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SINDROME DOS OVARIOS POLICISTICOS E INDICE GLICEMICO E CARGA
GLICEMICA DA DIETA

SINDROME DOS OVARIOS POLICISTICOS

A sindrome dos ovérios policisticos (PCOS) é uma doenca de apresentacdo clinica
heterogénea cujas principais caracteristicas clinicas sdo anovulacdo crdnica e manifestacdes
de hiperandrogenismo (THE ROTTERDAM ESHRE/ASRM-SPONSORED PCOS
CONSENSUS WORKSHOP GROUP, 2004; APRIDONIDZE et al., 2005; AZZIZ et al.,
2009). De acordo com o consenso de Rotterdam (THE ROTTERDAM ESHRE/ASRM-
SPONSORED PCOS CONSENSUS WORKSHOP GROUP, 2004), a sindrome é definida
pela presenca de pelo menos dois dos seguintes critérios: oligo ou anovulagéo;
hiperandrogenismo clinico e/ou bioquimico; presenca de ovérios policisticos ao ultrasom (12
ou mais foliculos com 2 a 9 mm ou aumento do volume ovariano (>10cm3) em pelo menos
um ovério). Ainda, devem ser excluidas outras patologias que apresentem hiperandrogenismo
como: tumores secretores de androgénios, hiperplasia adrenal congénita, sindrome de cushing,
hiperprolactinemia e alteragdes tireoidianas.

A determinacdo desses critérios levou ao reconhecimento de novos fenétipos da
sindrome, além dos previamente descritos pelo National Institutes of Health (NIH), de 1990
(DUNAIF et al., 1992). Estes novos fenétipos incluem, por exemplo, mulheres
hiperandrogénicas com ciclos menstruais ovulatérios ou mulheres com ciclos anovulatorios
sem a presenca de hiperandrogenismo. Usualmente, estes novos fen6tipos apresentam formas
mais brandas da sindrome em relacdo & forma “classica” (mulheres anovulatorias e
hiperandrogénicas), podendo diferir nos niveis de gonadotrofinas, secre¢cdo de hormonios
esteroides, severidade da resisténcia & insulina, assim como no aumento do risco
cardiovascular (R1ZZO et al., 2009; BARBER et al., 2007; CARMINA et al., 2006;
WILTGEN e SPRITZER, 2010; DI DOMENICO et al., 2012).

Estudos realizados em vérios paises estimam que de 5-10% das mulheres em idade
reprodutiva apresentam esta sindrome (ASUNCION, 2000; AZZIZ et al., 2004a), o que a
torna de grande importancia clinica, em razdo de sua prevaléncia ser semelhante a de doencas
de grande impacto na salde publica. Além dos distdrbios reprodutivos, as pacientes com

PCOS apresentam frequentemente, alteragdes metabolicas que incluem resisténcia insulinica



(RI), obesidade e dislipidemia (DUNAIF et al., 1989; NORMAL et al., 2004; SPRITZER e
WILTGEN, 2007; SATHYAPALAN e ATKIN, 2012).

O hiperandrogenismo, frequentemente presente nas mulheres com PCOS, esta
associado as alterac@es clinicas e metabolicas, em especial a RI, encontradas nestas pacientes,
principalmente na forma “classica” da doenca (MORAN e TEEDE, 2009; DE ZEGHER e
IBANEZ, 2006; DOKRAS et al., 2006). A resisténcia a insulina (RI) tem sido documentada
como uma caracteristica altamente prevalente da doenga ha quase 30 anos e é vista em ambas
as pacientes obesas e eutroficas. Tem sido teorizado que a resisténcia & insulina e a
consequente hiperinsulinemia compensatéria desempenham um papel inicial e central na
patogénese das disfungdes ovarianas e reprodutiva da PCOS (EHRMANN, 2005; STOVALL
et al,, 2011; LEGRO et al., 1999; NESTLER, 1997; DIAMANTI-KANDARAKIS et al.,
2012).

A associagdo entre PCOS e diabetes mellitus tipo 2 (DM2) tem sido demonstrada em
diversos estudos, inclusive pela International Diabetes Federation (IDF) (NORMAN et al.,
2001). Em recente metanalise, a PCOS foi associada a um risco 2,5 e 4,5 vezes para
intolerancia a glicose e DM2, respectivamente, em relacdo a mulheres saudaveis (MORAN e
TEEDE, 2009), agravado por presenga concomitante de obesidade, diabetes gestacional e
histéria familiar de DM2.

A obesidade e 0 sobrepeso sdo altamente prevalentes na populagdo com PCOS,
atingindo cerca de 60% destas mulheres, na sua grande maioria com padréo de distribuicdo
central (NORMAN et al., 2004; MORAN, 2008; AZZIZ, 2004b). A presenca de obesidade
pode exacerbar as alteragBes metabdlicas e reprodutivas associadas a sindrome (DUNAIF,
1999). O hiperandrogenismo esta associado ao acimulo de gordura nas por¢des superiores do
corpo, independente do IMC, chamada distribuicdo de gordura andréide (TOSCANI et al.,
2007). Este tipo de obesidade estd associado & hiperinsulinemia, tolerdncia diminuida a
glicose e DM2 (CALDERON-MARGALIT et al., 2010). Além disso, ja é bem estabelecido
que a obesidade est associada a uma maior incidéncia de anovulagdo, aborto espontaneo e
complicagbes gestacionais (pre-eclampsia e diabetes gestacional). Estudos tém demonstrado
que mulheres obesas com PCOS ap6s diminuigdo de 5% do peso corporal apresentam uma
maior taxa de ovulacéo e gestagdo espontanea (MOTTA, 2012).

A PCOS tem sido associada a uma alta prevaléncia de dislipidemia, que pode estar
presente em até 70% dessas mulheres. Estudos tém demonstrado que mulheres com PCOS

apresentam maiores niveis de TG e LDL-colesterol e menores niveis de HDL-colesterol



comparadas a mulheres controles, independentemente do indice de massa corporal (IMC)
(WILD etal., 2011; SATHYAPALAN e ATKIN, 2012).

Evidéncias indicam que mulheres com PCOS apresentam elevagdo da presséo arterial
sistémica em relacdo a mulheres sem a sindrome, com maior risco de evolucgéo precoce para
hipertensdo (FARRELL e ANTONI, 2010; LUQUE-RAMIREZ et al., 2007; CHEN et al.,
2007; LECKE et al., 2011).

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. (1981), é
um parametro utilizado para classificar os alimentos contendo carboidratos de acordo com a
resposta glicémica que os mesmos promovem, em relacéo a resposta observada apds consumo
de um alimento de referéncia (p&o branco ou glicose). O IG é, portanto, uma medida da
qualidade do carboidrato ingerido.

Posteriormente, em 1997, foi introduzido o conceito de carga glicémica, por
pesquisadores da Universidade de Harward, que é uma medida que incorpora ndo sé a
qualidade como também a quantidade dos carboidratos da dieta. E o produto do IG de um
alimento e do teor de carboidratos disponiveis nele (SALMERON et al. 1997a; SALMERON
et al. 1997b; LIU et al., 2000).

Tem sido sugerido que o consumo habitual de alimentos ricos em carboidratos, que
promovem uma resposta glicémica alta, pode aumentar o risco de obesidade (BRAND-
MILLER et al., 2002; LUDWIG, 2002; LIVESEY, 2005). Uma meta-analise de ensaios
clinicos mostrou que dietas de baixo I1G e CG reduzem o IMC e a massa de gordura corporal
mais do que dietas de alto 1G ou CG. Foram vista redugdes de 1,3 kg/m2 no IMC (-2,0 a -0,5)
e de 1,1 kg na massa gorda total (-1,9 a -0,4) (THOMAS, ELLIOTT e BAUR, 2007).

Um dos mecanismos propostos para a relagdo entre qualidade glicémica da dieta e
obesidade envolve a saciedade prolongada e conseqiiente diminui¢do do consumo de energia
a partir de dietas de baixo IG (PEREIRA, 2006). As propriedades das fibras soluveis
presentes em cereais integrais e leguminosas, de formacéo de gel viscoso atenuam o aumento
da glicose e niveis de insulina no sangue. Alimentos ricos em fibras solUveis viscosas tém um

baixo indice glicémico devido & sua capacidade de expandir e promover uma digestdo



prolongada aumentando a saciedade (JENKINS et al., 2000; RIZKALLA, BELLISLE e
SLAMA, 2002). Dessa maneira, um menor consumo de energia pode ser um fator causal da
relagdo inversa entre obesidade e dietas de baixo 1G (PEREIRA, 2006).

Recentemente Dong et al. (2012) mostraram que dietas de baixo IG e/ou baixa CG
exercem, em mulheres adultas, um efeito protetor contra doencas cardiovasculares. O risco
relativo para doengas cardiovasculares de dietas de alta CG foi de 1,69 (1,32 a 2,16) e de
dietas de alto IG de 1,26 (1,12 a 1,43). Essa associagdo entre dietas de alto IG e CG e doengas
cardiovasculares provavelmente é devida aos efeitos adversos dessas dietas nos niveis de
lipideos do sangue. Alguns estudos tém observado que as dietas com alto IG ou CG levam a
um aumento dos triglicerideos (SHIKANY et al., 2010; PEREIRA et al., 2004), do o LDL-
colesterol (SHIKANY et al.,, 2010; THOMAS, ELLIOTT e BAUR, 2007; MCMILLAN-
PRICE et al., 2006) e do colesterol total (THOMAS, ELLIOTT e BAUR, 2007) e reduzem o
HDL-colesterol (SLYPER et al., 2005; FORD e LIU, 2001; AMANO et al., 2004), além de
causar inflamacéo sistémica (LEVITAN et al., 2008).

Até 0 momento, existem poucos estudos abordando as relacfes entre IG e distribuicéo
da gordura corporal. Segundo Ludwig et al. (1999), a ingestdo de alimentos de baixo IG pode
diminuir a secre¢do de hormdnios contra-regulatdrios proteoliticos como o cortisol, hormdnio
do crescimento e glucagon, estimulando a sintese protéica. Bouché et al. (2002) referem que a
regulagdo da massa de gordura corporal associada & ingestéo de dietas de baixo 1G pode estar
relacionada a ativacdo de genes como o ob. Argumenta-se que a ingestdo de tais dietas parece
diminuir a expressdo desses genes, diminuindo a secrecdo insulinica pos-prandial. Por esse
motivo, observou-se que a ingestdo de alimentos de baixo IG tende a aumentar o teor de
massa magra e a diminuir, significativamente, o teor de massa gordurosa corporal.

Tem sido proposto que o consumo por tempo prolongado de alimentos de alto 1G
aumenta a demanda de insulina. Uma hiperinsulinemia crénica desempenha um papel critico
no desenvolvimento de resisténcia insulinica, prejudicando a funcdo celular pancreética e,
eventualmente, levando ao DM2 (NOAKES et al., 2006; SCHULZE et al., 2004).

No entanto, estudos de IG e CG da dieta em relacdo a resisténcia a insulina e o risco
de DM2 tém tido resultados controversos. No estudo de Mckeown et al. (2004), ambos 1G e
CG da dieta foram correlacionados positivamente com resisténcia a insulina; Pereira et al.
(2004) verificaram que dieta de baixa carga glicémica melhorou mais o perfil de resisténcia a
insulina em relacdo a dieta com restricdo de lipideos; Rizkalla et al. (2004) relataram que
dieta de baixo IG induziu menores valores de glicose plasmatica pds-prandial e melhores

perfis insulinémicos. Entretanto, nos estudos de Liese et al. (2005) e Lau et al. (2005) ndo



foram encontradas associacdes entre IG e CG e resisténcia a insulina. Uma recente meta-
analise de Dong et al. (2011) concluiu que existem evidéncias para apoiar associacdes
positivas entre dietas de alto 1G e CG e risco de DM2. Este estudo demonstrou um risco
relativo para DM2 de 1,16 (1,06 a 1,26) quando comparadas as categorias de maior IG contra
a de menor IG, ja paraa CG o RR para DM2 foi de 1,20 (1,11 a 1,30).

A maioria das organizagOes internacionais de diabetes defendem o uso de dietas de
baixo 1G na prevencédo e no tratamento da diabetes (FOSTER-POWELL, HOLT e BRAND-
MILLER, 2002), mas a American Diabetes Association (ADA) néo subscreve inteiramente o
uso do IG, pois considera as evidéncias atuais insuficientes para sustentar uma relagéo entre
IG ou CG da dieta e o desenvolvimento de diabetes (SHEARD et al., 2004; BANTLE et al.,
2006).

INDICE GLICEMICO, CARGA GLICEMICA e PCOS

Os beneficios da perda de peso em mulheres com PCOS ja sdo bem documentados
(HOEGER, 2007), porém uma dieta ideal ainda ndo foi estabelecida. Tem sido sugerido que
reduzindo as concentracdes de insulina pés-prandiais pode-se aumentar a oxidacdo de gordura
por muitas horas apds a refei¢do e, assim, reduzir a fome, o excesso de consumo alimentar e o
ganho de peso (LUDWIG, 2002). Dessa forma, visto que a maioria das mulheres com PCOS
apresentam uma hiperinsulinemia compensatdria ap6s a ingestdo de carboidratos, pode haver
vantagens no consumo de dietas de baixa CG neste grupo de pacientes (MARSH et al., 2010).

Apesar disso, ainda existem poucos estudos na literatura abordando o IG e a CG da
dieta em relagdo a PCOS. Herriot, Whitcroft e Jeanes (2008) concluiram em seu estudo
retrospectivo com 88 mulheres com PCOS que uma dieta de baixa CG combinada com
medicamentos pode contribuir para uma melhoria no alivio dos sintomas dessas pacientes,
como hipoglicemia, além de reduzir IMC e circunferéncia da cintura. Da mesma forma,
Marsh et al. (2010) referem que o uso de uma dieta de baixo IG traz beneficios as mulheres
com PCOS. Foram verificadas melhoras na regularidade do ciclo menstrual e na sensibilidade
a insulina ap6s 12 meses de dieta, entretanto, ndo foram encontradas diferencas na
composicao corporal e no perfil hormonal e metabdlico entre as mulheres com dieta normal

(20 pacientes) e de baixo 1G (29 pacientes).
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Barr et al. (2010a) se propuseram a avaliar a eficacia de uma dieta de baixo 1G em
mulheres com PCOS e sobrepeso, mantendo as calorias consumidas normalmente pelas
pacientes, por um periodo de 12 semanas. Apesar de somente 21 pacientes terem concluido o
estudo, foram demonstradas melhorias na sensibilidade a insulina das pacientes
independentemente da perda de peso.

Da mesma forma, Mehrabani et al. (2012) verificaram que o tratamento por 12
semanas com uma dieta hipocaldrica com a combinagéo de alto teor de proteina e baixa carga
glicémica causou um aumento significativo na sensibilidade a insulina em mulheres com
PCOS (n=60) quando comparada com uma dieta hipocal6rica convencional.

Um ndmero ainda mais escasso de estudos se propuseram a avaliar diferengas entre
mulheres com PCOS e controles no que diz respeito ao IG e CG da dieta habitual. Um estudo
de Douglas et al. (2006) que se propds a avaliar diferengcas no consumo alimentar entre
mulheres com e sem PCOS verificou que ndo houve diferenca na quantidade total consumida
de alimentos de elevado IG entre mulheres com e sem PCOS pareadas por idade, raga e IMC,
entretanto, as mulheres com PCOS consumiram uma maior quantidade de alguns alimentos
especificos com maior IG, como péo branco. Este estudo utilizou como método de
investigacdo do consumo alimentar um questionario sobre a alimentacdo de maltipla escolha e
um recordatério alimentar de 4 dias e teve como limitagdo um tamanho pequeno de amostra
(30 mulheres com PCOS e 27 controles). Barr et al. (2010b) objetivaram descrever a dieta
habitual de mulheres com PCOS (38 pacientes) comparando com a dieta de mulheres
controles sem PCOS (28 pacientes) atraves de um didrio alimentar de 7 dias e verificaram ndo
haver diferengas no IG e CG da dieta entre 0os grupos. Recentemente, Altieri et al. (2013)
realizaram estudo com objetivo de investigar os habitos alimentares de mulheres com PCOS
(100 pacientes) e controles (100 pacientes) atraves de diarios alimentares de 7 dias. Os grupos
nao diferiram em termos de consumo calérico e de macronutrientes e, em relagdo ao 1G, foi
demonstrada apenas uma tendéncia das mulheres com PCOS de consumirem uma maior
quantidade de carboidratos de alto I1G. Barr et al. (2011), ao comparar mulheres com PCOS
com obesidade a mulheres com PCOS eutroficas, verificou que as mulheres obesas
consumiram dietas de maior IG.

Considerando que a sindrome dos ovérios policisticos, além dos distdrbios
reprodutivos, é caracterizada por distdrbios metabdlicos, incluindo resisténcia a insulina,
obesidade e dislipidemia, e que o consumo habitual de alimentos com alto IG e CG pode
aumentar o risco para estes disturbios metabdlicos, mulheres com PCOS que tenham por

habito consumir este tipo de dieta podem ter prejuizos a saude. Portanto, sendo os estudos
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nessa area escassos e incosistentes, ha necessidade de mais estudos que avaliem o IG e CG da

dieta habitual de mulheres com PCOS e sua relagdo com perfil antropométrico e metabdlico.
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Capsule
Dietary glycemic index is increased in PCOS patients, especially in the classic PCOS
phenotype. Increased dietary glycemic index is associated with a less favorable

anthropometric and metabolic profile in PCOS.
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ABSTRACT

Objective: To compare glycemic index and load (Gl and GL) in the usual diet of PCOS and
control women and to investigate whether dietary Gl and GL are associated with body
composition and anthropometric and metabolic variables across PCOS phenotypes.

Design: Cross-sectional study.

Setting: University hospital outpatient clinic.

Patients: 61 women with PCOS and 44 non-hirsute women with ovulatory cycles.
Interventions: Metabolic work-up, biochemical and hormonal assays, assessment of body
composition and rest metabolic rate, physical activity (pedometer), and food consumption
(food frequency questionnaire).

Main outcome measure(s): Gl and GL.

Results: Mean age was 23.7+6.3 years. The prevalence of obesity was 44.3% in PCOS
women and 31.8% in controls. Median GI for the group was 58. PCOS patients with GI>58
had higher BMI, worse metabolic profile, and lower intake of fibers. GI was correlated with
BMI in controls and with lipid accumulation product (LAP) in the PCOS group, and was
higher in classic PCOS vs. other groups.

Conclusions: Dietary Gl is increased in PCOS patients, especially in the classic PCOS
phenotype. Increased dietary Gl is associated with a less favorable anthropometric and
metabolic profile in PCOS.

Key words: Diet; insulin resistance; hyperandrogenism; glycemic index; polycystic ovary

syndrome.



23

INTRODUCTION

Polycystic ovary syndrome (PCOS) is a complex heterogeneous condition that affects
5-10% of women of reproductive age and is primarily characterized by ovulatory dysfunction
and hyperandrogenism (1, 2). Obesity is a prevalent characteristic of PCOS, found in 30 to
70% of these women, depending on the population studied (3, 4). The presence of obesity
may exacerbate the metabolic and reproductive disorders associated with the syndrome (5),
including insulin resistance and dyslipidemia (6-9). A meta-analysis (10) has shown that
women with PCOS have higher levels of triglycerides (TG), LDL-cholesterol and total
cholesterol (TC) and lower HDL-cholesterol levels compared to control women, regardless of
body mass index (BMI).

It has been suggested that regular consumption of carbohydrate-rich foods, which
promote a high glycemic response, increasing glucose and insulin levels (11-13), enhances the
risk of obesity (14, 15). A meta-analysis of clinical trials has shown that diets based on foods
with low glycemic response (or low glycemic index, Gl) and low carbohydrate content (low
glycemic load, GL) are more effective at reducing BMI and body fat mass than control diets
(16). A recent study showed that low GI and/or GL diets exert a protective effect against
cardiovascular disease in adult women (17). One possible explanation for the association
between high dietary Gl and GL and cardiovascular disease is the adverse effects of these
diets on blood lipid levels. Some studies have found that high GI or GL diets lead to an
increase in triglycerides (18) and LDL-cholesterol (18, 19) and to a reduction in HDL-
cholesterol (20, 21), in addition to causing systemic inflammation (22).

Furthermore, it has been proposed that the prolonged consumption of high GI foods
plays a critical role in the development of insulin resistance, eventually leading to type 2

diabetes (23). However, the few studies analyzing the association between reproductive or
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metabolic disturbances in PCOS and dietary GI and GL in women with PCOS have produced
inconsistent results.

Therefore, the aims of this study were to compare Gl and GL in the usual diet of
PCOS and control women and to investigate whether dietary Gl and GL are associated with
body composition as well as with anthropometric and metabolic variables in PCOS women

with different phenotypes.

MATERIAL AND METHODS
Participants

This cross-sectional study was carried out with women aged 14 to 35 years, recruited
not earlier than two years after menarche, between 2009 and 2012. We enrolled volunteers
with hirsutism and irregular menses or with hirsutism and regular menses (in order to select
both the ovulatory and classic PCOS phenotypes), and also volunteers without hirsutism and
with regular menses (controls).

One hundred and five participants met the inclusion criteria. PCOS was diagnosed in
61 patients according to the Rotterdam criteria: 39 were classified as classic PCOS
[biochemical and/or clinical hyperandrogenism and oligo/amenorrheic (< 9 cycles/year) or
anovulatory cycles, with or without polycystic ovary (PCO) appearance at ultrasound] and 22
were characterized as ovulatory PCOS [hirsute women with normal androgen levels, regular,
ovulatory cycles confirmed by luteal phase progesterone > 3.8 ng/mL, and PCO]. PCO was
defined as ovarian volume greater than 10mm? in at least one ovary. The control group
included 44 non-hirsute women with regular and proven ovulatory cycles (luteal phase
progesterone >3.8 ng/mL) Neither the PCOS participants nor controls had received any drugs
known to interfere with hormonal levels for at least 3 months before the study. Women

diagnosed with other hyperandrogenic disorders (nonclassic congenital adrenal hyperplasia,
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Cushing’s syndrome, androgen-secreting neoplasms), thyroid disorders or hyperprolactinemia
were excluded, as previously reported (24-26). Other exclusion criteria were pregnancy, body
mass index (BMI) >40 kg/m? and diabetes mellitus. The study protocol was approved by the

local 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 (waist measured at the midpoint between the lower rib margin
and the iliac crest in a plane that is perpendicular to the long axis of the body, with the subject
standing balanced on both feet, approximately 20 cm apart, with both arms hanging freely)
(27-30). BMI was calculated (current kg/m?) according to WHO guidelines (31).

Hirsutism was defined as a modified Ferriman—Gallwey score >8 (32). Blood pressure
was measured with a manual sphygmomanometer after a 10-minute rest, in the sitting
position, with feet on the floor and the arm supported at heart level.

Hormonal and metabolic assessments were made between the 2" and 10™ days of the
menstrual cycle, or on any day if the patient was amenorrheic. All samples were obtained
between 8 and 10 a.m. Blood samples were drawn after an overnight 12-hour fast for
determination of plasma cholesterol, HDL-cholesterol, and triglycerides. 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) and total testosterone (TT). Insulin resistance (IR) was estimated by
homeostasis model assessment (HOMA). HOMA index was calculated by multiplying insulin
(LIU/mL) by glucose (mmol/L) and dividing the product by 22.5 (33). The lipid accumulation

product index (LAP) was calculated using the formula [waist (cm) — 58] x triglyceride
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concentration (mmol/l), as previously reported (28, 34, 35). Free androgen index (FAI) was
estimated by dividing TT (in nanomoles per liter) by SHBG (in nanomoles per liter) x 100.
PCOS patients were stratified by GI, using as cut-off point the median Gl value

obtained for the group (G1=58).

Biochemical and hormonal assays

Total cholesterol, HDL-c, triglyceride, and glucose levels were determined by
colorimetric-enzymatic methods (Bayer 1650 Advia System, Mannheim, Germany). Low-
density lipoprotein cholesterol (LDL-c) was determined indirectly by using the formula LDL-
c = total cholesterol — HDL-c - triglycerides/5 (36).

TT levels were measured by chemiluminescence (Siemens Advia Centaur XP,
Deerfield, USA), with a sensitivity of 0.10 ng/mL and intra and inter assay coefficient of
variation (CV) of 3.3 and 7.5% respectively. SHBG was measured by chemiluminescence
(Immulite 2000 Siemens, Deerfield, USA), with a sensitivity of 0.02 nmol/L and intra and
inter assay CV of 5.3 and 6.6% respectively. Plasma insulin levels were measured by
electrochemiluminescence (Siemens Advia Centaur XP, Deerfield, USA), with a sensitivity of

0.50 U/mL and intra and inter assay CV of 2.8 and 2.1% respectively.

Assessment of body composition and rest metabolic rate

Body composition was assessed using bioimpedance (InBody 230, Biospace, Seoul,
Korea). This device directly measures the impedance of each body segment to 20 KHz and
100 KHz. Assessments were performed in the morning, after a fast of at least 4 hours, with an
empty bladder, using standard lab coat and stripped of all metal objects. Patients were

instructed not to practice vigorous exercise the day before and on the day of the test.
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Rest metabolic rate was assessed using the equipment FitMate™ (Cosmed, Rome,
Italy). Patients were evaluated in the morning, after a fast of at least 5 hours, in a quiet, low
light and temperature-controlled environment. Patients were also instructed not to exercise the
day before and on the day of the test, and not to consume caffeine and alcohol the day before

and on the day of the test.

Assessment of habitual physical activity

Habitual physical activity was estimated with a digital pedometer (BP 148
TECHLINE, Sé&o Paulo, Brazil). The device was configured individually according to the
weight (kg) and step length of the individual.

Subjects were instructed to record the total number of steps taken each day in a
recording sheet each night prior to sleep (37). Participants repeated this procedure over six
consecutive days, generating an average weekly number of steps. They were encouraged not

to alter their usual physical activity habits during the study.

Assessment of food consumption

The assessment of dietary intake was performed using a food frequency questionnaire
(FFQ) previously validated in the adult population of the city of Porto Alegre, Rio Grande do
Sul (38). This questionnaire assesses 121 items of food consumption during the month prior
to application. Dietary GI and GL were estimated based on the FFQ as previously reported
(39-42). Daily total energy, macro- and micronutrients were also calculated for PCOS and
controls. We used as main reference the table of food composition “Tabela Brasileira de
Composicao dos Alimentos™ (2006).

Gl was calculated according to FAO/WHO (43). Firstly, the percentage of each food

type in relation to the total carbohydrate content was determined; this value was multiplied by
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the specific G of each food type and divided by 100. The Gl values for all foods listed in the
FFQ were then added to predict the Gl of the diet. The GL of each food type was calculated
by multiplying the corresponding GI by the amount of carbohydrate contained in the daily
serving of that food (g) and dividing this figure by 100. The daily or meal GL was obtained
by adding the GL of all foods consumed during the day or the meal respectively. The Gl
values published in the International Table of Glycemic Index Values and Glycemic Load of
Atkinson, Foster-Powell and Brand-Miller (2008) were used, with white bread as the standard

reference.

Statistical analysis

The sample size was estimated based on a previous study with infertile patients (44),
considering a power of 80% and alpha of 5%. To detect a difference of 2.0 points in Gl
between PCOS and controls, 88 women would be required (44 in each).

Results are expressed as mean+SD or median and interquartile range. Comparisons
between the 2 group means were analyzed by Student’s t test; comparisons between median
values were analyzed with the Mann-Whitney U test; comparisons between 3 groups were
analyzed by one-way analysis of variance (ANOVA). Bonferroni adjustment was used for
multiple comparisons. Variables with non-Gaussian distribution were log-transformed for
statistical analysis and back-transformed for data presentation. Pearson correlation coefficient
or Spearman test was calculated between variables, according to Gaussian or non-Gaussian
distribution, respectively. Comparisons between ratios were carried out using the 3 test. All
analyses were performed using the Statistical Package for the Social Sciences 16 (SPSS,
Chicago, IL, USA). Data from FFQ were entered in duplicate in the Epidata software, version
3.1 (The EpiData Association, Ondense, Denmark) and subsequently transported to the SPSS

for analysis. Data were considered significant at P < 0.05.
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RESULTS

One hundred and five women of childbearing age (23.7 £ 6.3 years) were studied.
Most were Caucasian (87.6%). The remaining subjects were of mixed African and European
ancestry. The prevalence of obesity was 44.3% in PCOS women and 31.8% in controls

(P=0.288).

Overall PCOS group and controls

The clinical profile and metabolic variables of PCOS patients and controls are
summarized in Table 1. The groups did not differ in age, BMI, waist circumference and
glucose. Pedometer-measured physical activity and rest metabolic rate were also similar
between the groups. PCOS women had higher body fat percentage, fasting insulin, HOMA.-
IR, and LAP in comparison to controls. As expected, PCOS patients also presented higher
androgen and lower SHBG levels.

Table 1 also shows dietary Gl and GL and calorie, macronutrient, and micronutrient
intake in PCOS and controls. PCOS women had higher daily calorie intake and higher Gl and
GL. Fiber, macronutrient, and micronutrient intake did not differ between the groups, with the
exception of sodium, whose consumption was higher in the PCOS group.

Gl was correlated with BMI in controls and with LAP in the PCOS group (Figure 1).

PCOS patients stratified by median Gl

When analyzing only PCOS women stratified by the median dietary Gl observed in
this sample, those with GI > 58 had higher BMI, waist circumference, body fat percentage,
LAP, glucose 120', and triglycerides (Table 2). HOMA-IR, fasting glucose and insulin,

caloric intake and resting metabolic rate were similar between diet GI <58 or > 58, but the
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group with greater dietary Gl had lower fiber intake [29.3 (22.9 — 40.9) vs 17.9 (13.4 - 26.0)
g/day, P=0.0001].

Moreover, dietary carbohydrate, fat, and protein intake were similar between PCOS
with Gl >58 or <58 (52.1+8.0 % vs. 53.0+8.5%, P=0.671; 23.7+6.8% vs. 25.8+5.4%,
P=0.168; 16.2£3.9% vs. 14.9+4.1%, P=0.227 respectively). The number of steps per day
[5418 (3651-7789) vs. 5841 (3647-6892), P=0.935) and total cholesterol (167.8+32.8 vs.
179.04£36.7, P=0.218), LDL-c [98.4 (83.7-127.9) vs. 107.1 (88.2-122.1), P=0.205] and HDL-c
(49.0£12.9 vs. 44.5£14.4, P=0.213) were also similar in PCOS with lower or higher median

dietary Gl respectively.

Classic PCOS patients, ovulatory PCOS patients, and controls

Table 3 shows the comparison between patients with classic PCOS, ovulatory PCOS
and controls. Classic PCOS patients showed higher BMI and body fat percentage compared to
both ovulatory PCOS and controls. Waist circumference differed significantly only between
women with classic and ovulatory PCOS. Dietary Gl was higher in the classic PCOS group
compared to other groups. The difference in dietary GL between groups was not significant.
Energy consumption was higher in the classic PCOS group compared to controls. Average
daily steps or rate of resting metabolism did not differ between the 3 groups. Regarding
insulin resistance indexes, HOMA-IR and insulin levels were higher in classic PCOS
compared to controls and LAP was found to be higher in classic PCOS than in ovulatory
PCOS and controls. Triglycerides were higher and HDL-cholesterol was lower in classic
PCOS than in control group. Total testosterone was higher in PCOS, compared to the other
groups. Ovulatory PCOS presented an intermediate metabolic and hormonal profile in relation

to classic PCOS and controls.



31

Macronutrient and micronutrient intake was similar in classic and ovulatory PCOS

phenotypes and controls.

DISCUSSION

The present study shows that the dietary habits of PCOS women are similar to those of
non-PCOS women of the same age and BMI, except for the consumption of foods with higher
Gl and GL. While these results confirm the general notion that metabolic disturbances are not
influenced by dietary preferences in PCOS (45-47), the present results indicate that
consumption of carbohydrates with higher Gl is associated with worse metabolic profile in
PCOS, and that women with the more severe phenotype tend to eat more high-Gl
carbohydrate foods.

PCOS women also had higher daily calorie intake relative to controls. Because the
percentage of macronutrients intake did not differ between groups, the increased GL found in
the overall PCOS group probably resulted from a higher calorie consumption than that of the
control group. The fact that Gl takes into consideration the type of carbohydrate rather than
the amount of carbohydrate ingested, indicates that PCOS patients in general may favor
carbohydrates of lower quality. This result cannot be explained by a difference in dietary fiber
content, since the groups did not differ in this respect. Other investigators (48, 49) have
suggested that hunger and satiety might be impaired in PCOS. According to Farshchi et al.
(50), many women with PCOS describe carbohydrate cravings and mention this as a cause of
their difficulty in losing weight. This carbohydrate craving could explain a preference for a
higher Gl diet, as observed in our PCOS women.

Interestingly, when stratified by phenotype, PCOS women with the classic, more
severe phenotype had higher dietary Gl than ovulatory PCOS women, even in the presence of

similar energy intake. Classic PCOS patients also had higher BMI, waist circumference, and
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total body fat. However, because of the study’s cross-sectional design, the direction of the
association between central adiposity and high dietary GI could not be determined.

Only a few studies have assessed dietary Gl in women with PCOS. While Barr et al.
(51) found no differences in dietary Gl and GL between 38 PCOS and 28 controls, Douglas et
al. (52), found that the dietary pattern of PCOS patients was characterized by consumption of
a greater amount of specific foods with a high glycemic index, such as white bread. Recently,
Altieri et al. (53) have shown that PCOS and controls did not differ regarding energy,
macronutrient and advanced glycosylated end product intake, but PCOS individuals had
higher consumption of high-GI foods.

The finding that the percentage of macronutrient intake did not differ between PCOS
and controls is consistent with previous studies by our group (45) and others (52-55). Barr et
al. (51) found that the percentage energy from carbohydrate intake was significantly lower
and the percentage energy from fat significantly higher in lean PCOS patients compared to
lean controls, but similar in overweight/obese PCOS patients and controls. Furthermore,
Wright et al. (54) found that although women with PCOS had a higher BMI than controls,
there was no difference in dietary macronutrient intake; however, lean women with PCOS
reported significantly lower energy intake than lean women without PCOS. Tsai et al. (56)
reported that Taiwanese women with PCOS consume lower energy and carbohydrate
compared with those with non-PCOS-related infertility. These data should be interpreted with
caution, because of different dietary habits as well as ethnic origins among different countries,
which could account for the differences among the studies.

In the present study, total sodium intake was higher in the PCOS group compared to
controls, probably due to increased food intake, as the PCOS group also had a higher calorie
intake. Other studies did not find differences in sodium intake among PCOS and control

groups (52, 55).
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Our PCOS women consuming a diet with higher GI had higher BMI, waist
circumference and body fat percentage, independent of total calorie intake and number of
steps per day. Several authors suggest that regular consumption of carbohydrate-rich foods,
which promote a high glycemic response, can increase the risk of obesity (14, 15, 57). A
meta-analysis of clinical trials showed that diets low Gl and GL reduce BMI and body fat
mass than controls diets (16).

In fact, evidence indicates that a diet with higher Gl seems to produce a worse lipid
profile and increased cardiovascular risk that is independent of total calorie intake and level of
physical activity. Recently, Dong et al. (17) showed that diets with low Gl and/or low GL
exert a protective effect against cardiovascular disease in adult women. This association
between high dietary GI and GL and cardiovascular disease is probably due to the adverse
effects of these diets on serum lipids (16, 18, 20, 21), causing systemic inflammation (22).
Moreover, it is argued that a lower Gl diet seems to reduce expression of genes related to
insulin resistance (58).

The efficacy of low Gl diets in improving insulin resistance and glucose control has
been demonstrated (59, 60). In addition, a meta-analysis (61) concluded that there is evidence
to support positive associations between diets high Gl and GL and risk of type 2 diabetes.
Mehrabani et al. (62) found that the combination of high-protein and low-glycemic-load foods
in a modified diet for PCOS women caused a significant increase in insulin sensitivity when
compared with a conventional diet.

Testosterone stimulates appetite (63), and high androgen levels in women could be
associated with appetite dysregulation, together with a craving for carbohydrates. The higher
testosterone levels of patients with classic PCOS may be one reason why these women have a

preference for higher Gl carbohydrates.
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Hyperandrogenism seems to be essential for determining the cardiometabolic risk in
the various PCOS phenotypes (26). A previous study by our group also indicated that
androgen levels were three times higher in women with the classical anovulatory phenotype,
who also had increased prevalence of impaired glucose tolerance and insulin resistance,
compared to ovulatory women with PCO morphology (7). Furthermore, the clustering of
more than one cardiovascular risk factor, appeared to be higher in the “classic” PCOS
phenotype, coexisting with higher androgen levels (64, 65). In this sense, the present finding
of a correlation of GI with insulin resistance only in PCOS, but not in controls, supports the
notion that hyperandrogenism could play a role on this association.

Strengths of this study include the absence of previous analyses of dietary Gl and GL
in women with different phenotypes of PCOS and the use of a robust, validated FFQ that
assesses 121 items of food consumption during the month prior to application. One limitation
is the relatively small sample size, which did not allow a comparative analysis of obese vs.
normal weight sub-groups of PCOS and controls.

In conclusion, the present results indicate that dietary Gl is higher in patients with
PCOS than controls. Also, patients with the classic PCOS phenotype present a higher dietary
Gl than ovulatory PCOS and control women, and a worse anthropometric and metabolic
profile. Further studies are needed to clarify the mechanisms underlying the association

between these abnormalities, high dietary Gl, and hyperandrogenism in PCOS.
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Figure legend
Figure 1. Correlation between glycemic index and BMI in women with PCOS (A) and

controls (B). Correlation between glycemic index and LAP in women with PCOS (C) and

controls (D).
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Table 1. Clinical characteristics, metabolic variables, dietary glycemic index and load,

energy, macro and micronutrient intake in PCOS patients and controls

Variable PCOS (n=61) Controls (n=44) P

Age 22.7+6.2 25.0+£6.3 0.070
BMI (kg/m?) 28.9+5.6 271457 0.099
Waist circumference (cm) 85.4+12.8 83.5+127 0.464
Total body fat (%) 389+74 347+95 0.020
Steps/day 5519 (3658 — 7002) 5811 (4339 -7267)  0.702
Resting metabolic rate 1469 £ 227 1453 + 249 0.763
Glucose 0" (mg/dL) 86.8+9.1 87.0+75 0.902
Insulin (LU/mL) 16.7 (9.8 - 21.2) 9.9 (6.8 - 12.5) 0.002
HOMA-IR 35(21-4.7) 2.1(1.4-28) 0.006
LAP 25.3 (16.0 - 54.6) 20.1(10.3-31.7) 0.039
Total testosterone (ng/mL) 0.72+£0.25 0.54+0.17 0.001
Free androgen index 15.1 (10.7 - 27.4) 7.2 (4.4-11.9) 0.001
SHBG (nmol/L) 27.1 (16.6 — 36.4) 40.2 (29.5-62.9) 0.001
Glycemic index 57.7+5.3 55.7+ 4.7 0.047
Glycemic load 176.3 (111.4-269.8) 143.8(111.1-186.3) 0.049
Energy intake (Kcal/day) 2250 (1710 - 3786) 1984 (1620 — 2335)  0.034
Carbohydrate (%) 52.5+£8.2 534+ 7.4 0.591
Fat (%) 248+6.1 255+55 0.649
Protein (%) 155+4.1 159+ 3.7 0.511
Fiber (g/day) 24.3 (17.4-355) 21.3(17.4-29.5) 0.336
Cholesterol (mg/day) 222 (176 — 348) 221 (176 — 286) 0.585
Saturated fatty acids (%) 325+59 31.5+6.6 0.455
Monounsaturated fatty acids (%) 30.2+4.7 31.0+5.0 0.437
Polyunsaturated fatty acids (%) 129+34 13.7+3.3 0.251



Calcium (mg/day)
Magnesium (mg/day)
Iron (mg/day)

Zinc (mg/day)

Folate (mcg/day)

Sodium (mg/day)

731 (524 - 1063)
256 (182 — 354)
9.6 (6.9 - 14.0)
10.7 (7.4 - 14.3)
501 (322 — 654)

2329 (1680 — 3556)

648 (520 — 864)
227 (181 - 292)
8.7 (7.0 -11.0)
8.8 (7.1-11.9)
429 (355 - 552)

1903 (1570 — 2406)

0.363

0.308

0.104

0.088

0.471

0.040
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BMI = body mass index; HOMA = homeostasis model assessment; LAP = lipid accumulation

product; SHBG = sex hormone-binding globulin. Values are expressed as mean + SD

(Student’s t-test) or median and 25-75 inter-quartile range (Mann-Whitney test);



Table 2. Anthropometric, dietary and metabolic variables in PCOS women stratified by

median diet Gl

Variables Median <58 (n=29) Median > 58 (n=32) P

BMI (kg/m?2) 26.9+4.7 309+56 0.004
Waist circumference (cm) 80.8+10.8 89.5+13.2 0.007
Total body fat (%) 36.6+7.9 40.7+ 6.6 0.048
Energy intake (kcal/day) 2163 (1474 -3786) 2300 (1768 —4260) 0.447
Resting metabolic rate (kcal/day) 1446 £ 223 1489 £ 232 0.468
LAP 20.1(10.3-31.7) 25.3(16.0-54.6) 0.008
HOMA-IR 2.4(1.4-42) 2.8(1.8-4.6) 0.218
Glucose 0’(mg/dL) 849+7.1 88.4+10.3 0.144
Glucose 120" (mg/dL) 95.9+225 110.5+30.7 0.048
Insulin (uU/mL) 16.7 (9.8 — 21.8) 9.9 (6.8 —12.5) 0.654
Triglycerides (mg/dL) 86.5(66.3-134.0) 77.5(52.0-102.0) 0.046
Total testosterone (ng/mL) 0.64+£0.21 0.65+0.26 0.827
Free androgen index 10.1 (6.4 - 16.1) 135(9.3-26.2) 0.073
SHBG (nmol/L) 36.1(27.3-55.8) 29.1(19.4-46.5) 0.101

BMI = body mass index; LAP = lipid accumulation product; HOMA = homeostasis model
assessment; SHBG = sex hormone-binding globulin. Values are expressed as mean = SD

(Student’s t-test) or median and 25-75 inter-quartile range (Mann-Whitney test).
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Table 3. Clinical profile, anthropometric and metabolic variables in women with classic or

ovulatory PCOS and controls

Classic PCOS Ovulatory PCOS Controls

Variables P
(n=39) (n=22) (n=44)

BMI (kg/m?) 30.6+5.6° 26.0+ 43" 27.0+£56° 0.002
Waist circumference

89.2+129° 78.6+96° 83.2+126%*  0.004
(cm)
Total body fat (%) 41.2+6.3° 345+7.4° 345+93° 0.001
Glycemic index 59.1+56°% 56.9+5.0° 55.8 +4.7° 0.044
Glycemic load 176.3 (101.9 — 281.5) 173.5 (118.7 — 228.3) 143,8 (110.4 — 187.8) 0.127

Energy intake (kcal/day) 2449 (1681 - 3872)* 2141 (1650 — 3485) ** 1984 (1620 — 2335) ® 0.023

Systolic blood pressure

120.3+12.4°

(mmHg)
Diastolic blood pressure

80.0+8.7°
(mmHg)
Steps/day 5642 (3595 - 7113)
Resting metabolic rate

1481 + 38.0
(kcal/day)
LAP 36.8 (22.0-70.3)
HOMA-IR 3.8(24-53)°
Glucose 0’(mg/dL) 87.5+£9.9
Glucose 120° (mg/dL) 1079+ 318
Insulin (LU/mL) 18.1 (11.8-23.1)°

116.1 + 14.0 20

73.2+9.7°

111,9+113°

72.3+10.0°

0.011

0.001

5486 (3755 - 6915) 5955 (4385 — 7377) 0.820

1453 + 35.8

20.6 (8.1-25.8)"°
2.7(1.3-41)°
855+ 7.5
97.0+18.6

12.8 (6.5 - 18.9) "

1447 + 50.7

0.822

19.7 (10.3-31.3)° 0.002

2.1(1.4-28)°"
87.1+7.8

98.4+194

10.3 (6.8-13.3) "

0.007

0.681

0.160

0.006

Triglycerides (mg/dL) ~ 107.0 (70.3-161.3)* 76.5 (61.0 - 101.3) " 77.5 (52.0 - 102.0) ® 0.014

Total cholesterol (mg/dL) 178.7+37.4
LDL-c (mg/dL) 1105+ 28.4

HDL-c(mg/dL) 44.1+14.0°

165.4 +£29.7
96.6 + 27.6

51.0+12.43°

175.7+28.0
106.8 + 22.5

51.0+11.2°

0.296

0.138

0.032
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Total testosterone

0.77+0.27° 0.62 +0.18° 0.54+0.17°  0.001
(ng/mL)
Free androgen index 16.5 (11.9-27.8)° 12.6 (8.8 -27.0)° 7.2 (44-11.9)" 0.001
SHBG (nmol/L) 27.2(16.7-33.2)*  26.1(15.4-44.1)* 40.2 (29.5-62.9)" 0.001

LAP = lipid accumulation product; HOMA = homeostasis model assessment; LDL-c = LDL-
cholesterol; HDL-c = HDL-cholesterol; SHBG = sex hormone-binding globulin; BMI= body
mass index. Values are expressed as mean + SD or median and 25-75 inter-quartile range
(One-way ANOVA,; Multiple comparisons by Bonferroni test). Different letters represent

statistically significant difference (P <0.05).
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