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Abstract

Objective: The aim of this study is to assess the efficacy of a very low-calorie ketogenic Key Words
diet (VLCKD) method vs a Mediterranean low-calorie diet (LCD) in obese polycystic ovary VLCKD
syndrome (PCOS) women of a reproductive age. PCOS
Design: Randomized controlled open-label trial was performed in this study. The ovulation

treatment period was 16 weeks; VLCKD for 8 weeks then LCD for 8 weeks, according to
the Pronokal® method (experimental group; n = 15) vs Mediterranean LCD for 16 weeks
(control group; n = 15). Ovulation monitoring was carried out at baseline and after 16
weeks, while a clinical exam, bioelectrical impedance analysis (BIA), anthropometry, and
biochemical analyses were performed at baseline, at week 8, and at week 16.

Results: BMI decreased significantly in both groups and to a major extent in the
experimental group (—13.7% vs —5.1%, P = 0.0003). Significant differences between

the experimental and the control groups were also observed in the reduction of waist
circumference (—11.4% vs —2.9%), BIA-measured body fat (—24.0% vs —8.1%), and free
testosterone (—30.4% vs —12.6%) after 16 weeks (P =0.0008, P=0.0176, and P =0.0009,
respectively). Homeostatic model assessment for insulin resistance significantly
decreased only in the experimental group (P = 0.0238) but without significant differences
with respect to the control group (—=23% vs —13.2%, P > 0.05). At baseline, 38.5% of
participants in the experimental group and 14.3% of participants in the control group
had ovulation, which increased to 84.6% (P =0.031) and 35.7% (P > 0.05) at the end of the
study, respectively.
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Conclusion: In obese PCOS patients, 16 weeks of VLCKD protocol with the Pronokal®
method was more effective than Mediterranean LCD in reducing total and visceral fat,

and in ameliorating hyperandrogenism and ovulatory dysfunction.

Significance statements: To the best of our knowledge, this is the first randomized controlled
trial on the use of the VLCKD method in obese PCOS. It demonstrates the superiority

of VLCKD with respect to Mediterranean LCD in reducing BMI with an almost selective
reduction of fat mass and a unique effect of VLCKD in reducing visceral adiposity, insulin
resistance, and in increasing SHBG with a consequent reduction of free testosterone.
Interestingly, this study also demonstrates the superiority of the VLCKD protocol in
improving ovulation, whose occurrence increased by 46.1% in the group treated by the

VLCKD method against a rise of 21.4% in the group treated by Mediterranean LCD. This
study extends the therapeutic approach possibilities in obese PCOS women.

Endocrine Connections
(2023) 12, e220536

Introduction

Polycystic ovary syndrome (PCOS) is a frequent
hyperandrogenic disorder characterized by
pathophysiological heterogeneity that translates into
the heterogeneity of the phenotype, thus complicating
conditionmanagement(1).In obese PCOSwomen, visceral
adiposity, insulin resistance (IR), and compensatory
hyperinsulinemia are usually the triggering pathogenetic
factors, whereas androgen excess is frequently mild
and sometimes secondary to visceral obesity and IR (2).
Therefore, in obese PCOS, the main treatment target is
usually obesity and IR. These two conditions maintain and
aggravate each other and should thus be treated together
to obtain the best outcome (3, 4).

Accordingly, in obese PCOS, weight loss results
in a significant attenuation of clinical and metabolic
manifestations for most patients, and, in some cases, in
complete remission of the syndrome (S, 6, 7). In order to
obtain beneficial effects on hormones, metabolism, and
clinical outcomes, current guidelines recommend a 510%
weight loss in obese women with PCOS (8, 9, 10).

Therefore, dietary interventions that will lead to
effective weight loss are the first-line management
strategy for obese women with PCOS (8, 11). However,
IR, visceral adiposity, hyperandrogenism (12, 13), low
basal metabolic rate (14), low postprandial thermogenesis
(15), and, frequently, low physical activity (16), as well
as psychological distress (17, 18) are major obstacles
for weight loss in PCOS treated with standard lifestyle
intervention programs.

A very low-calorie ketogenic diet (VLCKD) is a dietary
strategy that appears to be effective in populations with
obesity in terms of rapid weight loss, total and visceral
fat reduction, and marked improvement of IR and
hyperinsulinemia (19, 20, 21, 22). To our knowledge, no

published randomized controlled studies exploring the
use of a VLCKD in obese PCOS women are available.

We thus performed a 16-week open-label randomized
controlled trial (RCT) in a population of obese women with
PCOS at a reproductive age in order to analyze the efficacy
of the VLCKD on body weight and body composition
(primary outcomes) and on abdominal adipose tissue,
IR, hyperandrogenemia, hirsutism, ovulation, ovarian
morphology, and psychological well-being and distress
(secondary outcomes).

Material and methods
Subjects

Thirty-two consecutive women of a reproductive age
(18-45 years) and with a BMI between 28 and 40 kg/
m? attending the Division of Endocrinology of Azienda
Ospedaliero-Universitaria of Bologna for PCOS were
invited to participate in the study and, after informed
consent signature, were screened. During the screening, a
diagnosis of PCOSwas confirmed according to the National
Institutes of Health (NIH) criteria in 30 women, who were
all part of the study as they matched the inclusion criteria
(Fig. 1). The diagnosis of PCOS according to the NIH
criteria included the presence of oligo/amenorrhea with
hirsutism (modified Ferriman-Gallwey-mFG > 8) and/or
hyperandrogenemia (free androgen index (FAI) > 4), after
excluding other causes of hyperandrogenism) (23, 24).
Exclusion criteria (Fig. 1) were any of the following:
type 1 diabetes mellitus, type 2 diabetes mellitus treated
with insulin, obesity caused by endocrine diseases
unrelated to PCOS or drug-induced obesity, any weight
loss diet or estro-progestin therapy up to 3 months
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Figure 1

Flow chart of the study. There were three drop-outs during the study, two in the experimental group, and one in the control group, all during the first 8
weeks of the study. The reasons for dropping out were kidney stones and gastrointestinal intolerance in the experimental group and scarce compliance

with the diet in the control group.

preceding the start of the trial, severe depression or other
psychiatric disorder, alcohol and drug abuse, severe
hepatic insufficiency, any level of renal insufficiency
or calculosis of the urinary tract, gout, malignancy,
previous cardio- or cerebrovascular events, uncontrolled
hypertension, electrolytic disturbances, any drug capable
of interfering with glucose or steroid metabolism,
menopause, pregnancy, breastfeeding, and refusal to sign
the informed consent form.

The study was approved by the local Ethics Committee
Area Vasta Emilia Centro-AVEC (26/2020/Sper/AOUBO)
and preregistered at the ClinicalTrials.gov Protocol
Registration and Results System of the U.S. National
Library of Medicine (NCT04801173).

Study protocol

At baseline, blood samples were drawn between 08:00
and 09:00 h, after overnight fasting. Samples used for
measurement of biochemistry, luteinizing hormone
(LH), follicle-stimulating hormone (FSH), estradiol
(E,), and sex hormone-binding globulin (SHBG) were
immediately processed at a laboratory in Bologna
(Laboratorio Unico Metropolitano). Additionally, serum
was obtained by a 5 mL blood sample and stored at
—20°C for later measurement of androgens (testosterone,
androstenedione, DHEA, 17OH-progesterone, and
progesterone) by liquid chromatography-tandem mass
spectrometry (LC-MS/MS), at the Center for Applied
Biomedical Research of the University of Bologna,
S. Orsola Hospital.

The same day, a medical examination was made,
during which arterial blood pressure, heart rate, and
anthropometric parameters (height, weight, waist, and
hip circumference) were measured. In addition, upper and

lower extremity bioimpedance (BIA 101, Akern s.r.1, Italy)
was performed in order to measure fat mass and fat-free
mass (25). Hirsutism was also assessed using the mFG score
and digital videodermoscopy by quantifying terminal
hair growth in three androgen-sensitive skin areas of
the body - chin, thorax, and lower abdomen, covering 8
cm? of chin and 38 cm? of median line thorax and lower
abdomen skin (Leviacam 13 megapixel dermatoscope,
FotoFinder Systems GmbH, Germany, through TrichoLAB
epilens35 body hair lens, TrichoLAB GmbH, Germany).
Images obtained by videodermoscopy were analyzed
using TrichoLAB Suite software (TrichoLAB GmbH). Three
measurements were obtained for each skin area: total hair
count, hair thickness, and hair density (26).

An estimate of psychological distress and well-being
was performed using validated self-report psychometric
questionnaires. Psychological distress was operationalized
with  anxiety symptoms, depressive symptoms,
somatization, and hostility-irritability (27) of the Kellner’s
Symptom Questionnaire (SQ) (28). This instrument is
composed of 92 items which evaluate the levels of anxiety,
depression, somatization, and hostility-irritability during
the past week. Items are dichotomous (O =no or false, 1 = yes
or true). Each symptoms subscale has a score ranging from 0
(reporting no symptoms) to 23 (endorsing all symptoms).
A total distress score is calculated by summing the four
symptoms subscale (range 0-92) with higher scores
representing higher psychological distress. The instrument
significantly discriminates between clinical and non-
clinical settings and between medical or psychiatric
patients and healthy controls (29). Psychological
well-being was evaluated with the Italian-validated
version (30) of the Psychological Wellbeing Scale (31).
The questionnaire is composed of 84 items divided
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into 6 subcategories: autonomy (self-determination
and independence), environmental mastery (a sense of
competence to manage the environment and everyday
activities), personal growth (the extent to which an
individual feels that they are engaging in continued
development), positive relations (the ability to maintain
warm and trusting interpersonal relationships), purpose
in life (being guided by a sense of direction in life), and
self-acceptance (having a positive attitude toward the
self). Items are rated on a 7-point scale (1 = strongly disagree
to 6 =strongly agree). Responses to negatively formulated
items were reversed and a total score was calculated by
summing up the corresponding items (range 84-504) with
higher scores corresponding to higher psychological well-
being. Previous studies have reported good psychometric
properties of such self-reporting (30, 32).

The following day, participants were placed on diet
therapy depending on whether they had been allocated to
the experimental or the control study group (15 women
in each group). The experimental group was placed on
the VLCKD for 8 weeks, followed by the low-calorie diet
(LCD) for another 8 weeks, according to the PronoKal®
method (Pronokal Group, pronokal.com). The VLCKD
phase consisted of three steps of 600-800 kcal/day with
high-biological-value protein preparations obtained from
cow’s milk, soy, eggs, green peas, and cereals, <50 g daily
of carbohydrates from vegetables, and 10 g of olive oil per
day. In step 1, which lasted for 6 weeks, the patients ate
high biological value protein preparations five times a
day and vegetables with a low glycemic index. In step 2
(1 week), one of the protein servings was substituted with
a natural protein (e.g. meat or fish) either at lunch or at
dinner. In the step 3 (1 week), a second serving of a low-fat
natural protein replaced the second serving of a biological
protein preparation.

Throughout these steps, supplements of vitamins
and minerals were provided, such as K, Na, Mg, Ca,
and omega-3 fatty acids. The LCD phase consisted of a
gradual incorporation of different food groups with a
daily calorie intake rising progressively from 1050 to 1400
kcal/day. In this phase, carbohydrates were gradually
reintroduced in the following order: foods with the
lowest glycemic index (fruit and dairy products), followed
by foods with a moderate glycemic index (legumes), and
finally by foods with a high glycemic index (bread, pasta,
and cereals).

The control group was placed on a Mediterranean
LCD for 16 weeks. The caloric intake in the control group
ranged from 1200 to 1420 kcal/day, with 15, 30, and 55%
contributions from proteins, lipids, and carbohydrates,

respectively. The dietary energy intake was calculated by
subtracting 500 kcal from the usual individual energy
intake, according to the LARN guidelines (33). Habitual
energy intake was estimated based on the diet history
method and a 3-day recall questionnaire.

All diets were prescribed by the same dietician from
the Division of Endocrinology of Azienda Ospedaliero-
Universitaria of Bologna. Allocation to the two study
arms was randomized per recruitment order before the
recruitment phase, ensuring comparable age and BMI at
baseline.

The experimental group was instructed to do muscle
tone exercises during the 8 weeks of VLCKD, while
both groups were instructed to do aerobic and muscle
tone exercises during the time on LCD, following the
exercise tables of the Pronokal® method (available on
pronokal.com).

At the end of week 8 (T1) and week 16 (T2) of the trial,
all the measurements and examinations performed at
baseline were repeated.

Furthermore, a 4-week ovulation monitoring was
performed during screening period and at the end of the
trial. Monitoring was done by pelvic ultrasound (US) and
measurements of serum LH, FSH, E,, and progesterone on
days 7, 1, 21, and 28 after the start of menstrual bleeding.
Ovulation was assumed to have occurred if a dominant
follicle of diameter above 12 mm or corpus luteum was seen
on ultrasound, with progesterone and E, concentrations
above 8 and 100 pg/mL, respectively (34).

Pelvic US performed on day 7 was used to obtain data
on ovarian morphology. We measured ovarian volume,
as well as the stroma to total area ratio, which is a US
parameter related to circulating androgen levels in PCOS
and polycystic ovary morphology (35). The ovarian area
was calculated by outlining the edges of the ovary in the
maximal plane section, and the stromal area was calculated
in the same section by outlining the outer profile of the
relatively hyperechoic stroma (35). We measured both
ovaries and used the values of the largest one.

Diet and exercise regime compliance were evaluated
by the same dietician from the Division of Endocrinology
of Azienda Ospedaliero-Universitaria of Bologna at each
scheduled visit (T1 and T2), as well as by phone between
the visits through self-reports and food records. Onset and
maintenance of ketosis in the experimental group were
controlled with self-administered acetoacetic acid urine
indicator strips (Ketostix, Ascensia Diabetes Care Holdings
AG, Switzerland). Participants were given six strips and
instructed to perform the test every 7 days, until the end
of the VLCKD.
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Tolerance and side effects

Tolerance to the diet and incidence of side effects was
assessed during scheduled visits after 8 (T1) and 16 weeks
(T2), as well as by phone after 4 and 12 weeks, through a
structured interview on adherence to the diet, exercise
regime, water intake, and specific adverse effects (excessive
hunger, headache, asthenia, constipation, and nausea,
as well as stool regularity and consistency), followed by
free-form questioning on changes in health status and
life habits.

Assays

Sodium, potassium, phosphorus, calcium, creatinine,
albumin, total protein, alanine aminotransferase (ALT),
aspartate aminotransferase, y-glutamyl transferase, total
cholesterol, high-density lipoproteins (HDL), triglycerides,
urea, bilirubin, and glucose were measured using a
combination of colorimetric, photometric, kinetic, and
potentiometric methods, as specified by the manufacturer,
on a Beckman Coulter AU5800 analyzer (Beckman Coulter
Inc., Brea, CA, USA). Insulin, LH, FSH, E,, and SHBG were
measured by immunoenzymatic chemiluminescence on a
Beckman Coulter DXI analyzer. Glycated hemoglobin was
measured using high-performance liquid chromatography.
Blood cell count was done using flow cytometry.

Testosterone, androstenedione, DHEA,
170H-progesterone, and progesterone were measured by
LC-MS/MS, following a previous methodology (36). Intra-
and interassay coefficients of variation were <10 and <11%,
respectively,and accuracy ranged between 83.7 and 104.4%
for all the analytes. The sensitivity in serum was 0.019,
0.039, 0.781, 0.078, and 0.049 ng/mL for testosterone,
androstenedione, DHEA, 170OH-progesterone, and
progesterone, respectively.

IR was estimated using the homeostasis model
assessment-IR (HOMA-IR) index, using the formula: fasting
insulin (microU/L) x fasting glucose (mmol/L)/22.5.
Low-density lipoprotein fraction was calculated using
the formula proposed by Friedewald et al. (37). Free
testosterone was estimated from values of testosterone
measured by LC-MS, albumin, and SHBG, using the
Vermeulen formula (38).

Statistical analysis

Sample size was a priori calculated by estimating that BMI
after 4 months of LCD would be 31.0 + 2.2 kg/m?, and
after 4 months of VLCKD by Pronokal® method 27.9 + 1.8
kg/m? (40). The two-tailed test of «=0.05 and $=0.80

thus required groups of 11 patients each for a statistically
significant result. Expecting an approximately 20%
dropout rate per group, we enrolled a total of 15 patients
per group (http://riskcalc.org:3838/samplesize/).

Study data were entered anonymously into a dedicated
database and analyzed using the statistical package IBM
SPSS Statistics (v. 26 64-bit for Windows, IBM Corporation).
Continuous variables were presented as mean + S.D. or
S.E.M., and frequencies as proportions and percentages
of the total. The normality of distribution was tested for
all continuous variables with the Kolmogorov-Smirnov
test. Variables with a skewed distribution were normalized
using log10 transformation. Independent-samples t-test
was used to test differences between groups at baseline.

Changes in variables in relation to time (baseline,
8-, and 16-week follow-up) and group (experimental and
control) were analyzed using the general linear model
(GLM) for repeated measures. The sphericity of the
variables was tested using Mauchly's test, and variables
that violated the assumption of sphericity were corrected
with the Huynh-Feldt formula. Differences between each
timepoint by the group were analyzed using pairwise
post hoc multiple comparisons, Bonferroni-corrected.
Differences by the group between baseline and final
follow-up in ovulation and cut-off frequencies of pelvic
US parameters were tested using McNemar’s test, while
between-group differences were tested using Fisher’s exact
test. Comparison differences were considered significant
for respective two-tailed P-values < 0.0S.

Results
Treatment compliance, tolerance, and side effects

There were three drop-outs during the study, two in the
experimental group and one in the control group, all
during the first 8 weeks of the study (Fig. 1). The reasons
for dropping out were kidney stones and gastrointestinal
intolerance, as a consequence of the diet, in the
experimental group, and scarce compliance to the diet
in the control group. All patients completing the study
had excellent compliance with both dietary treatments
and physical activity. VLCKD was well tolerated by all of
the women.

Anthropometry, blood pressure, and
fat distribution

There was no significant difference in baseline parameters
between the two groups (Table 1). BMI decreased in both
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groups but significantly more in the experimental than in
the control group (P=0.0003). The experimental group,
but not the control group, showed a significantly reduced
waist circumference, above all during the first 8 weeks
of the study, as well as fat mass and fat-free mass, and
systolic and diastolic blood pressure (Table 1). However,
only changes in waist circumference and fat mass were
significantly higher in the experimental compared to the
control group (P=0.0008 and P = 0.0176, respectively;
Table 1).

Metabolic parameters

No significant between-group differences in baseline
metabolic parameters were observed (Table 2). Fasting
insulin, HOMA-IR, and total and HDL cholesterol
significantly decreased in the experimental group only.
Reductions in fasting insulin, HOMA-IR, and total
cholesterol were mainly observed in the first 8 weeks of
the study. Triglycerides and AST showed a decreasing
trend in the experimental group but not in the control
group. However, significance was not achieved (P=0.0799
and P = 0.0527, respectively; Table 2). When comparing
changes in these parameters between the two groups, no
significant differences were found.

Testosterone, SHBG, and hirsutism

At baseline, total testosterone was significantly higher
in the experimental than in the control group, whereas
SHBG and free testosterone concentrations were
comparable between the two groups (Fig. 2). No treatment
significantly changed serum levels of total testosterone,
whereas SHBG significantly increased and free testosterone
significantly decreased in the experimental group only.
These modifications were significant in the first 8 weeks
of the study (Fig. 2). Overall changes in SHBG and free
testosterone were significantly higher in the experimental
group when compared with controls (P=0.0004 for SHBG
and P =0.0009 for free testosterone).

No significant between-group differences in
baseline hirsutism evaluated by videodermoscopy
(Table 3) or by mFG score (P=0.3480) were observed. Using
videodermoscopy, we observed a significant reduction
in chin hair density and hair thickness of the thorax and
lower abdomen in the experimental group only (Table 3).
Overall changes in chin hair density and hair thickness
of the lower abdomen were significantly higher in the
experimental group than the control group (P=0.0062
and P = 0.0489, respectively) (Table 3). No treatment

Table 1 Age and anthropometric parameters at baseline (T0), 8 weeks (T1), and 16 weeks (T2) of the study in the experimental group and in the control group.
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ANOVA, analysis of variance; BMI, body mass index; BIA, bioelectrical impedance analysis; GLM, general linear model.
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Figure 2

Total and free testosterone and SHBG at baseline (T0), 8 weeks (T1), and
16 weeks (T2) of the study in the experimental and control groups. Free
testosterone was calculated by Vermeulen method. Data are expressed
as mean and s.e.m.. *P =0.0491 in the comparison between the two
groups at baseline, and 2P = 0.0234 and °P = 0.0036 in the comparison
between T0 and T2 within the experimental group by ANOVA (no
statistical differences were observed between T0O and T2 within the
control group). P values shown in the figures represent the comparison
between TO and T1 and T1 and T2 within each group by ANOVA. The
overall modification of free testosterone and SHBG during the study,
estimated by the GLM, was significant only in the experimental group
(P=0.035 and P < 0.0001, respectively). Moreover, the overall
modification of free testosterone and SHBG in the experimental group
was significantly different with respect to the overall modification in the
control group (P =0.0009 and P = 0.0004, respectively).

To the best of our knowledge, this is the RCT on
the use of the VLCKD method in obese PCOS. The
previous study was an uncontrolled study, where a mixed
ketogenic diet of 600 kcal/day composed of 10-20 g/day
of carbohydrates, 30 g/day of lipids and 1.1-1.2 g/kg/day

of proteins was administered to 17 obese PCOS women
for 45 days (39). In that study, significant improvements
in anthropometric and body composition parameters,
metabolic and hormonal variables, and in gynecological
clinical outcomes, that is, menses abnormalities and the
pregnancy rate, were observed.

In RCTs in obese patients of both sexes, the VLCKD
has consistently exhibited high weight loss and low
incidence of weight regain, at least in the short-medium
term (40, 41, 42). In this study we confirmed the beneficial
effect of VLCKD in reducing body weight in obese PCOS
women, with a 13.7% average decrease in BMI after 16
weeks. The short-term duration of this study means that
no information could be provided on the maintenance
of obtained weight loss in the context of the study.
However, at the end of the study, all the patients in the
experimental group were given an eating plan balanced in
carbohydrates, protein, and fat, a target to maintain the
lost weight and promote a healthy lifestyle, which they
followed regularly. None of the patients regained weight
up to baseline values.

Other anthropometric parameters evaluated in this
study, such as fat mass and waist circumference, indicate
improved body composition and reduced visceral fat. The
latter is a major metabolic disease risk factor and a trigger
of pathological pathways in PCOS women with obesity
that induces and/or aggravates hyperandrogenism and IR
(43, 44, 495).

Remarkably, there is evidence that the effect of
increased BMI on IR is proportionally more evident in
PCOS women than in controls (46). This could possibly
be due to the presence of dysfunctional adipocytes and/
or a preferential visceral distribution of fat in PCOS (46,
47, 48). An intrinsic dysfunction of adipose tissue in PCOS
has been demonstrated with consequent production of
several mediators involved in developing/aggravating IR
(49, 50). Among these, free fatty acids (FFA), androgens,
cortisol, cytokines, some adipokines, and oxidative stress
have been described (49, 50). Interestingly, although both
the body weight and body fat decreased during the study
period in the experimental group, waist circumference
significantly decreased at the end of the VLCKD phase and
was maintained during the LCD phase of the PronoKal®
method, thus suggesting a direct beneficial effect of the
ketogenic diet in decreasing visceral adiposity.

Along with the decrease in visceral fat, the ability
of the VLCKD to decrease FFA production by adipose
tissue, and of the ketogenic diet in general to decrease
pro-inflammatory cytokines and oxidative stress, could
cumulatively dampen IR in obese PCOS women (19, 51).
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Figure 3

Percentage of ovulation at baseline (T0) and 16 weeks (T2) of the study in
the experimental and control groups. No statistical difference was
observed between the two groups at baseline, but at the end of the study,
it was significantly different between the two groups (P = 0.018) (x? test).
*P =0.031 by McNemar's test in the comparison between T0O and T2
within the experimental group. The comparison between TO and T2 within
the control group was not significant.

In fact, in this study, we demonstrated a reduction of
HOMA-IR, a surrogate index of IR, and of fasting insulin,
in the experimental group at the end of the VLCKD phase,
an effect that was maintained during the LCD phase.

A similar, but more pronounced behavior, was
observed for SHBG and free testosterone, above all at the
end of the VLCKD phase, where a marked increase in
SHBG and a decrease in free testosterone were observed.
Theincrease in SHBG could be due to many factors, such as
the decrease in insulin and in proinflammatory cytokines,
but also due to the marked decrease in monosaccharides
ingested during the VLCKD phase of the protocol (52).

Another notable effect of the VLCKD method that
we observed was on ovulation: comprehensive 4-week
monitoring of ovulation before and after treatment
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revealed a large increase in ovulatory cycles detected in
the experimental group. To our knowledge, this is the first
RCT to test the efficacy of a ketogenic diet for potential
fertility treatment in a robust way, using both US and
biochemical monitoring of ovulation. It is possible
that a reduction of ovarian lipotoxicity, along with a
reduction of local inflammation and oxidative stress,
boosted the effect of the reduction in visceral adiposity,
IR, and hyperandrogenism, and thus improved ovulatory
function at the end of the VLCKD protocol (53).

In contrast to the VLCKD studies in obese patients of
the general population, where VLCKD therapy was able
to reduce perceived stress and improve general well-being
(19), in our study we did not observe any impact of VLCKD
on psychological distress or psychological well-being. This
result may be explained by the lack of improvement in
hirsutism evaluated by the mFG score at the end of the
study, which usually takes at least 6 months to change
significantly (54). Hirsutism and changes in its magnitude
are acutely perceptible by the patients, and studies have
shown that hirsutism is correlated with psychological
outcomes more than other PCOS manifestations (55, 56).

To the best of our knowledge, there have been no
studies on the impact of VLCKD on distress or quality of life
in PCOS. However, previous studies that highlighted the
psychological benefits of short-term LCD in obese PCOS
even without an amelioration in hirsutism, used other
psychological instruments, particularly PCOSQ, which
has a broader focus and emphasis on the symptomatology
of PCOS (57).

This study has some limitations. First, the study
sample is small. Also, the follow-up period reported here
is too short to evaluate certain effects. However, since
finishing the study, we have continued to monitor the
participants and are planning to collect sufficient data
for long-term evaluation of the treatment, including
the occurrence of pregnancy. IR and visceral adiposity
were approximated using surrogate indices HOMA-IR
and waist circumference; although these have a lower
resolution than some more direct methods, they have also
been extensively field-tested and their properties are well
known.

The study also has important strengths. The study
protocol allowed for effective compliance monitoring. In
addition, androgens and progestogens hormones were
measured by the LC-MS/MS method (36, 58, 59), as well
as videodermoscopy for precise monitoring of terminal
hair growth, and the described four-week ovulation
monitoring. Furthermore, the dropout rate was low in
both trial arms, and this is probably due to the population
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of patients enrolled and the short-term period of
treatment. The main issue for PCOS women of fertile age,
particularly when menses abnormalities are present, as in
our study population, is not being able to have children.
These patients were informed at the beginning of the
study how obesity can negatively impact fertility in PCOS,
and this knowledge likely increased their motivation, and
therefore, adherence to the dietary treatments.

To conclude, this RCT demonstrates that VLCKD is
a valuable strategy for reducing total and abdominal fat,
and for rapidly ameliorating hyperandrogenism, through
an important impact on SHBG, as well as ovulatory
dysfunction in obese PCOS women.
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