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The ketogenic diet (KD) has attracted significant interest for the treatment of insulin resistance (IR) and for the
control of carbohydrate metabolism, which has proven to be beneficial for several dysmetabolic conditions,
including polycystic ovary syndrome (PCOS). The goal of the KD is to induce a fasting-like metabolism with
production of chetonic bodies. Ketosis is a good regulator of calorie intake and mimics the starvation effect in the
body, leading to body weight control and consequent metabolism. Additionally, during ketogenesis, insulin receptor

sensitivity is also promoted.
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| 1. Ketogenic Diet

The KD was drafted for the first time in 1920 as a dietary approach to the treatment of patients with drug-resistant

epilepsies or with epilepsies secondary to rare metabolic diseases, such as GLUT-1 deficiency 1.

Over the years, globalization has led to general economic growth, greater access to food and an increase in
physical inactivity; the main consequence of this process is the increased prevalence of non-communicable
diseases (NCDs), including obesity, metabolic and cardiovascular diseases and cancer. In this regard, the

ketogenic diet has been used for the treatment of the aforementioned pathologies, showing positive impact 2,

The ketogenic dietary approach may be tailored considering different “protocols”, including the classic ketogenic
diet (CKD), the low-calorie ketogenic diet (LCKD), the very-low-calorie ketogenic diet (VLCKD), the isocaloric
ketogenic diet (ICKD) and the modified ketogenic diet (MKD) I,

KD composition is based on a reduced intake of carbohydrates (30-50 g/day), with different ratios between fat and
protein intakes [ aiming to induce ketosis, a condition in which the body is compelled to use ketone bodies
(synthesized from fat) as an energy substrate instead of glucose . When the KD is also low in energy, rapid
weight loss and improvement of the metabolic profile have also been identified, mainly due to decreased insulin

levels and increased glucagon levels, in addition to ketosis 4!,

Furthermore, KD modifies the metabolic pathways of the subject, reducing lipogenesis and increasing lipolysis,

influencing adipose tissue deposition and lipid plasma levels.
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The KD has also been associated with antioxidant effects, generating a reduced amount of ROS (reactive oxygen

species) and reshaping gut microbiota .

Regarding patients affected by obesity, the very-low-calorie ketogenic diet (VLCKD) has been associated with a

significant reduction in body weight and BMI, waist circumference and fat mass €.

The rapid weight loss could be due to the impact of ketone bodies on appetite with decreased perception of hunger
and, consequently, in a higher adherence to smaller food portions and less food consumption overall. In fact, KD

acts on the central nervous system, regulating eating behavior &,

Furthermore, the KD has been shown to lead to the reduction of hyperinsulinemia and the improvement of insulin
sensitivity in patients with type 2 diabetes [ the improvement of patients suffering from non-alcoholic fatty liver
disease (NAFLD) is instead determined by the reduction of insulin resistance due to the increased use of fatty

acids in the ketogenesis process with consequent reduction of the synthesis of intrahepatic triglycerides (IHTG) [&l.

Since several KDs have been developed over time, it is difficult to provide a standard definition of a “ketogenic
protocol”. In this regard, Frigerio F. et al. [l presented different types of KDs and classified them according to their
composition, focusing primarily on energy and lipid intake. Others classify KDs according to the desired ketogenic

ratio (KR), which is calculated in grams of fat to grams of protein plus carbohydrates, ranging usually from 1:1 to
4:1 5],

In particular, regarding the VLCKD, it is divided into different phases involving the exclusion of many foods, so
following this diet with normal food products could become monotonous and ineffective. In this regard, many
companies are specializing in the production of foods modified from a technological point of view which, despite
being low in carbohydrates, allow the patient’s choices to be broadened, thus making them more compliant with the
proposed scheme. These products include soups, smoothies and bars, but also ready meals with controlled

portions; these foods are therefore essential in controlling the daily caloric intake 2.

In the first phase, patients follow a VLCKD (around 600 and 800 kcal/day) or a LCKD (>800 kcal/day and <total

energy expenditure) (50); the latter is preferred to meet needs and avoid deficiencies in adolescents with PCOS 1
10

This phase usually lasts from 8 to 12 weeks, depending on the individual and the agreed weight loss .

The next phase consists of a gradual reintroduction diet in which previously excluded foods are reintroduced into
the patient’s diet, starting with foods with the lowest glycemic index (fruit, dairy products), followed by foods with a

moderate glycemic index (legumes) and high-glycemic-index foods (bread, pasta and cereals) (11,

Fundamental in this phase is the figure of the professional (doctor, dietician...), who accompanies the patient on a

path of nutritional education in order to implement a balanced diet. This has a twofold objective: the continuation of
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slimming and the maintenance of the weight achieved, and the promotion of a healthy lifestyle to improve the

individual’s well-being and prevent the onset of NCDs &,

As already underlined, KD provides for the exclusion of foods, including cereals and derivatives, fruit, various types
of vegetables and some dairy products. It follows a reduced intake of some vitamins and minerals, such as
calcium, vitamin D, potassium, sodium and magnesium, for which patients could develop deficiency. Because of

this, it is essential to be integrated with a specific vitamin/mineral supplementation 2,

In order to avoid these consequences, the followed parameters also need to be monitored before, during and at the
end of the diet:

— Physical examination (anthropometric measurements, blood pressure, heart rate, etc.);

— Laboratory analysis (complete blood count, creatinine, uric acid, glucose, lipid profile, sodium, potassium,
calcium, magnesium, inorganic phosphate, thyroid stimulating hormone (TSH), free- thyroxine (FT4), 25-

Hydroxyvitamin D, complete urinalysis and microalbuminuria) [&.

Although transient, there are several side effects that can appear in subjects who follow a KD. Indeed, the
reduction in energy and carbohydrate intake and the consequent formation of ketone bodies can lead to the onset
of fatigue, headache, hypoglycemia and halitosis. The lack of fiber intake can instead lead to constipation and

intestinal discomfort. However, these effects usually resolve within a few days to weeks of KD initiation &I,

| 2. Ketogenic Diet and Polycystic Ovary Syndrome

Among the interventions for the treatment of PCOS that have been shown to have a positive impact on
cardiometabolic health, decrease in androgen levels and menstrual irregularity, the modification of lifestyle is of

particular importance, including physical activity, diet, regular sleep and weight loss when needed 22,

In patients with excessive weight, achievable goals, such as 5% to 10% weight loss within six months, led to
significant clinical improvements 11,

For example, Marzouk et al. demonstrated that dietary weight loss in adolescent women with a body mass index
(BMI) greater than 30 kg/m? led to significant improvement in menstrual regularity, hirsutism score and
anthropometric parameters 23],

An improvement in the metabolic profile and a decrease in circulating testosterone was observed also by Gower et
al. after a modest reduction in dietary carbohydrate intake [24113],

In a 2013 study, Mehrabani et al. showed that both a balanced hypocaloric diet and a high-protein, low-glycemic-
load, hypocaloric diet led to significant weight loss and reduction in androgen levels, and the second type of diet
led also to improvement in insulin sensitivity 121161,
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In a 2020 meta-analysis evaluating whether low-calorie diets improved insulin sensitivity in women with PCOS, a
greater reduction in insulin resistance (IR) was reported when a low-carbohydrate diet was prescribed rather than a
high-carbohydrate diet 7],

This could be explained by the fact that excessive carbohydrate (CHO) intake leads to constant low-grade
inflammation associated with IR and hyperandrogenism, resulting in increased production of reactive oxygen

species (ROS), oxidative stress and inflammation (28!,

This is also supported by the randomized controlled clinical trial conducted by Mei et al. in 2022 on a sample of 72
overweight women with PCOS (aged between 16 and 45), who followed a MD combined with a low-carbohydrate

(LC) dietary model for 12 weeks, observing an improvement in anthropometric and endocrine parameters 28191,

Therefore, among various dietetic patterns, ones with low CHO intake such as different KD protocols have been

considered by some authors in women affected by overweight or obesity and diagnosed with PCOS.

In a 2013 review, Paoli et al. suggested how KD may have therapeutic action in some metabolic and endocrine
diseases, including PCOS, by improving hyperinsulinemia and associated consequences, such as

hyperandrogenism RI19201 The potential effects of KD are summarized in Figure 1.
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Figure 1. Low-calorie ketogenic diet effects on adolescents diagnosed with polycystic ovary syndrome.

One of the first studies regarding this topic is a pilot study conducted in 2005 on a sample of 11 women of
childbearing age (18-45 years old), diagnosed with PCOS with mean BMI 38.5 kg/m?2. This study evaluated the

effects of a LCKD followed for 24 weeks, showing that in the five women who completed the study, there was a
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significant reduction in body weight, percent free testosterone, LH/FSH ratio, fasting serum insulin and symptoms.

Furthermore, improvement of ovulatory function led to pregnancy of two women after 4 weeks 2021,

In the last few years, studies conducted in 2020 by Paoli et al. [2l, in 2021 by Cincione et al. 22 and in 2022 by
Magagnini et al. 28] have shown that the use of different protocols (in terms of duration and composition) of KD in a
population aged, respectively, 16—45, >18 and 18-45 of overweight and obese women diagnosed with PCOS led

to statistically significant results on endocrine and metabolic parameters.

In particular, in all the considered studies, after treatment with the KD for 12 weeks and 45 days, improvements

were demonstrated in anthropometric parameters and body composition [22123]124]

A significant reduction of the HOMA index was observed as well as in lipid profile (total cholesterol, low-density-

lipoprotein cholesterol, triglyceride levels), along with an increase in high-density-lipoprotein cholesterol (HDL-col).

Interesting results have also been shown in hormonal and ovulatory function, with significant increase in sex-
hormone-binding globulin (SHBG) and significant reduction of circulating androgens such as free testosterone and

dehydroepiandrosterone (DHEAS).

In all three studies, an increase in estradiol and progesterone, a reduction in the luteal hormone/follicle-stimulating

hormone (LH/FSH) ratio and a significant reduction in the anti-Millerian hormone (AMH) were also found [22123]124]

These outcomes were confirmed by a 2023 randomized controlled trial, lasting 16 weeks, aimed at evaluating the
efficacy of a very-low-calorie ketogenic diet (VLCKD) compared to a balanced low-calorie diet (LCD) in women of

childbearing potential (18—45 years) with PCOS suffering from obesity (221,

In conclusion, studies regarding the use of VLCKD in women with PCOS and excessive body weight are still

numerically limited, but they are rapidly increasing.
In Table 1, the main studies on effects of KD on PCOS included are resumed.

Table 1. Main studies on effects of ketogenic diet on polycystic ovary syndrome included.

First
ez;?%r]: Title Study Type Population Intervention Results
Publication
Effects of a
S 24 -
ketogenic diet . Participants
. . . overweight .
. in overweight Single-arm . followed a KD as a possible
Paoli et al., ; women with S R
2020 [14] women with study PCOS ketogenic diet therapeutic aid in
polycystic (interventional) ) (KD) for 12 PCOS
Age: 18-45
ovary weeks
yo
syndrome.
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First
Author, . . .
Yg;r(:)f’ Title Study Type Population Intervention Results
Publication
Effects of - KD improves the
Mixed of a 17 Participants were )
o . anthropometric and
Ketogenic Diet overweight treated for 45 . .
I . . . many biochemical
Cincione et in Overweight . and obese days with a
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(3] Women with y PCOS protocol, defined o
. ) o sensitivity and HOMA
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androgenic production
Syndrome.
Does the
Ketogenic Diet 25 women
- Improve the with PCOS Participants Metabolic and
Magagnini . . ) .
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etal., 2022 ; . . .
[16] Ovarian study degree VLCKD protocol is achieved in a
Function in obesity for 12 weeks relatively short time
Obese Age: =18 yo
Women?
Efficacy of
very-low- Experimental In obese PCOS
calorie group (n = 15): patients, 16 weeks of
ketogenic diet 32 VLCKD for 8 VLCKD protocol with
with the childbearing  weeks then LCD  the Pronokal® method
Pandurevic Pronokal® age women for 8 weeks, was more effective
et al.. 2023 method in Randomized with PCOS, according to the than Mediterranean
[17] obese women controlled trial BMI 28—-40 Pronokal® LCD in reducing total
with polycystic kg/m? method; Control and visceral fat, and in
ovary Age: 18-45 group (n = 15): ameliorating
syndrome: a yo Mediterranean hyperandrogenism
16-week LCD for 16 and ovulatory
randomized weeks dysfunction

controlled trial

This was also reported in a 2019 systematic review of the “ltalian Society of Endocrinology” 2 which, however,
concludes that the use of the VLCKD in patients with PCOS affected by obesity presents only preliminary
evidence, and therefore the degree of recommendation appears to be limited.

Despite this, there are still some concerns about the potential risks of the VLCKD, and the studies conducted so far
regarding its use in the treatment of obesity, also in children and adolescent populations, show some limitations,
including: protocols studied in the short term and high dropout due to possible side effects; poor compliance due to
the strict dietary pattern and its application in daily life (lack of acceptance of certain foods, poor palatability, ...);
economic impact and consequences on the social sphere; risk of onset of eating disorders (ED) from the VLCKD

(as a very selective dietary pattern).

In this regard, a less drastic dietary model in terms of energy intake, such as a LCKD, may be necessary in order

to avoid the possible undesirable effects mentioned above and any nutritional deficiencies, which could affect the
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correct development of this target population.

Nonetheless, the potential effects that the state of ketosis determines on the decrease in appetite and the increase
in the sense of satiety should not be underestimated: this condition could decrease the number of dropouts and

determine a positive response to the clinical-nutritional outcomes (28],

The “Italian Society of Endocrinology”, in 2019, stated that such a dietary protocol should only be suggested to
patients with PCOS and excessive body weight who do not respond to a low-energy-balance diet in order to

improve IR, ovulatory dysfunctions and hyperandrogenism [,

Furthermore, in this population, the evaluation (baseline, intermediate and final) of the levels of important
micronutrients (zinc, magnesium, selenium, vitamin D, B12, chromium and folic acid) should be considered in order

to avoid deficiencies and possible negative consequences 12,
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