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Abstract 
Context: Ketogenic diet has recently made a comeback as a part of lifestyle and dietary modifications in patients with polycystic ovary syndrome 
(PCOS). Despite studies suggesting its beneficial effects in reversing hormonal imbalance in women with PCOS, evidence has been patchy and 
derived from small populations under varying conditions.
Objective: To pool evidence from clinical trials to study the effects of ketogenic diet on reproductive hormones (LH/FSH ratio, free testosterone, 
serum progesterone) and observe evidence of weight change.
Methods: PubMed, ScienceDirect, Scopus, and Web of Science core collection were searched for clinical trials evaluating the effects of 
ketogenic diet in established PCOS women consistent with the Rotterdam classification. Single- or double-arm studies that included an 
outcome of interest were included. Two investigators worked independently to screen potential articles and a designated investigator 
extracted data on study characteristics and evaluated the outcomes. Data were pooled using a random-effects model. The quality of selected 
studies was assessed using the Cochrane Risk of Bias Tool.
Results: Following ≥45 days of intervention with ketogenic diet among women with PCOS, significant improvement was observed 
in reproductive hormone levels, with reduced LH/FSH ratio (d −0.851; 95% CI −1.015, −0.686; P < .001), reduced serum free testosterone 
(d −0.223; 95% CI −0.328, −0.119; P < .001), and an increased in serum sex hormone binding globulin (SHBG) (d 9.086; 95% CI 3.379, 
14.792; P = .002). Significant weight loss was unanimously observed in all included studies (d −11.56; 95% CI −14.97, −8.15; P < .001).
Conclusion: Short-term ketogenic diet potentially improved hormonal imbalances commonly associated with PCOS.
Key Words: polycystic ovary syndrome, ketogenic diet, lifestyle, clinical trial, meta-analysis
Abbreviations: BMI, body mass index; PCOS, polycystic ovary syndrome; FSH, follicle-stimulating hormone; LH, luteinizing hormone; SHBG, sex hormone 
binding globulin. 
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Polycystic ovary syndrome (PCOS) is a complex multisystem dis-
order that shares similar pathogenesis with other chronic diseases 
with genetic-environmental interaction [1]. The hallmark fea-
tures of oligo-anovulation, hyperandrogenism, and polycystic 
ovaries (presence of 12 or more follicles measuring 2 to 9 mm 
in diameter and/or an ovarian volume of more than 10 mL in 
at least one ovary) [2] have been recently challenged, as the sono-
graphic criteria from the Rotterdam Consensus may easily lead 
to misinterpretation, especially among the postmenarcheal teen-
agers and in women with regular, ovulatory cycles who happen 
to have strings of visible antral follicles and a dominant follicle or 
corpus luteum [3]. Therefore, apart from history of contraceptive 
hormones use or fertility treatment, the day of the menstrual 
cycle during assessment, together with its length and pattern 
should also be reviewed prior to making diagnosis [3]. Early 

diagnosis and treatment for PCOS patients are important as 
they are at increased risk of endometrial cancer [4], metabolic 
[1, 3], and cardiovascular complications [5].

PCOS remains the most common endocrine disorder in 
women [6], with colossal economic impact to the nation. In 
the year 2020, it is estimated to have cost approximately 
USD 3.7 billion to establish an initial diagnosis and manage 
related reproductive endocrine morbidities, excluding the 
costs of pregnancy-related sequelae and long-term sequelae 
[7]. Apart from the routine prescription of (combined) oral 
contraceptives, antiandrogen agents, insulin sensitizers, and/ 
or ovulation inducers, the primary first-line therapy has al-
ways been lifestyle interventions that include dietary modifica-
tion and physical activity to promote weight loss of at least 
5% to 10% in women with PCOS [8, 9].
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Since the mid-18th century, there was a shift in the global 
landscape, from agriculture to modern industry, which has 
led to changes in our normal daily food intake. Weight loss di-
ets have become a fad among health enthusiasts. Recently, ke-
togenic diet has been making a comeback due to its potential 
to delay aging and as an effective fat burner [10]. It is seen as a 
potential dietary intervention to help women with PCOS to 
lose weight and maintain weight loss, improve sex hormones 
level (hence fertility), optimize cholesterol level, and normal-
ize the menstrual cycle [11]. Ketogenic diet is characterized 
by low daily carbohydrate intake of below 50 g (the daily rec-
ommended carbohydrate allowance is 130 g/day) with vary-
ing amounts of allowable fat and protein [12], calculated 
based on ideal body weight. In PCOS, supplementation of ke-
togenic diets with fiber and nondigestible carbohydrates, such 
as raw cornstarch and sourdough bread, is advisable to coun-
teract the effects of very low-carbohydrate diets on the gut 
microbiota [12] that may result in gastric upset and 
constipation.

Despite the suggested promising effects of ketogenic diet in 
women with PCOS, the evidence was relatively patchy, con-
ducted in a heterogeneous setting in a small population and 
over a short time period. There have already been a handful 
of published reviews on the effects of a ketogenic diet in wom-
en with PCOS, but to the best of our knowledge, no meta- 
analysis has been performed to pool the evidence from clinical 
trials studying the effects of ketogenic diet on any specific out-
come of interest.

Therefore, our study aimed to assess the effects of ketogenic 
diet on reproductive hormone levels among women with 
PCOS: luteinizing hormone to follicle-stimulating hormone 
(LH/FSH) ratio, sex hormone binding globulin (SHBG), pro-
gesterone, and free and total testosterone level, following at 
least 45 days of intervention with ketogenic diet. Effect on 
body weight is a secondary endpoint.

Methods
Search Strategy and Selection of Studies
This paper was prepared following the Preferred Reporting 
Items for Systematic Reviews and Meta-Analysis (PRISMA) 
guidelines. The study protocol was registered in the 
National Medical Research Register of the Ministry of 
Health Malaysia (NMRR ID-23-00295-9N5) and the 
International Prospective Register of Systematic Reviews 
(PROSPERO) as CRD42023393762.

Systematic literature searches were performed in MEDLINE, 
ScienceDirect, Scopus, and Web of Science core collection data-
bases, from inception until January 20, 2023. The keywords 
“ketogenic diet” or “KD” or “very-low-carbohydrate diet” 
were used in combination as medical subject heading (MeSH) 
terms and text words.

Eligible studies were included if they met the inclusion cri-
teria for the study population (women diagnosed with 
PCOS by any established reference criteria), intervention 
(randomized or nonrandomized design with ketogenic diet 
as the intervention for at least 6 weeks), presence or absence 
of a reference group (control or other types of dietary modifi-
cation), outcome (reproductive hormone levels—including se-
rum LH, serum FSH, LH/FSH ratio, SHBG, progesterone, and 
free and/or total testosterone level), selected anthropometric 
parameters including weight, body mass index (BMI) and 
waist to hip ratio), study design (only interventional clinical 

trials) and statistics (sufficient data to allow calculation of dif-
ferences within subjects subjected to ketogenic diet). Case– 
control studies were excluded to minimize bias in recall and 
selection. Review articles, letters to the editor, comments, 
and case reports were also excluded. The references of the in-
cluded articles were also checked to ensure inclusivity. Only 
articles published in the English language were included. 
Single-arm interventional studies that reported a measure of 
association (with mean difference and SD, or sufficient data 
to calculate them) in the level of reproductive hormones of 
interest were considered eligible for inclusion. Selected data 
from double-arm studies were also included: a double-arm 
study looking at the effect of ketogenic diet in PCOS patients 
with and without hyperuricemia [13] only included data from 
the patients with non-hyperuricemia at baseline, while 
double-arm studies assessing effects from different weight 
loss regimen only included data from ketogenic diet arm 
[14, 15].

Missing data or additional information were requested via 
email from the corresponding authors of the articles as 
needed. Information with no clear inclusion/exclusion criteria 
for subject selection, and those with no clear mention of base-
line parameters prior to intervention were excluded.

Two authors (I.L.M. and A.A.) independently assessed ar-
ticles retrieved from the databases for eligibility. The decision 
to include the studies was based on the study title, abstract, 
and later, full-text screening. Findings from the 2 authors 
were collated using Mendeley Desktop 1.19.8. Discrepancies 
were resolved through consensus and discussion with a third 
investigator (K.K.) if consensus could not be reached.

Data Extraction
Data extraction using a standardized form was carried out by 
a single author (K.K.) whose primary interest lies in clinical 
endocrinology. The Cochrane Risk of Bias Tool for random-
ized trials was used for evaluation of bias (Supplementary 
Material) [16]. The following data were extracted from the 
original articles: first author, year of publication, country of 
study population, characteristics of the study cohort, number 
of participants included, length of follow-up (weeks), out-
come of interest, and measures of effect size (mean difference 
and standard error).

Assessment of Methodological Quality
Two investigators (I.L.M. and A.A.) independently assessed 
the methodological quality of each included study using the 
Revised Cochrane risk of bias tool for randomized trials. 
This tool is structured into 5 domains and was identified based 
on both empirical evidence and theoretical considerations 
[16]. The domains were separated into 7 critical parts as fol-
lows: (i) preliminary considerations; (ii) risk of bias arising 
from randomization process; (iii) risk of bias due to deviations 
from the intended interventions (effect of assignment to inter-
vention); (iv) risk of bias due to deviations from the intended 
interventions (effect of adhering to intervention); (v) risk of 
bias due to missing outcome data; (vi) risk of bias in measure-
ment of the outcome; and (vii) risk of bias in selection of the 
reported result. The final results lead to an overall methodo-
logical evaluation of good, fair, or poor. Disagreements 
were resolved by consensus or by a third investigator (K.K.) 
if consensus could not be reached.
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Statistical Analysis
All data were analyzed using IBM SPSS Statistics for 
Windows, Version 28.0. A random-effects model was applied 
to combine the mean difference and SD of outcome of interest 
in relation to ketogenic diet intervention.

The pooled results were reported as mean difference and 
presented with 95% CI with two-sided P values. Meta- 
analysis was conducted if at least 2 studies were available 
for a particular outcome. The statistical heterogeneity be-
tween studies was not performed due to the small number of 
available studies.

The robustness of the results was established by eliminating 
each study one by one from the meta-analysis and recalculat-
ing the summary estimate (the “leave-one-out” approach). If 
≥5 studies were available, the possibility of publication bias 
was explored by visual inspection of the funnel plot of the ef-
fect size against standard error. A probability value of <.05 
was considered statistically significant.

Results
Search Results
The selection process is shown in Fig. 1, following the recom-
mendation by the Preferred Reporting Items for Systematic 
Reviews and Meta-Analysis (PRISMA) guidelines.

The initial search from ScienceDirect database using the 
same search strategy produced 1928 articles. Hence, the 
search strategy for the database was further refined to include 
AND (“clinical trial” OR “clinical studies”) NOT (animal 
OR rats) to yield the final 100 articles.

The search produced a total of 161 articles from the 4 data-
bases selected. After title and abstract screening, only 7 ar-
ticles were selected for the evaluation of the full text. At the 
end of the selection process, all 7 articles were included in 
the quantitative analysis.

Table 1 presents the main characteristics of the 7 clinical tri-
als included in the systematic review and meta-analysis. The 
overall analysis included 170 participants. Four studies were 
conducted in Italy [15, 17-19], 2 in China [13, 14] and 1 in 
the United States [20]. Assessment of dietary compliance 
was performed via evaluation of urine or blood ketosis in 4 
studies [13, 14, 17, 20], counseling or phone reminder in 2 
studies [14, 15], and food records [20]. The methodological 
quality score was fair in all included studies.

Ketogenic Diet Formulation
Table 2 describes the various formulations of ketogenic diet 
across included studies.

Reproductive Hormones
Meta-analytic pooling under a random-effects model indi-
cated a significant association between ketogenic diet and re-
duced LH/FSH ratio (d −0.851; 95% CI −1.015, −0.686; 
P < .001) (Fig. 2) in a population of 112 subjects. Similarly, 
a reduced free testosterone (d −0.223; 95% CI −0.328, −0.119; 
P < .001) was also observed in the same study cohort (Fig. 3).

We also found a statistically significant increment in serum 
SHBG following ketogenic diet intervention (d 9.086; 95% CI 
3.379, 14.792; P = .002) (Fig. 4). On the other hand, serum 
progesterone remained equivocal following intervention 

Figure 1. Flowchart of study selection.
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with ketogenic diet [11, 16] (d 4.28; 95% CI −4.75, 13.30; 
P = .353).

Anthropometric Measurements
There was also a significant weight loss observed with a keto-
genic diet (d −11.56; 95% CI −14.97, −8.15; P < .001) 
(Fig. 5).

Sensitivity Analysis and Publication Bias
A leave-one-out sensitivity analysis was performed by itera-
tively removing one study at a time to confirm that our results 
were not determined by a single study. There was no change in 
the result of the main analysis for each of the outcomes tested. 
Publication bias was also assessed with a funnel plot (Fig. 6).

Discussion
The present study is the first systematic review with meta- 
analysis that evaluated evidence of association between keto-
genic diet and reproductive hormone levels among women 
with PCOS in a pool of 170 subjects. The pooled analysis of 
eligible clinical trials, each carried out in a limited number 

of subjects, showed a possible improvement in LH/FSH ratio, 
serum free testosterone and serum SHBG. These results, al-
though interesting and clinically relevant, must be carefully in-
terpreted due to the small number of subjects and studies 
analyzed.

PCOS is a complex trait arising from diverse genetic (ie, in-
sulin resistance, insulin secretory defects, hyperandrogene-
mia, polycystic ovarian morphology) and environmental 
interaction (ie, acquired obesity) [21]. The complex pathogen-
esis of the disorder attests to the syndrome’s multifactorial na-
ture and heterogenous manifestation [21].

The pathophysiology of PCOS closely relates to an abnor-
mality in the hypothalamic-pituitary-ovarian or adrenal axis 
with disturbance in the secretory pattern of the gonadotropin- 
releasing hormone (GnRH) that results in the relative increase 
in LH to FSH ratio [22]. In healthy women, the LH to FSH ratio 
usually lies between 1 and 2, whereas this ratio becomes re-
versed in women with PCOS, reaching as high as 2 or 3 [22]. 
An excess in serum LH stimulates ovarian androgen produc-
tion, whereas a relative deficit in FSH further impairs follicular 
development. Hence, as a result of raised LH/FSH ratio, ovula-
tion does not occur in women with PCOS. In this study, we 
found that a ketogenic diet significantly reduced the LH/FSH 
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Figure 2. Forest plot investigating association between LH/FSH and ketogenic diet.
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Figure 3. Forest plot investigating association between free testosterone and ketogenic diet.
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ratio [14, 15, 18, 19]. The mechanism on which carbohydrate 
restrictions from the ketogenic diet was able to exert this effect 
is suggested to be indicative of endocrine re-normalization due 
to improved insulin sensitivity [20].

Apart from reducing LH/FSH ratio, our study also found 
that a ketogenic diet reduced the level of free testosterone in 
women with PCOS [14, 15, 18, 19]. In PCOS, hyperandrogen-
ism is attributable to increasing levels of circulating free tes-
tosterone due to increased steroidogenesis from proliferation 
of ovarian theca cells resulting from an imbalance in LH/ 
FSH ratio [23]. Hyperandrogenism plays a critical role in 
the occurrence and development of PCOS-related complica-
tions, such as obesity, type 2 diabetes mellitus, hypertension 
and atherosclerosis, cardiac hypertrophy and coronary heart 
disease, and kidney diseases [24].

On a related note, serum SHBG is a glycated homodimeric 
plasma transport protein that positively correlates with the 
total number of follicles in women [25] and is currently con-
sidered a biomarker for metabolic disease [18]. Specifically, 
women with PCOS who are overweight or obese characteris-
tically have a decreased serum SHBG concentration and 
increased serum total testosterone and free androgen index 
[25]. Dietary modification with ketogenic diet was found to 

increase the level of circulating SHBG [15, 18, 19] and hence 
improved metabolic and ovulatory dysfunction in women 
with PCOS. The low-carbohydrate ketogenic diet was specu-
lated to result in reduction in hyperinsulinemia and therefore 
decreased stimulation of ovarian androgen production as well 
as increased SHBG levels, synergistically limiting the circulat-
ing free androgens [20]. Despite the known clinical import-
ance of SHBG assessment in the diagnosis and management 
of PCOS, a recent study in a cohort of 120 patients with 
PCOS undergoing in vitro fertilization reported that serum 
SHBG concentration was positively correlated with the ovar-
ian response in non-PCOS patients, but not in PCOS patients 
[25], suggesting its limited clinical value in monitoring con-
trolled ovarian hyperstimulation in women with PCOS.

Our pooled analysis did not find any changes in serum pro-
gesterone level following intervention with ketogenic diet. 
However, the number of subjects available for pooled analysis 
were small; hence, this finding needs careful interpretation 
and reassessment when more studies become available. 
Serum progesterone is initially produced by corpus luteum 
upon successful ovulation to prepare the uterine lining for im-
plantation. In general, women with PCOS are anovulatory so 
serum progesterone levels are low [26]. We were only able to 
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Figure 4. Forest plot investigating association between SHBG and ketogenic diet.
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Figure 5. Forest plot investigating association between weight loss and ketogenic diet.
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perform pooled analysis on selected reproductive hormones 
due to dissimilar parameters studied across the included 
papers and the lack of response from the authors for their 
raw data, limiting our expansion of analysis to include other 
relevant hormonal markers (ie, free androgen index, individ-
ual serum LH and FSH level).

Our secondary outcome measurement was evidence of weight 
changes with a ketogenic diet. All included studies noted signifi-
cant weight loss following very low-carbohydrate, ketogenic di-
ets. Nutritional ketosis formulation induces weight loss through 
the following hypothesized mechanisms [27]: reduced appetite 
due to higher satiety effect of proteins in ketogenic diet formula-
tion, a possible direct appetite-suppressant property of the 
ketone bodies, reduced lipogenesis and increased lipolysis, 
reduced resting respiratory quotient and, therefore, better meta-
bolic efficiency when consuming fats, and increased in the meta-
bolic costs of gluconeogenesis, together with the thermic effect 
of high dietary proteins. Therefore, this finding supports more 
robust research directed toward long-term evaluation of carbo-
hydrate restriction and PCOS.

Despite the known positive effects of ketogenic diet in im-
proving insulin resistance [17, 19], improving sex hormone im-
balances and metabolic health [14, 15, 18, 19], and improving 
body composition [13, 17], it is important to look at the base-
line characteristics of the study participants when evaluating 
the effects of ketogenic diet, as they can have a significant im-
pact on the transferability and applicability of the results 
[28]. Demographic and baseline clinical parameters, such as 
the gender, weight, BMI, age, and health status (such as co-
morbid liver or kidney derangements) will impact the risks 
and benefits of a ketogenic diet. It is also worth highlighting 
that not all keto studies can be generalized for PCOS due to 
these potential confounding factors [28]. Furthermore, there 

is no specific formulation that is tailored for PCOS; in addition, 
induction of nutritional ketosis may be hard on gut health and 
some might consider the diet as too demanding, eventually af-
fecting long-term compliance. The impact of ketogenic diet 
on fertility is still unclear and the long-term implications are 
not adequately studied and still not well understood.

To the best of our knowledge, the present study is the first 
systematic review with meta-analysis that evaluated all avail-
able clinical studies on the effects of ketogenic diet on the re-
productive hormone levels among women with PCOS. The 
pooled analysis of clinical studies also showed a possible im-
provement in selected anthropometric measures, such as 
weight and BMI. These results, although interesting and use-
ful to formulate a hypothesis, must be interpreted with cau-
tion due to the small number of subjects investigated.

Conclusion
In conclusion, herein we reported the possible association be-
tween ketogenic diet and improvement in reproductive hor-
mone levels in women with PCOS via meta-analysis of the 
available and usable studies. The accessible literature still has 
several limitations necessitating careful review, reducing the ap-
plicability and transferability of these results to the general 
PCOS population. However, these findings have important 
clinical implications, especially for endocrinologists, gynecolo-
gists, and dieticians, who should carefully plan and customize 
individual diet recommendations for women with PCOS.
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