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Abstract: Polycystic ovary syndrome (PCOS) is a multifaceted and heterogeneous disorder, linked
with notable reproductive, metabolic, and psychological outcomes. During adolescence, key compo-
nents of PCOS treatment involve weight loss achieved through lifestyle and dietary interventions,
subsequently pursued by pharmacological or surgical therapies. Nutritional interventions represent
the first-line therapeutic approach in adolescents affected by PCOS, but different kinds of dietary
protocols exist, so it is necessary to clarify the effectiveness and benefits of the most well-known nu-
tritional approaches. We provided a comprehensive review of the current literature concerning PCOS
definition, pathophysiology, and treatment options, highlighting nutritional strategies, particularly
those related to high-fat diets. The high-fat nutritional protocols proposed in the literature, such as
the ketogenic diet (KD), appear to provide benefits to patients with PCOS in terms of weight loss and
control of metabolic parameters. Among the different types of KD studies, very low-calorie ketogenic
diets (VLCKD), can be considered an effective dietary intervention for the short-term treatment of
patients with PCOS. It rapidly leads to weight loss alongside improvements in body composition and
metabolic profile. Even though extremely advantageous, long-term adherence to the KD is a limiting
factor. Indeed, this dietary regimen could become unsustainable due to the important restrictions
required for ketosis development. Thus, a combination of high-fat diets with more nutrient-rich
nutritional regimens, such as the Mediterranean diet, can amplify positive effects for individuals
with PCOS.

Keywords: polycystic ovary syndrome; high-fat diet; ketogenic diet; adolescents; nutritional
strategies

1. Introduction

Diet plays a crucial role in the prevention and treatment of polycystic ovary syndrome
(PCOS). Lifestyle modifications, adopting a healthy diet, and achieving or maintaining a
healthy body weight are key therapeutic strategies for these patients. Dietary interventions
for these patients should target specific objectives such as improving insulin resistance (IR)
and metabolic and reproductive functions. This is the reason why lifestyle management,
especially among adolescents, has consistently been recommended as the primary treatment
method for PCOS [1,2].

The nutritional approach should be personalized to attain optimal outcomes for each
patient. Currently, there is still no unique treatment for this condition; indeed, different
kinds of dietary protocols exist, so it is necessary to clarify the effectiveness and benefits of
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the most well-known nutritional approaches. The high-fat nutritional protocols proposed
in the literature appear to provide benefits to patients with PCOS. The term “high-fat diet”
refers to consuming fat calories that make up 30% to 75% of the total daily caloric intake, up
to reaching 90% in some dietary protocols. High-fat diets are typically defined as dietary
patterns characterized by excessive consumption of saturated fatty acids and calories,
characteristics that inevitably lead to weight gain and the onset of related conditions,
including the exacerbation of PCOS symptoms [2,3]. It is the dietary pattern known as
the “Western diet”, prevalent in industrialized countries and characterized by red and
processed meats, sweetened meals and drinks, refined cereals, high-fat dairy products, and
foods containing added sugars and fats [3,4]. The overconsumption of foods rich in calories
but lacking in nutrients, combined with a low fiber content and excessive intake of added
sugars and unhealthy fats, all negatively impact health [5].

Fortunately, not all high-fat diets contribute negatively to the development and pro-
gression of PCOS. Alternative dietary approaches have been assessed as therapeutic strate-
gies, considering both the quality and quantity of fats. In particular, the literature highlights
how the Mediterranean diet (MD) and the ketogenic diet (KD) have a positive impact on
the treated condition.

The MD could stand out as one of the optimal nutritional strategies for PCOS treat-
ment, as it provides antioxidants, substantial fiber, as well as vitamins, minerals, and other
bioactive compounds. Another notable dietary advantage of the MD is the presence of
healthy lipids, especially those obtained from olives, nuts, and fatty fish like salmon and
sardines [6]. The added value of the MD lies in its high intake of omega-3 fatty acids,
particularly eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA). The literature
highlights how these fatty acids can help reduce the production of pro-inflammatory media-
tors, such as cytokines, chemokines, and eicosanoids, reducing inflammation. Additionally,
EPA and DHA have an impact on the fluidity and integrity of cellular membranes, and
they play an important role in oxidative stress [7]. The MD offers a range of elements
that promote diverse and advantageous gut microbiota. Adhering to this dietary regimen
can potentially enhance gut health, improve nutrient absorption, and reduce the inci-
dence of various conditions, including type 2 diabetes (T2D), obesity, and cardiovascular
diseases [8]. Indeed, the MD improves low-grade chronic inflammation, IR, and other
metabolic unbalances typical of PCOS [9,10].

Another dietary regimen that has recently been studied in PCOS is the ketogenic
diet (KD), aimed at controlling carbohydrate metabolism and IR [11,12]. This dietary
approach is a high-fat dietary treatment characterized by adequate energy and protein
intake and low carbohydrate content. In the KD, carbohydrates are restricted to less than
30–50 g/day [13]. This diet triggers ketosis and leads to the production of ketone bodies
(acetone, acetoacetic acid, and β-hydroxybutyrate) by the liver, which compensate for
the lack of sugars and become the primary energy source [12]. The KD has proven to
be beneficial for several dysmetabolic conditions, such as T2D, cardiovascular disease,
and PCOS [7]. Recently, studies on patients with PCOS revealed that the KD, through
therapeutic ketosis, enhances various anthropometric and biochemical parameters, such
as luteinizing hormone (LH), follicle-stimulating hormone (FSH), sex hormone-binding
globulin (SHBG), insulin sensitivity, and HOMA index [13,14]. The KD was also shown
to decrease androgenic production, and subsequently, the unregulated production of
estrogens, contributing to an improvement in the LH/FSH ratio [13]. Several types of
ketogenic diets (KD) have been investigated. Specifically, very low-calorie ketogenic diets
(VLCKD), which restrict daily calorie intake to 700–800 kcal/day, can be regarded as an
effective short-term intervention. They facilitate rapid weight loss while enhancing body
composition and metabolic profile [13].

Long-term adherence to the KD has been indicated as a limiting factor because of the
significant dietary restrictions required to induce ketosis, while the MD, which promotes
heart health and possesses anti-inflammatory properties, could have a limited impact on
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weight loss [15]. Interestingly, a combination of the two nutritional approaches can amplify
positive effects for individuals with reproductive system endocrine disorders [15].

PCOS is a complex and heterogeneous disorder that affects adolescents and women
of reproductive age, and it is associated with significant reproductive, metabolic, and
psychological consequences [16–19].

The pathogenesis of this disorder in adolescence is complex and results from genetic
predisposition, epigenetic modification, and environmental factors [16–18]. The main
endocrinological drivers of this condition are thought to be hyperandrogenism, hyperin-
sulinism, and IR [20], but other factors, such as the microbiome or epigenetics, also seem to
be involved [21].

The diagnostic criteria for PCOS during adolescence pose another challenge in man-
aging this disorder, as the criteria employed for diagnosis in adulthood may not always
be applicable to adolescent girls [22] and precise criteria for adolescents have not been
uniformly defined yet [23].

Early and personalized treatment is fundamental [24] for the possible PCOS lifelong
metabolic [25] and reproductive implications [26] and important concerns [27].

The treatment options for PCOS vary depending on the specific manifestations being
targeted, taking into account the patient’s phenotype and priorities. During adolescence,
fundamental approaches to PCOS treatment include focusing on weight loss through
lifestyle and dietary interventions, with pharmacological or surgical therapies as subse-
quent options if necessary [19].

We have provided a comprehensive overview of the existing literature concerning
PCOS definition, pathophysiology, and therapeutic options, with a particular emphasis on
nutritional strategies, especially high-fat diets.

2. Methods

This narrative review aims to address nutritional strategies, with a focus on high-fat
dietary regimens, in PCOS treatment in adolescents. The most pertinent original scientific
papers, meta-analyses, clinical trials, and reviews published in the past decade in the
English language were reviewed, given the increasing attention and research dedicated
to this topic in recent years. PubMed, Scopus, and Web of Science were utilized for this
research. The keywords used were the following: polycystic ovary syndrome in adolescents,
insulin resistance in adolescent population, hyperandrogenism in adolescent population,
obesity during adolescence, diet, nutrition, diet in polycystic ovary syndrome during
adolescence, lifestyle intervention, ketogenic diet, Mediterranean diet, nutrition in PCOS
during adolescence, very low-calorie ketogenic diets, low-calorie ketogenic diets, isocaloric
ketogenic diets. The research was focused, when feasible, on adolescents (up to 18 years
old) and young women. Starting from a total of papers (n = 138), the authors evaluated the
abstract (n = 76) and subsequently scrutinized full-text documents to discern potentially
relevant manuscripts (n = 52). Additionally, the reference lists of all papers were examined
to identify relevant studies, which may have been included in the discussion even if they
were published more than 10 years ago (Figure 1). The contributions were collected by
VCM and GM and critically reviewed by VC, LdS, VF, and GZ. The draft resulting from
this research was thoroughly discussed with all co-authors [28]. The final version was
subsequently approved by all authors.



Nutrients 2024, 16, 938 4 of 21

Nutrients 2024, 16, 938 4 of 23 
 

 

 
Figure 1. Process of manuscript selection and exclusion. 

3. PCOS in Adolescents: Definition, Pathophysiology, and Therapeutic Strategies 
3.1. Definition and Diagnosis 

PCOS is a multifaceted and heterogeneous disorder that affects adolescents and 
women of reproductive age [16–18]. Reports on the epidemiology of PCOS in adolescents 
are scarce, and determining its prevalence accurately can be challenging due to the high 
occurrence of para-physiologic ovulatory dysfunction and the common ultrasound find-
ings of micro-polycystic ovaries in adolescent girls [29]. Moreover, prevalence data are 
contingent upon the diagnostic criteria employed and the demographics of the observed 
population [29]. A recent systematic review and meta-analysis, which included nearly 
150,000 adolescent girls worldwide, suggested that the prevalence of PCOS could be ap-
proximately 11% when evaluated using the Rotterdam criteria [19]. 

Three different sets of recommendations for the diagnosis of PCOS in adolescence 
have been published in recent years [24,30,31]. While these guidelines concur on the fun-
damental features of this condition, as outlined in Table 1, there are variations in the de-
tails among the three [32]. The primary diagnostic criteria include unexplained ovulatory 
dysfunction and evidence of hyperandrogenism (clinical and/or biochemical) [24,30,31]. 

The term ovulatory dysfunction indicates an abnormal menstrual pattern for one’s 
age. The specific menstrual abnormalities associated with ovulatory dysfunction are not 
consistently described, but the primary ovulatory dysfunctions considered across the 
three diagnostic guidelines are amenorrhea (either primary or secondary), oligomenor-
rhea, and excessive uterine bleeding [30]. Importantly, anovulatory cycles frequently oc-
cur in the initial years following menarche, making it common to experience menstrual 
irregularities in adolescent girls [24,30,31]. 

Indeed, the term primary amenorrhea refers to the absence of menarche by the age 
of 15 or within three years after the onset of breast development. Secondary amenorrhea, 
on the other hand, is defined as the absence of menstrual periods for more than 90 days 
after previously menstruating. Oligomenorrhea is characterized by an average cycle 
longer than 60 days during the first year post-menarche or longer than 45 days during the 
second and third years post-menarche. Excessive uterine bleeding is defined as bleeding 
that happens more frequently than every 21 days, lasts longer than 7 days, or is heavy 
[32]. 

Importantly, there is no unanimous consensus on the duration of persistence of men-
strual irregularities after menarche, with recommendations varying between one year [24] 
and two years [30,31]. However, it is advised to monitor girls with menstrual irregularities 
during this period as they are considered �at risk for PCOS.’ Initiating treatment during 
this time may help reduce future comorbidities, irrespective of the definitive diagnosis 
[33]. 

Initial assessment
(n=138)

•Documents reviewed by title/ abstract
(n=76)

Full text included (n=52)
-Key discoveries

-Eligibility Assessment
-Research attributes

Documents excluded on the initial
screen of title/ abstract 

(n=62)

Full text excluded (n=24)

SCREENING

ELIGIBILITY

INCLUDED

Figure 1. Process of manuscript selection and exclusion.

3. PCOS in Adolescents: Definition, Pathophysiology, and Therapeutic Strategies
3.1. Definition and Diagnosis

PCOS is a multifaceted and heterogeneous disorder that affects adolescents and
women of reproductive age [16–18]. Reports on the epidemiology of PCOS in adoles-
cents are scarce, and determining its prevalence accurately can be challenging due to the
high occurrence of para-physiologic ovulatory dysfunction and the common ultrasound
findings of micro-polycystic ovaries in adolescent girls [29]. Moreover, prevalence data
are contingent upon the diagnostic criteria employed and the demographics of the ob-
served population [29]. A recent systematic review and meta-analysis, which included
nearly 150,000 adolescent girls worldwide, suggested that the prevalence of PCOS could be
approximately 11% when evaluated using the Rotterdam criteria [19].

Three different sets of recommendations for the diagnosis of PCOS in adolescence
have been published in recent years [24,30,31]. While these guidelines concur on the
fundamental features of this condition, as outlined in Table 1, there are variations in the
details among the three [32]. The primary diagnostic criteria include unexplained ovulatory
dysfunction and evidence of hyperandrogenism (clinical and/or biochemical) [24,30,31].

Table 1. Polycystic ovary syndrome (PCOS) diagnostic criteria in adolescents.

PCOS Diagnostic Criteria in Adolescents [24,31,32]

Required

Ovulatory dysfunction: abnormal menstrual pattern for the individual’s age or gynecologic age,
which persists for 1–2 years. This pattern may include symptoms such as amenorrhea,

oligomenorrhea, or excessive uterine bleeding.
+

Hyperandrogenism: biochemical (elevation of total/free serum testosterone) or clinical (moderate
to severe hirsutism)

Not Recommended

Polycystic ovary morphology, Obesity, insulin resistance and/or hyperinsulinism, Severe acne,
Biomarkers (T/DHT, AMH)

The term ovulatory dysfunction indicates an abnormal menstrual pattern for one’s
age. The specific menstrual abnormalities associated with ovulatory dysfunction are not
consistently described, but the primary ovulatory dysfunctions considered across the three
diagnostic guidelines are amenorrhea (either primary or secondary), oligomenorrhea, and
excessive uterine bleeding [30]. Importantly, anovulatory cycles frequently occur in the
initial years following menarche, making it common to experience menstrual irregularities
in adolescent girls [24,30,31].
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Indeed, the term primary amenorrhea refers to the absence of menarche by the age of
15 or within three years after the onset of breast development. Secondary amenorrhea, on
the other hand, is defined as the absence of menstrual periods for more than 90 days after
previously menstruating. Oligomenorrhea is characterized by an average cycle longer than
60 days during the first year post-menarche or longer than 45 days during the second and
third years post-menarche. Excessive uterine bleeding is defined as bleeding that happens
more frequently than every 21 days, lasts longer than 7 days, or is heavy [32].

Importantly, there is no unanimous consensus on the duration of persistence of men-
strual irregularities after menarche, with recommendations varying between one year [24]
and two years [30,31]. However, it is advised to monitor girls with menstrual irregularities
during this period as they are considered ‘at risk for PCOS.’ Initiating treatment during this
time may help reduce future comorbidities, irrespective of the definitive diagnosis [33].

Regarding hyperandrogenism, the primary clinical evidence of androgen excess is
hirsutism, and according to the most recent criteria [24], even mild hirsutism is considered
a sufficient criterion, whereas previous documents [30,31] suggested moderate to severe
hirsutism. Severe inflammatory acne that does not respond to topical therapy is also
considered an indication for testing androgen levels, according to the latest recommenda-
tions, although this clinical feature has not been included among the required diagnostic
criteria [24]. Concerning biochemical assessment, all guidelines recommend measuring
both total and free testosterone [30,33].

According to the three international expert conferences, neither polycystic ovary
morphology nor obesity, IR, or severe cystic acne can be used as diagnostic criteria alone in
adolescents [24,30–32]. Indeed, these clinical features are common during adolescence and
can be evaluated in concert with the required features and the assessment of additional
biomarkers, such as anti-mullerian hormone (AMH) or testosterone to dihydrotestosterone
ratio (T/DHT), but should not be considered independently diagnostic [24,31].

Recently, Kiconco et al. performed a study to redefine reference values for the Rotter-
dam diagnostic criteria in adolescents (up to 8 years after menarche) [23]. The study group
was composed of 226 post-menarchal Australian girls with a median age of 15 years. The
authors gathered clinical, echographic, and biochemical data, establishing cut-off points
for the free androgen index, free testosterone, menstrual length, and modified Ferriman–
Gallwey score for clinical signs of hyperandrogenism [23]. Importantly, the cut-off values
applied by the authors and the clinical hyperandrogenism score used for PCOS definition
were lower than those commonly used in adults [23], highlighting the pertinent need to
redefine PCOS diagnostic cut-offs in adolescents. The authors also underline that valida-
tion of these cut-offs is required in larger, multi-ethnic, and well-characterized adolescent
cohorts [23].

3.2. Pathophysiology

Although PCOS is a frequent condition, its etiology, pathogenesis, and progression
have not been fully clarified [34]. The pathogenetic mechanisms of this disorder in ado-
lescence are intricate and arise from a combination of genetic predisposition, epigenetic
modifications, and environmental factors [16–18].

In adolescents with PCOS, the process of follicular development is marked by ele-
vated production of luteinizing hormone (LH), which in turn leads to increased androgen
levels [34,35]. Furthermore, there is often insufficient rise in follicle-stimulating hormone
(FSH), leading to decreased conversion of androgen to estradiol and arrest of follicular
growth [36]. Furthermore, adolescents with PCOS commonly experience hyperinsulinemia
and insulin resistance. Interestingly, these factors have been shown to correlate with hyper-
androgenism, as elevated levels of androgens promote insulin resistance, and conversely,
hyperinsulinemia promotes both androgen secretion in adipose tissue [37] and LH secretion
from the pituitary gland [34].

Indeed, the major players in the pathogenesis of PCOS appear to be abnormal ovar-
ian steroidogenesis and folliculogenesis [38,39], IR and hyperinsulinemia [38,40,41], and
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reproductive neuroendocrine dysfunction [41,42]. Although the precise pathophysiological
roles of these factors have not yet been fully elucidated, recent research [41] has focused on
assessing the pubertal ontogeny of PCOS, particularly examining developmental abnor-
malities in daughters of women with PCOS (PCOSd), girls with premature pubarche, and
girls with obesity [17,41], all of whom are considered at risk for PCOS.

Individuals with PCOS have been observed to have higher levels of anti-Müllerian
hormone (AMH), insulin, and androgen concentrations compared to controls [43–45].
Furthermore, these individuals exhibit higher ovarian volume [43] and increased estra-
diol and LH responses to GnRH stimulation [46], characteristics typical of patients with
PCOS [24,30,31].

Girls with premature pubarche, one of the hallmarks of adrenarche, tend to have
PCOS-like endocrinological dysfunction, such as hirsutism, oligomenorrhea, and biochem-
ical hyperandrogenism upon GnRH stimulation [47]. Also, PP girls were found to have
increased levels of AMH [48–50]. A possible link between PCOS and PP was hypothesized
to be hyperinsulinism and IR, which work as triggers for androgen secretion by both
adrenal glands and ovaries [51,52]. Indeed, IR was recently shown to have a prevalence of
70–80% in women with PCOS who are overweight and 30% in lean women [18,20].

Based on studies conducted on girls at risk for PCOS, a hypothetical model for the pu-
bertal development of PCOS suggests that initially, there may be a genetic predisposition to
hyperinsulinemia. Subsequently, during adrenarche and puberty, this predisposition may
result in an enhanced androgen steroidogenesis in response to stimulation by corticotropin
and gonadotropins [20,41]. The hyperandrogenic environment, in turn, promotes post-
pubertal neuroendocrine dysfunction, which impairs the gonadotropin-releasing hormone
(GnRH) pulse generator. This impairment leads to increased luteinizing hormone (LH) re-
lease and decreased follicle-stimulating hormone (FSH) release [41]. These neuroendocrine
unbalances support the progression to PCOS, further enhancing hyperandrogenemia and
ovulatory dysfunction [41]. It is noteworthy to emphasize that IR in PCOS does not directly
affect ovarian tissue. However, insulin can act as a co-gonadotropin through indirect
mechanisms by enhancing luteinizing hormone (LH) action on theca cells. Addition-
ally, insulin acts directly by inducing higher hypothalamic secretion of LH, resulting in
increased production of dehydroepiandrosterone (DHEA) and androstenedione [18,20].
PCOS pathogenesis is depicted in Figure 2.
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Importantly, studies have demonstrated that girls with obesity tend to have higher
testosterone levels compared to non-obese individuals [45]. Obesity is observed in approx-
imately 50% of patients diagnosed with PCOS [53], and research has shown that weight
loss can lead to improvements in clinical features associated with PCOS [54]. Furthermore,
childhood obesity has been linked to an increased risk of developing PCOS, both geneti-
cally and from a physiological standpoint [53,55], with IR being identified as a significant
contributing factor [56].

Obesity and overweight were shown to also have a BMI-independent role in PCOS
phenotype and metabolic disruption [53,57]. Indeed, in women with obesity, the disrupted
folliculogenesis observed in PCOS arises from a combination of hyperandrogenism, hyper-
insulinemia, and IR. Distinguishing between IR and hyperandrogenism in PCOS can be
challenging, as these conditions often coexist and influence each other [57]. Interestingly,
obesity is also a well-known trigger of low-grade inflammation, which enhances IR [53,57],
and adipocytes secrete leptin that inhibits ovarian aromatase release, leading to a lower
androgen-to-estrogen conversion rate, with an inhibitory effect on folliculogenesis [53,57].

Small for gestational age (SGA) babies, defined as neonates born with a weight <-2SDSs
below the mean or <10th percentile for gestational age, represent another population consid-
ered at risk for the development of PCOS. They are predisposed to metabolic disturbances
such as IR [58]. The mechanisms behind the association between SGA and PCOS remain
poorly understood, and further studies should focus on a common origin between these
conditions [58,59].

It is worth mentioning that gut microbiota, which is often altered in cases of obesity,
appears to play a role in the pathogenesis of PCOS, suggesting a potential new therapeutic
avenue [21]. Indeed, there has been significant research into the relationship between
PCOS and changes in the microbiome in recent years, revealing notable differences in
gut microbiota composition between patients with PCOS and control subjects [4,21,60–63].
Interestingly, besides alterations in the general composition of the microbiome, various
studies have indicated an imbalance in specific bacterial species, such as Bacteroidetes and
Firmicutes, in women with PCOS, which can impact the production of short-chain fatty
acids and negatively affect metabolism [21,64].

Supplementation with prebiotics, probiotics, and synbiotics in women with PCOS
seems to enhance various biochemical parameters. However, the precise mechanisms
behind these effects remain unclear. Therefore, further research is required to elucidate
the role of the microbiome and the potential therapeutic advantages of manipulating it
through these agents in the treatment or prevention of PCOS [21].

Furthermore, the roles of genetics and epigenetics should be acknowledged. Although
a specific inheritance pattern for PCOS has not yet been identified, there is evidence of
familial aggregation among patients with PCOS [65,66], and polycystic ovarian morphology
has been suggested to be inherited in an autosomal dominant manner [65]. Epigenetic
mechanisms also appear to contribute to the development of PCOS, as animal models indi-
cate that prenatal exposure to excess androgens may predispose individuals to PCOS [67].
Notably, Risal et al. recently demonstrated a five-fold increase in the risk of developing
PCOS in mice born to mothers with PCOS [67].

3.3. Therapeutic Strategies

Since PCOS is associated with lifelong metabolic [25] and reproductive implica-
tions [26], as well as with other important clinical and psychological concerns [27], early
and personalized treatment is fundamental [24]. In adolescents, no specific pharmacother-
apy has been so far recommended by either the FDA or the EMA for the treatment of PCOS
features, but different strategies are used to cope with PCOS symptomatology. The mainly
utilized interventions have been divided into baseline and additional treatments [31].

Among the baseline interventions, the primary strategy is lifestyle modification, which
includes adopting a healthy diet [68], engaging in sufficient physical activity, and, if
needed, achieving weight loss [69]. These interventions have been linked to symptomatic
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improvements in girls with obesity or overweight [26], resulting in reduced androgen levels,
improved menstrual regularity, and enhanced cardiometabolic health [31]. Additionally,
within baseline interventions, local therapies and cosmetics are used to alleviate hirsutism
and acne [34].

As for additional treatments, the main pharmacological options include estrogen-
progestin (EP) contraceptive pills, metformin, and antiandrogens. Combined EP therapy is
widely used in patients with PCOS due to its significant benefits in managing hirsutism,
acne, and menstrual regulation [24,31]. However, recommendations suggest that further
high-level studies are necessary before fully approving this therapy. Metformin, although
not officially licensed for PCOS, is commonly used as an off-label insulin sensitizer. It has
demonstrated benefits in girls with PCOS who are overweight as well as in normal-weight
girls with PCOS and hyperinsulinemia. Metformin promotes weight loss, regulates men-
strual cycles, improves acne, and aids in glycemic control, thus its widespread use despite
lacking official approval for this syndrome [70]. Despite its clinical efficacy, metformin has
not shown superiority when compared to lifestyle intervention alone or combined oral
contraceptives in the treatment of PCOS [71].

Androgen receptor blockers (such as spironolactone, flutamide, and cyproterone
acetate) and 5-alpha reductase inhibitors (like finasteride) are the two main options of
anti-androgens commonly prescribed. There is no evidence suggesting preference for one
type over the other, but spironolactone is the most commonly used in clinical practice [34].
Additionally, this drug has been shown to be more effective than metformin in regulating
the menstrual cycle [72].

The guidelines recommend, when possible, a combination approach, based on the
association of previously cited therapies, that can act synergistically [34].

Interestingly, the possible roles of vitamin D, omega-3 fatty acid, and probiotic supple-
mentation in patients with PCOS have been evaluated [73]. The integration of vitamin D
and probiotics was associated with diminished levels of testosterone and hirsutism, leading
to psychological improvements in women affected by PCOS [74]. There are no definitive
conclusions about the possible therapeutic role of these supplementations, and further
studies in this field are needed, especially in adolescence [31].

To conclude, PCOS in adolescence remains an important concern, both from the diagnostic
and the therapeutic points of view. Thus, additional studies are needed to improve diagnostic
accuracy, avoid overdiagnosis or missed diagnosis, and improve treatment options.

4. High-Fat Diet and PCOS

The definition of a high-fat diet typically involves fat calories constituting 30% to 75%
of the total daily caloric intake. However, some nutritional protocols may aim for even
higher percentages, reaching up to 90%. Fat is the most energy-dense macronutrient in
the diet, containing 9 kcal/g, as opposed to only 4 kcal/g for carbohydrates and proteins.
Usually, high-fat diets are classified as dietary patterns characterized by excessive intake
of saturated fatty acids and calories, which can lead to an increase in health problems,
particularly heart diseases, weight gain, and obesity [75].

Cross-sectional studies suggest that higher fat intake is associated with impaired
insulin sensitivity, although this association is primarily attributed to obesity [76,77]. Ex-
periments involving overfeeding on fat indicate that an excess of fat intake reduces carbo-
hydrate oxidation without any apparent alteration in fat oxidation. When carbohydrates
are consumed in excess, fat deposition increases through de novo lipogenesis [76,77].
Consequently, high-fat diets can induce lipid accumulation in various tissues. Once the
lipid storage capacity of non-adipose tissues reaches its limit, lipotoxicity may occur, lead-
ing to cellular dysfunction, cell death, and the development of obesity and its related
diseases [76,77].

The enlargement of adipocytes, particularly in the abdominal region, has been shown
to increase the release of pro-inflammatory cytokines from adipose tissue monocytes, in
response to glucose and saturated fat intake [78,79]. This condition could worsen both the
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overall metabolic and reproductive outcomes in patients with PCOS. Central obesity plays
a significant role in the onset of metabolic syndrome, with a reported prevalence of 43%
in women with PCOS. This condition is marked by the presence of IR, hyperinsulinemia,
and dyslipidemia [80,81]. Considering the association between PCOS, obesity, and IR,
the primary recommendation for women with PCOS is weight management [13]. Studies
conducted on patients with PCOS confirmed that weight loss can improve endocrine abnor-
malities such as hyperinsulinemia and reduction in androgen levels [76]. It is established
that protracted consumption of a high-fat diet may result in the build-up of abdominal
adipose tissue, consequently promoting the development of obesity, and it is recognized
that obesity triggers IR and stimulates the production of testosterone from circulating an-
drogens, simultaneously suppressing gonadotropin secretion. Under these circumstances,
testosterone has been demonstrated to promote the accumulation of visceral fat in women
with PCOS by inhibiting fat breakdown and facilitating fat synthesis [39,53].

The literature data have consistently shown a clear connection between dietary habits
and the onset/progression of PCOS. Several reviews have indicated that individuals with
this disorder tend to have high consumption of unhealthy foods, processed foods, saturated
fats, carbohydrates, and animal proteins. Consequently, there has been emphasis on the
importance of adopting dietary changes to improve the clinical condition of individuals
with PCOS, which can lead to enhancements in hormonal health and metabolism [82,83].

In 2013, Altieri et al. observed that women with PCOS typically consumed higher
amounts of high-glycemic index sweets, saturated fat, and cheese compared to healthy
controls [84]. Conversely, beneficial foods for PCOS include low-fat dairy products, lean
red meat, omega-3 fatty acid-rich fish, poultry, fish oils, olive oils, whole grains, and seeds
such as pumpkin, sunflower, and almonds. Many of these foods are characteristic of special
dietary patterns, such as the Mediterranean and ketogenic diets [85].

Various studies showed that not all high-fat diets negatively contribute to the onset
and progression of PCOS. Alternative dietary approaches have been evaluated as ther-
apeutic tools, taking into consideration both the quality and proportion of fats. Indeed,
the nature of dietary fat influences insulin sensitivity and is associated with metabolic
alterations. Epidemiological evidence and intervention studies have conclusively demon-
strated that saturated fat exacerbates IR, whereas mono- and polyunsaturated fatty acids
can enhance insulin sensitivity by modifying cell membrane composition [77]. Additionally,
it is widely recognized that the effects of fats derived from animals differ. Omega-3 fatty
acids, particularly eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), have
been associated with improved IR. Foods rich in omega-3 fatty acids typically include
fatty fish. However, alpha-linolenic acid, which is the precursor of EPA and DHA, can be
found in certain plant-based foods such as nuts and seeds. In women with PCOS, dietary
supplementation with alpha-lipoic acid, N-acetylcysteine, and omega-3 fatty acids has
been shown to possess antioxidant and anti-inflammatory properties, as well as to improve
IR [86,87].

5. Nutritional Strategies for PCOS

The high-fat nutritional protocols proposed in the literature appear to provide benefits
to patients with PCOS. In 2010, the MD was recognized as an intangible cultural heritage
of humanity by UNESCO [6]. The macronutrient composition of this dietary pattern is 15%
proteins, 30–35% lipids, and 50–55% carbohydrates, with less than 15% comprising simple
sugars. Although the MD dietary model is characterized by fat accounting for up to 35%
of total energy intake, the saturated fatty acids are less than 7–8%. The MD is regarded as
the gold standard dietary model in preventive medicine because of its anti-inflammatory,
antineoplastic, anti-obesogenic, and antioxidant properties [88]. It is a traditional dietary
pattern of the Mediterranean region, characterized by a high abundance of plant-based
foods such as cereals, legumes, nuts, fruits, vegetables, and herbs. It also involves a limited
consumption of red and processed meat. This diet includes a moderate intake of fish,
seafood, eggs, white meat, and dairy products, as well as a moderate consumption of
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alcohol (primarily wine during meals, where culturally acceptable). Olive oil is the primary
source of added fat. The diet typically consists of five meals per day, including breakfast,
lunch, dinner, and two snacks [6,89].

Given the close connection between PCOS and obesity, low-grade chronic inflam-
mation, and IR, the Mediterranean diet (MD) stands out as one of the optimal non-drug
strategies for PCOS treatment [9,10]. This dietary pattern offers antioxidants, significant
fiber, as well as vitamins, minerals, and other bioactive compounds. Another notable
advantage of the MD is the presence of healthy lipids, especially those obtained from
olives, nuts, and fatty fish like salmon and sardines. These sources are rich in heart-healthy
monounsaturated fats and are often used as substitutes for the saturated and trans fats
found in fatty meats, cheeses, and packaged baked goods [6,89].

In 2022, Mei et al. [14] conducted a study to evaluate the therapeutic effect of a
Mediterranean diet combined with a low-carbohydrate (LC) dietary model in 72 overweight
patients with PCOS over a period of 12 weeks. Before and after the intervention, various
parameters including body weight, body mass index (BMI), waist circumference, waist-hip
ratio (WHR), body fat percentage, serum fasting insulin, fasting plasma glucose, HOMA
index, quantitative insulin sensitivity check index (QUICKI), total cholesterol (TC), high-
density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C),
triglycerides (TG), total testosterone (TT), luteinizing hormone (LH), follicle-stimulating
hormone (FSH), and prolactin (PRL) were evaluated.

This study was a randomized controlled clinical trial in which patients were randomly
allocated to either the MD/LC diet or the low-fat (LF) diet, both involving energy restriction.
The LF group adhered to a dietary plan where less than 30% of total caloric intake came
from fat, with a daily fat intake of less than 40 g and a maximum of 10% saturated fat. In
contrast, the MD/LC group participants had a maximum carbohydrate intake of less than
20%, with no more than 100 g of carbohydrates consumed throughout the day, along with
increased intake of protein and fat. The average daily total calorie baseline was maintained
constant for both dietary groups.

The findings of the study revealed that both the LF and MD/LC dietary models were
successful in altering anthropometric parameters, reproductive endocrine levels, IR values,
and lipid levels in patients with PCOS. However, the MD/LC dietary model demonstrated
greater effectiveness, while the restoration of menstrual cycles was approximately similar
in both groups [14].

The KD is a high-fat dietary treatment characterized by adequate energy and protein
intake and low carbohydrate content. It is characterized by the restriction of carbohydrates,
typically to less than 30–50 g/day [11]. The ketogenic diet is any dietary approach designed
to trigger ketosis. The underlying mechanism of action of the ketogenic diet involves the
production of ketone bodies (acetone, acetoacetic acid, and β-hydroxybutyrate) by the liver,
which compensate for the lack of sugars, becoming the primary energy source [12].

The primary ketogenic condition is fasting; alternatively, this result can also be
achieved with strongly hypocaloric diets or normocaloric, normoproteic diets that are
strongly hypoglucidic and hyperlipidic. In these conditions, the body primarily relies on
endogenous and exogenous lipids as an energy substrate [11]. During the initial three
to four days, glucose is generated through glycogenolysis and gluconeogenesis. Subse-
quently, the combination of low glucose and insulin levels triggers the release of free fatty
acids from adipose tissue. The liver synthesizes ketone bodies, serving as an alternative
fuel source for extrahepatic organs such as muscles, the central nervous system, heart,
kidneys, and others [11]. Various protocols for KD are documented in the literature. The
specific calorie intake, macronutrient composition, and duration are tailored based on the
intended goal to be achieved. In VLCKD, the daily caloric intake is typically limited to
700–800 kcal/day. There is no universal cut-off for either low-calorie ketogenic diet (LCKD)
or isocaloric ketogenic diet (ICKD), as the determination of hypocaloric or isocaloric status
is individualized based on total energy expenditure. In VLCKD, lipid intake can range
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from 30–40 g/day (often restricted to 10–20 g/day), and approximately 0.8 to 1.2 g/day of
protein per kilogram of ideal body weight is typically supplied [90].

VLCKD is a multiphase diet, where the initial phase (up to 12 weeks) is ketogenic.
Afterward, the patient undergoes a gradual transition, first to a low-calorie diet and then
to a balanced diet on the Mediterranean model. Due to its very low caloric nature, it is
advisable to supplement patients with micronutrients such as B-complex vitamins, vitamins
C and E, minerals like potassium, sodium, magnesium, and calcium, as well as omega-3
fatty acids, in accordance with international recommendations [91,92].

The development of a ketogenic protocol involves calculating the KR (Ketogenic
Ratio), i.e., the ratio of grams of fats to the sum of grams of proteins and carbohydrates
(KR = g lipids/(g proteins + g sugars)). The initial phase of the ketogenic diet, i.e., the
induction of ketosis, involves a dietary pattern with a low ketogenic ratio, typically 1:1 or
2:1, and may progress, if necessary, to a higher ketogenic ratio, such as 3:1 or 4:1. The latter
is the ratio that induces the highest levels of ketosis, meaning composing the dietary plan
with 4 g of fats for every gram of proteins + carbohydrates.

In clinical practice, different variations of the ketogenic diet are currently used:

• The classic ketogenic diet (CKD) is the most restrictive diet as it involves a fixed
ketogenic ratio. Fats are primarily represented by long-chain triglycerides (LCT),
constituting 90% of daily calories in the 4:1 ketogenic ratio diet, 87% in the 3:1 ketogenic
ratio diet, and 82% in the 2:1 ketogenic ratio diet. Carbohydrate intake is highly limited,
and protein is calculated to meet growth requirements. The CKD can be administered
in three different ways, through the exclusive use of foods, in combination with
functional foods formulated with a predetermined ketogenic ratio, or by the exclusive
use of functional foods [93];

• The KD with medium-chain triglycerides (MCTKD) (70% lipids; 10% proteins; 20%
carbohydrates), where 30–60% of the energy comes from oil based on medium-chain
triglycerides (MCT), allows the production of more ketones per kilocalorie of energy
compared to long-chain triglycerides. It enables a decrease in total fats and a higher
intake of carbohydrates and proteins compared to the CKD;

• The Modified Atkins Diet (MAD) (64% lipids; 30% proteins; 6% carbohydrates), less
restrictive compared to the two previous types, allows an intake of carbohydrates up to
20 g/day. It is based on a significant restriction of starchy foods, leading to a reduction
in calorie intake and subsequent weight loss. The ketogenic ratio is around 1:1, and it
is typically designed for the adolescent population to facilitate the management of the
diet in daily life. It represents a valid alternative in case there is low compliance with
the traditional method;

• The Low Glycemic Index Diet (LGIT) (60% lipids; 30% proteins; 10% carbohydrates)
allows a carbohydrate intake of 40–60 g/day, restricted to foods with a low glycemic
index (GI < 50). The aim of the LGIT is to prevent glycemic fluctuations and reduce
insulin levels. It is the least restrictive among the four diets but also results in a lower
average ketonemia.

Regardless of the type, ketogenic diets primarily include common foods that are rich
in fats, both of plant and animal origin. Foods that are naturally high in fats and low in
carbohydrates and have not undergone any industrial processing that alters their nutritional
composition are referred to as “naturally ketogenic foods”: nuts, coconut, avocado, oils
(in particular, extra virgin olive oil), seeds (pumpkin, flax, sunflower), olives, cocoa, and
soy. Fats of animal origin are often accompanied by a component of saturated fats and
cholesterol so, in recent years, there has been a promotion of using plant-based fats in
ketogenic diets. However, animal fats imply the presence of animal proteins with high
biological value, necessary for proper growth and, therefore, their presence is essential
in the diet. Consequently, the inclusion of both categories of fats (animal and vegetable)
remains advisable, as it promotes a greater variety of food choices and avoids the risk of
nutritional deficiencies.
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During the KD, it is necessary to drink more water than usual, at least in quantities
equal to the daily water needs according to the reference intake levels to maintain adequate
body hydration. The limited intake of fruits and vegetables in the ketogenic diet reduces
the intake of water through food. On average, a balanced diet provides about 1000 mL
of water through food, while the ketogenic diet has a reduced intake of approximately
250–300 mL of water per day, due to the specific choice of high-fat foods. The allowed
beverages include tea and herbal teas without added sugar, coffee, and unsweetened drinks
with sugar alcohols (xylitol, maltitol, sorbitol) or aspartame [91].

The KD is generally well-tolerated, but sometimes short-term side effects may oc-
cur, such as nausea, vomiting, diarrhea, loss of appetite, drowsiness, dehydration, and
hypoglycemia. Long-term effects may include constipation, kidney stone formation, aci-
dosis, hypocalcemia, hyperuricemia, dyslipidemia, osteopenia, and growth retardation
in children.

On the other hand, certain conditions are absolute contraindications for the use of a
ketogenic diet (KD). Pathophysiological conditions include comorbidities such as hepatic,
renal, cardiac, and respiratory insufficiency; type 1 diabetes; recent myocardial infarction
or cerebrovascular stroke; as well as severe psychiatric disorders. Furthermore, eating
disorders, alcohol, and substance abuse are contraindications for a very-low carbohydrate
ketogenic diet (VLCKD) [94].

KDs have been demonstrated to be effective for weight loss and to support the overall
health of the female reproductive system thanks to their anti-inflammatory and antioxidant
capacity [94].

Recent studies have shown that a VLCKD can lead to weight loss and improved
insulin sensitivity in PCOS [95]. It is important to note that one of the advantages of being
in a state of ketosis is the ability of ketone bodies to reduce appetite by inhibiting the release
of cerebral neuropeptide Y and ghrelin [95]. Furthermore, the KD induces alterations in
the metabolic framework and various molecular processes, offering several benefits [94].
These include heightened insulin sensitivity, decreased lipid synthesis, suppression of
inflammatory pathways, protection against oxidative stress, and the initiation of autophagy
and mitochondrion genesis [94,96]. It is noteworthy that mitochondria play an important
role in oocyte quality, and their dysfunction has been observed with a consequent fertility
compromise in woman with PCOS [94,96].

In 2020, Paoli et al. conducted a study aiming to assess the impact of a KD in women
of childbearing age diagnosed with PCOS. They hypothesized that a modified KD, known
as the KEMEPHY diet, a Mediterranean eucaloric ketogenic protocol of 1600/1700 kcal/day
with the incorporation of some phytoextracts, would lead to improvements in body weight,
plasma cholesterol, triglycerides, hyperinsulinemia, and hormonal outcomes. After twelve
weeks of the dietary intervention, these patients experienced a significant decrease in body
weight and BMI. Additionally, there was a reduction in fat mass and visceral adipose
tissue, along with a significant improvement in IR. Furthermore, an enhancement in the
hormonal profile (including LH, LH/FSH ratio, testosterone, SHBG, E2, and progesterone)
was observed in these women [97].

In 2021, Cincione et al. also evaluated the beneficial effects of a ketogenic diet (with
a protein intake of 1.1–1.2 g/kg/day of ideal body weight; maximum 30 g/day of car-
bohydrates; 30 g/day of lipids; 600 kcal/day) in 17 women with obesity and PCOS. The
treatment plan, spanning a total of 45 days, followed KD criteria and employed a modified
KD protocol referred to as “mixed ketogenic”. This “mixed ketogenic” diet included a daily
protein intake partly from isolated whey protein powder derived from milk, which pos-
sesses a high biological value and a complete amino acid composition profile with minimal
carbohydrate and fat content. Consistent with Paoli’s findings, the study revealed that
the KD, leading to therapeutic ketosis, improved various anthropometric and biochemical
parameters, including LH, FSH, SHBG, insulin sensitivity, and the HOMA index. It resulted
in a reduction in androgenic production, and the simultaneous decrease in fat mass reduced
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the uncontrolled production of estrogens resulting from aromatization in adipose tissue
due to excess androgens. This contributed to the improvement of the LH/FSH ratio [81].

Similar results were highlighted by Mavropoulos et al. in 2005, demonstrating a
significant reduction in body weight, free testosterone levels, LH/FSH ratio, and fasting
insulin after implementing a ketogenic diet regimen in affected patients [98].

In 2022, Magagnini et al. evaluated the effect of VLCKD on markers (SHBG, AMH,
progesterone) suggested to be predictive of metabolic and ovulatory dysfunction in patients
with PCOS and obesity (n = 25) for 12 weeks. After dietary intervention, patients showed
a significant reduction in BMI, waist circumference, and HOMA index. Furthermore,
AMH serum levels decreased, and progesterone and sex hormone-binding globulin (SHBG)
increased significantly. The authors concluded that VLCKD could improve metabolic and
ovulatory dysfunction in patients with PCOS [95]. A recent review conducted by Khalid
et al. has confirmed the data just described, highlighting how a short-term ketogenic diet
potentially improved hormonal imbalances commonly associated with PCOS [99].

Lifestyle interventions serve as the primary therapeutic approach in PCOS, and studies
have demonstrated improvements in associated symptoms. There is no singular nutritional
strategy for PCOS management; various nutritional approaches, such as the MD or the
KD, can indeed yield similar improvements in nutritional status. Specifically, a VLCKD
can be considered an effective dietary intervention for short-term treatment, promoting
rapid weight loss and improvements in body composition, metabolic profile (including
waist circumference, fat mass, blood glucose, HbA1c, and HOMA index), and insulin
sensitivity—all fundamental aspects in the pathophysiology of PCOS [13].

Even though the benefits of the KD have been widely reported, long-term adherence
to the KD is a limiting factor. Conversely, the MD, more nutrient-rich, promotes heart
health and possesses anti-inflammatory properties, although its impact on weight loss may
be limited. Thus, combining these two nutritional approaches can amplify positive effects
for individuals with reproductive system endocrine disorders [15].

In Table 2 are summarized the literature relevant reports on high-fat nutritional
protocols proposed to provide benefits to patients with PCOS.
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Table 2. Relevant high-fat nutritional protocols proposed in the literature to provide benefits for Polycystic Ovary Syndrome.

Reference Study Type
Duration

Population
Age Range

Diagnostic Criteria Used for PCOS
Diagnosis Main Results Main Limits

Altieri et al., 2013 [84]
Case-Control Study
Dietary recall for 7 days and laboratory
test examinations.

n = 100 women with PCOS and afeected by
obesity or overweight.
Age range: 18–45 y

Rotterdam criteria
High intake of high-glycemic index sweets,
saturated fat, and cheese in patients
with PCOS.

(1) The assessment of advanced glycosylated
end products (AGE) content in foods was
conducted only in small subsets of individuals
with PCOS and controls;
(2) The inclusion of individuals with
overweight or obesity may have impacted the
findings, given that the majority of studies
indicating a correlation between AGE levels
and PCOS have been carried out in women of
normal weight

Mei et al., 2022 [14]
Randomized
Controlled Clinical Trial
12-week duration.

n = 72 patients with overweight and PCOS.
Age range: 16–45 y Rotterdam criteria

The MED/LC diet restores menstrual cycles,
improving anthropometric parameters, IR
levels, and correcting endocrine disorders.

(1) Patient adherence to the dietary
intervention was notably challenging, as
PCOS patients encountered difficulty in
adhering to a single dietary model for
12 consecutive weeks;
(2) single-center trial;
(3) all participants were Chinese patients;
(4) the treatment period was limited to
12 weeks.

Paoli et al., 2020 [97] Single-arm Controlled Clinical Trial
12-week duration.

n = 14 women with overweight and PCOS.
Age range: age 19–35 y Rotterdam criteria

After 12 weeks of KEMEPHY diet: a reduction
of body weight, BMI, VAT, glucose, insulin
blood levels, TG, TC, LDLc, LH/FSH ratio,
LH total and free testosterone, and DHEAS.
Estradiol, progesterone and SHBG increased.

(1) Inclusion of an oral glucose tolerance test
for glucose and insulin would have provided
additional insights into the metabolic effects
of a ketogenic diet;
(2) Small sample size and a single arm design.

Cincione et al., 2021 [81]
Controlled Clinical Trial
Dietary treatment protocol for 45 days
and final evaluation.

n = 17 women with obesity and diagnosis
of PCOS.
Age range: 18–45 y

Rotterdam criteria
KD improves LH, FSH, SHBG, insulin
sensitivity and HOMA index, and
reduces androgens.

(1) Small sample size;
(2) Long term effects and adeherence to this
dietary regiment could be problematic in
PCOS patients.

Mavropoulos et al., 2005
[98]

Controlled Clinical Trial
6-month duration.

n = 11 with a BMI > 27 kg/m2 and with
diagnosis of PCOS.
Age range: 18–45 y

Not specified
LCKD led to significant improvement in
weight, free testosterone %, LH/FSH ratio,
and fasting insulin over a 24-week period.

(1) Weight loss can be a confounding factors
when evaluating the effets of the dietary
approach;
(2) Hormonal measures were not taken at
specified points during the menstrual cycle.

Magagnini et al., 2022
[95]

Controlled Clinical Trial
12-week duration.

n = 25 women with obesity and diagnosis
of PCOS.
Age range: 25–28 y

Rotterdam criteria
A reduction in BMI, WC, and HOMA index.
A decrease in serum AMH levels.
An increase of progesterone and SHBG levels.

(1) Small sample size and no control group;
(2) Having no controls it is not possible to
state that the benefits obtained are due to the
KD alone or weight loss itself.

Khalid et al., 2023 [99]
Review
Dietary interventions of at least 45 days
in the studies included.

Single- or double-arm protocol.
Age range of the studies included: 18–50 y Rotterdam criteria

Short-term KD have shown potential in
improving hormonal imbalances commonly
associated with PCOS.

(1) Being this work a review and not a clinical
trial it is not possible to drive clinical
conclusions.

PCOS: Polycystic Ovary Syndrome; LF: Low-Fat Diet; MD: Mediterranean diet; LC: Low-Carbohydrate; IR: insulin resistance; KD: ketogenic diet; BMI: Body Mass Index; VAT: Visceral
Adipose Tissue; TG: Triglycerides; TC: Total Cholesterol; LDL: Low-Density Lipoprotein Cholesterol; LCKD: low-carbohydrate ketogenic diet; SHBG: Sex hormone-binding globulin;
VLCKD: Very low-carbohydrate ketogenic diet.
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Future research should explore the impact of varying types and proportions of fats on
PCOS for the development of evidence-based and practical dietary intervention strategies
for more effective prevention and management of PCOS.

6. Eating Disorders in Polycystic Ovary Syndrome

Recent evidence suggests that women with PCOS are at an increased risk of developing
eating disorders (EDs), particularly binge eating disorder (BED) and bulimia nervosa (BN).
Additionally, women experiencing BN and BED are more likely to exhibit polycystic
ovaries [100–102]. BED is a condition characterized by rapid consumption of large amounts
of food without purging and affects approximately 1–4% of adults and 1–2% of children and
adolescents [103,104]. On the other hand, bulimia nervosa (BN) is characterized by rapid
consumption of large amounts of food followed by purging and affects around 0.41–1.5%
of adults [104].

The presence of EDs in individuals with PCOS can complicate treatment, particularly
when it involves diet intervention and lifestyle modifications aimed at weight loss or weight
management [31]. While weight loss in women with PCOS who are affected by obesity or
overweight can lead to improvements in metabolic factors and menstrual function [31], a
tailored nutritional plan focused on weight loss for an individual with an eating disorder
may inadvertently reinforce harmful behaviors and worsen the ED [100,101]. Specifically,
diet recommendations such as energy restriction may trigger or exacerbate symptoms
of ED, including restrictive eating, purging, and excessive exercise [21,59]. Conversely,
failure to achieve a desired weight may further exacerbate feelings of shame, guilt, and
anxiety related to body image and food intake, worsening the symptoms of the eating
disorder [105].

Interestingly, Lalonde-Bester et al. recently performed a review aiming to determine
the prevalence of EDs and disordered eating in individuals with PCOS [100]. The authors
confirmed that individuals with PCOS are at high risk of EDs. However, the degree of risk
for different ED subtypes remains unclear [100]. The pathophysiology of EDs in PCOS
involves metabolic, endocrine and psychological factors, such as body weight dissatis-
faction, anxiety, and depression [106–108]. Moreover, it was hypothesized that women
with PCOS may have altered eating and food-seeking behaviors due to concomitant hyper-
androgenism [107]. Indeed a bidirectional relationship between metabolic dysfunctions,
such as hyperandrogenism and hyperinsulinemia, and the development of EDs (BED and
BN) in women with PCOS has been proposed [107]. Specifically, hyperinsulinemia and
hyperandrogenism can predispose individuals to binging episodes, and binge eating be-
haviors may contribute to weight increase, hyperinsulinemia, and hyperandrogenism [107].
In addition, androgen excess, causing hirsutism and weight gain, may cause important
body dissatisfaction, and dieting behaviors are often adopted to improve body image,
cope with body dissatisfaction, and compensate for binge episodes [109]. The cycle of
dieting-cravings promotes further binge episodes, which increase the risk of weight gain
and dissatisfaction and may cause insulin unbalances [109].

It is crucial for clinicians to remain vigilant for EDs in women with PCOS, particularly
in the context of weight management and lifestyle interventions [100,110]. If an ED is
identified, patients should be promptly referred to an appropriate therapeutic pathway
involving a clinical psychiatrist and/or psychologist and/or dietitian [100,107].

Moreover, although weight loss in women with obesity and PCOS can improve
hormonal function, insulin sensitivity, and hyperandrogenism, it is essential to keep in
mind the potential harm of placing emphasis on strict weight management in subjects
suffering from an ED [100,105,111,112]. Further investigations on the links between PCOS
and EDs and their mechanisms of reinforcement could be beneficial, leading to more
effective preventive strategies and treatment modalities.
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7. Limitations and Suggestions for Future Research

There are several limitations researchers encounter when seeking to understand the
correlation between diet and PCOS. Some of these limitations include:

- Lack of long-term studies: the majority of studies exploring the relationship between
diet and PCOS are short-term. Long-term studies are essential to evaluate the sustain-
ability and enduring effects of dietary interventions on PCOS symptomatology;

- Lack of data in clinical trials conducted on adolescents: frequently studies are restricted
to specific populations; in particular, few studies have been conducted on adolescent
patients. The majority of studies are conducted on adult women;

- Lack of uniformity among the applied nutritional protocols;
- Few randomized case-control studies.

The methodology of this review has certain limitations, as the search for articles was
confined to those published within the last 10 years and only articles in English were
considered. Additionally, narrative reviews inherently possess limitations in terms of
objectivity, completeness of the literature search, and interpretation of findings.

8. Conclusions

Lifestyle interventions represent the first-line therapeutic approach in PCOS. There is
no singular nutritional strategy for PCOS, but different approaches, such as the MD or KD,
can result in improvements in nutritional status (Figure 3).
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Specifically, the high-fat nutritional protocols proposed in the literature (such as KD)
appear to provide benefits to patients with PCOS in terms of weight loss and control
of metabolic parameters such as IR, glucose metabolism, lipid profile, and hormonal
homeostasis [94,97,99]. Among the different types of KD studies, VCKD can be considered
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an effective dietary intervention for the short-term treatment of patients with PCOS, as
it rapidly leads to weight loss, with improvements in body composition and metabolic
profile [94,96].

Even though extremely advantageous, long-term adherence to the KD is a limiting
factor. Indeed, this dietary regimen could become unsustainable due to the important
restrictions required for ketosis development. Thus, a combination of high-fat diets with
more nutrient-rich nutritional regimens (such as the MD) can amplify positive effects for
individuals with reproductive system endocrine disorders, such as PCOS [15].

As evidence regarding the benefits of high-fat diets in adolescents remains limited,
further studies are needed to gain a deeper understanding of their effects, especially in the
long term. Future research should also aim to assess the impact of different types and ratios
of fats on PCOS in order to develop evidence-based and practical dietary intervention
strategies for more effective prevention and management of the condition.
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