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ABSTRACT

Background. Polycystic ovary syndrome (PCOS) is a common condition that affects up to 15% of women
of reproductive age. Recently, the ketogenic diet (KD) has gained popularity in the treatment of PCOS. The
aim of this meta-analysis was to assess evidence from randomised controlled trials (RCTs) on the effects of
KD on changes in body weight, glycaemic control, lipid parameters, and reproductive hormone levels among
women with PCOS.

Materials and methods. The PubMed, Cochrane Library, and Google Scholar were searched to identify
RCTs examining the effects of KD (very low caloric ketogenic diet [VLCKD] and low caloric ketogenic diet
[LCKD]) on anthropometric, metabolic and hormonal parameters in women with PCOS through March 2025.
Five RCTs involving 313 patients with PCOS were included in this systematic review.

Results. Three studies reported changes in anthropometric, metabolic, and hormonal parameters following
a VLCKD compared to a hypocaloric Mediterranean diet, while two RCTs compared an LCKD to a typical
diet. Pooled findings indicated that several anthropometric (body weight index [BMI], and waist circumfer-
ence [WC]), metabolic (fasting plasma glucose [FPG], insulin, homeostatic model assessment for insulin
resistance [HOMA-IR]), and hormonal (luteinizing hormone [LH], sex hormone-binding globulin [SHBG])
parameters significantly decreased following KD intervention. Furthermore, subgroup analyses revealed that
VLCKD significantly improved BMI, FPG, total cholesterol (TC), low-density cholesterol (LDL), high-
-density cholesterol (HDL), and LH, while LCKD significantly improved LDL, HDL and LH.

Conclusion. A VLCKD appears effective in improving select anthropometric and metabolic parameters in
women with PCOS. However, larger and longer-duration RCTs are needed to evaluate the long-term safe-
ty and efficacy of KD in relation to weight loss, cardiometabolic health, and hormonal regulation in this
population.
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INTRODUCTION

Polycystic ovary syndrome (PCOS) is a common en-
docrine disorder that affects up to 15% of women of
reproductive age (Fauser et al., 2012). These women
experience a combination of comorbidities that impact
reproductive health (including infertility and preg-
nancy complications), metabolism (such as increased
risk for type-2 diabetes and cardiovascular disease),
and psychological well-being (including anxiety, de-
pression, and disordered eating). Overall, insulin re-
sistance and compensatory hyperinsulinemia affect up
to 70% of women with PCOS, with 70-80% of those
with obesity, and 20-25% of lean individuals, exhibit-
ing these characteristics (Marshall and Dunaif, 2012).
Hyperinsulinemia is therefore a central pathophysi-
ological feature of PCOS, contributing to hyperandro-
genism, impaired reproductive function, and elevated
risk of dyslipidaemia and type 2 diabetes.

One of the most important treatment strategies for
PCOS — beyond routine prescription of combined oral
contraceptives, antiandrogen agents, insulin sensitiz-
ers, and ovulation inducers — is lifestyle modification,
including dietary changes (such as weight reduction
diets, particularly those emphasizing low glycaemic
index foods) and increased physical activity (Khalid
et al., 2023). One dietary approach that has recently
gained attention is the ketogenic diet (KD), which
encompasses several low-carbohydrate protocols in-
cluding 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)
(Calcaterra et al., 2023; Szendi et al., 2024). The CKD
requires that all foods and beverages be nutritionally
standardised and weighed to provide a 4:1 or 3:1 ra-
tio of fat (grams) to combined carbohydrate and pro-
tein (grams) (Roehl and Sewak, 2017). The VLCKD
is typically divided three distinct phases: the active
phase involves a very low-calorie diet (600-800 kcal/
day), low in carbohydrates (fewer than 50 g per day,
primarily from vegetables) and lipids (only 10 g of ol-
ive oil per day), and lasts 30 to 45 days. The second
phase introduces a low-calorie diet (LCD) (> 800 kcal
per day), gradually reintroducing previously excluded
foods, starting with low glycaemic index foods (fruits,
dairy products), followed by moderate-glycaemic
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index foods (legumes), and eventually high-glycae-
mic-index foods (bread, pasta, and cereals) (Calcater-
ra et al., 2023). The final maintenance phase involves
a balanced diet of carbohydrates, protein, and fat for
one year, aiming to sustain weight loss and promote
long-term health. Energy intake in this stage ranges
from 1500 to 2000 kcal/day, depending on individual
needs (Moreno et al., 2014). The VLCKD is typically
characterised by an approximate macronutrient ra-
tio of 44:43:13 (lipids to proteins to carbohydrates),
with total daily energy intake not exceeding 800 kcal
(Guarnotta et al., 2022). This dietary pattern induces
ketone production, which serves as an alternative en-
ergy source (Guarnotta et al., 2022).

In PCOS, KD has been shown to activate adeno-
sine monophosphate-activated protein kinase (AMPK)
and silent mating type information regulation 2 homo-
logue 1 (SIRT1), even in the absence of caloric re-
striction, thereby promoting glucose homeostasis and
enhancing insulin sensitivity (Barrea et al., 2023).
Several systematic reviews and meta-analyses have
explored the effects of a KD in women with PCOS;
however, despite promising results, much of the avail-
able evidence derives from small, non-randomised pi-
lot studies (Mavropoulos et al., 2005; Palafox-Gémez
et al., 2023). Therefore, this study aimed to assess the
evidence from randomised controlled trials (RCTs) on
the effects of KD on body weight, lipid and glycae-
mic parameters, and reproductive hormone levels in
women with PCOS. Furthermore, we sought to deter-
mine whether VLCKD or LCKD was more effective
in improving these clinical outcomes.

MATERIALS AND METHODS

PRISMA guidelines and the PICO principle

The literature search, data extraction, and quality as-
sessment were conducted independently by two authors
using a standardised methodology. This meta-analysis
was registered with the International Prospective Reg-
ister of Systematic Reviews (CRD 42024503878). The
Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines were con-
sulted throughout the review process. The Population,
Intervention, Control, and Outcome (PICO) criteria
were employed to formulate the research question
(Table 1).
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Table 1. PICO criteria for study inclusion

PICO criteria Definition of criteria for studies
Participants Adults (aged >18)
Intervention/exposure KD (VLCKD or LCKD)
Comparator Control diet

Main outcomes

Body weight (kg), body mass index (BMI, kg/m?), waist circumferences (WC, cm), fat mass (FM, kg),

total cholesterol (TC, mg/dl), low density cholesterol (LDL, mg/dl), high density cholesterol (HDL,
mg/dl), triglycerides (TG, mg/dl), fasting plasma glucose (FPG, mg/dl), insulin (mIU/L), Homeostatic
Model Assessment for Insulin Resistance (HOMA-IR), luteinizing hormone LH (mUL/ml), follicle-
stimulating hormone (FSH, mUl/mL), sex hormone binding protein SHBG (nmol/L)

Literature sources, search strategy, and selection

criteria

Three electronic databases (PubMed, the Cochrane

Library, and Google Scholar) were systematically

searched up to March 2025 for RCTs investigating the

effects of a KD in women with PCOS. The keywords

used were: “ketogenic diet” AND “polycystic ovary

syndrome” OR “PCOS”. The inclusion criteria were

as follows:

1) RCTs comparing the effects of a KD in PCOS to
a control diet

2) any publication date

3) studies involving women aged 18-45 with a con-
firmed diagnosis of PCOS

4) availability of sufficient extractable data.

Studies were excluded if:

1) they were published in non-peer-reviewed sources

2) participants were using hormone therapy or statins
during the dietary intervention

3) they were animal studies, observation studies, non-
RCTs, theses (master’s or doctoral), commentaries,
or letters

4) the full text was not available in English.

Data extraction and quality assessment

Data were extracted independently by two reviewers;
any discrepancies were resolved by consensus with
a third reviewer. Two authors independently screened
all identified studies for eligibility and extracted rel-
evant information, including the first author’s name,
year of publication, country, study design, duration
of intervention, sample size, description of the KD
and control diet (CD), and any additional treatment

www.food.actapol.net/

interventions. When outcome data were missing,
authors were contacted twice for clarification. The
participant characteristics were also extracted: mean
age or age range; anthropometrical parameters [body
weight (kg), body mass index (BMI) (kg/m?), waist
circumferences (WC) (cm), fat mass (FM) (kg)]; and
primary outcomes [total cholesterol (TC) (mg/dl),
low-density cholesterol (LDL) (mg/dl), high-density
cholesterol (HDL) (mg/dl), triglycerides (TG) (mg/
dl), fasting plasma glucose (FPG) (mg/dl), insulin
(mIU/L), Homeostatic Model Assessment for In-
sulin Resistance (HOMA-IR), luteinizing hormone
(LH) (mUL/ml), follicle-stimulating hormone (FSH)
(mUL/ml), and sex hormone-binding protein (SHBG)
(nmol/L)]. If multiple follow-up points were report-
ed, data from the follow-up were used. Testosterone
levels were excluded from analysis due to missing
unit specifications and a lack of response from study
authors to follow-up requests [14]. Subgroup analy-
ses were conducted when data allowed, in order to
examine the specific effects of different dietary proto-
cols (VLCKD vs LCKD).

Risk of bias was independently assessed by two
authors using the latest version of the Cochrane Col-
laboration Risk of Bias tool for parallel-group RCTs
(RoB 2) (Sterne et al., 2019). Studies were evaluated
across five domains: bias arising from the randomi-
sation process; bias due to deviations from intended
interventions; bias due to missing outcome data; bias
in outcome measurement; and bias in selection of the
reported results. The RoB 2 tool uses signalling ques-
tions and algorithmic guidance to generate domain-
specific judgments at three levels: low risk, some
concerns, or high risk of bias.
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RESULTS

Search results

A flow chart illustrating the study selection process
is presented in Figure 1. Initially, 6926 articles were
identified, of which 18 were selected for full-text re-
view. Ultimately, five publications met the inclusion
criteria and were included in the final meta-analysis.

Population and study characteristics

The quality of the included studies was rated as “high”
(Cincione et al., 2023; Li et al., 2021; Masood et al.,

Records identified through database

2023) or as raising “‘some concerns” (Pandurevic et al.,
2023; Sharifi et al., 2024), due to potential issues with
the randomisation process, missing data on dietary
adherence or urine ketone levels (despite being meas-
ured), absence of sample size calculations, or a lack of
detailed methodology for anthropometric or biochemi-
cal assessments. None of the studies were considered
to have a “low risk” of bias overall (Supplemental
Table 1). Detailed data of the studies and participants
are presented in Table 2. Although no publication date
restrictions were applied, all articles included were
published between 2020 and 2024. Of the five studies,

Additional records identified through other sources
(reference lists)

(n=2)

l

Records after duplicates removed (n = 6833)

o
-2 searching (n = 6926):
1=
}% PubMed (n = 17)
§ Scopus (n =59)
- Google Scholar (n = 6850)
o0
=}
=
]
S
17}
v
Full-text articles assessed for
eligibility (n = 18)
z
- |
2 —>
E l
Studies included in the quantitative
synthesis
(n=Y5)
=
L
3
T:’ Total studies included in the

quantitative synthesis
(n=5)

Fig. 1. PRISMA flowchart
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Full-text articles excluded, with reasons excluded
(n = 6815)
— not closely related to the topic (n =5 032)
— review, meta-analysis, protocols or report (n = 1780)

— case study (n =3)

Full-text articles excluded, with reasons excluded
(n=13)
— animal or in vitro studies (n = 3)
— lack of full text or insufficient data (n =9)

— no randomisations (n = 1)
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two were conducted in Europe (Cincione et al., 2023;
Pandurevic et al., 2023) and three in Asia (Li et al.,
2021; Masood et al., 2023; Sharifi et al., 2024). Sam-
ple sizes in the intervention and control groups ranged
from 19 to 144 participants (Cincione et al., 2023; Li et
al., 2021). The mean participant age ranged from 24.7
+6.0 years (Pandurevic et al., 2023) to 33.55 £4.91
years (Cincione et al., 2023), and mean BMI (kg/m?)
ranged from 29.82 £2.36 (Pandurevic et al., 2023) to
34.69 £5.26 (Cincione et al., 2023). All studies had
a parallel-group design. Three studies compared a VL-
CKD with a hypocaloric Mediterranean diet (Cin-
cione et al., 2023; Masood et al., 2023; Pandurevic et
al., 2023), while two studies compared a LCKD with
a typical diet (Li et al., 2021; Sharifi et al., 2025). In-
tervention durations ranged from 45 days to 16 weeks
(Cincione et al., 2023; Masood et al., 2023).

Changes in anthropometrical parameters

All five studies (three in VLCKD and two in LCKD)
evaluated the impact of a KD on anthropometrical pa-
rameters, including body weight (kg), BMI (kg/m?), WC
(cm), and FM (kg), relative to control diets. No outliers

were identified, and the funnel plot asymmetry test in-
dicated no potential publication bias. The meta-analy-
sis revealed a significant overall effect of KD on BMI
(SMD: —1.88, 95% CI1-2.79, —0.96 kg/m?, p = 0.0001)
and WC (SMD: —7.83, 95% CI —11.13, —4.52 cm, p <
0.0001) (Figs. 2-3). The subgroup analysis depending
on the type of diet (VLCKD and LCKD) revealed that
a VLCKD significantly reduced BMI (SMD: —2.25,
95% CI -3.37,-1.14 kg/m?, p = 0.0001) (Table 3).

Effect of KD on glycaemic parameters

Data from the included studies enabled evaluation of
FPG (mg/dl), fasting insulin (mlU/L) and HOMA-IR.
Although some studies were statistical outliers (Cin-
cione et al., 2023; Masood et al., 2021; Sharifi et al.,
2024], funnel plot analysis again showed no signifi-
cant potential publication bias. Significant overall ef-
fects of KD were observed on: FPG (SMD: —5.83,
95% CI —9.51, —2.15 mg/dl, p = 0.0019), fasting in-
sulin (SMD: —6.48, 95% CI —10.61, —2.36 mlU/L,
p = 0.0021), and HOMA-IR (SMD: —2.04, 95% CI
—3.60, —0.48, p = 0.0104) (Figs. 4-6). The subgroup
analysis revealed that both VLCKD and LCKD

Study
Cincione et al. 2023 | —a—
Lietal 2021 | i
Masood et al. 2023 —a—
Pandurevic etal. 2023 | ——=——
Sharifi et al. 2024 —_—
Total (95% Cl) ——

SMD (95% CI) Weight, %
1 -236 (-3.99 -0.73) 31.63%
1 -0.87 (-3.16 1.42) 16.12%
{1 —2.00 (-3.73 -0.27) 28.06%
{1 —2.70 (-5.87 0.47) 8.38%
{1 -1.28 (-3.59 1.03) 15.80%
1 -1.88 (-2.79 -0.96) 100.00%

Fig. 2. Effects of KD on BMI (kg/m?)
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Study ————r——-r 1 SMD (95% CI) Weight, %

Cincione et al. 2023 | —m— 1 —9.82 (-13.60 -6.04) 37.29%
Masood et al.. 2023 | —=—— 1 -9.15 (-13.67 —4.63) 30.84%
Pandurevic et al. 2023 | ———=——— 1 =750 (-15.11 0.11) 14.98%
Sharifi et al. 2025 | — = 1 -131 (-836 574) 16.89%
Total (95% Cl) | ~ —— 1 -7.83 (~11.13 -4.52) 100.00%

-15 -10 -5 0 5 10 15
Fig. 3. Effects of KD on WC (cm)

Table 3. Subgroup analysis of the effect of KD on anthropometrical parameters. Data are presented as SMD and 95% CI

Subgroup A mgt;zréallysis (g) p-value Number of studies
Body weight, kg

Overall effect —2.41(-6.29, 1.47) 5.7791 0.2230 4

Type of the diet

VLCKD —4.19 (-9.53, 1.15) 1.0000 0.1239 2

LCKD 0.62 (—4.55, 5.80) 0.3264 0.8132 2

BMI, kg/m?

Overall effect —1.88 (—2.79,-0.96) 1.6176 0.0001 5

Type of the diet

VLCKD —2.25(-3.37,-1.14) 0.1749 0.0001 3

LCKD —-1.07 (-2.70, 0.55) 0.0612 0.1954 2
WC, cm

Overall effect —7.83 (—11.13,-4.52) 4.5730 <0.0001 4
FM, kg

Overall effect —1.41 (-5.46, 2.64) 5.5485 0.4942 3

BMI — body mass index; WC — waist circumference; FM — fat mass; 95% CI — 95% confidence interval; SMD — standardised mean

difference.
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Study - SMD (95% CI) Weight, %
Cincione et al. 2023 | —&— 1 -10.04 (-12.98 -7.10)  24.60%
Lietal. 2021 | {1 020 (884 844) 11.17%
Masood etal. 2021 | —@— {1 -823 (-10.77 -5.69) 25.61%
Pandurevic et al. 2023 | 1 =370 (-11.92 452) 11.86%
Sharifi et al. 2024 | —-— 1 —296 (-5.01 -0.91) 26.76%
Total (95% Cl) | ~ ——e— {1 -583 (<951 -2.15) 100.00%

-14 -10 -6 -2 2 6 10 14
-12 -8 4 0o 4 8 12

Fig. 4. Effects of KD on FPG (mg/dl)

Study - T T T T T SMD  (95% Cl)  Weight, %
Cincione et al. 2023 —— {1 -6.82 (-11.28 -2.36)  23.00%
Masood et al. 2021 | —=— 1 -10.90 (-14.04 -7.76) 26.60%
Pandurevic et al. 2023 —— 1 -5.30 (-10.41 -0.19) 21.21%
Sharifi et al. 2024 —-— 1 -305 (509 -1.01) 29.19%
Total (95% Cl) | —— {1 -6.48 (-10.61 —2.36) 100.00%

-15 -10 -5 0 5 10 15

Fig. 5. Effects of KD on insulin levels (mIU/L)
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Fig. 6. Effects of KD on HOMA-IR

Table 4. Subgroup analysis of the effect of KD on carbohydrate metabolism disorders. Data are presented as SMD and 95% CI

A meta-analysis (0]

Subgroup 95% CI % p-value Number of studies
FPG (mg/dl)
Overall effect —5.83 (-9.51,-2.15) 20.7043 0.0019 5
Type of the diet
VLCKD -8.69 (-10.82,-6.56) 2.1033 <0.0001 3
LCKD —2.81 (-4.81,-0.82) 0.3712 0.0057 2
Insulin (mIU/L)
Overall effect —6.48 (—10.61, —2.36) 17.2659 0.0021 4
HOMA-IR
Overall effect —2.04 (-3.60, —0.48) 35.7318 0.0104 4

FPG — fasting plasma glucose;
ardised mean difference.

HOMA-IR — Homeostatic Model Assessment; 95% CI — 95% confidence interval; SMD — stand-

significantly affected FPG (VLCKD: SMD -8.69, Effect of KD on lipid profile
95% CI —10.82, —6.56 mg/dl, p < 0.0001; LCKD: Meta-analysis was conducted to assess the effects of
SMD -2.81, 95% CI —4.81, —0.82 mg/dl, p <0.0057) KD on TC, LDL, HDL, and TG (all in mg/dl). While

(Table 4).
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Table 5. Subgroup analysis of the effect of KD on lipid profile. Data are presented as SMD and 95% CI

Subgroup A mc;t;l (;)arglysis (g) p—value Number of studies
TC, mg/dl

Overall effect —2.44 (-14.77, 9.88) 7.1378 0.6975 4
Type of diet

VLCKD —9.47 (-18.65,-0.29) 0.1388 0.0432 2

LCKD 8.04 (-1.60, 17.67) 0.3484 0.1020 2
LDL, mg/dl

Overall effect —6.02 (-12.59, 0.54) 1.6359 0.0722 4
Type of diet

VLCKD —-6.75 (-13.45,-0.05) 0.4664 0.0481 2

LCKD 11.45 (4.54, 18.54) 0.0007 0.0012 2
HDL, mg/dl

Overall effect —1.29 (-6.94, 4.36) 10.4512 0.6544 4
Type of diet

VLCKD 3.30(0.08, 6.51) 0.5739 0.0447 2

LCKD -6.15 (-11.15,-1.15) 0.1899 0.0160 2

TG, mg/dl

Overall effect —11.87 (-24.58, 0.84) 4.4273 0.0672 4
Type of diet

VLCKD -8.19 (-21.90, 5.51) 1.0000 0.2413 2

LCKD —25.55 (-62.66, 11.55) 1.0000 0.1771 2

TC —total cholesterol; LDL — low-density cholesterol; HDL — high-density cholesterol; 95% CI — 95% confidence interval; SMD —

standardised mean difference.

2024) and HDL (Masood et al., 2023), no publication
bias was detected via funnel plot analysis. The over-
all effect of KD on lipid parameters was not statisti-
cally significant. However, subgroup analysis showed
that VLCKD significantly decreased cholesterol level
(SMD -9.47, 95% CI -18.65,-0.29 mg/dl, p = 0.0432),
LDL (SMD -6.75, 95% CI —13.45, —0.05 mg/dl, p =
0.0481), and increased HDL (SMD 3.30, 95% CI 0.08,
6.51 mg/dl, p = 0.0447). Additionally, LCKD signifi-
cantly decreased LDL (SMD 11.54,95% CI 4.54, 18.54
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mg/dl, p = 0.0012), and increased HDL (SMD —6.15,
95% CI-11.15,-1.15 mg/dl, p = 0.0160) (Table 5).

Effect of KD on reproductive hormonal
parameters

Meta-analysis also assessed the effects of KD on LH
(mUL/ml), FSH (mUL/ml), and SHBG (nmol/L). No
outliers were identified, and the funnel plot asymme-
try test indicated no publication bias. KD significantly
affected the following hormones compared to control
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Fig. 7. Effects of KD on LH (mUL/ml) levels
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Fig. 8. Effects of KD on SHBG (nmol/L) levels
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(95% CI)
(=7.11 —2.79)
(-8.60 12.82)
(-7.05 -1.33)
(-2.87 -0.57)
(-5.40 —1.01)
(95%  ClI)

(0.86 12.76)
(-1.91 14.51)
(1.82  11.45)

Weight, %

31.13%

3.85%

25.37%

39.65%

100.00%

Weight, %

65.56%

34.44%

100.00%
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Table 6. Subgroup analysis of the effect of KD on hormone parameters. Data are presented as SMD and 95% CI

Subgroup A mc;t;l (;)atg}lysis (g) p—value Number of studies
LH, mUL/ml
Overall effect —-3.20 (-5.40,-1.01) 8.7442 0.0043 4
Type of diet
VLCKD —4.67 (-6.40,-2.95) 0.1728 <0.0001 2
LCKD —-1.68 (-2.82,-0.54) 0.4856 0.0040 2
FSH, mUIl/mL
Overall effect 0.16 (-0.59, 0.91) 0.0576 0.6690 4
Type of diet
VLCKD 0.20 (-0.94, 1.35) 0.0317 0.7302 2
LCKD 0.14 (-0.86, 1.13) 0.0185 0.7895 2
SHBG, nmol/L
Overall effect 6.63 (1.82, 11.45) 0.0097 0.0070 2

(only VLCKD)

LH — luteinizing hormone; FSH — follicle-stimulating hormone; SHBG — sex hormone binding globulin; 95% CI —95% confidence

interval; SMD — standardised mean difference.

diets: LH (SMD: —3.20, 95% CI —5.40, —1.01 mUL/
ml, p = 0.0043) and SHBG (SMD: —33.46, 95% CI
—63.42, —3.49 mg/dl, p = 0.0287) (Cincione et al.,
2023; Li et al., 2021; Masood et al., 2023; Pandurevic
et al., 2023; Sharifi et al., 2024) (Figs. 7-8).

The subgroup analysis revealed significant re-
ductions in LH for both diet types: (VLCKD: SMD
—4.67 95%, CI —6.40, —2.95 mUl/ml, p < 0.0001;
LCKD: SMD —1.68, 95% CI —2.82, —0.54 mUL/ml,
p <0.0040) (Table 6).

DISCUSSION

To the best of our knowledge, this is the first system-
atic review and meta-analysis of RCTs specifically
evaluating the effects of KDs, including VLCKD and
LCKD diets, on body weight status, glycaemic and li-
pid parameters, and reproductive hormones in women
with PCOS. As such, the current study provides the
highest level of evidence on this topic. In a previ-
ous meta-analysis, Castellana et al. (2020) found that
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VLCKD was associated with significant weight loss,
approximately 10.0 kg with ketogenic phases of up
to four weeks and 15.6 kg in those extending beyond
four weeks. This intervention also improved BMI,
WC, and some cardiometabolic parameters, though
not LDL or HDL cholesterol. Moreover, serum so-
dium increased during VLCKD by 1.6 mEq/l. How-
ever, Castellana et al.’s review (2020) included RCTs,
prospective cohorts, and retrospective cohort studies,
whereas only RCTs with control groups were included
in the present study. Similarly, a more recent meta-
analysis of Xing et al. (Xing et al., 2024) indicated
that KDs — including both VLCKD and LCKD — were
associated with reductions in body weight, BMI, WC,
and FM in women with obesity or overweight and
PCOS. Nonetheless, that meta-analysis pooled data
from various types of clinical trials, including those
with a before/after design, and highlighted a lack of
well-designed RCTs evaluating the long-term impact
of KDs in this population. Choy and Louie (2023)
further emphasised that while KDs are effective for
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short-term weight loss in individuals with type 2 dia-
betes, they do not consistently outperform other diets
over the long term. In addition, no human studies with
sufficiently robust experimental designs have yet de-
finitively assessed the impact of KDs on bone health,
which is particularly relevant for women with PCOS
(Garofalo et al., 2023).

Importantly, the VLCKD is structured as a mul-
tiphase protocol, beginning with a strict ketogenic
phase followed by a transition to an LCD and even-
tually to an isocaloric maintenance diet. The duration
of the ketogenic phase may vary across studies and is
critical, as it typically accounts for approximately 80%
of the total weight loss. Among the studies included in
our review, Cincione et al. (2023) and Masood et al.
(2023) implemented a 45-day ketogenic phase, while
Pandurevic et al. (2023) applied a more prolonged in-
tervention across two phases: an eight-week ketogenic
phase and an eight-week LCD phase.

PCOS is associated not only with overweight or
obesity but also with lipid profile disorders and car-
bohydrate metabolism alterations such as insulin re-
sistance. Furthermore, insulin impairs the production
of reproductive hormones. Several previous studies
have demonstrated that low-carbohydrate diets can
significantly reduce insulin resistance and the risk
of type 2 diabetes in women with PCOS and excess
weight (Mavropoulos et al., 2005; Mehrabani et al.,
2012; Mei et al., 2022). During carbohydrate restric-
tion, as in KD, blood insulin levels decrease while
glucagon secretion increases to help maintain nor-
mal blood glucose levels. Initially, this is achieved
by stimulating hepatic glucose production through
increased glycogenolysis, followed by the activa-
tion of B-oxidation of fatty acids stored in fat depots.
This is why the KD has been proposed as a nutri-
tional intervention with notable benefits, particu-
larly for women with PCOS and insulin resistance.
The studies by Cincione et al. (2023), and Masood
et al. (2023) and Sharifi et al. (2024) demonstrated
that VLCKD improved markers of carbohydrate me-
tabolism, including fasting glucose, fasting insulin,
and HOMA-IR. Similarly, one of the two studies of
LCKD also reported improvements in these param-
eters (Sharifi et al., 2024). The authors suggested
that these changes may result not only from the ke-
togenic mechanism itself also from the substantial
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weight loss commonly associated with the ketogenic
diet. Improvements in carbohydrate metabolism
parameters were also linked to positive changes in
reproductive hormones and SHBG (Cincione et al.,
2023; Masood et al., 2023; Sharifi et al., 2024). No-
tably, the study by Pandurevic et al. (2023) observed
improvements in SHBG alone. All these studies
were based on interventions using VLCKD. Addi-
tional authors have proposed that ketosis induced
by a low carbohydrate intake may lead to reductions
in circulating insulin and IGF-1, thereby suppress-
ing the stimulation of ovarian and adrenal androgen
production (Cincione et al., 2023). Moreover, some
studies suggest that increased dietary fat intake may
improve lipid profiles. Although these changes may
not exceed those of control diets in magnitude, they
are at least equally beneficial. For instance, in the
meta-analysis by Zhou et al. (2022), seven out of
eight clinical trials reported lipid profiles, revealing
statistically significant changes in TG and HDL lev-
els following a KD.

The present systematic review found limited evi-
dence of side effects of KDs. While concerns about
acidosis have been raised in previous studies (Kanikar-
la-Marie and Jain, 2016; Le Neveu et al., 2013) none of
the reviewed RCTs reported ketone measurements, rais-
ing questions as to whether patients achieved nutritional
ketosis. It is also important to note that all participants in
the included studies were women with PCOS who were
either overweight or had obesity. As a result, the find-
ings cannot be generalised for all PCOS phenotypes,
which could be considered a limitation. Nevertheless,
a major strength of this review is that all included stud-
ies were RCTs with control diet comparisons.

CONCLUSION

This meta-analysis of relevant RCTs indicates that
KD interventions significantly improve anthropo-
metric (BMI and WC), metabolic (FPG, insulin,
HOMA-IR, lipids) and reproductive hormone (LH,
SHBG) parameters in women with PCOS. Subgroup
analyses (VLCKD and LCKD) suggest that VLCKD
diets are particularly effective for improving BMI,
FPG, and TC, LDL, HDL and LH levels. LCKD also
shows benefits, particularly in improving LDL, HDL
and LH.
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Given that the current guidelines for PCOS man-
agement highlight the importance of sustained life-
style modifications — including long-term dietary
changes and regular physical activity — future large-
scale, multi-centre RCTs with extended follow-up pe-
riods are needed. These studies should aim to evaluate
the long-term efficacy and safety of ketogenic diets on
weight management, cardiometabolic health, and re-
productive hormone regulation in women with PCOS.
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