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RESUMEN

El Sindrome del Ovdrio Poliquistico (SOP) es un desorden endocrino que ocurre entre las mujeres en edad repro-
ductiva. Se caracteriza por irregularidad menstrual, anovulacion cronica, infertilidad e hiperandrogenismo. La
prevalencia de la obesidad es alta entre mujeres con el SOP y sus causas atin no estdn esclarecidas. Anormalidades
en el gasto energético y en la respuesta disminuida de las hormonas gastrointestinales responsables por el control
de la ingestion alimentaria, especialmente la grelina son posibles hipotesis para explicar la obesidad asociada al
SOP. Los efectos de la composicion dietética en el SOP aiin estdn poco explorados. Es posible que los dcidos grasos
poliinsaturados (PUFA) mejoran la sensibilidad insulinica y que dietas hiperproteicas potencializan la pérdida de
peso y mejoran la funcion reproductiva. Sin embargo, las evidencias actuales no son suficientes para determinar
las caracteristicas dietéticas mas adecuadas para el SOP. La conducta dietética debe enfocar la pérdida de peso
con dietas nutricionalmente completas y balanceadas.

Palabras clave: sindrome del ovario poliquistico; obesidad; grelina; macronutrientes de la dieta.

Este trabajo fue recibido el 19 de Enero de 2009 y aceptado para ser publicado el 12 de Junio de 2009.

INTRODUCTION

Polycystic ovary syndrome (PCOS) is one of the
most common endocrine disorders among women, af-
fecting 5-10% of women at reproductive age (1). The
syndrome was first defined in 1935 by Stein and Leven-
thal based on the observation of a set of symptoms such
as amenorrhea, hirsutism and obesity in women whose
ovaries were enlarged and contained multiple follicular
cysts (2). However, reference to the influence of obesity
on menstruation had been observed as early as in the
writings of Hippocrates. In his assay about “the influ-
ence of climate, water supply and health situation”, he
described women with altered reproductive function as
follows: “the girls become flaccid and pudgy... persons

with this constitution cannot generate many children ...
fat and flaccidity are the culprits. The uterus is unable
to receive semen and the women menstruate little and
in an infrequent manner” (3).

The PCOS is a syndrome and, as such, it’s neces-
sary use more than a single diagnostic criterion for
clinical diagnosis. In accordance with the consensus
of Rotterdam (2003), the most widely accepted for the
diagnosis of PCOS, it’s necessary the presence of at least
two of the three features: oligo- or anovulation, clinical
or biochemical evidence of androgen excess and poly-
cystic ovaries. Moreover, it’s necessary the exclusion of
other medical conditions that cause irregular menstrual
cycles and androgen excess such congenital adrenal
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hyperplasia, Cushing’s syndrome, hyperprolactinemia
or ovarian neoplasm (4).

It’s important to consider that the diagnostic crite-
ria for PCOS have not been fully standardized due to
the intrinsic characteristics of the syndromes, whose
symptoms are highly heterogeneous. In its classical
form, the characteristics more frequently presented by
women with PCOS are menstrual irregularity of oligo/
amenorrhea type, chronic anovulation (80%), infertility,
and clinical or laboratory hyperandrogenism, which
may be associated with hirsutism (60%), acne (30%)
and obesity (40%) (5-7). The disorder also is a strong
independent risk factor for the development of impaired
glucose tolerance and type II diabetes (8,9) and includes
various characteristics of metabolic syndrome such as
obesity, abdominal obesity and insulin resistance (IR),
thus being strongly related to a higher risk of developing
cardiovascular diseases (10).

In view of the interfaces existing between PCOS,
obesity and nutrition, the objective of the present study
was to explore aspects related to the possible causes of
the high prevalence of obesity among women with PCOS
and to the role of diet composition in the treatment of
this disease.

OBESITY AND POLYCYSTIC
OVARY SYNDROME

There are strong evidences indicating the familiar
aggregation in PCOS, suggesting that genetic factors
play a important role in the development of this syn-
drome (11,12). Studies of families with PCOS cases
have evidences of heritability of hyperandrogenaemia
and hyperinsulinaemia, and first-degree relatives of
women with PCOS present increase incidence of features
such oligomenorrhea, polycystic ovaries and androgen
excess, beyond the metabolic alterations such insulin re-
sistance type II diabetes and lipid abnormalities (13,14).
Therefore, familial history, indicating the genetic risk,
must be considered as an important risk factor for the
development of PCOS. However, the heterogeneity of
phenotypic features in different and within the same
families underscores the importance of the environmen-
tal contribution in the manifestation of this syndrome
(11,12), especially of obesity.

The prevalence of obesity is high in all studies of
women with PCOS and obese women with PCOS have
higher rates of hirsutism and greater irregularities of the
menstrual cycle than eutrophic women with the same
disease (15). About 38-88% of women with PCOS are
estimated to be overweight or obese (16), with the history
of weight gain usually preceding the onset of oligomen-
orrhea and hyperandrogenism, suggesting a pathogenic

role of obesity in the development of the syndrome (17).
A study was conducted on premenopausal overweight
and obese Spanish women in order to assess the presence
of PCOS and its characteristics. Of the 113 women who
participated in the study, 28.3% (CI 20-36.9%) had a
diagnosis of PCOS, with no variation in prevalence ac-
cording to different degrees of obesity. The prevalence of
this syndrome among these overweight Spanish women
was significantly higher than among women of adequate
weight, being approximately 5.5% (14). Guzick (2007)
pointed out that 66% of women with PCOS presented
excess weight, characterized by overweight (24%) and
obesity (42%) (18). This value was significantly higher
than that for the general population (16), with a predomi-
nance of the phenotype of abdominal obesity associated
with hyperandrogenic state, IR and compensatory hyper-
insulinaemia (16-19). Insulin resistance was estimated
to be present in 50 to 70% of them (20).

The causes of the increased prevalence of obesity
in PCOS have not been fully elucidated in the literature.
Some authors suggest that there may be abnormalities in
energy expenditure, especially in postprandial thermo-
genesis (21). Robinson et al (1992) showed that there
was no difference in resting energy expenditure but that
the PCOS group had a reduced postprandial thermogen-
esis (-42KJ) compared to a control group matched for
body weight, with an estimated weight gain of 1.9 kg
body fat per year if this deficit in energy expenditure
was maintained on a long-term basis (22). However,
Segal & Dunaif (1990) did not detect differences in
resting energy expenditure or in thermogenesis between
women with PCOS and controls without PCOS, paired
for body weight (23).

OBESITY AND POLYCYSTIC OVARY
SYNDROME: THE ROLE OF GHRELIN
There also seems to be a lower postprandial re-

sponse of the gastrointestinal hormones responsible for
the control of food intake. Among healthy persons, the
levels of ghrelin, an important peptide that regulates food
consumption, body weight, pancreatic and endocrine
function, glucose metabolism, and ovarian function,
increase during the preprandial period and stimulate
hunger and food ingestion by acting on the hypothalamic
nucleus (24-25).

After a meal is started, both the presence of nutrients
in the intestine and the metabolic response to eating lead
to suppression of ghrelin which results in a change in
appetite. Additional factors such as leptin, adiponectin,
cholecystokinin, peptide Y'Y, fat-free mass and androgens
may play a role in the regulation of energy homeostasis,
of appetite and of ghrelin concentration (24-25).



Reduced basal ghrelin levels have been detected in
women with excess weight and PCOS (24-27). Pagotto
et al (2002) reported that obese women with PCOS have
significantly lower ghrelin levels than obese women
without the pathology (27). The reduction in the post-
prandial levels of ghrelin is lower in obese than in lean
persons and in obese patients with PCOS than in obese
women without PCOS (24-25). In a study conducted on
33 women with PCOS and with excess weight, a nega-
tive and significant correlation (r=-0.45; p<0.01) was
detected between basal ghrelin concentrations and body
mass index (BMI), suggesting that excess fat mass may
reduce the levels of this hormone (28). A common find-
ing reported in the literature is the negative correlation
existing between insulin resistance and plasma ghrelin
concentrations (26,27,29). Schofl et al (2002) detected
similar ghrelin concentrations in insulin-sensitive wom-
en with PCOS and in healthy controls and significantly
reduced levels in women with PCOS and IR, suggesting
a connection between insulin sensitivity and ghrelin (26).
There is a study suggesting that the primary association
would be between ghrelin and androgens rather than
between ghrelin and insulin (30).

The change in ghrelin concentrations is seen as an
important consequence of obesity and may influence
the regulation of body weight by impairing the stimulus
to end eating, affecting the size of the meal consumed.
Moran et al (2004) observed that women with PCOS had
lower satiety and greater postprandial hunger after a test
meal, suggesting that they had fewer defenses against
overeating and greater difficulty in ending a meal than
controls without this syndrome (24). Abnormalities in
appetite regulation may possibly be more prevalent
among women with PCOS and IR than among women
without IR (25).

WEIGHT LOSS AND POLYCYSTIC
OVARY SYNDROME

The importance of the relationship between obesity
and PCOS is reflected on the recommendations for the
treatment of this syndrome, whose main objective is
the reduction of weight and of abdominal fat in order to
normalize serum androgen levels, to reduce insulin re-
sistance and to restore reproductive function. Short-term
weight loss has been successful in reducing insulin resis-
tance and restoring ovulation and fertility (1,10,31,32),
resulting in strong recommendations of care with weight
among women with PCOS (33).

In a study of the effect of weight loss on the ovarian
functionality of obese women with PCOS, Tolino et al
(2005) observed that the patients who lost more than
5% of their initial body weight presented a significantly
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greater improvement of menstrual dysfunction and of
reproductive function than women who lost less than
5% of their initial body weight. In addition, patients with
a weight loss of more than 5% presented a significant
improvement in the levels of free testosterone, fasting
insulin and hirsutism compared to initial values, a fact
that was not observed in patients who lost less than
5% of their initial body weight (34). Another study
also carried out in order to assess the improvement of
ovarian physiology and of anthropometric indices of
overweight/obese women with PCOS reported positive
results regarding both anthropometric parameters and
ovarian physiology and fertility in women with PCOS
and excess weight (35).

DIET AND POLYCYSTIC OVARY SYNDROME:
DOES THE NUTRITIONAL COMPOSITION
OF THE DIET MAKE A DIFFERENCE?

The main focus of dietary studies on women with
PCOS is on the effect of energy restriction on weight
loss. The specific effect of diet composition in PCOS
have only recently started to receive more attention.
The role of diet composition in infertility is still little
explored, but current evidence suggests that dietary fac-
tors influence insulin sensitivity, play an important role
in the etiology of some forms of infertility (36).

Experimental evidence suggests that polyunsatu-
rated fatty acids (PUFA) improve insulin sensitivity in
peripheral tissues and reduce insulin secretion by the
pancreas. In addition, PUFA and their subproducts have
the ability to activate PPAR-, being useful for the treat-
ment of insulin resistance in PCOS (37).

PPAR-v is a transcriptional gene that regulates
metabolism whose activity is directly modulated by
dietary lipids (38). PPAR-y activation improves ovula-
tory function in women with POS and some dietary fatty
acids may affect PPAR-y in different ways. Unsaturated
fatty acids may bind to PPAR-y, but their effects differ
according to cis or trans isomers (37,39). A high intake
of unsaturated cis fatty acids is associated with lower
concentrations of inflammatory markers and a lower risk
of type II diabetes mellitus, in addition to an improve-
ment of the endocrine and metabolic characteristics
of women with PCOS. In order to assess the relation
between the dietary intake of some nutrients and fertil-
ity, a prospective cohort study was conducted on 18.555
premenopausal women with no history of infertility,
with the detection of 438 cases of ovulatory infertility.
The results showed that fat intake and total cholesterol
were not related to ovulatory infertility but that there
was a positive association between the intake of trans
fatty acids and the risk of infertility. Total daily energy
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intake above 2% in the form of unsaturated trans fatty
acids was associated with a 94% risk of the occurrence
of ovulatory infertility (CI 22-208%). The isocaloric
replacement of monounsaturated fatty acids (MUFA)
with trans fatty acids significantly increased the risk of
infertility (RR =2.32; CI1.09-4.87; p =0.028), the same
being observed for PUFA n-6 (RR =1.79; CI1.11-2.89; p
<0.02) and for carbohydrates (RR = 1.73; CI1.09-2.73).
It was concluded that unsaturated trans fatty acids can
increase the risk of ovulatory infertility when consumed
in place of carbohydrates or of unsaturated fatty acids
(MUFA and PUFA) (38).

The effect of replacing dietary fat with PUFA for
3 months (with no change in total dietary fat content)
on the metabolic and endocrine profile was assessed in
women with PCOS (n=17). The results showed a signifi-
cant reduction in body weight, in free fatty acid levels
and in total cholesterol and an increase in plasma levels
of linoleic acid and alpha-linolenic acid. No improve-
ment was observed in serum testosterone, sex hormone
binding protein (SHBG), luteinizing hormone (LH), or
follicle stimulating hormone (FSH). In addition, there
was a significant increase in fasting glycemia and in the
area under the curve for glucose during the oral glucose
tolerance test, with no change in insulin. However,
despite the improvements observed, there still is insuf-
ficient scientific evidence to recommend the intake of
dietary PUFA supplements, especially in insulin-resistant
populations (36).

Douglas et al (2006) conducted a study in order to
determine whether diets with the same energy content
and a greater proportion of MUFA (17%) or poor in car-
bohydrates (43%) would improve insulin sensitivity and
reduce circulating insulin levels in women with PCOS
compared to a standard diet (56% carbohydrates, 31%
fat and 16% protein). The subjects consumed 3 types
of diets (rich in MUFA, poor in carbohydrates, and
standard), each for only 16 days, with a 3 week interval
between diets. Fasting insulin levels were lower in the
carbohydrate-poor diet compared to the standard diet
and the insulin response to an acute glucose dose was
lower in the carbohydrate-poor diet than in the MUFA-
rich diet. Serum glucose and reproductive hormone
levels did not differ between the dietary interventions.
The results suggest a possible beneficial effect of the
diet with a reduced carbohydrate content (43%) on the
metabolic profile of women with PCOS (39). However,
it should be remembered that, in addition to having a
reduced carbohydrate content, the diet was rich in fibers
(29 g) and contained 17% PUFA, 18% MUFA, only
8% saturated fat, and 83 mg cholesterol. This dietary
composition may have been of help regarding the better

physiological benefits observed .

Dietary strategies for weight loss usually recom-
mend the use of fat-poor diets, which facilitate energy
restriction and reduce the risks of cardiovascular dis-
eases. However, over the last few years there has been
increased interest in protein-rich and carbohydrate-poor
diets for the potentiation of weight loss and also for the
improvement of metabolic and reproductive parameters
(40-41). The increased intake of dietary protein as a way
of increasing weight loss is based on the greater power of
protein to induce satiety compared to carbohydrates and
fats, as well as improving insulin sensitivity (42).

Clinical studies have provided evidence that ad
libitum protein-rich diets generate a greater weight loss
in overweight individuals over a period of 6 months
than carbohydrate-rich diets. The main physiological
explanation for this findings would be the greater satiety
induced by the high protein content of the diet (42). In
addition to producing weight loss, these diets seem to
have beneficial effects on body composition, on serum
lipid levels and on glucose homeostasis.

A study assessed the effects of two diets containing
different carbohydrate/protein ratios on weight loss,
body composition and blood lipids of adult women with
excess weight. The first group consumed a diet with a
3.5 carbohydrate/protein ratio (68 g protein) and the
second consumed a diet with a 1.4 ratio (125 g protein).
The diets contained equal amounts of calories and fats
(~50 g/day). After 10 weeks, weight loss did not differ
between groups (6.96+1.36 x 7.53+1.44 kg). However,
the changes in body composition, expressed by the fat
loss/lean mass loss ratio, showed that the second group
had a greater loss of fat than of lean mass compared to
the first group (a ratio of 6.3+1.2 x 3.84+0.9 kg). Both
groups presented reductions in total cholesterol levels,
but only the second one obtained significant reductions
in triglyceride levels (21%) and in the triglyceride/
HDL-c ratio (23%). The women of this same group
also reported greater satiety with the protein-rich diet
(43). Kasim-Karakas et al (2007) evaluated the effects
of acute protein administration with those of glucose
(OGTT) challenges on hormones related with hunger
insulin and ghrelin. For the OGTT, the participants
ingested 75 g glucose and for the protein challenge,
they ingested 75 g 98% pure, intact whey protein isolate
containing no carbohydrate. The glucose and the pro-
tein drinks were euvolemic and eucaloric. The results
showed that glucose ingestion caused larger fluctuations
in blood glucose and more hyperinsulinemia than did
protein and both glucose and protein suppressed ghre-
lin. However, after glucose ingestion, ghrelin returned
to baseline by 4 h and increased to at 5 h, what it was



not observed after the protein challenge, when ghrelin
remained below the baseline even at 5 h. These results
show that glucose ingestion caused significantly more
hiperinsulinemia than did protein, and that protein intake
suppressed ghrelin significantly longer than did glucose.
This suggests a prolonged satietogenic effect of protein
intake, providing mechanistic support for increasing
protein intake and restricting the simple sugar intake in
a PCOS diet (44).

These studies demonstrate the benefits of a protein-
rich diet regarding body composition, blood lipids,
glucose homeostasis, as well as satiety in overweight
women during the weight loss process. Similar results
were obtained in a study conducted on hyperinsulinemic
and normoglycemic obese men. Two groups of subjects
consumed different low-energy diets that provided 80%
of resting energy expenditure. One received a high-
protein (45%) and low-carbohydrate (25%) diet and the
other a higher-carbohydrate (58%) and lower-protein
(12%) diet, with both diets containing the same amount
of fat (30%). The results showed a greater weight loss
in the group receiving more dietary protein (8.340.7 x
6.0+0.6 kg, p<0.05). Serum levels of total cholesterol,
triglycerides and LDL-c were significantly reduced in
both groups, but a significant reduction in HDL-c oc-
curred only in the group receiving more protein. Fasting
serum insulin levels were reduced in both groups but
reached normal levels only in the group receiving the
high-protein diet (45).

To assess the effects of isocaloric carbohydrate
replacement with protein in women with PCOS and
overweight, two restricted-energy diets were tested for
a period of 12 weeks, one of them protein-rich (30%
protein, 40% carbohydrates and 30% fat) and the other
protein-poor (15% protein, 55% carbohydrates and
30% fat). The increase in the number of pregnancies,
the improvement in menstrual cycle, in lipid profile and
in insulin resistance and the reduction of body weight
(7.5%) and abdominal fat (12.5%) occurred indepen-
dently of diet composition (41). These results suggest
that the improvements observed in the reproductive,
cardiovascular and metabolic parameters can be at-
tributed to the improved insulin resistance and fasting
insulinemia (a consequence of weight reduction), and
were independent of diet composition.

FINAL CONSIDERATIONS
There is a strong relation between PCOS and obe-
sity. Therefore, the main objective for the treatment
of this syndrome is weight loss, with the intention to
improve or to normalize the hormonal and metabolic
alterations. Weight losses between 5-10% shown success
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in improvement the IR, the menstrual disorders and the
hyperandrogenism, leading the restoration of the ovula-
tion and fertility (1,10,31,34,35).

Current evidence is still insufficient to determine
an optimum diet composition for patients with PCOS,
especially on a long-term basis, but some directives
regarding a dietary conduct can be inferred. A modifica-
tion of life style is the first form of treatment of PCOS,
involving weight loss and the regular practice of physical
activity. Weight loss should be achieved by adopting
healthier dietary habits and nutritionally complete and
balanced diets. The dietary composition should give
priority to a low saturated and trans fat content, should
be rich in poly- and monounsaturated fats, have a low
glycemic index (46), and be rich in fibers and poor in
energy (20,33,41).

There still is no clear position regarding the protein
content of the diet, with more consistent results of longer-
lasting investigations being needed. It should be pointed
out that no nutritional manipulation maintains its validity
in diets strongly deviating from the usual eating habits of
each group and that the best diet is the one definitively
adopted or used for longer periods of time, permitting
more sustainable weight losses.

ABSTRACT

Polycystic ovary syndrome (PCOS) is one of the
most common endocrine disorders among women at
reproductive age. Its classical form is characterized by
menstrual irregularities, chronic anovulation, infertility,
and hyperandrogenism. The prevalence of obesity is high
among women with POS and its causes have not been fu-
Ily clarified. Hypotheses have been raised suggesting the
possible presence of both abnormal energy expenditure
and a reduced response of the gastrointestinal hormones
responsible for the control of food ingestion, especially
ghrelin. The specific effects of diet composition on POS
have been little explored. It has been suggested that po-
Iyunsaturated fatty acids may improve insulin sensitivity
and that high-protein diets may potentiate weight loss
and improve reproductive function. However, current
evidence is insufficient to determine the optimum com-
position of a diet for POS patients. The dietary conduct
should focus on weight loss to be achieved with nutri-
tionally complete and balanced diets.

Key words: polycystic ovary syndrome; obesity;
ghrelin; dietary macronutrients.
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