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RESUMO

A sindrome dos ovarios policisticos (PCOS) € o disturbio enddcrino mais comum em
mulheres em idade reprodutiva, sendo caracterizado por anovulagéo crénica e manifestaces
de hiperandrogenismo. O sobrepeso e a obesidade afetam a maioria das mulheres com PCOS
e, quando presentes, podem acentuar as alteraces reprodutivas e metabolicas associadas a
sindrome. Dessa forma, a reducdo de peso através da restri¢do caldrica € de suma importancia
nas mulheres com PCOS e excesso de peso. Entretanto, ainda ndo estd estabelecido se a
composi¢do da dieta por si s6 pode ter efeitos significativos sobre as alteracdes metabdlicas e
hormonais da PCOS. Poucos ensaios clinicos randomizados avaliando o efeito de diferentes
intervencdes dietéticas foram realizados em mulheres com PCQOS, sendo que os estudos
existentes apresentam, em sua maioria, curta duracdo e pequeno tamanho amostral. Dietas
com reducdo de carboidratos, assim como dietas com baixo indice glicémico e carga
glicémica tém sido o principal foco de estudo em mulheres com PCOS e, embora 0s
resultados sejam controversos, estudos demonstram superioridade desses tipos de dieta em
relacdo a uma dieta convencional na melhora do perfil antropométrico e da sensibilidade
insulinica. Por outro lado, mudancas de estilo de vida podem ndo ser suficientes para
promover uma reducdo de peso significativa e intervencbes farmacéuticas podem ser
necessarias. O orlistat € um farmaco usado no tratamento da obesidade que age através da
inibicdo das lipases gastricas e pancreaticas e ndo tem efeitos adversos sistémicos, sendo o
unico farmaco antiobesidade disponivel em muitos paises. Dessa forma, com o objetivo de
avaliar os efeitos do orlistat nas variaveis clinicas relacionadas a perda de peso, assim como
comparar esses efeitos com aqueles obtidos com o uso da metformina, em mulheres com
PCOS, realizou-se uma revisdo sistematica e meta-analise. Os resultados dessa revisdo
sistematica sugerem que o orlistat leva a uma reducéo significativa do peso/indice de massa
corporal (IMC) em mulheres com PCOS. Além disso, os resultados da meta-analise
evidenciaram que o orlistat e a metformina tém efeitos similares na reducdo de IMC,
testosterona, Homeostasis Model Assessment of Insulin Resistance (HOMA-IR) e insulina em
mulheres com PCOS com sobrepeso e obesidade. Outro fator a ser considerado é o aumento
do risco cardiovascular associado a PCOS. Estudos demonstram que as alteracOes
cardiovasculares pré-clinicas sdo mais frequentes nesta populacdo do que em mulheres sem a
sindrome de mesma idade. A variabilidade da frequéncia cardiaca (VFC) é a medida das

variacdes ciclicas dos intervalos entre as batidas cardiacas (intervalo R-R), e reflete a fungéo



cardiaca autondmica. Alteracdes na VFC podem refletir doenca cardiovascular subclinica. A
reducdo do consumo de gordura saturada tem um importante papel na prevencao primaria e
secundaria de doencas cardiovasculares. Dessa forma, realizou-se um estudo com objetivo de
avaliar se o consumo de &cidos graxos saturados (SFA) esté associado com VFC em mulheres
com PCOS. Oitenta e quatro mulheres com PCOS foram incluidas no estudo. A analise da
VFC foi realizada no repouso e apds teste de stress mental. As participantes foram
estratificadas de acordo com a mediana do consumo de SFA (8,5% do consumo energético
total), avaliado por questionario de frequéncia alimentar. Os resultados desse estudo indicam
que o menor consumo de SFA combinado com menor consumo de carne vermelha e maior
consumo de frutas, vegetais e feijdes estd associado com melhor VFC em resposta ao stress e

niveis circulantes mais baixos de testosterona em mulheres com PCOS.

Palavras-chave: Sindrome dos ovarios policisticos. Dieta. Orlistat. Metformina.

Variabilidade da frequéncia cardiaca. Modulac&o autondmica. Acidos graxos saturados.



ABSTRACT

Polycystic ovary syndrome (PCOS), the most common endocrinological disorder in
women of reproductive age, is characterized by hyperandrogenism and chronic anovulation.
Obesity or overweight affect most of patients with PCOS and may accentuate reproductive
and metabolic issues. Thus, weight reduction through calorie restriction is extremely
important in overweight/obese PCOS women. However, it remains unclear whether the diet
composition per se may have significant effects on metabolic and hormonal issues of PCOS.
A few randomized controlled trials (RCTs) evaluating the effect of different dietary
interventions have been performed in PCOS women, and most studies have short-term and
small sample size. Low-carbohydrate diets as well as diets with low glycemic index and
glycemic load have been the main focus of studies in PCOS women, and although the results
are controversial, studies demonstrated superiority of these diets in relation to a conventional
diet in improving anthropometric profile and insulin sensitivity. On the other hand, lifestyle
changes may not be sufficient to promote significant weight loss, and pharmaceutical
interventions may be required. Orlistat is a drug for the treatment of obesity
that acts by inhibiting gastric and pancreatic lipases. Orlistat does not have systemic adverse
effects and it is currently the sole anti-obesity agent available in many countries. In this way,
a systematic review and meta-analysis was performed. The aim was to assess the effects of
orlistat on weight loss-associated clinical variables and to compare these effects to those
obtained with metformin treatment in overweight/obese women with PCOS. The results of
this systematic review indicate that orlistat leads to significant reduction in weight/body mass
index (BMI) in PCOS. In addition, the results of meta-analysis indicate that orlistat and
metformin have similar effects in reducing BMI, HOMA, testosterone and insulin in
overweight/obese PCOS women. Another point to consider is the increased cardiovascular
risk associated with PCOS. Studies have demonstrated that preclinical cardiovascular
disorders are more frequent in PCOS than in women without the syndrome of same age. The
heart rate variability (HRV) is a measure of the time variation between heart beats (R-R
interval), and reflects autonomic cardiac function. Alterations in HRV may reflect subclinical
cardiovascular disease. Reduction in saturated fat intake has an important role in primary and
secondary of cardiovascular disease. Thus, we performed a study assessing whether dietary
saturated fatty acids (SFA) intake is associated with stress-induced HRV in patients with
PCOS. Eighty-four PCOS women were included in the study. The HRV analysis was



performed at rest and after mental stress test. Participants were stratified by median SFA
intake (8.5% of daily energy intake), assessed by food frequency questionnaire. The results
indicate that lower SFA intake is associated with more favorable stress-related HRV and

lower testosterone in women with PCOS.

Keywords: Polycystic ovary syndrome. Diet. Orlistat. Metformin. Heart rate variability.

Autonomic modulation. Saturated fatty acids.
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RESUMO

A sindrome dos ovarios policisticos (PCOS) é o disturbio enddcrino mais comum em
mulheres em idade reprodutiva, sendo caracterizado por anovulagéo crénica e manifestacfes
de hiperandrogenismo. Além dos disturbios reprodutivos, as pacientes com PCOS apresentam
frequentemente alteracfes metabdlicas que incluem obesidade, resisténcia insulinica (RI),
dislipidemia e hipertensdo, sendo que a presenca de obesidade pode exacerbar as demais
alteracdes. Estudos tém demonstrado que uma reducgédo de peso relativamente pequena (5%)
pode melhorar a RI, o hiperandrogenismo, a funcdo menstrual e a fertilidade em mulheres
com PCOS. Dessa forma, a reducdo de peso através da restricdo caldrica é de suma
importancia nas mulheres com PCOS com sobrepeso e obesidade. Entretanto, ainda ndo esta
estabelecido se a composicdo da dieta por si s6 pode ter efeitos significativos sobre as
alteracdes metabdlicas e hormonais da PCOS. Poucos ensaios clinicos randomizados
avaliando o efeito de diferentes intervencdes dietéticas foram realizados em mulheres com
PCQOS, sendo que os estudos existentes apresentam, em sua maioria, curta duragdo e pequeno
tamanho amostral. Dietas com reducgdo de carboidratos, assim como dietas com baixo indice
glicémico e carga glicémica tém sido o principal foco de estudo em mulheres com PCOS.
Embora os resultados sejam controversos, estudos demonstram superioridade desses tipos de
dieta em relacdo a uma dieta convencional na melhora do perfil antropométrico e da
sensibilidade insulinica. Contudo, com base nas atuais evidéncias, ndo é possivel definir qual
o melhor tipo de dieta para essa populacdo. Mais estudos sdo necessarios para avaliar o efeito
de diferentes tipos de dietas na reducéo de peso e melhora do perfil metabdlico e hormonal na
populagdo com PCOS.
Palavras-chave: Sindrome dos ovarios policisticos. Dieta. Obesidade. Resisténcia insulinica.
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INTRODUCAO

A sindrome dos ovarios policisticos (PCOS) é um distdrbio de apresentacdo clinica
heterogénea cujas principais caracteristicas clinicas sdo anovulagdo cronica e manifestagdes
de hiperandrogenismo (1-3). De acordo com o consenso de Rotterdam (4), a sindrome &
definida pela presenca de pelo menos dois dos seguintes critérios: oligo ou anovulacao;
hiperandrogenismo clinico e/ou bioguimico; presenca de ovarios policisticos ao ultrasom (12
ou mais foliculos com 2 a 9 mm ou aumento do volume ovariano (> 10 cm3) em pelo menos
um ovario). Ainda, devem ser excluidas outras patologias que causem hiperandrogenismo,
como: tumores secretores de androgénios, hiperplasia adrenal congénita, sindrome de
Cushing, hiperprolactinemia e alteracdes tireoidianas.

A PCOS é o disturbio endocrino mais comum em mulheres em idade reprodutiva e sua
prevaléncia varia de acordo com o diagndstico utilizado, com estimativas variando de 9% a
18% das mulheres em idade reprodutiva (3, 5, 6). Além dos distarbios reprodutivos, as
pacientes com PCOS apresentam frequentemente alteragdes metabolicas que incluem
obesidade, resisténcia insulinica (R1), dislipidemia e hipertensdo (7-9).

Embora existam evidéncias que sustentem o envolvimento de fatores genéticos e
ambientais/estilo de vida no desenvolvimento da PCOS, a etiologia exata permanece
desconhecida. A RI e o hiperandrogenismo desempenham um papel chave na fisiopatologia
da PCQOS, sendo que a RI afeta em torno 85% das pacientes (75% das mulheres eutréficas e
95% das mulheres com excesso de peso) (10). Segundo alguns autores (11-13), a
hiperinsulinemia resultante aumenta a producdo de androgénios e reduz a globulina
carreadora dos hormonios sexuais (SHBG), levando ao hiperandrogenismo.

A obesidade e 0 sobrepeso séo altamente prevalentes na populagdo com PCOS (14,
15) e, em comparacdo com mulheres sem a sindrome pareadas por indice de massa corporal
(IMC), as mulheres com PCOS apresentam maior quantidade de gordura abdominal (16, 17).
A presenca de obesidade pode exacerbar as alteracbes metabdlicas e reprodutivas associadas a
sindrome (18). Estudos tém demonstrado que uma reducdo de peso relativamente pequena
(5%) pode melhorar a RI, o hiperandrogenismo, a funcdo menstrual e a fertilidade em
mulheres com PCOS (19-20). Dessa forma, modificagdo de estilo de vida com dieta e
atividade fisica € o tratamento de primeira linha para mulheres com sobrepeso/obesidade com
PCOS (21-23). Entretanto, embora a importancia da restri¢cdo calorica para reducdo de peso
em mulheres com PCOS ja esteja bem estabelecida, ainda ndo esta claro se a composicdo da

dieta por si s6 pode ter efeitos significativos sobre as alteracdes metabolicas e hormonais da
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PCOS (24). Dessa forma, 0 objetivo da presente revisdo foi comparar o efeito de diferentes
intervencgdes dietéticas (Tabela 1) nas varidveis antropométricas, metabodlicas (resisténcia
insulinica e perfil lipidico) e hormonais, assim como na regularidade menstrual, em mulheres
com PCOS.

DIETAS COM REDU(;AO DE CARBOIDRATOS E AUMENTO DE PROTEINAS

Uma dieta moderada em proteinas (15% do valor energético total - VET), rica em
carboidratos (55% do VET) e com moderado percentual de gordura (30% do VET), em
conjunto com atividade fisica regular, tradicionalmente tem sido sugerida para reducdo de
peso e melhora das disfuncGes reprodutivas e metabdlicas da PCOS (25). Entretanto, apesar
da consisténcia das recomendac@es tradicionais, tem havido grande interesse em abordagens
alimentares alternativas destinadas a reducdo de peso e do risco cardiovascular e de diabetes.

Os carboidratos s&o o Unico tipo de macronutriente que afeta diretamente os niveis de
glicose pds-prandial, sendo o principal determinante dietético da secrecdo de insulina (26).
Dessa forma, os carboidratos tém sido o principal foco dos estudos de intervencao dietética
em mulheres com PCOS. Ao mesmo tempo, alguns pesquisadores tém sugerido que dietas
hiperprotéicas podem aumentar a reducdo de peso devido ao maior poder de saciedade das
proteinas em relacdo aos carboidratos e lipideos (27-29). Além disso, evidéncias demonstram
que as proteinas apresentam um maior efeito termogénico (aumento no gasto de energia
associado aos processos de digestdo, absorcdo e metabolismo do alimento) em relacdo aos
carboidratos e lipideos (28, 30). Entretanto, os estudos de intervencdo dietética com
substituicdo de carboidratos por proteinas em mulheres com PCOS (Tabela 2) ndo tém
resultados consistentes.

Ensaio clinico randomizado (ECR) realizado por Stamets et al. (31) examinou o efeito
de 4 semanas de intervengdo com dois tipos de dieta hipocaloricas, uma hiperprotéica e outra
normoproteica, ambas com mesmo percentual de lipideos (40% carboidratos, 30% proteinas e
30% lipideos vs. 55% carboidratos, 15% proteinas e 30% lipideos, respectivamente). Treze
participantes de cada grupo completaram o estudo. N&o houve alteracdo na atividade fisica
habitual dos participantes. Ambos os grupos tiveram reducdo significativa de peso, insulina de
jejum, area sob a curva de insulina no teste de tolerancia oral a glicose (TTG) e androgénios,

sem diferenca entre os tratamentos.
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Da mesma forma, Moran et al. (32) e Galletly et al. (33) realizaram um ECR
comparando uma dieta hiperprotéica com reducdo de carboidratos (40% carboidratos, 30%
proteinas e 30% lipideos) com uma dieta com menor teor de proteinas e maior percentual de
carboidratos (55% carboidratos, 15% proteinas e 30% lipideos). Nas primeiras 12 semanas de
estudo as dietas tiveram restricdo calorica, seguidas de 4 semanas de dieta para manutencéo
do peso, sendo que 14 participantes de cada grupo completaram o estudo. As participantes
realizaram exercicios fisicos em grupo semanalmente como parte do protocolo e foram
aconselhadas a praticar atividade fisica pelo menos 3 vezes por semana. Ambas as dietas
reduziram igualmente o peso (média geral de 7,5%) e a gordura abdominal (media geral de
12,5%). Melhoras na insulina de jejum, no Homeostasis Model Assessment of Insulin
Resistance (HOMA-IR), na regularidade menstrual e no perfil lipidico ocorreram
independentemente da composicdo da dieta. Ambas as dietas reduziram igualmente
testosterona, indice de androgénios livres (IAL) e aumentaram o SHBG. Entretanto, na dieta
normoprotéica, houve diminuicdo de 10% no HDL-colesterol (HDL-c) durante a fase de
restricdo energética, e aumento de 44% no IAL durante a fase de manutencéo do peso, 0 que
ndo ocorreu na dieta hiperprotéica.

Diferentemente, outros estudos mostraram beneficios da reducédo de carboidratos com
aumento do teor protéico da dieta em mulheres com PCOS. Sorensen et al. (34) realizaram
um ensaio clinico controlado de 6 meses comparando uma dieta normocaldrica hiperprotéica
(30% carboidratos, 40% proteinas e 30% lipideos) com uma dieta normocalorica padrédo (55%
carboidratos, 15% proteinas e 30% lipideos). As participantes de ambos 0s grupos receberam
a recomendacdo de realizar 30 minutos de atividade fisica por dia. A dieta hiperprotéica
(n=14) levou a uma reducdo maior de peso, de gordura corporal, da cintura, e de glicose em
relacdo a dieta padrdo (n=13). Ndo houve diferenca entre 0s grupos em relacao a testosterona,
SHBG e niveis de lipideos sanguineos.

Mehrabani et al. (35) verificaram que o tratamento por 12 semanas com uma dieta
hipocaldrica com a combinacao de alto teor de proteinas e baixa carga glicémica (CG) (40%
carboidratos de baixa e média CG, 30% proteinas e 30% lipideos) resultou em uma reducao
significativamente maior no HOMA-IR e na insulina de jejum quando comparada com uma
dieta hipocalorica convencional (55% carboidratos, 15% proteina e 30% lipideos) em
mulheres com PCOS. Inicialmente foram incluidas 30 participantes em cada grupo, porém 7
participantes do grupo com dieta hiperprotéica e 4 do grupo com dieta padrdo nao

completaram o estudo. As participantes foram orientadas a ndo alterar sua atividade fisica
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habitual durante o estudo. Ambas as dietas resultaram em reducdo significativa de peso,
reduziram testosterona, sulfato de dehidroepiandrosterona (SDHEA) e aumentaram SHBG,
sem diferenca entre os grupos. A reducgéo da circunferéncia da cintura foi significativamente
maior com dieta hiperprotéica com baixa CG do que com a dieta convencional. Ndo houve
efeito da reducdo de energia ou da composi¢do da dieta nos niveos de horménio luteinizante
(LH), horménio foliculo-estimulante (FSH) e perfil lipidico, com exce¢do do LDL-colesterol

(LDL-c), que diminuiu significativamente em ambos 0s grupos.

DIETAS COM REDUC}AO DE CARBOIDRATOS E AUMENTO DE LIPIDEOS

Ainda com foco na reducéo de carboidratos, estudos tém sido realizados com objetivo
de avaliar os efeitos da substituicdo de carboidratos por lipideos em mulheres com PCOS. O
objetivo desses estudos (Tabela 2) tem sido verificar se a qualidade da dieta,
independentemente da restricdo calorica, traz beneficios para essa populagéo.

Gower et al. (36) investigaram os efeitos de uma dieta normocal6rica com moderada
reducdo de carboidratos em comparacdo com uma dieta padrdo em mulheres com PCOS (41%
carboidratos, 19% proteinas e 40% lipideos vs. 55% carboidratos, 18% proteinas e 27%
lipideos, respectivamente), sendo um dos critérios de exclusdo a realizacdo de mais de 2h de
exercicio fisico estruturado por semana. O estudo teve um design crossover e cada dieta foi
mantida por 8 semanas. Vinte e trés participantes completaram o estudo com ambas as dietas
e 4 realizaram apenas a intervencdo com dieta com reducdo de carboidratos. A dieta com
reducdo de carboidratos induziu reducdes significativas na resposta basal das células f,
insulina e glicose de jejum e HOMA-IR, além de aumentos significativos na sensibilidade a
insulina, resposta dinamica das células p (“primeira fase™), testosterona e todas as medidas de
colesterol. Nao houve melhora de nenhuma das variaveis com a dieta padrdo. Resultados
adicionais desse mesmo estudo foram reportados posteriormente por Goss et al. (37). O grupo
com dieta com reducdo de carboidratos apresentou uma reducdo significativamente maior da
gordura corporal em relacdo ao grupo com dieta padréo (3,7% vs. 2,2%, respectivamente).
Somente a dieta com reducdo de carboidratos induziu decréscimos no tecido adiposo
subcutaneo abdominal e intra-abdominal (-7,1% e -4,6%, respectivamente), enquanto a dieta
padréo reduziu a massa magra total (-1,3%). Os autores sugerem que o mecanismo fisioldgico

subjacente a maior redugdo de tecido adiposo na dieta com redugdo de carboidratos,
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independente da restricdo caldrica, possa estar relacionado com alteracbes na secrecdo de
insulina.

Douglas et al. (38) comparam trés tipos de dietas normocaldricas, uma delas com
baixo teor de carboidratos, outra convencional, e outra enriquecida com &cidos graxos
monoinsaturados (com distribuicdo padrdo de macronutrientes) sendo que as participantes
foram orientadas a manter sua atividade fisica habitual (carboidratos, proteinas, lipideos:
43%, 15%, 45% vs. 56%, 16%, 31% vs. 55%, 15%, 33%, respectivamente). Cada participante
(n=11) consumiu os trés tipos de dieta, cada uma por 16 dias, com um periodo de washout de
3 semanas. A dieta com baixo teor de carboidratos reduziu mais a insulina de jejum do que a
dieta padrdo, e reduziu mais a resposta aguda de insulina a glicose em relagdo a dieta
enriquecida com acidos graxos monoinsaturados. Nao foram demonstradas melhoras nos
horménios reprodutivos (testosterona total e livre, SDHEA, SHBG, LH, e FSH) com os trés
tipos de dietas. Houve reducdo significativa do colesterol total ap6s a intervengdo, sem
diferenga entre os tratamentos.

Entretanto, ECR de Moran et al. (39) demonstrou que uma dieta com restricdo de
carboidratos e uma dieta com restricdo de gorduras foram igualmente eficazes na manutencgéo
da reducdo de peso. As participantes seguiram uma dieta normocalérica com contagem de
carboidratos (120 g de carboidratos por dia) ou contagem de lipideos (50 g de lipideos por
dia) por 6 meses. Esse periodo foi precedido por 2 meses de dieta para reducdo de peso
baseada na substituicdo de duas refeicdes diarias por substitutos de refeicdo, sendo essa dieta
igual para os dois grupos. Vinte e trés participantes completaram as duas fases do estudo. As
participantes receberam um peddmetro com objetivo de realizar 8.000 passos diarios.
Entretanto, na semana 32 do estudo o consumo alimentar do grupo com contagem de
carboidratos foi de 135 g de carboidratos e 56 g de lipideos por dia (40% carboidratos, 21%
proteinas e 35% lipideos) e do grupo com contagem de lipideos foi de 156 g de carboidratos e
54 g de lipideos por dia (43% carboidratos, 21% proteinas e 31% lipideos), diferindo da dieta

prescrita.

DIETAS COM BAIXO INDICE GLICEMICO E CARGA GLICEMICA
Os carboidratos variam em sua capacidade de aumentar os niveis circulantes de
glicose e insulina pés-prandiais. O indice glicémico (IG), proposto por Jenkins et al. (40), €

um parametro utilizado para classificar os alimentos contendo carboidratos de acordo com a
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resposta glicémica que estes promovem, em relacdo a resposta observada apds consumo de
um alimento de referéncia (pdo branco ou glicose). O IG é, portanto, uma medida da
qualidade do carboidrato ingerido. Posteriormente, em 1997, foi introduzido o conceito de
carga glicémica (CG), por pesquisadores da Universidade de Harward, uma medida que
incorpora ndo s6 a qualidade como também a quantidade dos carboidratos da dieta, sendo o
produto do IG de um alimento e do teor de carboidratos disponiveis nele (41-43). A validade
fisiologica e superioridade da CG dietética em relagdo ao contetdo de carboidratos isolado
para estimar a glicemia pos-prandial e a demanda de insulina em individuos saudaveis ja
foram demonstradas (44).

A taxa de absorcdo dos carboidratos ap6s uma refeicdo tem efeito significativo sobre a
reposta hormonal e metabdlica pds-prandial. O consumo de alimentos de alto IG produz um
periodo inicial de altos niveis de glicose e insulina, seguido, em muitos individuos, de
hipoglicemia reativa, secre¢cdo de hormonios contrarregulatorios e elevadas concentragdes
séricas de &cidos graxos livres (45). Esses eventos podem promover o consumo alimentar
excessivo (45). Além disso, alguns autores sugerem que a hiperinsulinemia crénica gerada por
estes alimentos poderia prejudicar a funcdo das células beta pancreéticas e, eventualmente,
levar ao desenvolvimento de intolerancia a glicose e diabetes mellitus tipo 2 (DM2) (46, 47).

Existem atualmente fortes evidéncias da relacdo do IG e da CG com a prevencgéo e o
tratamento da obesidade e das doencas cronicas (45, 48, 49). Um dos mecanismos propostos
para a relacdo entre a qualidade glicémica da dieta e a obesidade envolve a saciedade
prolongada e a consequente diminuicdo do consumo de energia a partir de dietas de baixo
IG/CG (50). As propriedades das fibras sollveis presentes em cereais integrais e leguminosas,
de formacédo de gel viscoso, atenuam o aumento da glicose e niveis de insulina no sangue.
Alimentos ricos em fibras sollveis viscosas tém um baixo IG devido a sua capacidade de
expandir e promover uma digestdo prolongada aumentando a saciedade (45, 51). Além disso,
sugere-se que reduzindo as concentracdes de insulina pos-prandiais pode-se aumentar a
oxidacgdo de gordura ap0s a refeigdo e, assim, reduzir o consumo alimentar excessivo e 0
ganho de peso a longo prazo (52).

Diante disso, estudos com dietas de baixo IG e CG tém sido realizados em mulheres
com PCOS (Tabela 2). Marsh et al. (53) realizaram estudo de intervencdo ndo randomizada
comparando uma dieta hipocaldrica padrdo (1G=59%) com uma dieta hipocalorica de baixo
IG (IG=40%). As participantes realizaram a intervengdo por 12 meses ou até atingirem 7% de

reducdo de peso. As dietas tiveram distribuicdo de macronutrientes semelhante (50%
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carboidratos, 23% proteinas e 27% lipideos), sendo que as participantes foram incentivadas a
realizar 30 minutos de exercicios fisicos de intensidade moderada na maioria dos dias e
receberam um peddmetro com o objetivo de atingirem 10.000 passos por dia. Das 96
participantes que iniciaram o estudo apenas 49 o completaram. Considerando as participantes
que completaram o estudo, o grupo com dieta de baixo IG aumentou significativamente a
sensibilidade a insulina, o que ndo ocorreu no grupo com dieta convencional. O grupo que
realizou dieta de baixo IG apresentou um maior percentual de mulheres com melhora da
ciclicidade menstrual em relacdo ao grupo com dieta convencional (95% vs. 63%,
respectivamente).

Estudo semelhante, porém sem objetivo de reducdo do peso das participantes, foi
realizado por Barr et al. (54). Este estudo ndo randomizado consistiu em 12 semanas de dieta
normocaldrica com baixo 1G, precedidas por 12 semanas de uma dieta habitual controle. A
modificacdo da dieta consistiu em aconselhamento individualizado para substituir alimentos
de alto e médio 1G por alimentos com baixo 1G, sem orientacdo especifica para modificar o
tipo e quantidade de ingestdo de gorduras, proteinas e carboidratos. As participantes foram
encorajadas a manter sua ingestdo habitual de energia e os niveis de atividade fisica habituais
ao longo do estudo. Vinte e uma participantes completaram o estudo. Apds as 12 semanas de
intervencdo com dieta de baixo 1G, houve melhora da sensibilidade a insulina e dos niveis de
acidos graxos ndo-esterificados. Ndo houve alteracBes das medidas de glicemia, colesterol
total, LDL-c, peso e cintura ap0s a fase de intervencdo, com excecdo de uma pequena reducédo
no HDL-c.

Aumento significativo da sensibilidade a insulina também foi verificado no estudo de
Mehrabani et al. (35), ja citado anteriormente. Estes autores verificaram que o tratamento por
12 semanas com uma dieta hipocal6rica com a combinacdo de alto teor de proteina e baixa
CG causou um aumento significativo na sensibilidade a insulina em mulheres com PCOS
(n=60) quando comparado com uma dieta hipocalorica convencional.

Um estudo retrospectivo com 88 mulheres com PCOS, para as quais havia sido
prescrita uma dieta hipocaldrica de baixa carga glicémica, foi realizado por Herriot, Whitcroft
e Jeanes (55). A dieta consistiu em orientacGes para consumo de alimentos de baixa CG,
tendo aproximadamente 40-45% do consumo energético proveniente de carboidratos e 30%
do consumo energético proveniente de proteinas, além de restricdo do consumo de gordura
saturada a menos de 10% do consumo energético. Em geral, as pacientes foram incentivadas a

realizar 30 minutos de exercicios fisicos de intensidade moderada por dia. Embora
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metformina havia sido prescrita para a maioria das pacientes incluidas no estudo (87%), 0s
autores concluiram que uma dieta de baixa CG combinada com medicamentos diminuiu
significativamente o IMC e a circunferéncia da cintura em pacientes com sobrepeso ou
obesidade.

Diferentemente, Wong et al. (56) realizaram estudo piloto comparando o impacto 6
meses de dieta de baixa CG (45% carboidratos, 20% proteinas e 35% lipideos) vs. dieta com
reducdo de lipideos (55% carboidratos, 20% proteinas e 25% lipideos) em adolescentes com
sobrepeso e obesidade com PCOS. N&o houve alteracdo no nivel de atividade fisica das
participantes durante o estudo. O percentual de gordura corporal diminuiu em resposta a
intervencdo, sem diferenca entre as dietas de baixa CG e com reducéo de lipideos (-1.2% vs. -
2.2%, respectivamente). N&o foi encontrada melhora significativa do hiperandrogenismo

bioquimico.

DIETA DASH

A dieta DASH ¢ caracterizada por um elevado consumo de frutas, vegetais e alimentos
lacteos desnatados e por um baixo consumo de gordura saturada e total (57). Essa dieta foi
baseada no ensaio clinico Dietary Approaches to Stop Hypertension (DASH), desenvolvido
para avaliar os efeitos de padrfes alimentares nos niveis de presséo arterial (57).

Estudos tém demonstrado efeitos benéficos desse tipo de dieta para reducao do risco
metabolico de individuos com DM2 (58, 59) e sindrome metabdlica (60). Além disso, recente
metanalise demonstrou que a dieta DASH resulta em maior redugdo de peso do que dietas
padrdo, principalmente em individuos adultos com sobrepeso e obesidade (61).

Poucos estudos avaliaram o efeito da dieta DASH em mulheres com PCOS (Tabela 2).
Asemi et al. (62) realizaram um ECR comparando uma dieta DASH com uma dieta padrao
por 8 semanas, ambas com a mesma distribuicdo de macronutrientes (52% carboidratos, 18%
proteinas e 30% lipideos). Ambas as dietas tiveram restricdo de calorias e os participantes
foram orientados a ndo alterar sua atividade fisica habitual. A dieta DASH baseou-se em um
cardapio rico em frutas, vegetais, cereais integrais e produtos lacteos desnatados e pobre em
gordura saturada, colesterol e cereais refinados. A intervengdo com dieta DASH (n=24)
resultou em reducéo significativamente maior de peso, IMC, triglicerideos e VLDL-colesterol
em relacdo & dieta padrdo (n=24). Os mesmos pesquisadores apresentaram, no ano seguinte,

resultados adicionais do mesmo estudo. Asemi e Esmaillzadeh (63) demonstraram que a
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adesdo a dieta DASH resultou em reducéo significativamente maior da insulina, do HOMA-

IR, da cintura e do quadril em relacdo a dieta padrao.

SUPLEMENTACAO DE ACIDOS GRAXOS POLIINSATURADOS

Acido alfa-linolénico (ALA - alpha-linolenic acid), acido eicosapentaendico (EPA -
eicosapentaenoic acid) e &cido docosaexaenoico (DHA - docosahexaenoic acid) sdo acidos
graxos poliinsaturados (PUFAs - polyunsaturated fatty acids) com 18, 20 e 22 carbonos,
respectivamente. ALA € obtido a partir de fontes vegetais, tais como nozes e 6leos de linhaca
e chia, enquanto o EPA e o DHA, considerados de cadeia longa, estdo presentes em alimentos
de origem marinha, tais como peixes gordos (64).

O ALA pode ser metabolicamente convertido em varios acidos graxos 6mega-3,
incluindo o EPA e o DHA. Entretanto, a conversdo enzimatica varia consideravelmente entre
as espécies e parece ser relativamente ineficiente em humanos (65). Além do efeito
antiaterogénico e anti-inflamatério do EPA e do DHA, varios estudos tém demonstrado
efeitos benéficos sobre a resisténcia a insulina e o perfil lipidico (66-70).

Vérios estudos tém sido realizados com objetivo de verificar os efeitos da
suplementacdo de PUFAs 6mega-3 em mulheres com PCOS (Tabela 2). Mohammadi et al.
(71) realizaram um ECR com mulheres com PCOS com sobrepeso/obesidade no qual as
participantes foram randomizadas para receber dmega-3 (4 capsulas com 180 mg de EPA e
120 mg de DHA por dia) ou placebo por 8 semanas. Sessenta e uma participantes
completaram o estudo. A suplementacdo de 6mega-3 ndo teve efeitos significativos no peso,
no IMC, na cintura, e na razdo cintura-quadril. O grupo que recebeu dmega-3 apresentou
reducdes significativas da glicose (-11,4%), da insulina (-8,4%) do HOMA-IR (-21,8%), do
colesterol total (-8,1%) e do LDL-c (-14,9%) quando comparado com o grupo placebo. O
mesmo estudo foi relatado posteriormente por Rafraf et al. (72).

Entretanto, estudo de Cussons et al. (73) ndo demonstrou efeitos da suplementacao de
0mega-3 na sensibilidade a insulina em mulheres com PCOS. Cussons et al. (73) realizaram
um estudo randomizado crossover com objetivo de verificar os efeitos da suplementacdo de
EPA e DHA (4g de dmega-3/dia; 56% DHA e 27% EPA) em comparacdo com placebo por 8
semanas em 25 mulheres com PCOS, sem alterar a dieta habitual das pacientes. Ndo foram
encontradas diferencas entre o grupo que recebeu 6mega-3 e 0 grupo que recebeu placebo em

relacgdo ao HOMA-IR e a insulina e glicose de jejum. O grupo que recebeu dmega-3
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apresentou reducgdes significativamente maiores dos triglicerideos e da gordura hepatica em
relagcdo ao grupo que recebeu placebo.

Nadjarzadeh et al. (74) avaliaram os efeitos da suplementacéo de émega-3 (3 capsulas
com 180 mg de EPA e 120 mg de DHA por dia) em comparacdo com placebo por 8 semanas
em mulheres com PCOS (78 participantes completaram o estudo). Apos a intervencao o grupo
que recebeu Odmega-3 apresentou um percentual significativamente maior de participantes
com menstruagdo regular e niveis de testosterona significativamente menores em relagdo ao
grupo que recebeu placebo (47,2% vs. 22,9%). O SHBG e o indice IAL ndo se alteraram em
nenhum dos grupos. Nadjarzadeh et al. (75) apresentaram resultados adicionais deste mesmo
estudo. Houve reducdo significativa dos niveis de LH somente no grupo que recebeu
suplementacdo. Ndo foram encontradas diferencas nos niveis de FSH e no perfil
antropométrico ap6s a intervencdo, com excecdo da razdo cintura-quadril, que diminuiu no
grupo que recebeu 6mega 3 e ndo se alterou no grupo placebo.

Com o mesmo objetivo, Phelan et al. (76) realizaram um ECR crossover de 6 semanas
em mulheres com PCOS (22 participantes completaram o estudo). A suplementacdo de
0mega-3 consistiu em 2,4 g de dmega-3/dia (1,9 g EPA e DHA/dia, com uma razdo de
EPA:DHA de 1,49:1). As participantes que foram suplementadas apresentaram uma reducao
significativamente maior da testosterona biodisponivel em relacdo ao grupo que recebeu
placebo, sendo as maiores redugcbes nas participantes que exibiram maiores redugdes
plasmaticas da razdo 6mega-6/6mega-3. Entretanto ndo houve alteracGes significativas na
testosterona total, no SDHEA, no SHBG, na androstenediona e nos demais hormonios
reprodutivos.

Diferentemente dos estudos anteriomente citados, Kasim-Karakas et al. (77) examinou
os efeitos da suplementacdo de PUFAs em mulheres com PCOS, porém utilizando acidos
graxos de fontes vegetais. O estudo consistiu em 12 semanas de intervencdo, precedidas por
periodo controle de 12 semanas. As participantes (n=17) foram orientadas a consumir 48 g de
nozes a cada 800 kcal de consumo energético, sendo que 48 g de nozes fornecem 19 g de
acido linoléico (6mega-6) e 3,3 g de ALA. N&o foram verificadas alteracbes no perfil
hormonal das participantes.

Ainda, com o objetivo de comparar os efeitos de PUFAs dmega-3 de cadeia longa
(EPA e DHA), provenientes do 6leo de peixe, e PUFAs 06mega-3 essenciais (ALA),
provenientes do Oleo de linhaca, Vargas et al. (78) realizaram um estudo prospectivo

randomizado no qual as participantes receberam 3,5 g de 6mega-3 por dia (6leo de peixe ou
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6leo de linhaga) ou 0leo de soja (placebo) por 6 semanas (17 participantes em cada grupo).
N&o houve alteracdo do consumo de macronutrientes durante o estudo. Tanto o grupo que
recebeu 6leo de peixe quanto o que recebeu 6leo de linhaga reduziram os triglicerideos. O
grupo que recebeu oOleo de peixe reduziu o indice Matsuda, porém apresentou aumento da
glicose 2 h do TTG. O grupo que recebeu 6leo de soja apresentou aumento dos niveis de
glicose e reducdo dos niveis de testosterona. Glicose e insulina de jejum, HOMA, HDL-c,
LDL-c e colesterol total, assim como o perfil antropométrico, ndo sofreram alteracGes pos-

intervencdo em nenhum dos grupos.

NUMERO DE REFEICOES E DISTRIBUICAO CALORICA

Alguns pesquisadores tém sugerido que a distribuicdo das refei¢bes didrias (nimero de
refeicbes e distribuicdo calorica) pode influenciar o consumo alimentar e ter efeitos sobre o
peso e a resisténcia insulinica (79-81), entretanto, poucos estudos foram realizados em
mulheres com PCOS (Tabela 2).

Papakonstantinou et al. (82) realizaram estudo randomizado crossover com objetivo
de comparar dois padrdes de refeicbes (trés vs. seis refeicbes por dia) nos niveis de glicose e
de insulina de 40 mulheres com PCOS. As participantes seguiram uma dieta para manutengéo
do peso (40% carboidratos, 25% proteinas e 35% lipideos), tanto com trés quanto com seis
refeicbes por dia (isocaloricas), cada uma por 12 semanas. Consumir seis refeices por dia
levou a uma reducdo significativamente maior na sensibilidade a insulina p6s TTG,
independentemente da idade e do peso corporal, quando comparadas com trés refeicoes
dirias.

O efeito da ingestdo caldrica concentrada em diferentes horarios do dia foi avaliada
por Jakubowicz et al. (83) em estudo randomizado de 12 semanas com mulheres com PCOS
eutroficas (51 pacientes completaram o estudo). Foram comparados dois tipos de dietas
isocaldricas com objetivo de manutencé@o do peso: dieta do café da manha (980 kcal no café
da manh&, 640 kcal no almogo e 190 kcal no jantar) ou dieta do jantar (190 kcal no café da
manhd, 640 kcal no almogo e 980 kcal no jantar). No grupo da dieta do café da manh& foram
observadas diminui¢des significativas da area sob a curva de glicose (-7%) e da insulina (-
54%), além de uma reducdo de 50% na testosterona livre, aumento de 105% no SHBG e
aumento da taxa de ovulagdo. Nenhum desses parametros apresentou melhora no grupo com a

dieta do jantar. Os autores referem que o consumo alimentar consistiu em aproximadamente
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124 g de carboidrato, 191 g de proteina e 62 g de gordura por dia em uma dieta de
aproximadamente 1800kcal, o que representa uma dieta hiperprotéica com grande reducédo de
carboidratos (27% carboidratos, 42% proteinas e 31% lipideos).

CONCLUSOES

Poucos ECR avaliando o efeito de diferentes tipos de dietas foram realizados em
mulheres com PCOS, sendo que o0s estudos existentes apresentam em sua maioria curta
duracdo e, sobretudo, pequeno tamanho amostral. Dessa forma, com base nas atuais
evidéncias ndo é possivel definir qual o melhor tipo de dieta para a populacdo com PCOS,
embora dietas com baixa carga glicémica parecam ser uma boa escolha. Mais estudos sdo
necessarios para avaliar o efeito de diferentes tipos de dietas na reducdo de peso e melhora do

perfil metabdlico e hormonal na populacdo com PCOS.
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Tabela 1. Diferentes intervencdes dietéticas estudadas em mulheres com PCOS

Dietas com reducao de carboidratos e aumento de proteinas

Dietas com reducéo de carboidratos e aumento de lipideos

Dietas com baixo indice glicémico/carga glicémica

Dieta DASH

Dietas com suplementagédo de 6mega-3

Dietas com maior numero de refeicbes/melhor distribuicdo cal6rica
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Tabela 2. Caracteristicas dos estudos de intervencéo dietética em mulheres com PCOS

32

Reduc&o de carboidratos

Autor, ano Intervencao dietética Delineamento Populacéo Duracéo Atividade fisica
Moran et al., 2003 (32); Dietas hipocaldricas (fase 1) e normocaléricas Ensaio clinico Pais: Australia Fase 1: 12 As participantes realizaram
Galletly et al., 2007 (33) (fase 2): randomizado Média de idade: 33 + 0,84 anos semanas exercicios fisicos semanais em
1) Hiperprotéica (40% CHO, 30% PTN, 30% LIP) IMC: > 25 kg/m? Fase 2: 4 grupo e foram incentivadas a
2) Normoprotéica (55% CHO, 15% PTN, 30% n (dieta 1) = 23 iniciaram / 14 completaram semanas praticar atividades fisicas pelo
LIP) n (dieta 2) = 22 iniciaram / 14 completaram menos 3 vezes por semana.
Stamets et al., 2004 (31) Dietas hipocaldricas: Ensaio clinico Pais: EUA 4 semanas Sem alteracéo na no nivel de
1) Hiperprotéica (40% CHO, 30% PTN, 30% LIP) randomizado Idade: 21 — 37 anos atividade fisica habitual.
2) Normoprotéica (55% CHO, 15% PTN, 30% IMC: 28 — 45 kg/m?
LIP) n (dieta 1) = 17 iniciaram / 13 completaram
n (dieta 2) = 18 iniciaram / 13 completaram
Douglas et al., 2006 (38) Dietas normocaldricas: Ensaio clinico Pais: EUA 16 dias Participantes foram orientadas
1) Baixo teor de carboidratos (43% CHO, 15% néo- Idade: 19- 42 anos (cada dieta) a manter o nivel de atividade
PTN, 45% LIP; 8% SFAs, 17% PUFAs, 18% randomizado IMC: 24 - 37 kg/m? fisica habitual.
MUFASs) crossover n =15 (11 completaram estudo)
2) Padrdo (56% CHO, 16% PTN, 31% LIP; 7%
SFAs, 10% PUFAs, 13% MUFAS)
3) Enriquecida em MUFAs (55% CHO, 15%
PTN, 33% LIP; 7% SFAs, 6% PUFAs, 17%
MUFAs)
Moran et al., 2006 (39) Dietas normocaldricas (precedidas por periodo Ensaio clinico Pais: Austrélia 24 semanas As participantes receberam um
inicial de 8 semanas de dieta hipocaldrica): randomizado Média de idade: 32,1 + 5,7 anos (precedidas por 8  peddmetro com objetivo de

Sorensen et al., 2012 (34)

Mehrabani et al., 2012 (35)

Gower et al., 2013 (36);
Goss et al., 2014 (37)

1) Contagem de carboidratos (objetivo de menos
de 120g CHO/dia) (40% CHO, 21% PTN, 35%

LIP*)

2) Contagem de lipideos (objetivo de menos de

509 LIP/dia) (43% CHO, 21% PTN, 31 LIP*)
Dietas normocaldricas:

1) Hiperprotéica (30% CHO, 40% PTN, 30% LIP)
2) Normoprotéica (55% CHO, 15% PTN, 30%

LIP)

Dietas hipocaldricas:

1) Hiperprotéica com baixa CG (40% CHO de
baixa e média CG, 30% PTN, 30% LIP)

2) Padréo (55% CHO, 15% PTN, 30% LIP)

Dietas normocaldricas:

1) Moderada reducao de carboidratos (41% CHO,

19% PTN, 40% LIP)
2) Padréo (55% CHO, 18% PTN, 27% LIP)

Ensaio clinico
randomizado

Ensaio clinico
randomizado

Ensaio clinico
randomizado
crossover

IMC: > 25 kg/m?
n (dieta 1) = 21 iniciaram / 14 completaram
n (dieta 2) = 22 iniciaram / 9 completaram

Pais: Dinamarca

Média de idade (dieta 1): 27,7 + 5,5 anos
Média de idade (dieta 2): 28,4 + 5,8 anos
Média de IMC (dieta 1): 30,6 + 7,8 kg/m?
Média de IMC (dieta 2): 30,5 + 8,5 kg/m?

n (dieta 1) = 29 iniciaram / 14 completaram
n (dieta 2) = 28 iniciaram / 13 completaram
Pais: Ird

Idade: 20 — 40 anos

IMC: 25 — 38 kg/m?

n (dieta 1) = 30 iniciaram / 23 completaram
n (dieta 2) = 30 iniciaram / 26 completaram

Pais: EUA

Idade: 21 - 50 anos

IMC: <45 kg/m?

n =30 (23 completaram ambas as dietas e 4
completaram somente dieta 1)

semanas de dieta
hipocalérica)

24 semanas

12 semanas

8 semanas (cada
dieta)

realizar 8.000 passos didrios.

Recomendagao de 30 min de
atividade fisica por dia.

Participantes foram orientadas
a manter o nivel de atividade
fisica habitual.

Exclusdo de paciente que
realizassem mais de 2 h de
exercicios fisicos estruturados
por semana.



Indice glicémico/ carga glicémica

Dieta DASH i

Omega-3

Herriot, Whitcroft e Jeanes, 2008 Dieta hipocaldrica de baixa CG (orientagao para

(55)

Marsh et al., 2010 (53)

Barr et al., 2013 (54)

Wong et al., 2016 (56)

Asemi et al., 2014 (62);
Asemi e Esmaillzadeh, 2015 (63)

Kasim-Karakas et al., 2004 (77)

Cussons et al., 2009 (73)

Phelan et al., 2011 (76)

consumo de alimentos de baixa CG;
aproximadamente 40-45% de carboidratos, 30%
de proteinas e menos de 10% de SFAS)
(metformina havia sido prescrita para a 87% das
pacientes incluidas no estudo)

Dietas hipocaldricas:

1) Baixo IG (50% CHO, 23% PTN, 27% LIP; IG
= 40%, CG = 74 q)

2) Padrdo (50% CHO, 23% PTN, 27% LIP; IG =
59%, CG = 109 g)

Dieta normocalérica de baixo indice glicémico
(orientacéo de substituicdo de alimentos de alto e
médio |G por alimentos com baixo IG)

Dietas hipocaldricas:

1) Baixa carga glicémica (45% CHO, 20% PTN,
35% LIP) (CG inicial* = 64,5 + 8,3 g/1000 kcal;
CG final* = 48,7 + 7,6 g / 1000 kcal)

2) Reducdo de lipideos (55% CHO, 20% PTN,
25% LIP) (CG inicial* = 75,4 + 11,1 g/1000 kcal;
CG final* = 69,3 + 10,1 g/1000 kcal)

Dietas hipocaléricas:

1) Dieta DASH - rica em frutas, vegetais, cereais
integrais e produtos lacteos desnatados e pobre em
gordura saturada, colesterol e cereais refinados
(52% CHO, 18% PTN, 30% LIP)

2) Dieta padrdo (52% CHO, 18% PTN, 30% LIP)

Substituicdo de gorduras da dieta por PUFAs
(orientacéo para consumo de 48 g de nozes a cada
800 kcal de consumo energético - 19 gde LA e
3,3gde ALA)

1) Suplementagédo de dmega-3 (4 g de dmega-
3/dia; 56% DHA and 27% EPA)

2) Placebo (4 g de azeite de oliva/dia; 67% OA)
As participantes foram orientadas a manter seu
consumo alimentar habitual.

1) Suplementacéo de dmega-3 (2,4 g de 6mega-
3/dia; 1.9 g EPA e DHA/dia com uma razdo de
EPA:DHA de 1,49:1)

2) Placebo (4 g de azeite de oliva/dia)

Estudo
retrospectivo

Ensaio clinico
ndo-
randomizado

Estudo de
intervengao

Ensaio clinico
randomizado
(estudo piloto)

Ensaio clinico
randomizado /
Intencéo de
tratar

Estudo de
intervencéo

Ensaio clinico
randomizado
crossover

Ensaio clinico
randomizado
controlado
crossover

Pais: Reino Unido

Média de idade: 32,4 + 9,1 anos

58 pacientes com IMC < 24,9 kg/m?; 30
pacientes com IMC > 25 kg/m?

n = 88 (follow-up de 59)

Pais: Australia

Idade: 18 - 40 anos

IMC: > 25 kg/m?

n (dieta 1) = 50 iniciaram / 29 completaram
n (dieta 2) = 46 iniciaram / 20 completaram

Pais: Reino Unido

Média de Idade: 31,5 + 6,9 anos
Média de IMC: 29,0 + 5,9 kg/m?
n =26 (21 completaram estudo)

Pais: EUA

Idade: 13- 21 anos

IMC: > 25 kg/m?

n (dieta 1) = 10 iniciaram / 9 completaram
n (dieta 2) = 9 iniciaram / 7 completaram

Pais: Ird

Idade: 18 - 40 anos

IMC: > 25 kg/m?

n (dieta 1) = 27 iniciaram / 24 completaram
n (dieta 2) = 27 iniciaram / 24 completaram

Pais: EUA

Média de idade: 34 + 5 anos
Média de IMC: 34,0 £+ 1,9 kg/m?
n =24 iniciaram / 17 completaram

Pais: Australia

Média de idade: 32,7 + 7,7 anos
IMC: > 25 kg/m?

n=25

Pais: Irlanda

IMC: 18 - 50 kg/m?

Idade: 18 - 40 anos

n = 25 iniciaram / 22 completaram

2 — 48 semanas

12 meses (ou até
participantes
atingirem uma
reducéo de peso
de 7%)

12 semanas
(precedidas por
12 semanas de
dieta controle)

24 semanas

8 semanas

12 semanas
(precedidas por
periodo controle
de 12 semanas)

8 semanas (cada
dieta)

6 semanas (cada
dieta)
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Em geral, as pacientes foram
incentivadas a realizar 30 min
de exercicios fisicos de
intensidade moderada por dia.

As participantes foram
incentivadas a realizar 30 min
de exercicios fisicos de
intensidade moderada na
maioria dos dias e receberam
um pedémetro com o objetivo
de atingirem 10.000 passos por
dia.

Participantes foram orientadas
a manter o nivel de atividade
fisica habitual.

Néo houve alteracéo
significativa do nivel de
atividade fisica durante estudo.

Participantes foram orientadas
a manter o nivel de atividade
fisica habitual.

Participantes foram orientadas
a manter o nivel de atividade
fisica habitual.

N&o relatado.

Participantes foram orientadas
a manter o nivel de atividade
fisica habitual.



Omega-3

Namero de refeigdes e

distribuicéo calérica

Vargas et al., 2011 (78)

Mohammadi et al., 2012 (71);
Rafraf et al., 2012 (72)

Nadjarzadeh et al., 2013 (74);
Nadjarzadeh et al., 2015 (75)

Jakubowicz et al., 2013 (83)

Papakonstantinou et al., 2016
(82)

1) Suplementacéo de 3,5 g de PUFAs 6mega-3 Ensaio clinico
por dia (6leo de peixe; 6 capsulas/dia com 358 mg randomizado
de controlado
EPA e 242 mg de DHA)

2) Suplementagdo de 3,5 g de PUFAs émega-3

por dia (6leo de linhaga; 6 capsulas/dia com 545

mg de

ALA)

3) Placebo (6leo de soja; 6 capsulas/dia com 200

mg de OA, 429 mg de LA e 57 mg de ALA)

Né&o houve alteragdo do consumo de

macronutrientes durante o estudo.

1) Suplementacéo de 6mega-3 (4 cépsulas com
180 mg de EPA e 120 mg de DHA por dia)
2) Placebo

Ensaio clinico
randomizado

1) Suplementacéo de 6mega-3 (3 capsulas com Ensaio clinico
180 mg de EPA e 120 mg de DHA por dia) randomizado
2) Placebo controlado
Dietas normocaldricas (27% CHO, 42% PTN e Ensaio clinico

31% LIP): randomizado
1) Dieta do café da manha (980 kcal no café da

manha, 640 kcal no almogo e 190 kcal no jantar)

2) Dieta do jantar (190 kcal no café da manha,

640 kcal no almogo e 980 kcal no jantar)

Dietas normocaldricas (40% CHO, 25% PTN e Ensaio clinico
35% LIP): randomizado
1) Trés refeicdes por dia crossover

2) Seis refeicdes por dia

Pais: EUA

Idade: 20 - 45 anos

IMC: 25 - 45 kg/m?

n (grupo 1) = 21 iniciaram / 17 completaram
n (grupo 2) = 23 iniciaram / 17 completaram
n (grupo 3) = 18 iniciaram / 17 completaram

6 semanas

Pais: Ird 8 semanas
Idade: 20 - 35 anos

IMC = 25 - 40 kg/m?

n (grupo 1) = 32 iniciaram / 30 completaram
n (grupo 2) = 32 iniciaram / 31 completaram
Pais: Ird

Idade: 20 - 40 anos

IMC = 25 - 40 kg/m?

n (grupo 1) = 42 iniciaram / 39 completaram
n (grupo 2) = 42 iniciaram / 39 completaram

Pais: Israel

Idade: 25 - 39 anos

IMC: < 24,9 kg/m?

n =29 iniciaram / 25 completaram
n =31 iniciaram /26 completaram

8 semanas

12 semanas

Pais: Grécia

Idade: 27 £ 6 anos

IMC: 20 - 40 kg/m?

n = 45 iniciaram / 40 completaram

12 semanas (cada
dieta)
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Néo relatado.

Participantes foram orientadas
a manter o nivel de atividade
fisica habitual.

Participantes foram orientadas
a manter o nivel de atividade
fisica habitual.

Participantes foram orientadas
a manter o nivel de atividade
fisica habitual.

Participantes foram orientadas
a manter o nivel de atividade
fisica habitual.

CHO = carboidratos; PTN = proteinas; LIP = lipideos; SFAs = &cidos graxos saturados; PUFAs = &cidos graxos poliinsaturados; MUFAs = acidos graxos monoinsaturados;
EUA = Estados Unidos da América; IMC = indice de massa corporal; CG = carga glicémica; IG = indice glicémico; DHA = acido docosaexaenoico; EPA = 4cido

eicosapentaenoico; OA = &cido oléico; LA = &cido linoléico; ALA = 4cido alfa-linolénico.

*Valores definidos com base na avaliagdo da ingestdo alimentar das pacientes durante o estudo.


http://www.ncbi.nlm.nih.gov/pubmed/?term=Rafraf%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23529993
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jakubowicz%20D%5BAuthor%5D&cauthor=true&cauthor_uid=23688334
http://www.ncbi.nlm.nih.gov/pubmed/?term=Papakonstantinou%20E%5BAuthor%5D&cauthor=true&cauthor_uid=26862008
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ABSTRACT

Aims: To assess the effects of orlistat on weight loss-related clinical variables in
overweight/obese women with polycystic ovary syndrome (PCOS) and to compare treatment
with orlistat vs. metformin in this group.

Methods: We conducted a systematic review and meta-analysis of the evidence about the use
of orlistat in women with PCOS. We searched the literature published until May 2015 in
MEDLINE, Cochrane Central Register of Controlled Trials, and LILACS.

Results: Of 3951 studies identified, nine were included in the systematic review (three
prospective, non-randomized studies, and six randomized control trials). Eight studies used
the Rotterdam criteria and 1 used NIH criteria to diagnose PCOS. Data suggest that orlistat
promotes a significant reduction in BMI/weight in overweight/obese PCOS women. Eight
studies evaluated orlistat impact on testosterone. Seven reported an improvement in
testosterone levels. Eight studies evaluated impact on insulin resistance, and five reported
improvement. Finally, five studies evaluated impact on lipid profile, and four reported
improvement. Three randomized control trials were included in the fixed effects model meta-
analysis for a total of 121 women with PCOS. Orlistat and metformin had similar positive
effects on BMI (-0.65%, 95%CI: -2.03; 0.73), HOMA (-3.60%, 95%CI: -16.99; 9.78),
testosterone (-2.08%, 95%Cl: -13.08; 8.93), and insulin (-5.51%, 95%Cl: -22.27; 11.26).
Conclusion(s): The present results suggest that orlistat leads to significant reduction in body
BMI/weight in PCOS. In addition, the available evidence indicates that orlistat and metformin
have similar effects in reducing BMI, HOMA, testosterone, and insulin in overweight/obese
PCOS women. This study was registered in PROSPERO under number CRD42014012877.
Key Words: Polycystic ovary syndrome; Orlistat; Metformin; Systematic review; Meta-

analysis.
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Review criteria:

- We conducted a systematic review and meta-analysis of the evidence about the effect of
orlistat on weight, BMI, androgens, and insulin resistance in women with polycystic ovary
syndrome.

- We systematically searched literature published until May 2015 in electronic databases
MEDLINE, Cochrane Central Register of Controlled Trials, and LILACS.

- We conducted a descriptive systematic review and a fixed effects model meta-analysis and

evaluated heterogeneity using the 12 statistics and Cochran’s Q test.

Message for the clinic:
- Orlistat leads to significant reduction in BMI/weight in overweight/obese PCOS.
- Orlistat and metformin have similar effects in reducing BMI, testosterone, and

insulin/HOMA in overweight/obese PCOS women.
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INTRODUCTION

Polycystic ovary syndrome (PCOS) is a heterogeneous condition primarily
characterized by hyperandrogenism and ovulatory dysfunction (1-3), with associated
metabolic disturbances including insulin resistance, dyslipidemia, and type 2 diabetes mellitus
(DM2) (1, 2, 4, 5). The prevalence of PCOS in women of reproductive age varies from 9% to
18% depending on diagnostic criteria (3, 6, 7).

Obesity and greater abdominal adiposity are also typical of PCOS and may accentuate
reproductive and metabolic issues (8-15). Therefore, lifestyle measures for weight loss are the
first-line treatment in obese women with PCOS (12, 16, 17). However, lifestyle changes may
not be sufficient to promote significant weight loss, and pharmaceutical interventions may be
required (18). Metformin, an oral antidiabetic drug that reduces glucose levels by improving
insulin action, has been considered a second-line treatment for PCOS women presenting
insulin resistance (19-24). While its main mechanism of action involves an improvement on
insulin action, leading to an amelioration of menstrual cycles and reduction of testosterone
levels, in some, but not all, insulin-resistant PCOS women these effects are similar to those
obtained with weight loss (20).

The lipase inhibitor orlistat is currently the sole antiobesity agent available in many
countries. Orlistat does not have systemic adverse effects and has been shown to produce
significant and sustained weight loss, with improvement in cardiovascular risk factors
including DM2, hypertension, and dyslipidemia in different populations (25-30).
Nevertheless, only a few studies including small samples are available in the literature
regarding the effects of orlistat on weight loss in women with PCOS. Therefore, the aim of
this systematic review and meta-analysis was to assess the effects of orlistat on weight loss-
associated clinical variables such as weight/BMI, waist circumference, insulin resistance
markers, total testosterone, lipid profile, and menstrual cyclicity, and to compare these effects

to those obtained with metformin treatment in overweight/obese women with PCOS.

METHODS
Search strategy and study selection

The following databases were searched for prospective studies and randomized clinical
trials (RCTs) published until May 2015: Medline, Cochrane Central Register of Controlled
Trials, and LILACS. No limits were set on publication date or language. This systematic
review was registered in PROSPERO (http://www.crd.york.ac.uk/PROSPERQO/) under


http://www.crd.york.ac.uk/PROSPERO/#_blank
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number CRD42014012877. The following basic search strategy was developed for PubMed
and modified as needed for other databases: “Polycystic Ovary Syndrome” or “Ovary
Syndrome, Polycystic” or “Syndrome, Polycystic Ovary” or “Stein-Leventhal Syndrome” or
“Stein Leventhal Syndrome” or “Syndrome, Stein-Leventhal” or “Sclerocystic Ovarian
Degeneration” or “Ovarian Degeneration, Sclerocystic” or “Sclerocystic Ovary Syndrome” or
“Polycystic Ovarian Syndrome” or “Ovarian Syndrome, Polycystic” or “Sclerocystic
Ovaries” or “Ovary, Sclerocystic” or “Sclerocystic Ovary” and tetrahydrolipstatin or THLP or
1-((3-hexyl-4-oxo-2-oxetanyl)methyl)dodecyl-2-formamido-4-methylvalerate or
tetrahydrolipstatin or Xenical or “Roche brand of orlistat” or “Hoffmann-La Roche brand of
orlistat” or Alli or “GlaxoSmithKline brand of orlistat.”

The selection criteria for the studies were as follows: diagnosis of PCOS using
Rotterdam (31) or NIH criteria (32), intervention with any dose of orlistat for at least 8 weeks,
and comparison of orlistat with placebo or metformin or any anti-obesity drug. Regarding
studies comparing orlistat with anti-obesity drugs other than metformin in PCOS, or
comparing the use of orlistat in PCOS women vs. healthy controls, only the results from the
PCOS/orlistat arm were considered in the present systematic review. Studies with lifestyle
interventions associated with pharmacological treatment were also included in the systematic
review if all the groups in the study received the same intervention.

Primary outcomes were changes in body mass index (BMI), weight, waist
circumference, insulin resistance markers and total testosterone levels following orlistat
treatment. Secondary outcomes were changes in lipid profile and menstrual cyclicity,
ovulation rate and ovarian morphology at ultrasound and adverse effects.

In addition, the reference lists of identified studies were searched. The most complete
study was chosen to avoid duplication if the same patient populations were reported in several
publications. Whenever necessary, authors were contacted in order to obtain additional data

from published materials.

Data extraction and quality control assessment

Two reviewers (SKG and FMM) independently screened titles/abstracts for selection
of articles for full text review. Disagreements were resolved by a third reviewer (PMS) or
consensus discussion. The full text of selected articles was independently reviewed by the two
initial reviewers. Cochrane Collaboration tools for assessing the risk of bias in randomized

trials (33) were also independently applied by two reviewers (SKG and FMM), with
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disagreements resolved by a third reviewer (PMS) or consensus discussion. The following
information was extracted from studies: name of first author, publication year, country, PCOS
diagnostic criteria, type of study, intervention, number of subjects in each arm, age, length of

study, and lifestyle intervention.

Statistical analysis

Data are presented as mean (£SEM) at baseline and after treatment. The comparison
between baseline and after-treatment data within each arm (orlistat or metformin) is presented
as mean percentage change from baseline (:SEM). Data from RCTs comparing the effects of
orlistat versus metformin were combined by fixed effects model meta-analysis. Variables of
interest expressed as mean (xSEM) were included in the meta-analysis if they were present in
at least two studies with the same unit of measurement. Mean percentage changes from
baseline achieved with orlistat or metformin were recorded for each variable/outcome, and the
difference (orlistat minus metformin) between these percentage changes was considered as the
effect size. Therefore, results are presented as mean differences with 95% confidence
intervals (95%CI). A P value < 0.05 was considered statistically significant. Heterogeneity
was assessed using the 12 statistics and Cochran’s Q test. All analyses were conducted using

the Meta package from R software version 3.0.

RESULTS
Flowchart of study selection

Figure 1 provides details of the study selection. The primary search identified 3951
articles. After title and abstract screening, 14 potentially eligible studies were retrieved for full
text review. Of these 14 articles, 5 were excluded: one did not meet the inclusion criteria and
four overlapped with other studies. Therefore, nine studies were included in the systematic
review: three prospective, non-randomized studies comparing the use of orlistat in PCOS
women and healthy controls (34-36) and six RCTs (4 studies comparing orlistat with
metformin in PCOS women, 1 comparing orlistat with sibutramine in PCOS women, and 1

comparing orlistat with placebo in PCOS women) (37-42).

Characteristics of included studies
Table 1 summarizes the characteristics of the nine studies included in the systematic

review. Two studies focused on Caucasian women from the UK (37, 38), two on Iranian
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women (39, 41), one on Indian women (42), and four on Greek women (34-36, 40). Eight of
these studies employed Rotterdam criteria for diagnosis of PCOS and one used NIH criteria
[hyperandrogenemia (free androgen index > 8) and history of oligomenorrhea (cycle length, <
21 d or > 35 d; < 8 cycles per year) or amenorrhea and hirsutism (Ferriman-Gallwey score >
8) (37).

All nine studies included overweight/obese PCOS women. In four, orlistat was
compared with metformin (37-39, 42). One study compared orlistat and sibutramine (40). In
that study, a normal weight PCOS group receiving metformin for 6 months was also included.
Another study compared orlistat and placebo (41). Finally, three studies compared orlistat in
overweight/obese PCOS women vs. overweight/obese healthy controls (34-36).

Four studies (comparing orlistat vs. metformin or vs. sibutramine) (37-40) did not
report the mean age for each group separately. Only the mean age for the overall participants
was presented, and that ranged from 25.7 to 27.0 years. One study (42) included women
younger than 40 years of age. In the study comparing orlistat vs. placebo (41), the mean age
was 26.8 + 5.2 in PCOS women treated with orlistat and 27.4 + 3.3 in the placebo group. In
the studies comparing PCOS and healthy controls (34-36), the age of PCOS women ranged
from 25.4 to 26.1 years, vs. 30.6 to 32.1 years for controls, and study duration ranged from 12
to 24 weeks. Two 24-month studies also reported 12-week data.

The four RCTs included in the systematic review, comparing orlistat vs. metformin in
PCOS women (37-39, 42), lasted 12 weeks. Three studies used the same dosages for both
drugs (37-39) and one used a lower dosage of orlistat (42). One of these studies also offered
general dietary guidance (37), while another provided guidance on low-calorie diet and
lifestyle modification (42). The sample size ranged from 10 to 40 women for both the PCOS
group treated with orlistat and the PCOS group treated with metformin.

One study compared orlistat with sibutramine in overweight/obese women with
PCOS (40). These women also received low-calorie diet guidance and instructions for
performing moderate intensity aerobic exercise for at least 3h/week. In that study, an
additional group of lean women with PCOS received metformin for 6 months. Another study
comparing orlistat vs. metformin was excluded because baseline and final results were not
available (42).

Only one RCT had a placebo control group (41). Participants were instructed to follow

a diet (1200-1800 kcal) and were encouraged to walk for 30 min daily.
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Three additional studies included in the systematic review compared the use of
orlistat in overweight/obese PCOS women and overweight/obese healthy controls (34-36). All
three studies offered an energy-restricted diet and one recommended moderate-intensity
aerobic exercise for at least 3h/week (35).

The risk of bias of randomized trials included in the systematic review is shown in

Figure 2.

Qualitative data synthesis
Weight/BMI and waist circumference

All studies reported significant reductions in BMI and/or weight with orlistat in
overweight/obese women with PCOS (34-42) (Table 2). Six studies evaluated waist
circumference, and five showed significant reductions in waist or waist-to-hip ratio after
orlistat treatment in women with PCOS (36, 39-42). In addition, two studies comparing the
effects of orlistat and metformin showed that both treatments equally reduced waist
circumference in PCOS women (39, 42).

Insulin and HOMA

While three studies found no changes in insulin resistance markers in PCOS women
using orlistat (37, 41, 42), five studies did find significant decrease in HOMA and/or insulin
levels (34-36, 38, 40) (Table 2).

Testosterone levels
All studies except one (40) reported a significant reduction in testosterone levels after

orlistat treatment (Table 2).

Menstrual cyclicity, ovulation rate, and ovarian morphology at ultrasound

The four studies assessing menstrual cycles and/or ovarian morphology found no
improvements in oligo/amenorrheic cycles or ovarian morphology at ultrasound (35, 36, 40,
41) with either orlistat or metformin. Two other studies have assessed ovulation rates (39, 42).
Ghandi et al. (39) compared ovulation rates only after (and not before) the intervention with
orlistat or metformin, but did not observe differences between groups. Kumar and Arora (42)

also assessed ovulation rates after the intervention and found improved ovulation rates in the
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orlistat and metformin groups in comparison with the control group, with no differences

between orlistat and metformin users.

Lipid profile

Five studies assessed lipid profile after orlistat treatment (35, 37, 39, 41, 42) and four
reported improvement in triglycerides (35, 39, 41, 42) and in LDL-cholesterol (35, 41, 42)
and/or total cholesterol (35, 39, 42). One study reported improvement in HDL-cholesterol
(41). Jayagopal et al. (37) observed no changes in lipid profile after orlistat treatment.

Three studies compared the effects of orlistat and metformin in lipid profile. Two
found similar effects with both treatments (37, 42) and one reported that orlistat was more

effective in reducing total cholesterol than metformin (39).

Side effects

Four studies described side effects of orlistat. Cramping and oily stool were reported
in 5%, 20%, and 22% of participants respectively for Ghandi et al. (39), Jayagopal et al. (37),
and Moini et al. (41). Jayagopal et al. (37) reported mild to moderate flatulence in 20% of
participants. Occasional diarrhea with fecal urgency was observed by Diamanti-Kandarakis
(34) in 43% of participants and by Moini et al. (41) in 54%. Moini et al. (41) also observed
headaches in 3% of the sample.

Quantitative data synthesis and meta-analysis

A meta-analysis was performed to compare the effects of orlistat vs. metformin on
BMI, HOMA, testosterone, and insulin levels (Figure 3). Fixed effects models were used
because heterogeneity was not significant. The main results obtained in the three studies
included in this meta-analysis (37-39) are presented in Table 2. One of the four RCTs
comparing orlistat vs. metformin in PCOS women was excluded because data on baseline and
final results were not available (42).

It was not possible to meta-analyze the effect of orlistat vs. placebo on clinical
variables associated with weight loss because we found only one study comparing orlistat
with placebo. Similarly, a meta-analysis of orlistat effects described in three prospective, non-
controlled studies (before and after-treatment comparisons) (34-36) and three RCTs (40-42)
was not performed because neither the measure of variability (% change) nor baseline and

after-treatment values were available.
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Weight/BMI

Data from 2 studies were available for BMI (38, 39), totalizing 100 women with
PCOS. Orlistat and metformin produced similar BMI reduction (-0.65%, 95%CI: -2.03, 0.73).
Between-study heterogeneity was moderate (1°=58.1%, p=0.1222).

HOMA

HOMA was analyzed in two studies (37, 38), totalizing 41 women with PCOS.
Orlistat and metformin produced similar reductions in HOMA (-3.60%, 95%Cl: -16.99, 9.78).
Between-study heterogeneity was low (12=0%, p=0.9994).

Testosterone

Testosterone data were available from two studies (37, 39), totalizing 101 women with
PCOS. A similar reduction in testosterone levels was achieved with orlistat and metformin (-
2.08%, 95%Cl: -13.08, 8.93). Between-study heterogeneity was low (12=0%, p=0.9976).

Insulin

Two studies reported data for insulin (37, 38), totalizing 41 women with PCOS. A
similar reduction in insulin levels was achieved with orlistat and metformin (-5.51%, 95%Cl:
-22.27, 11.26). Between-study heterogeneity was low (12=0%, p=0.982).

DISCUSSION

To the best of our knowledge, this is the first systematic review investigating the
effects of orlistat in women with PCOS. Even though only a few studies were identified, there
is agreement regarding the ability of orlistat to reduce BMI/weight in women with PCOS. In
addition, most of the studies, but not all, found that orlistat treatment is associated with
reduction of androgens and with improvement in insulin resistance (IR) markers and lipid
profile. Our meta-analysis including three RCTs and 121 PCOS women showed that orlistat
was comparable to metformin in reducing BMI, HOMA, testosterone, and insulin in

overweight/obese PCOS women.

Systematic review
Our systematic review revealed that orlistat was associated with BMI reduction after
12 (ranging from 4.48% to 8.10%) and 24 weeks (12.9%) in women with PCOS. The
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XENDOS study, a prospective clinical trial with obese patients from the general population,
found that orlistat (120 mg three times daily) produced significantly higher weight loss as
compared with placebo in 4 years (5.2% vs. 2.8%) (25).

Currently, guidelines for the treatment of obesity in the general population recommend
an initial weight loss of 5% to 10% within 6 months (43). Moderate weight loss can produce
health benefits, including improved glycemic control and lipid profile and reduced risk of
DM2 (44-47). Studies have shown improvement in menstrual cyclicity and a higher
spontaneous ovulation rate and pregnancy in obese women with PCOS following a 5%
decrease in body weight (48-54).

Regarding the effects of orlistat on markers of IR, five out of eight studies showed a
positive response, while three others found no significant improvement in these parameters
(37, 41, 42). A difference in treatment duration may, however, help explain this discrepancy:
the two studies that did not find significant changes in IR markers lasted only 12 weeks,
whereas those with longer duration observed a significant effect of orlistat. In addition, the
lack of statistical significance despite a marked reduction in fasting insulin (12.5%) and
HOMA (10.8%) in the study of Jayagopal et al. (37) might have resulted from the small
sample size, only 10 patients. In turn, Diamanti-Kandarakis et al. (34) showed that there were
significant improvements in IR markers with orlistat regardless of weight loss only in the
PCOS group.

In the present review, seven out of eight studies (34-37, 39, 41, 42) showed a decrease
in testosterone levels in association with orlistat administration. Even though a reduction in
BMI and IR markers was observed in these studies, the decrease in testosterone levels
reported by Diamanti-Kandarakis et al. (34) cannot be attributed exclusively to weight
reduction, because it persisted even after adjustment for changes in BMI.

None of the studies we analyzed was able to demonstrate any improvement in
menstrual regularity, ovarian volume, or number of follicles with the use of orlistat. However,
longer duration studies are needed to investigate the benefits of weight reduction, improved
insulin resistance and androgen levels to restore or ameliorate menstrual cyclicity.

Among the five studies describing the effect of intervention with orlistat on lipid
profile (35, 37, 39, 41, 42), only one was unable to show a significant beneficial effect (37),
possibly because of the small sample size. The prospective XENDOS study observed that
orlistat led to significantly greater improvement than placebo in total cholesterol and LDL-

cholesterol after 4 years of treatment in the general population (25).
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The main side effects described for orlistat were related to the drug’s mechanism of
action of decreasing fat absorption from the intestinal lumen — oily stool, flatulence, and
diarrhea with fecal urgency occurring in around 5 to 40% of participants (34, 37, 39, 41). In
contrast, although not directly assessed in the present review, the side effects of metformin

(nausea, mild abdominal pain and diarrhea) are known to be dose-dependent (22, 37, 39).

Meta-analysis

Weight loss is considered the first-line treatment for obese PCOS women. Anti-obesity
drugs have also been considered for these women. Orlistat promotes weight loss by partially
preventing intestinal fat absorption (55, 56). Metformin improves insulin action and has been
considered a second-line treatment for obese and/or insulin resistant PCOS women (19-24).
Thus, the present meta-analysis was conducted to analyze the evidence for the differential
effects of orlistat vs. metformin treatment on weight loss-associated clinical variables in
overweight/obese women with PCOS.

The results of the present meta-analysis show that orlistat was comparable to
metformin in reducing BMI. A recently published meta-analysis with more than 11,000
overweight/obese individuals from the general population showed that the use of metformin
together with lifestyle change promoted a weight reduction of 1.92 kg (2.94 to 0.89; P=0.11),
while orlistat plus lifestyle change reduced weight by 3.05 kg (3.75 to 2.35; P=0.0001);
however, when the two drugs were compared, the difference was not statistically significant
(P=0.07) (57).

We did not observe a difference between metformin and orlistat in terms of insulin and
HOMA reduction. Merlotti et al. (58) recently reported an effect of various interventions in
reducing the risk of DM2 in obese individuals. All strategies assessed in that meta-analysis
reduced the risk of developing DM2. Similar effectiveness was found for physical activity and
diet [OR 0.44 (0.36-0.52)], anti-diabetic drugs (metformin, glitazones, glinides, alpha-
glucosidase inhibitors) [OR 0.53 (0.33-0.86)], and weight loss-promoting drugs (orlistat,
bezafibrate, phentermine/topiramate controlled release) [OR 0.52 (0.35-0.78)].

Evidence indicates that weight reduction in PCOS improves hyperlipidemia, reduces
IR, and increases SHBG concentration, thereby reducing biochemical hyperandrogenism and
improving menstrual cyclicity (54, 59, 60). In the present meta-analysis, the lack of difference
between the effect of metformin or orlistat on testosterone levels might be related to the lack

of difference between these drugs in terms of their effect weight loss.
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We observed significant heterogeneity in the analysis of BMI. This heterogeneity
limits the interpretation of data and suggests similar effects of orlistat and metformin. The
analyses of HOMA, insulin and testosterone levels revealed very low heterogeneity between
studies. In turn, due to the limited number of studies, we were not able to determine whether
there was publication bias.

One strength of this systematic review and meta-analysis is that all studies considered
the Rotterdam criteria to diagnose PCOS, with the exception of one study, which employed
NIH criteria. Therefore, the PCOS population was certainly homogeneous. Limitations of this
meta-analysis are the reduced number of studies, the small sample sizes, and the absence of
studies with long-term interventions. However, similar analyses are not available in the

literature, and this study represents the first evidence for orlistat effects in women with PCOS.

Conclusion

In conclusion, the present data suggest that orlistat leads to significant reduction in
weight/BMI in overweight/obese PCOS women. Most studies also reported that orlistat
significantly reduced testosterone and IR markers and improved lipid profile. Regarding our
meta-analysis, the evidence produced is not entirely conclusive because only three RCTs with
small samples were identified. Therefore, the observed similarity between orlistat and
metformin to improve BMI, HOMA, insulin, and testosterone levels in PCOS should be

considered with caution, and more studies are needed in order to confirm these data.
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Figure captions

Figure 1. Flowchart of the study selection.

Figure 2. Risk of bias summary for included studies.

Figure 3. Forrest plot showing the impact of orlistat and metformin on body mass index
(BMI), homeostasis model assessment (HOMA) estimates, testosterone, and insulin levels in

women with PCOS.
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N (PCOS- Age (PCOS-orlistat grou
N Ethnicity PCOS Types of studies and Length  orlistat/ 9 . group . . .
ame, Year o . - Dosage . Vs. comparison group) Lifestyle intervention
(country) criteria intervention (weeks)  comparison Mean + SD
group) -
Cho et al., 2009 (38) Caucasian Rotterdam Randomized, open-label Orlistat: 120mg three times per 12 10/10 26.4 £ 6.7 (all participants) No
(UK) parallel study comparing the day; Metformin: 500mg once
use of orlistat with metformin  daily for the first week, 500mg
in obese PCOS women twice daily for the next week and
500mg three times daily for the
remainder of the study period
Diamanti-Kandarakis et al., 2007 (34)  European Rotterdam  Prospective study comparing Orlistat: 120mg three times per 12/24 29/18 255+58vs.32.1+£5.6 Normal protein, energy-
(Greece) the use of orlistat in obese day restricted diet (BMR —
PCOS women and obese 600kcal; 50% CHO, 30%
healthy controls FAT, 20% PTN)
Ghandi et al., 2011 (39) Iranian Rotterdam Randomized, open-label Orlistat: 120mg three times per 12 40/40 27.0 £ 44.0 (all participants)  No
(Iran) parallel study comparing the day;
use of orlistat with metformin ~ Metformin: 500mg once daily for
in obese PCOS women the first week, 500mg twice daily
for the next week and 500mg
three times daily for the
remainder of the study period
Jayagopal et al., 2005 (37) Caucasian * Prospective, randomized, Orlistat: 120mg three times per 12 10/11 27.0 £ 4.12 (all participants) ~ Weight maintenance diet
(UK) open-label study comparing day; (50% CHO, 30% FAT,
the use of orlistat with Metformin: 500mg once daily for 20% PTN, 300mg
metformin in the first week, 500mg twice daily cholesterol)
overweight/obese PCOS for the next week and 500mg
women three times daily for the
remainder of the study period
Koiou et al., 2013 (40) European Rotterdam  Prospective, randomized Orlistat: 120mg three times per 24 22/28 25.7 £5.9 (all participants) ~ Normal protein, energy-
(Greece) study comparing the use of day; Sibutramine: 10mg qd restricted diet (BMR —
orlistat with sibutramine in 600kcal; 50% CHO, 30%
PCOS overweight/obese FAT, 20% PTN) and
women instruction for exercise
(moderate intensity
aerobic exercise) for at
least 3h/week
Kumar and Arora, 2014 (42) Indian Rotterdam Randomized controlled trial Orlistat: 120mg two times per 12 30/30 N/A Normal protein, energy-

comparing the use of orlistat
with metformin in
overweight/obese PCOS
women

day; Metformin was incremented
stepwise to maximum 500 mg 3
times a day

restricted diet (1200-
1800 kcal/day; 55%
CHO, 30% FAT, 15%
PTN) and exercise
(1h/day)



Moini et al., 2015 (41) Iranian Rotterdam Randomized double-blind Orlistat: 120mg three times per 12 43/43
placebo-controlled clinical day

trial comparing the use of

orlistat with placebo in

overweight/obese PCOS

women

Panidis et al., 2014 (35) European Rotterdam  Prospective study comparing Orlistat: 120mg three times per 12/24 101/29
(Greece) the use of orlistat in day

overweight/obese PCOS

women and overweight/obese

healthy controls

Spanos et al., 2012 (36) European Rotterdam Prospective study comparing Orlistat: 120mg three times per 24 60/48
(Greece) the use of orlistat in day

overweight/obese PCOS

women and overweight/obese

healthy controls

26.8 £5.2vs. 274 £33

26.1+6.4vs.315+4.7

254+6.2vs.30.6+6.3
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Normal protein, energy-
restricted diet (1200-
1800 kcal/day; 55%
CHO, 30% FAT, 15%
PTN) and patients
encouraged to walk for
30 min daily

Normal protein, energy-
restricted diet (BMR —
600kcal; 50% CHO, 30%
FAT, 20% PTN) and
instruction to exercise
(moderate intensity
aerobic exercise) at least
3h/week

Normal protein, energy-
restricted diet (BMR —
600kcal; 50% CHO, 30%
FAT, 20% PTN)

BMR =basal metabolic rate; CHO= carbohydrate; PTN= protein; BMI=body mass index; N/A: not available

*Presence of hyperandrogenemia (free androgen index >8) with a history of oligomenorrhea (cycle length, <21 d or >35 d; <8 cycles per year) or amenorrhea and hirsutism

(Ferriman-Gallwey score >8).
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Table 2. Changes in BMI, HOMA, insulin, and testosterone with orlistat vs. metformin treatment in PCOS women

Orlistat Metformin
Study I(nggli?) Baseline fr?:trmen t gélt,\;’l (%) P Baseline ﬁl;t:trment SDIEII:/EIJI (%) £ P Unit
Cho et al., 2009 (38) 12 37.40 + 2.70 35.20 +2.40 (-5.70) £ 0.80 <0.050 3430+1.80 33.20+1.90 (-3.40)+1.00 <0.050 kg/m?
Diamanti-Kandarakis et al., 2007 (34) 12 3543 +5.31 31.52 +4.80 <0.001 kg/m?
Diamanti-Kandarakis et al., 2007 (34) 24 35.43 +5.31 29.70 +4.57 <0.001 kg/m?
Ghandi et al., 2011 (39) 12 34.88 + 4.90 33.24+4.19 (-4.48) £ 0.47 <0.001 3249+3.06 31.03+343 (-4.55)%0.70 <0.001  kg/m?
BMI Jayagopal et al., 2005 (37) 12

Koiou et al., 2013 (40) 24 33.70 + 6.60 29.90 + 6.40 <0.001 kg/m?2
Kumar and Arora, 2014 (42) 12 (-8.12) £6.71 <0.001 (-8.40) £ 0.65 <0.001 kg/m?
Moini et al., 2015 (41) 12 29.10 + 2.09 27.16 +1.93 <0.010 kg/m?2
Spanos et al., 2012 (36) 24 34.90 + 5.90 30.40 £5.80 <0.001 kg/mz2
Cho et al., 2009 (38) 12 5.00 £ 0.80 3.70 £0.50 (-19.70) £ 6.40 0.013 3.60 £ 0.50 3.10 £0.60 (-16.10) + 6.80 0.170
Diamanti-Kandarakis et al., 2007 (34) 12 4.75+2.48 3.10 +1.68 0.008
Diamanti-Kandarakis et al., 2007 (34) 24 4.75+2.48 2.67+1.23 0.006
Ghandi et al., 2011 (39) 12
Jayagopal et al., 2005 (37) 12 432+1.20 3.58 £0.70 (-10.80) £6.00  >0.050 4.27 +0.60 4.09+0.70 (-7.19) £ 8.40 >0.050

HOMA Koiou et al., 2013 (40) 24 439+2.34 297 +£2.74 0.002
Kumar and Arora, 2014 (42) 12 (10.56) + 7.45 >0.050 (-3.78) £ 3.78 >0.050
Moini et al., 2015 (41) 12 3.46 £1.99 343+1.11 0.430
Panidis et al., 2014 (35) 12 478 £3.12 2.97£1.59
Panidis et al., 2014 (35) 24 478 £3.12 2.72+1.85 <0.001

Spanos et al., 2012 (36) 24 4.85+3.48 2.82+2.08 <0.001



Insulin

Testosterone

Cho et al., 2009 (38)
Diamanti-Kandarakis et al., 2007 (34)
Diamanti-Kandarakis et al., 2007 (34)
Ghandi et al., 2011 (39)

Jayagopal et al., 2005 (37)

Koiou et al., 2013 (40)

Kumar and Arora, 2014 (42)

Moini et al., 2015 (41)

Panidis et al., 2014 (35)

Panidis et al., 2014 (35)
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Kumar and Arora, 2014 (42)
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12
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24
24

12
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24
12

24
12
12
12
24
24

23.60 +3.90
127.37 £ 61.12
127.37 £ 61.12

19.00 + 4.60
17.30 £ 8.40

17.24 £6.49

18.70 +£10.80
18.70 £ 10.80
18.70 £11.70

3.01£0.94
3.01+094
0.80 +£0.23
114.50 £ 11.50
69.10 +29.20

83.46 +5.08

73.90 + 28.80
73.90 +28.80
75.50 £29.10

17.70 £2.30
88.13 £47.36
76.40 +34.93

15.70 +£8.00
12.30 £ 10.60

17.20 £6.72
12.40 £ 6.40
11.30£7.10
11.50 +8.00

244 £0.91
2.28 £0.65
0.63 £0.22
93.50 +11.50
56.30 + 26.40

63.95+1.63

63.30 + 24.60
60.50 +22.40
64.20 = 24.00

(-18.40) +5.60

(-12.50) +5.80

8.35+5.54

(-19.37) +3.52

(-17.68) +4.18

<0.050
0.014
0.008

0.155
0.004
>0.050
0.210

<0.001
<0.001

0.001
<0.001
<0.001

0.039

0.067
<0.050
<0.010

<0.001
<0.001

16.80+230 15.10+2.90

19.40+250 18.20 +2.60

0.78 £0.44 0.66 +£0.34
120.00 £8.70 97.20 +11.50

(-12.80) + 7.70

(-7.39) £ 8.20

(0.86) + 4.12

(-17.30) £5.30

(-12.89) +3.12

>0.050

0.527

>0.050

0.053
0.048

<0.050

60

muUl/mL
pmol/L
pmol/L

muUl/mL
muUl/mL
nmol/L

muUl/mL
muUl/mL
muUl/mL
muUl/mL

nmol/L
nmol/L
ng/mL
ng/dL
ng/dL
nmol/L
ng/dL
ng/dL
ng/dL
ng/dL




3951Articles identi

407 LILACS
2120 PUBMED
1424 COCHRANE

ified in initial search:

4’| 77 Duplicate abstracts deleted

3860 Articles excluded after title/abstract

screening for not meeting inclusion
criteria or for meeting exclusion criteria

A

y

asses!

14 Relevant studies for full-text

sment

6 Non-randomized controlled trials <

3 Articles excluded
1 did not meet inclusion criteria

2 repeated reports of the same study

A

h 4

'l 8 Randomized controlled trials

2 Articles excluded
| .
*1 Repeated reports of the same study

h 4

3 Non-randomized controlled trials
comparing the use of orlistat in PCOS
women and healthy controls

& Randomized conirolled trials
4 articles comparing orlistat with metformin in PCOS women
1 article comparing orlistat with sibutramine in PCOS women

Figure 1. Flowchart of the study selection.

1 article comparing orlistat with placebo in PCOS women

61



62

Selq 19yio
(seiq Buipodal) Buipodal aAloses

(seiq uonupe) eyep awoono a3e|dwosu|

(selq souewlopad) jsuuositad pue sjuedioiped jo Buipulg

(selq uolpelep) JUsWSSasSSe awooaINo Jo Bulpulg

(selq uoljos|es) JUSWESOUOD UOIIRIO|Y

(selq uonoses) uoljelauab aousnbas wopuey

+(+ F ™+ F
O [ | O | O | O | s
+ |+ |+ |+ |+ +
+ |+ |+ [+ |+
+ |+ [+ + |+ |+
(AT ST Sr Syt
|+ [+ |+ |+
& g £ B E ¢
T s 5 F 50w
EEEER
5§ £ &8 & B 3
s & x 5 =

© £

-

Figure 2. Risk of bias summary for included studies.



Orlistat
Study Total Mean SD Total
Outcome = BMI
Cho 2009 (38) 10 -5.70 2.53 10
Ghandi 2011 (39) 40 -4.48 297 40
Fixed effect model 50 50

Metformin
Mean SD

-3.40 3.16
-4.55 4.43

Heterogeneity: I-squared = 58.2%, tau-squared = 1.634, p = 0.1221

Outcome = HOMA

Cho 2009 (38) 10 =19.70 20.24
Jayagopal 2005 (37) 10 -10.80 18.97
Fixed effect model 20

Heterogeneity: I-squared = 0%, tau-squared = 0, p = 0.9994

Outcome = INSULIN

Cho 2009 (38) 10 -18.40 17.71
Jayagopal 2005 (37) 10 -12.50 36.68
Fixed effect model 20

Heterogeneity: I-squared = 0%, tau-squared = 0, p = 0.982

Outcome = TESTOSTERONE

Ghandi 2011 (39) 40 -19.37 22.26
Jayagopal 2005 (37) 10 -16.80 22.45
Fixed effect model 50

Heterogeneity: I-squared = 0%, tau-squared = 0, p = 0.9976
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Figure 3. Forrest plot showing the impact of orlistat and metformin on body mass index

(BMI), homeostasis model assessment (HOMA) estimates, testosterone, and insulin

levels in women with PCOS.
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Abstract

Background and Aims: Women with polycystic ovary syndrome (PCOS), characterized by
hyperandrogenism and chronic anovulation, present higher prevalence of insulin resistance
(IR) and cardiovascular risk factors. Alterations in heart rate variability (HRV) may reflect
subclinical cardiovascular disease, and an association has been proposed between HRV and
dietary fat. The aim of this study was to assess whether saturated fatty acid (SFA) intake is
associated with HRV, in PCOS.

Methods and Results: Eighty-four women with PCOS according to the Rotterdam criteria
were studied. Biochemical and hormonal profile, body composition, resting metabolic rate,
physical activity status (pedometer), HRV, and food frequency were assessed. Participants
were stratified by median SFA intake (8.5% of daily energy intake). Mean age was 23.5 £ 6.3
years and mean BMI was 29.4 + 6.4 kg/m2. Anthropometric and metabolic profiles were
similar between groups. Total testosterone was higher in the group with SFA > 8.5%.
Frequency domain HRV indices response to mental stress showed higher delta LF-to-HF and
delta LFnu and lower delta HFnu values in the group with SFA < 8.5%. Time domain indices,
such as mean R-R intervals, pNN50, and rMSSD values were lower during mental stress in
the group with SFA < 8.5%.

Conclusion: The present results indicate that lower SFA intake is associated with more
favorable stress-related HRV and lower testosterone in women with PCOS.

Keywords: Polycystic ovary syndrome, heart rate variability, autonomic modulation, diet,

saturated fatty acids

Acronyms: BMI, body mass index; DHEAS, dehydroepiandrosterone; ECG,
electrocardiogram; FAI, free androgen index; GlI, glycemic index; GL, glycemic load; HDL-
C, high-density lipoprotein cholesterol; HF, high frequency; HFnu, high frequency in
normalized units; HOMA, homeostasis model assessment; HRV, heart rate variability; IR,
insulin resistance; LF, low frequency; LFnu, low frequency in normalized units; PCO,
polycystic ovary; PCOS, polycystic ovary syndrome; pNN50, percentage of successive
differences between normal adjacent R-R intervals exceeding 50 ms; rMSSD, root mean
square of successive differences of normal adjacent R-R intervals; SFA, saturated fatty acid,;
SHBG, sex hormone-binding globulin; TC, total cholesterol; TG, triglycerides; TT, total
testosterone.
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INTRODUCTION

Polycystic ovary syndrome (PCOS), the most common endocrinological disorder in
women of reproductive age [1], is characterized by hyperandrogenism and chronic
anovulation and is often associated with insulin resistance (IR), obesity, dyslipidemia, and
hypertension, and consequently increased cardiovascular risk [2]. Preclinical cardiovascular
alterations such as decreased cardiac output, diastolic dysfunction, endothelial dysfunction
and elevation of inflammatory cytokines, [3,4] are more frequent in PCOS patients than in
non-PCOS women of the same age.

In patients without established cardiovascular disease, previous studies have shown an
association of IR, metabolic syndrome, and pro-inflammatory state [5] with heart rate
variability (HRV) —oscillations in the interval between consecutive heart beats (R-R interval).
HRV is a simple, non-invasive measure of autonomic modulation [6]. In PCOS, studies have
shown lower HRV when compared to controls [7,8]. Our group has also reported stress-
induced alterations in heart autonomic function in women with classic PCOS phenotype in
comparison to age-matched healthy controls [9].

Dietary pattern plays an important role in primary and secondary prevention of
cardiovascular disease [10], with a reduction in the intake of saturated fatty acids (SFA) being
recommended [10]. An association between HRV and dietary fat has been investigated in
healthy subjects [11] and overweight adults with risk for coronary disease [12]. However, no
studies have analyzed this relationship in PCOS.

Therefore, the aim of the present study was to assess whether dietary SFA is

associated with stress-induced heart rate variability in patients with PCOS.

MATERIALS AND METHODS
Participants

The present study included participants recruited by advertisement in the media
between 2009 and 2015. Hirsute volunteers with irregular or regular menses were recruited,
and 84 met the inclusion criteria: presence of PCOS according to the Rotterdam criteria [13],
body mass index (BMI) < 40 kg/m?, age between 14 and 37 years, and menarche at least two
years before enrollment. Fifty-nine patients were classified as classic PCOS (biochemical
and/or clinical hyperandrogenism, oligo/amenorrheic [< nine cycles/year] or anovulatory
cycles, with or without polycystic ovary [PCO] appearance at ultrasound) and 25 as ovulatory
PCOS (clinical or laboratory hyperandrogenism, regular ovulatory cycles confirmed by luteal-
phase progesterone > 3.8 ng/mL, and PCO).
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No participants had received any drugs known to interfere with hormonal levels for >
3 months before the study. Women diagnosed with other hyperandrogenic disorders, thyroid
disorders, or hyperprolactinemia were excluded [13]. Other exclusion criteria were diabetes
mellitus, pregnancy, smoking, blood pressure > 160/100 mmHg, and use of antihypertensive
medications. The study protocol was approved by the Institutional Review Board. Written

informed consent was obtained from all subjects.

Study Protocol

Anthropometric measurements were performed in duplicate and included body weight,
height, and waist circumference. BMI was calculated by dividing weight in kilograms by
square of height in meters.

Hirsutism was defined as a modified Ferriman-Gallwey score > 8 [13]. Blood pressure
was measured after a 10-minute rest, in the sitting position, with feet on the floor and the arm
supported at heart level. All participants underwent transvaginal ultrasound or, if they were
sexually inactive, transabdominal pelvic ultrasound. Hormonal and metabolic assessments
were made between the 2nd and 10th days of the menstrual cycle or on any day if the patient
was amenorrheic. Samples were obtained between 8 and 10 a.m. Blood samples were drawn
after an overnight 12-hour fast for determination of plasma cholesterol (TC), high-density
lipoprotein cholesterol (HDLc), and triglycerides (TG). Glucose was measured before and 2
hours after the ingestion of a 75-g oral glucose load.

Blood samples were also drawn for measurements of insulin, sex hormone-binding
globulin (SHBG), androstenedione, dehydroepiandrosterone sulphate (DHEAS), and total
testosterone (TT). IR was estimated by homeostasis model assessment (HOMA). HOMA
index was calculated by multiplying insulin (mlU/mL) by glucose (mmol/L) and dividing the
product by 22.5. Free androgen index (FAI) was estimated by dividing TT (hnmol/L) by SHBG
nmol/L) and multiplying by 100.

Biochemical and Hormonal Assays

TC, HDLec, TG, and glucose levels were determined by colorimetric-enzymatic
methods (Advia 1800 Siemens). LDLc was determined indirectly with the formula LDLc =
TC - HDLc - TG / 5. Plasma insulin levels were measured by electrochemiluminescence
(Centaur XP Siemens), with a sensitivity of 0.50 U/mL and intra- and interassay CVs of 2.8%
and 2.1% respectively. TT levels were measured by chemiluminescence (Centaur XP

Siemens), with a sensitivity of 0.10 ng/mL and intra- and interassay coefficients of variation
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(CVs) of 3.3% and 7.5% respectively. SHBG, androstenedione and DHEAS were measured
by chemiluminescence (Immulite 2000 Siemens).

Assessment of Habitual Physical Activity and Rest Metabolic Rate

Habitual physical activity was estimated with the use of a digital pedometer (BP 148
Techline), as previously reported [14]. The participants were instructed not to modify their
usual physical activity during the study.

Rest metabolic rate was obtained by indirect calorimetry (Fitmate®, Cosmed, Rome,
Italy). Patients were evaluated in the morning, after a fast of > 5 hours, in a quiet, low-light,
temperature-controlled environment. Patients were instructed to avoid exercise and

consumption of caffeine and alcohol the day before and on the day of the test [14].

Assessment of Food Consumption
Dietary intake during the preceding month was assessed with a validated food

frequency questionnaire consisting of 121 items, as previously reported [14]. Nutritional
composition was calculated using the Brazilian Table of Food Composition [15]. Participants
were stratified by median of SFA intake (above or below group median).

Classification of food groups was based on the Feeding Guide for the Brazilian
Population [16]. Glycemic index (GI) and glycemic load (GL) were calculated as previously
described [14].

Heart Rate Variability

Participants were submitted to a 30-minute electrocardiogram recording (ECG) with a
SEER Light digital recorder (GE Medical Systems Information Technologie, Milwaukee, WI,
USA) for HRV analysis. ECG data were analyzed with a MARS 8000 analyzer (GE Medical
Systems Information Technologies) by an experienced investigator (R.S.M.).

ECG recording was performed in the morning, after a minimum 2-hour fast.
Participants were instructed not to consume alcoholic beverages, caffeine, or other products
containing stimulants, and not to perform heavy exercise for 24 hours before the test.

The participants rested quietly in the supine position, in a silent, semi-dark room for
20 minutes. After resting, they underwent a Stroop color-word conflict test during 10 minutes.
HRV was evaluated during the last 5 minutes of the rest and mental stress periods. In the

color-word test, subjects are shown the printed names of colors on screens of a different color
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(e.g., the word “‘blue’’ on a red screen), and are asked to name the color of the screen rather
than the word [9].

The following time and frequency domain HRV indices were calculated using 5-
minute segments [6]: mean of all normal R-R intervals (mean R-R), root mean square of
successive differences of normal adjacent R-R intervals (rMSSD), percentage of successive
differences between normal adjacent R-R intervals exceeding 50 ms (pNN50), low frequency
(LF) component (0.04 — 0.15 Hz), high frequency (HF) component (0.15 — 0.5 Hz), and LF-
to-HF ratio. Spectral components were expressed in normalized units. The difference between
HRV results obtained during rest and stress (delta) for each variable was calculated by
subtracting the value obtained at rest from the value obtained during stress.

Statistical Analysis

Estimation of sample size was based on the study by Yildirir et al. [7], considering a
power of 80% and alpha of 5%. To detect a difference of 0.6 in LF/HF between groups, 28
women would be required in each group.

Results are presented as mean + SD or median and interquartile range. Comparisons
between group means were analyzed by Student t test; comparisons between median values
were analyzed with the Mann-Whitney U test. All analyses were performed using the
Statistical Package for the Social Sciences (SPSS, version 18). Data from FFQ were entered
in duplicate in Epidata software, version 3.1 (Epidata Association) and subsequently

transported to SPSS for analysis. Data were considered to be significant at P < 0.05.

RESULTS

Mean age was 23.5 + 6.3 years, and mean BMI was 29.4 + 6.4 kg/m2. Of 84
participants, 92.9% were white. The remaining subjects were of mixed African and European
ancestry.

Median SFA intake was 8.5% of daily energy intake. Table 1 summarizes clinical,
anthropometric, hormonal, and metabolic features of patients with PCOS stratified by SFA
intake (< or > 8.5%). Only TT differed significantly between the groups, being higher in the
group with SFA > 8.5%. The groups had similar prevalence of classic PCOS (71.4 vs. 69.0%;
P =0.811), obesity (47.6 vs. 40.5%; P = 0.510), and metabolic syndrome (27.0 vs. 24.4%; P =
0.790).

Table 2 shows dietary intake stratified by SFA categories. Protein and calorie intake

was similar between the groups. The percentage of total fat was slightly higher in the group
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with SFA > 8.5% (24.4 £ 4.0 vs. 29.9 + 4.7, P < 0.001); consequently, the percentage of
carbohydrates was slightly lower in this group (58.4 £ 6.1 vs. 52.0 £ 7.8, P < 0.001).
However, the two groups did not differ in terms of consumption (servings per day) of whole
and refined grains, sweets, and sweet beverages. GI (57.0 £ 5.1 vs. 58.5 £ 5.7, P = 0.209
respectively) and GL [182 (107-272) vs. 163 (110-256) P
similar. The group with SFA < 8.5% consumed less red meat and more beans, fruits, and

0.886 respectively] were also

vegetables. The groups had similar intake of other food groups.

Heart rate variability indices in response to mental stress test stratified by SFA intake
are shown in Figure 1. Mental stress promoted a significant change in time and frequency
domain indices in both groups, suggesting induction of vagal withdrawal and sympathetic
stimulation (data not shown).

Concerning frequency-domain HRV indices, participants with lower SFA intake had
higher delta LF-to-HF ratio (Figure 1A), delta LFnu (Figure 1B) and lower delta HFnu
(Figure 1C) than participants with higher SFA intake. The two groups had similar LF/HF
ratio, LFnu, and HFnu at rest, whereas during stress LF/HF ratio and LFnu values were
significantly higher and HFnu values were significantly lower in the group with SFA < 8.5%
[3.94 (2.60 — 6.21) vs. 2.66 (1.52 — 3.56), P = 0.012; 0.75 + 0.12 vs. 0.67 = 0.14, P = 0.011;
0.21+£0.11vs.0.29 £0.12, P = 0.016].

Participants with lower SFA intake had lower mean R-R intervals (Figure 1D),
PNN50 (Figure 1E), and rMSSD (Figure 1F) values during the stress test when compared
with the group with higher SFA intake. The groups had similar R-R intervals, pNN50 and
rMSSD at rest.

DISCUSSION

In the present study, PCOS women with lower SFA intake achieved better results in
HRV testing. To the best of our knowledge, this is the first study evaluating the association
between HRV indices and dietary intake in PCOS women.

Indeed, while during rest, time and frequency domain HRV indices mainly reflect
vagal activity, [17], under controlled sympathetic stimulation, a pronounced reduction in time
domain indices and HF component is related with vagal withdrawal, and increases in LF
component and LF-to-HF ratio are associated with sympathetic modulation [18]. Thus, the
evaluation of HRV derived from ECG recordings during rest and after mental stress enabled

us to assess both parasympathetic and sympathetic modulation in young women with PCOS.
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We observed that PCOS women with higher SFA consumption had an impaired
sympathetic response to the mental stress test, as shown by a significantly lower increase in
LFnu and LF-to-HF ratio. Furthermore, in response to the mental stress test, the group with
higher consumption of SFA showed less reduction in predominantly vagal HRV indices, such
as HFnu, mean R-R, pNN50, and rMSSD. Differences in HRV between the groups were
detected in response to mental stress, but not during rest — perhaps because the young women
in our sample were still healthy, without alterations in autonomic modulation during rest
conditions. Meanwhile, during the stress test, which demanded fast and effective autonomic
modulation, an impaired response was produced by the group with higher SFA intake. This
autonomic imbalance denotes a failure in the adaptation to stress that may predispose to the
development of a sustained perturbation of sympathovagal balance over time, possibly with
higher risk of hypertension and IR.

In the present study, although the groups were similar in relation to hormonal and
metabolic profile, the group with higher SFA intake had higher testosterone levels, as
previously described [19-21].

Using controlled diets with low fat (20-25% calories as fat) and high fiber (40 g/day)
content, Goldin et al. [19] observed a significant decrease of 9-15% in testosterone and
androstenedione concentrations, along with a decrease in serum estrogen and SHBG
concentration, in premenopausal women. In that study, the consumption of a low-fat diet was
the major determinant for the decline in serum concentrations of androgens, possibly through
a reduction in the synthesis of adrenal and/or ovarian androstenedione. The study of
Adlercreuts et al. [20], which evaluated the usual diet in post-menopausal women, showed
that saturated and total fat intake were positively related to total and free testosterone.
Recently, Mumford et al. [21] assessed the usual diet in regularly menstruating women and
demonstrated that total fat intake, as well SFAs, MUFAs and PUFAs, were significantly and
positively associated with total and free testosterone concentrations, highlighting that women
in the highest tertile of percentage of energy from fat also had a significantly higher mean
percentage of energy from SFAs, MUFAs, PUFAS.

Interestingly, increasing evidence suggests a regulation of androgens by dietary fat
[22]. A controlled, randomized, crossover trial has shown an increase in adrenal androgen
precursors DHEA, DHEAS, androstenedione, and in androgens testosterone and 5a-—
dihydrotestosterone during lipid infusion in healthy young women [22]; this effect appears to

be independent of subsequent changes in insulin sensitivity.
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Conversely, it is possible that higher testosterone levels influence the relationship
between higher saturated fat intake and lower HRV. Some authors have indicated an
association between testosterone and HRV [9,23]. A previous study by our group [9] had
already demonstrated a negative correlation between testosterone levels and frequency
domain HRV indices during stress in PCOS women. Similarly, Neufeld et al. [23]
demonstrated that, in premenopausal women, testosterone was correlated with HRV (SDNN,
PNN50, RMSSD, and power of HF band).

Because a perfect comparison between the groups regarding all macro and
micronutrients in the usual diet was not possible, the overall dietary pattern was considered.
The group with lower SFA intake consumed less red meat and more beans, fruits and
vegetables. In addition, this group had a slightly lower intake of total fat and slightly higher
intake of carbohydrates.

The percent intake of total dietary fat and carbohydrates in both groups met the
Dietary Reference Intakes (DRIs) — 20-35% and 45-65% of total energy intake respectively
[24]. Regarding the consumption of beans, fruits, and vegetables, only the lower SFA intake
group met the Brazilian recommendations (1 serving of beans, 3 servings of fruits, and 3
servings of vegetables per day) [16]. While the link between dietary components and risk of
cardiovascular diseases is still not fully understood, vegetables, fruits, and beans are sources
of key nutrients, such as fiber, vitamins, minerals (calcium, magnesium, selenium and zinc),
and antioxidants, which have been associated with lower risk of cardiovascular disease [25].

In the present study, the total meat and egg intake in the group with higher SFA intake
was almost twice the daily recommended allowance (one serving of meat, preferably chicken
and low-fat meats, fish, and eggs) [16]. De Oliveira Otto et al. [26] suggested that associations
of saturated fat with health might depend on food-specific fatty acids or other nutrient
constituents in foods that contain this fat. In their study with a large multiethnic cohort, only
intake of saturated fat from meat was associated with higher CVD risk [26]. Siri-Tarino et al.
[27] also suggest that the choice of macronutrient to replace fat is of crucial importance, and
that saturated fat should ideally be replaced with polyunsaturated fat and minimally processed
grains. Evidence from a meta-analysis suggests that high intake of red meat may be related to
increased risk of cardiovascular mortality [28]. A possible mechanism for the negative effect
of red meat consumption has been described as the partial degradation by intestinal bacteria of
phosphatidylcholine [29] and carnitine [30], generating potentially atherogenic
trimethylamine-N-oxide (TMAO).
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Strengths of the present study include the absence of earlier analyses of dietary intake
and HRV in PCOS women and the use of a robust validated FFQ that assesses 121 items of
food consumption during the preceding month. A limitation is the relatively small sample
size, which could not be stratified according to PCOS phenotype, and the cross-sectional
nature of the study, which does not allow causal inferences.

In conclusion, the present results indicate that lower consumption of saturated fat
combined with lower intake of meat and higher intake of fruits, vegetables, and beans is
associated with better autonomic response to mental stress and lower testosterone in women
with PCOS. Although more research is needed, our data suggest that diets low in saturated fat
and high in fruit, vegetables, and beans may help to reduce the risk of subclinical

cardiovascular disease through favorable changes in HRV.
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Legend of Figure 1.

Figure 1. Heart rate variability indices in response to mental stress test in PCOS, stratified by
median saturated fatty acid intake.

(A) Delta (A) of low-frequency to high-frequency (LF/HF) ratio. (B) Delta of low-frequency
component (LF) in normalized units (nu). (C) Delta of high-frequency component (HF) in
normalized units. (D) Normal R-R intervals during the stress test. (E) Root mean square of
successive differences of normal adjacent R-R intervals (rMSSD) during the stress test. (F)
Percent differences between normal adjacent R-R intervals exceeding 50 ms (pNN50) during
the stress test.

Delta is the difference between the results obtained in heart rate variability for each variable
during stress - value obtained at rest. *P<0.05 by Mann-Whitney test. Values are expressed as

median and 25%-75% interquartile range.



Table 1. Clinical, anthropometric, hormonal, and metabolic features of patients with

PCOS stratified by saturated fatty acids intake

Variable SFA<8.5% (n=42) SFA>85% (n=42) P

Age (y) 23.9+6.6 23.0%6.1 0.539
BMI (kg/m?) 29.8 6.1 29.1+6.8 0.615
Waist circumference (cm) 87.6+14.2 85.7+14.1 0.537
Resting metabolic rate (kcal/d) 1483 (1283 — 1675) 1424 (1250 — 1536) 0.134
Steps/d 5959 (3982 — 7964) 5579 (3699 — 7548) 0.571
Systolic blood pressure (mmHg) 118.1+10.2 1184+ 15.2 0.937
Diastolic blood pressure (mmHg) 77.9+9.2 77.0+10.6 0.690
Glucose 0’ (mg/dL) 89.1+9.38 85.8£6.5 0.081
Glucose 120’ (mg/dL) 109.0 + 36.9 98.4+24.4 0.134
Total cholesterol (mg/dL) 177.3+£36.3 170.2 +32.3 0.353
HDL-cholesterol (mg/dL) 44.0+10.1 475+13.8 0.193
Triglycerides (mg/dL) 104 (62 — 140) 84 (60 — 133) 0.183
LDL-cholesterol (mg/dL) 109.8 £ 29.6 103.4+25.0 0.297
HOMA-IR 3.6 (2.0-4.6) 2.8(1.4-5.0) 0.453
Total testosterone (ng/mL) 0.61 £0.22 0.73+0.27 0.031
SHBG (nmol/L) 28.4 (18.2-41.7) 28.1(19.5-38.1) 0.899
Free androgen index 7.1(5.1-11.0) 79(58-159) 0.395
Androstenedione (ng/mL) 25(1.9-3.2) 2.7(2.0-3.9) 0.228
DHEAS (ug/dL) 215 (117 — 306) 225 (162 -317) 0.620
Classic PCOS diagnosis (%/n) 71.4 (30) 69.0 (29) 0.811
Metabolic syndrome diagnosis 25.0 (10) 24.4 (10) 0.790
(%/n)

White (%/n) 92.9 (39) 92.9 (39) 1.000
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Values are expressed as mean + SD (Student t test) or median (interquartile range) (Mann-Whitney test)
or percentage/n (Chi-square test). PCOS = polycystic ovary syndrome; BMI = body mass index; HDL=high-

density lipoprotein; LDL= low-density lipoprotein; DHEAS = dehydroepiandrosterone sulfate; HOMA-IR =
homeostasis model assessment of insulin resistance; SHBG = sex hormone-binding globulin; SFA= saturated

fatty acids intake; 8.5% is the median SFA value of all sample.
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Table 2. Dietary intake of patients with PCOS stratified by saturated fatty acids intake

SFA < 8.5% (n=42) SFA>8.5% (n=42) P

MACRONUTRIENTS and ENERGY

Carbohydrate (%) 58.4+6.1 520+ 7.8 0.000
Protein (%) 16.2+£3.0 17.2+5.0 0.270
Fat (%) 244 +4.0 29947 0.000
Energy intake (kcal/d) 2295 (1522 — 2981) 2232 (1674 —3492) 0.610
Polyunsaturated fatty acids (%) 33+11 3.8+1.3 0.066
Saturated fatty acids (%) 70+£1.2 10.2+2.2 0.000
Fiber (g/d) 26.7 (17.8 — 39.6) 24.7 (13.9-28.4) 0.071
FOOD GROUPS

Fruits and vegetables (servings/d) 6.0 (2.6 —9.3) 4.4 (1.7-6.7) 0.041
Beans (servings/d) 1.4 (0.6 -2.8) 0.6 (0.3-1.7) 0.017
Whole grains (servings/d) 0.7(0.2-1.3) 0.5(0.2-0.9) 0.295
Refined grains (servings/d) 3.4(2.0-5.0) 3.4 (15-5.0) 0.635
Fried and Fast food (servings /d) 1.0 (0.6-1.9) 1.2 (0.5-2.6) 0.700
Processed meat (servings /d) 0.2(0.0-0.4) 0.3(0.1-0.5) 0.074
Sweets (servings/d) 1.8(1.1-3.2) 2.8 (1.4-5.1) 0.054
Sweet beverages (servings/d) 0.8(0.3-2.3) 1.0(0.3-2.9) 0.687
Total meat and eggs (servings/d) 1.3(0.9-2.0) 1.9(0.9-2.8) 0.081
Red meat (servings/d) 0.9(05-15) 1.4(0.6-2.2) 0.047
White meat (servings/d) 0.4 (0.1-0.6) 0.3(0.1-0.6) 0.604
Dairy/dairy products (servings/d) 1.1(0.6-2.3) 1.1(05-2.1) 0.658
Alcoholic beverage (drinks/d) 0.0(0.0-0.2) 0.01(0.0-0.2) 0.764

Values are expressed as mean + SD (Student t test) or median (interquartile range) (Mann-Whitney test).

PCOS = polycystic ovary syndrome; SFA= saturated fatty acids intake; 8.5% is the median SFA value of all

sample.
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Figure 1. Heart rate variability indices in response to mental stress test in PCOS,

stratified by median saturated fatty acid intake.
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CONSIDERACOES FINAIS

A reducdo de peso através da restricdo caldrica € de suma importancia nas mulheres
com PCOS com sobrepeso e obesidade, visto que uma reducdo de peso relativamente pequena
(5%) pode reduzir a resisténcia insulinica e o hiperandrogenismo, levando a melhoras da
funcdo reprodutiva. Entretanto, ainda nédo esta estabelecido se a composicéo da dieta por si sO
pode ter efeitos significativos sobre as alteracdes metabdlicas e hormonais da PCOS,
independentemente da reducdo do peso. Poucos ensaios clinicos randomizados avaliando o
efeito de diferentes intervencgdes dietéticas foram realizados em mulheres com PCOS, sendo
que os estudos existentes apresentam, em sua maioria, curta duracdo e pequeno tamanho
amostral. Dessa forma, com base nas atuais evidéncias, ndo é possivel definir qual o melhor
tipo de dieta para essa populacao.

No presente estudo concluiu-se, através de revisdo sistematica e meta-analise, que o
uso de orlistat pode trazer beneficios compardveis aos da metformina na reducdo de
peso/IMC, testosterona, HOMA-IR e insulina em pacientes com PCOS com sobrepeso ou
obesidade que ndo atingirem a reducdo necessaria apenas com mudancas de estilo de vida.
Além disso, demonstrou-se que 0 menor consumo de gordura saturada combinado com menor
consumo de carne vermelha e maior consumo de frutas, vegetais e feijdes esta relacionado
com maior variabilidade da frequéncia cardiaca em resposta ao stress e niveis circulantes mais
baixos de testosterona em mulheres com PCOS, podendo desta forma contribuir para reducéo

de alteraces cardiovasculares subclinicas.



