group

For each group, number of participants (denominator) included in each analysis and whether the analysis was by original assigned
groups

For each primary and secondary outcome, results for each group, and the estimated effect size and its precision (such as 95%
confidence interval)

For binary outcomes, presentation of both absolute and relative effect sizes is recommended

Results of any other analyses performed, including subgroup analyses and adjusted analyses, distinguishing pre-specified from
exploratory
All important harms or unintended effects in each group (for specific guidance see CONSORT for harms)

Trial limitations, addressing sources of potential bias, imprecision, and, if relevant, multiplicity of analyses
Generalisability (external validity, applicability) of the trial findings

Interpretation consistent with results, balancing benefits and harms, and considering other relevant evidence

Registration number and name of trial registry

Where the full trial protocol can be accessed, if available

Sources of funding and other support (such as supply of drugs), role of funders

136

N&o se aplica

N&o se aplica

Pag. 79-78

Pag. 78-79

Pag. 92

Pag. 92

Pag. 74

N&o se aplica

Pag. 94

Pag. 92

Pag. 79-81; 95-
98

Péag. 97

Pag. 79-81; 95-
98

N&o se aplica

Pag. 86

P&g. 86

P&g. 86

Pag. 134

Projeto HCPA n°
11-0326

Péag. 87

*We strongly recommend reading this statement in conjunction with the CONSORT 2010 Explanation and Elaboration for important clarifications on all the items. If relevant, we also

recommend reading CONSORT extensions for cluster randomised trials, non-inferiority and equivalence trials, non-pharmacological treatments, herbal interventions, and pragmatic trials.

Additional extensions are forthcoming: for those and for up to date references relevant to this checklist, see www.consort-statement.org
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8.7 ANEXO 7

CHECK LIST CONSORT — MANUSCRITO 2

CONSORT 2010 checklist of information to include when reporting a randomised trial*

137

Item Reported on
Section/Topic No Checklist item page No
Title and abstract
la Identification as a randomised trial in the title Pag. 99
1b Structured summary of trial design, methods, results, and conclusions (for specific guidance see CONSORT for abstracts) Pag. 99
Introduction
Background and  2a  Scientific background and explanation of rationale Pag. 101
objectives . L
2b Specific objectives or hypotheses Pag. 102-103
Methods
Trial design 3a Description of trial design (such as parallel, factorial) including allocation ratio Pag. 104
3b Important changes to methods after trial commencement (such as eligibility criteria), with reasons N&o se aplica
Participants 4a  Eligibility criteria for participants Pag. 103-104
4b  Settings and locations where the data were collected Pag.104
Interventions 5 The interventions for each group with sufficient details to allow replication, including how and when they were actually administered
Péag. 104-106
Outcomes 6a Completely defined pre-specified primary and secondary outcome measures, including how and when they were assessed Pag. 104-108
6b  Any changes to trial outcomes after the trial commenced, with reasons N&o se aplica
Sample size 7a How sample size was determined Projeto HCPA n°
11-0326
7b  When applicable, explanation of any interim analyses and stopping guidelines N&o se aplica
Randomisation:
Sequence 8a Method used to generate the random allocation sequence Pag. 104
eneration
g 8b Type of randomisation; details of any restriction (such as blocking and block size) Pag. 104
Allocation 9 Mechanism used to implement the random allocation sequence (such as sequentially numbered containers), describing any steps taken
concealment to conceal the sequence until interventions were assigned
mechanism Pag. 104
Implementation 10 Who generated the random allocation sequence, who enrolled participants, and who assigned participants to interventions Projeto HCPA n°
11-0326
Blinding 1la If done, who was blinded after assignment to interventions (for example, participants, care providers, those assessing outcomes) and

N&o se aplica




Statistical methods

Results

Participant flow (a
diagram is strongly
recommended)

Recruitment

Baseline data

Numbers analysed

Outcomes and
estimation

Ancillary analyses

Harms
Discussion
Limitations
Generalisability
Interpretation
Other information
Registration

Protocol

Funding

11b
12a
12b

13a

13b

l4a

14b
15
16

17a

17b
18

19

20
21
22

23
24

25

how
If relevant, description of the similarity of interventions
Statistical methods used to compare groups for primary and secondary outcomes

Methods for additional analyses, such as subgroup analyses and adjusted analyses

For each group, the numbers of participants who were randomly assigned, received intended treatment, and were analysed for the
primary outcome

For each group, losses and exclusions after randomisation, together with reasons
Dates defining the periods of recruitment and follow-up

Why the trial ended or was stopped

A table showing baseline demographic and clinical characteristics for each group

For each group, number of participants (denominator) included in each analysis and whether the analysis was by original assigned
groups

For each primary and secondary outcome, results for each group, and the estimated effect size and its precision (such as 95%
confidence interval)

For binary outcomes, presentation of both absolute and relative effect sizes is recommended

Results of any other analyses performed, including subgroup analyses and adjusted analyses, distinguishing pre-specified from
exploratory

All important harms or unintended effects in each group (for specific guidance see CONSORT for harms)

Trial limitations, addressing sources of potential bias, imprecision, and, if relevant, multiplicity of analyses
Generalisability (external validity, applicability) of the trial findings

Interpretation consistent with results, balancing benefits and harms, and considering other relevant evidence

Registration number and name of trial registry

Where the full trial protocol can be accessed, if available

Sources of funding and other support (such as supply of drugs), role of funders

138

N&o se aplica

Pag. 108

Pag. 108

Pag. 121

Pag. 121

Pag. 104

N&o se aplica

Pag. 123

Pag. 123

Pag. 109-110;
124-126

N&o se aplica

Pag. 109-110;
124-126

N&o se aplica

Péag. 115-116

Pag. 115-116

Pag. 115-116

Pag. 134

Projeto HCPA n°
11-0326

Pag. 116

*We strongly recommend reading this statement in conjunction with the CONSORT 2010 Explanation and Elaboration for important clarifications on all the items. If relevant, we also
recommend reading CONSORT extensions for cluster randomised trials, non-inferiority and equivalence trials, non-pharmacological treatments, herbal interventions, and pragmatic trials.
Additional extensions are forthcoming: for those and for up to date references relevant to this checklist, see www.consort-statement.org.
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8.8 ANEXO 8
REGISTRO ALIMENTAR DE 3 DIAS

O objetivo deste registro é conhecer os seus habitos alimentares. Para que eles estejam
0 mais proximo possivel da sua realidade, é importante que vocé anote TUDO o0 que comer e
beber neste dia, durante as refeicbes e entre elas. Anote as quantidades (raso, cheio), as
medidas caseiras (copo de requeijdo, xicara, colher de sopa/chd, concha média, prato
raso/fundo). Detalhe o tipo de alimento consumido, se 0 pao é integral ou branco, se o suco é
artificial ou natural, se adocou com aclcar ou adocante, se o leite é desnatado ou integral, se
comeu alguma fruta ou salada, especificar qual (por exemplo maca, banana, rucula, tomate,
etc). Sempre que possivel, procure anotar as marcas dos fabricantes (por exemplo, requeijdo
nestlé, pdo de sanduiche nutrella, etc.), indicar quando o alimento for light ou diet. Seja o
mais preciso e honesto possivel, € melhor superestimar a quantidade de alimento consumido
do que subestimar ou ndo fazer nenhuma estimativa. Preencher o registro alimentar em dois

dias da semana e um dia do final de semana.

Exemplo de preenchimento:

Hora Lugar Alimento Medida Caseira Marca
7:00 Casa  Leite Integral 1 copo de requeijao Santa Clara
Achocolatado 1 colher de sopa cheia Nescau
Pédo de Sanduiche 2 fatias Seven Boys
Margarina 1colher de sopa rasa Becel
Queijo lanche 1fatia média
10:00 Fora  Barra Cereal Banana 1 unidade Nutry
13:00 Fora  Carne de gado magra 1 bife grande
Arroz 8 colheres de sopa
Feijao 1 concha média
Vagem Cozida 2 colheres sopa cheias
Alface 3 folhas médias
Azeite de Oliva 1 colher sopa rasa
Batata Frita 2 pegadores
16:00 Fora  Macé 1 unidade média
logurte de Morango 1 pote 200 ml Elegé
18:00 Casa  Bolacha Cream Craker 6 unidades Nestlé
Coca Cola Light 1 lata
20:30 Casa  Macarrdo Cozido 1 prato raso cheio
Molho de Tomate 6 colheres de sopa Pomarola
Peito de Frango 1bife médio
Cenoura crua ralada Y unidade
Tomate 2 rodelas grandes
Suco de Uva 1 copo requeijao Tang
Bombom Sonho de Valsa 2 unidades Lacta
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8.9 ANEXO 9
PLANOS ALIMENTARES
)| UNIVERSIDADE FEDERAL DO RIO GRANDE DO SUL (¢
A HOSPITAL DE CLINICAS DE PORTO ALEGRE S
woseiisi o POS-GRADUAGAO EM MEDICINA: CIENCIAS MEDICAS  UUFRGS

CLINICAS

"ORTO ALEGRE RS

PLANO ALIMENTAR (1400-1500 kcal)
CAFE DA MANHA:

e 1 xicara (200ml) de leite integral OU 1 porcao do grupo leites e derivados
e 1 fatia de pé&o integral OU 1 porg¢éo do grupo carboidratos

e 1 colher de cha rasa de margarina OU 1 porcédo do grupo gordura

e 1 porcéo de fruta

LANCHE DA MANHA:
e 1 porgéo de fruta
ALMOCO:

e 3 colheres de sopa de arroz integral cozido OU

e 1 concha de feijdo cozido OU 1 porcéo do grupo leguminosas

¢ 1 porcdo média de carne branca ou de gado magra OU 1 porgédo do grupo carnes
e Vegetais A & vontade

e 2 colheres de sopa Vegetais B (Crus)

¢ 1 colher de cha de azeite de oliva OU 1 porcao do grupo gordura

LANCHE DA TARDE

1 porcéo de fruta
JANTAR
OPCAO 1:

e 4 colheres de sopa de arroz integral cozido OU 2 por¢Bes do grupo carboidratos

e 1 porcdo pequena de carne branca ou de gado magra OU 1 por¢do do grupo
carnes

e Vegetais A a vontade

e 2 colheres de sopa de vegetais B (Crus)

¢ 1 colher de cha de azeite de oliva OU 1 porcao do grupo gordura

e 1 porcéo de fruta

OPCAO 2:

e 2 fatias de pé&o integral OU 2 por¢des do grupo carboidratos
e 2 colheres de cha rasas de margarina OU 2 por¢des do grupo gordura
o 2 fatias média de queijo branco OU 1 porcao do grupo leites e derivados
e Vegetais A a vontade
e 1 porcéo de fruta
e 2 colheres de sopa de aveia OU 2 porcdes do grupo carboidratos
CEIA:

e 1 porgéo de frutas secas
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e
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HOSPITAL DE

UNIVERSIDADE FEDERAL DO RIO GRANDE DO SUL é’—
HOSPITAL DE CLINICAS DE PORTO ALEGRE UFRGS

CLINICAS POS-GRADUACAO EM MEDICINA: CIENCIAS MEDICAS ~ Swaeessr

PFORTO ALEG

PLANO ALIMENTAR (1600-1700 kcal)

CAFE DA MANHA:

1 xicara (200ml) de leite integral OU 1 porcéo do grupo leites e derivados
2 fatias de péo integral OU 2 por¢des do grupo carboidratos

2 colheres de cha rasas de margarina OU 2 por¢des do grupo gorduras

1 porcao de fruta

LANCHE DA MANHA:

ALMOCO:

1 porcéo de fruta

4 colheres de sopa de arroz integral cozido OU 2 porgfes do grupo carboidratos
1 concha de feijdo cozido OU 1 porc¢éo do grupo leguminosas

1 porcdo média de carne branca ou de gado magra OU 1 porgéo do grupo carnes
Vegetais A & vontade

3 colheres de sopa de Vegetais B (Crus)

1 colher de cha de azeite de oliva OU 1 porcao do grupo gorduras

LANCHE DA TARDE

1 porcéo de fruta
2 colheres de sopa de aveia em floco OU 2 porg6es do grupo carboidratos

JANTAR
OPCAO 1:
e 4 colheres de sopa de arroz integral cozido OU 2 por¢des do grupo carboidratos
e 1 porcdo pequena de carne branca ou de gado magra OU 1 por¢cdo do grupo
carnes
e Vegetais A & vontade
e 3 colheres de sopa de Vegetais B (Crus)
¢ 1 colher de ch& de azeite de oliva OU 1 por¢éo do grupo gorduras
e 1 porgéo de fruta
OPCAO 2:
o 2 fatias de péo integral OU 2 por¢des do grupo carboidratos
e 2 colheres de cha rasas de margarina OU 2 por¢des do grupo gorduras
e 2 fatias médias de queijo branco OU 1 porc¢éo do grupo leites e derivados
e 1 fatia de presunto magro OU meia por¢éo do grupo carnes
e Vegetais A & vontade
e 1 porcéao de fruta

CEIA:

1 porcéo de frutas secas
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&
UNIVERSIDADE FEDERAL DO RIO GRANDE DO SUL o
UFRGS

woseitaL o ~ HOSPITAL DE CLINICAS DE PORTO ALEGRE
CENISAS POS-GRADUAGAO EM MEDICINA: CIENCIAS MEDICAS oo criisr ool

FORTO ALEG

UNIVERSIDADE FEDERAL

PLANO ALIMENTAR (1800-1900 kcal)

CAFE DA MANHA:

1 xicara (200ml) de leite integral OU 1 por¢éo do grupo leites e derivados
2 fatias de péo integral OU 2 por¢des do grupo carboidratos

2 colheres de cha rasas de margarina OU 2 por¢des do grupo gorduras

2 fatias médias de queijo branco OU 1 porcao do grupo leites e derivados
1 porgéo de fruta

LANCHE DA MANHA:

ALMOCO:

1 porgéo de fruta

5 colheres de sopa de arroz integral cozido OU 2 e ¥ porg¢éo do grupo carboidratos
1 e % concha de feijdo cozido ou 1 e ¥ porcdo do grupo leguminosas

1 por¢do média de carne branca ou de gado magra OU 1 porgédo do grupo carnes
Vegetais A a vontade

4 colheres de sopa de Vegetais B (Crus)

1 colher de cha de azeite de oliva OU 1 porcao do grupo gorduras

LANCHE DA TARDE

1 porgéo de fruta
1 colher de sopa de aveia em flocos OU 1 por¢do do grupo carboidratos

JANTAR
OPCAO 1:
e 4 colheres de sopa de arroz integral cozido OU 2 por¢des do grupo carboidratos
e 1 porcdo pequena de carne branca ou de gado magra OU 1 porcdo do grupo
carnes
e Vegetais A & vontade
e 2 colheres de sopa de Vegetais B (Crus)
¢ 1 colher de ch& de azeite de oliva OU 1 por¢éo do grupo gorduras
OPCAO 2:
e 3 fatias de péo integral OU 3 porcdes do grupo carboidratos
e 3 colheres de ch&rasas de margarina OU 3 por¢des do grupo gorduras
o 2 fatias médias de queijo branco OU 1 porcédo do grupo leites e derivados
e 1 fatia de presunto magro OU ¥ por¢éo do grupo carnes
e Vegetais A & vontade
e 2 colheres de sopa de Vegetais B (Crus)

CEIA:

1 porcéo de frutas secas
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8.10 ANEXO 10
é)@' UNIVERSIDADE FEDERAL DO RIO GRANDE DO SUL 6’
e : R
HosriTaL Dt HOSPITAL DE CLINICAS DE PORTO ALEGRE UFRGS
CLINICAS  pOS-GRADUAGAO EM MEDICINA: CIENCIAS MEDICAS  gysseassss:
LISTA DE PORGCOES
Carboidratos Carnes Vegetais A - a vontade Frutas
Arroz integral 2 colheres sopa Alméndegas caseiras 2 unidades Alface, agrido, aspargo, acelga, alho, Abacate 2 colh sopa
Macarrdo 1 pegador Atum em agua 1 lata abobrinha verde, berinjela, bracolis, Amexa 2 unidades
Fdo integral 1 fatia Atum em dleo 1/2 lata cebola, broto de feijdo, couve, chicdria, Bergamota 2 unidades
Aveia 1 colh sopa Carne bovina 1 porgdo (80g) couve-flor, cebolinha, escarola, espinafre, Kiwi 1 unidade
Biscoito integral 3 unidades Carne porco 1 porcdo (80g) mostarda, palmito, pimentdo, pepino, Laranja 1 unidade
Coracdo frango 16 unidades médias rabanete, radite, repolho, nicula, salsa, Macgd 1 unidade
Coxa/Sobrecoxa s/ pele |1 unidade grande salsdo, tomate Mamado 1 fatia
Leites e Derivados Figado de boi 1 porcéo (80g) Morango 10 unidades
Leite integral 200 ml Lingua de boi 1 porgdo (80g) Vegetais B Péra 1 unidade
logurte integral 200 ml Ovo de codoma 8 unidades Cenoura crua 1 colh sopa Pésseqgo 1 unidade
Leite soja 200 ml Ovo galinha cozido 2 unidades Beterraba crua 1 colh sopa Salada fruta 1 copo peq
Minas/ Ricota 2 Fatias medias Peito frango s/ pele 1 porgdo (100g)
Mussarela/Prato 2 Fatias médias Peito peru 2 fatias Frutas secas Doces
Peixes 1 porgéo (140g) Ameixa 4 unidades Bolo branco 1 fatia peq
Gorduras Fresunto ou frios 2 fatias Damasco 5 unidades Bolo chocolate i1 fatia peg
Azeite 1 colh cha Sardinha em éleo 2 unidades Bombom 1 unidade
Margarina/Manteiga |1 colh cha Chocolate 1tirinha
Mata 2 colh cha Leguminosas Coca cola 1 copo
Maionese 2 colh cha Feijdo 1 concha Doce |eite 1c.sobremesa
Creme de Leite 1 colh sopa Lentilha 1 concha Geléia 1c. sobremesa
Regueijdo 1 colh cha cheia Grdo de soja 4 colh sopa Mel 1c.sobremesa
Faté 1 colh sobremesa Ervilha cozida 4 colh sopa Sorvete 1 bola

*| porcdo Doces = 2

de Carboidratos




