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Introduction

Polycystic ovary syndrome (PCOS) is both a metabolic and 
endocrine syndrome that affects 6-15% of reproductive-age 
women, or approximately 200 million globally, and is be-
lieved to be increasing in frequency [1-4]. PCOS is now being 
recognized as an ecological condition that arises in geneti-
cally susceptible women due to a mismatch between ances-
tral inherited adaptive genetic polymorphisms and modern 
lifestyle [5]. This evolving ecological view of PCOS takes into 
account the interaction between lifestyle and environmental 
factors, such as diet and activity levels, with developmentally 
programmed metabolic and endocrine pathways [3,5-7]. This 
view supports the recommendations of the 2018 Internation-
al Guidelines that the first-line management of women with 
PCOS should focus on lifestyle-based approaches [8]. The 
pathogenesis of many chronic diseases, particularly a range 
of metabolic diseases associated with PCOS, such as obesity, 

type-2 diabetes, metabolic syndrome, and gestational diabe-
tes, are also being considered from an evolutionary perspec-
tive [5,6,9].

The dysbiosis of gut microbiota theory proposed by Tremel-
len and Pearce explains the key steps in the development of 
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PCOS [10]. This theory proposes that a high-fat, high-sugar, 
low-fiber diet results in dysbiosis of the gastrointestinal (GI) 
microbiota, thereby increasing gut permeability and translo-
cation of endotoxins into the circulation. This subsequently 
leads to pro-inflammatory cytokine release and immunologi-
cal and metabolic changes, including impaired insulin recep-
tor function. Then, high serum insulin stimulates excessive 
testosterone production in the ovary, leading to impaired fol-
licle development and the establishment of PCOS [10]. Proof-
of-concept studies have aimed to elucidate whether shifts 
in the microbiota of women with PCOS are associated with 
the pathogenesis of the disease. Studies evaluating changes 
in lipopolysaccharide (LPS), LPS-binding protein (LPS-BP), zo-
nulin, mucosal permeability, immune system activation, and 
reversal of dysbiosis with diet, prebiotics, probiotics, or synbi-
otics have been performed to further investigate the role of 
dysbiosis in the pathogenesis of PCOS.

The objective of this study was to review the literature 
related to the potential role of diet-induced gastrointestinal 
dysbiosis in the pathogenesis of PCOS, summarize the stud-
ies investigating specific mechanisms of increased intestinal 
permeability involving LPS, LPS-BP, and zonulin, and discuss 
the evidence related to treatment with prebiotics, probiotics, 
and synbiotics. The results are presented as a narrative review 
of the published literature.

Methods

We conducted a literature review using the PubMed, Scopus, 
and Cochrane databases. A combination of medical subject 
headings and keywords were used, including the search 
terms polycystic ovary syndrome, PCOS, dysbiosis, dysbiosis 
of gut microbiota theory, lipopolysaccharide, lipopolysaccha-
ride-binding protein, zonulin, mucosal permeability, endo-
toxemia, and treatment of polycystic ovary syndrome with 
prebiotics, probiotics, or synbiotics. We confined our search 
criteria to research articles on human studies published in 
English between January 2012 and August 2021. The selec-
tion criteria for the narrative review included original articles 
(randomized and non-randomized controlled trials, prospec-
tive observational studies, retrospective cohort studies, and 
case-control studies) and systematic reviews.

Studies were included if they reported outcomes related to 
gastrointestinal microbiome and intestinal permeability, LPS, 

LPS-BP, zonulin, endotoxemia, and treatment responses fol-
lowing prebiotics, probiotics, or synbiotics in human subjects. 
Articles were excluded if they were not in English, were per-
formed using animal models, or investigated outcomes relat-
ed to oral or vaginal microbiomes. This review was conduct-
ed according to the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) statement guidelines. 
The results are presented as a narrative review of the avail-
able evidence examining the role of dysbiosis, increased in-
testinal mucosal permeability, and treatment of women with 
PCOS with prebiotics, probiotics, and synbiotics. No attempt 
was made to combine the results into a formal systematic 
review or meta-analysis due to the variety of different subject 
areas reviewed and the degree of heterogeneity in studies 
reporting similar components of the pathophysiology of the 
disease.

Results

The initial literature review identified 683 records from the 
PubMed, Scopus, and Cochrane databases. Thirty-one du-
plicates were removed, and 552 reports were assessed by 
screening titles and abstracts. Forty full text articles were 
reviewed, while nine articles were excluded since they did 
not meet the inclusion criteria. In all, we identified 31 studies 
that met the inclusion criteria. Details of the selection process 
are shown in the PRISMA flow diagram (Fig. 1).

We have summarized the relevant studies and reported 
the findings in the 9 sections: 1. Role of dysbiosis of gut 
microbiota in the pathogenesis of PCOS; 2. Dysbiosis; 3. 
Lipopolysaccharide; 4. Lipopolysaccharide-binding protein; 
5. Zonulin treatment and increased mucosal permeability; 6. 
Role of prebiotics, probiotics, and synbiotics in the treatment 
of women with PCOS; 7. Prebiotics; 8. Probiotics; and 9. Syn-
biotics.

1.   The role of dysbiosis of gut microbiota in the 
pathogenesis of PCOS

The human gut microbiota comprises viruses, fungi, para-
sites, archaea, and bacteria that have adapted to live on the 
mucosal surface of the intestine or in its lumen [11]. A vast 
majority of the literature in this field is related to the bacte-
rial component of the microbiota in PCOS [10,12-14]. The 
human gut bacterial microbiota is largely acquired around 
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the time of birth and stabilizes at approximately 3 years of 
age [15]. The gut microbiota comprises up to 1,000 differ-
ent species of bacteria, the majority of which belong to the 
Firmicutes and Bacteroidetes phyla. There is immense inter-
individual variation in the taxonomic composition of the gut 
microbiota, even among healthy individuals; however, the 
function of the microbiota is similar for all individuals [16]. 
Humans have evolved an intimate symbiosis with the gut 
microbiota, which is known to influence the immune system, 
inflammatory pathways, gastrointestinal epithelial barrier 
function, endocrine system, and host metabolism [17,18]. 
These effects on human physiology and metabolism have 
been found to play a potential role in multiple diseases, in-
cluding PCOS [10,12,13].

The gut microbiota is relatively stable; however, it may 
undergo changes due to lifestyle, environmental chemicals, 
age, antibiotic use, stress, and dietary variation [15,19]. It 
is necessary to consider antecedents, attributes, and con-
sequences of dysbiosis in order to appreciate the impact of 
changes in the microbiota on human health [20]. Lifestyle 
and environmental factors may impair the balance of the 
microbiota, resulting in compositional and functional altera-
tions [19,21]. This imbalance in the taxonomic composition 
of the gut microbiota is often referred to as dysbiosis [20,22]. 

Studies examining the association between human disease 
and dysbiosis reveal wide heterogeneity in microbiota pro-
files, which may be due to confounding host variables, such 
as alcohol consumption, bowel movement quality, recent 
antibiotic use, and other physiological and lifestyle character-
istics [23]. In addition, the gut microbiota contains numerous 
species of bacteria that may confer the same benefit to its 
host, or perform the same function as other species, so that 
the loss of some species or strains can be compensated for 
by other species that can perform the same function. This 
“functional redundancy” may explain why different micro-
biota compositions are found in individuals with the same 
pathological condition, such as PCOS [24].

Changes in diet can rapidly and reproducibly shift the 
composition and diversity of the microbiota [19]. A Western 
diet is associated with a depletion of bacterial taxa, resulting 
in reduced alpha diversity, which is a measure of species di-
versity or richness [25]. A reduction in alpha diversity, which 
is considered a feature of dysbiosis, could lead to a loss of 
functional redundancy, resulting in an imbalanced microbiota 
and pathological changes in the host [24]. Compositional 
changes arising from reduced alpha diversity often result in 
a shift toward a greater abundance of pathobionts or pro-
inflammatory bacteria. Reduced alpha diversity is also associ-

Fig. 1. PRISMA (preferred reporting items for systematic reviews and meta-analyses) flow diagram of study selection.
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ated with numerous diseases common in Western countries, 
including inflammatory bowel disease, type 2 diabetes, 
colorectal cancer, and obesity [26-28]. The dysbiosis of gut 
microbiota theory proposes that diet-induced dysbiosis trig-
gers the development of PCOS [10].

2. Dysbiosis
We identified 14 human studies that compared the micro-
biota of patients diagnosed with PCOS with a variety of con-
trol groups [29-42]. Ten of the 14 studies reported reduced 
alpha diversity in the PCOS group compared to the control 
populations [29-31,35-40,42]. One study reported signifi-
cant compositional changes between the PCOS and control 
groups before and after probiotic administration; however, it 
did not report alpha diversity [31]. Three studies did not find 
any significant differences in alpha diversity [32-34]. Two of 
these studies included less than 17 women with PCOS and 
were statistically underpowered to detect a difference [32,33]. 
The third study showed decreased beta diversity of PCOS mi-
crobiomes and significant differences in species abundance 
that were found to be related to functional alterations in bile 
acid metabolism [34]. Taken together, these studies suggest 
that compositional changes in the gastrointestinal microbi-
ome and dysbiosis are likely to play a significant role in the 
pathogenesis of PCOS in some women.

Although reduced alpha diversity has been consistently ob-
served in women with PCOS, no single bacterium or causal 
core change has been identified [32,36-38,42]. Some studies 
support an expansion of species associated with mucosal in-
flammation and induction of high levels of pro-inflammatory 
cytokines and chemokines, such as Prevotella and Escherichia 
coli, and other LPS-producing gram-negative bacteria [29,37]; 
however, other studies have identified different composition-
al changes [36,42]. The lack of standardization of host vari-
ables, such as diet, geographic variation and rates of obesity 
in case and control subjects, functional redundancy, or differ-
ences in microbiota assessment techniques, may account for 
the observed differences [23,24,43].

A dysbiotic microbiota in PCOS may perpetuate and exac-
erbate systemic dissemination of inflammatory mediators and 
bacterial products such as LPS, which may in turn modulate 
the PCOS phenotype by inducing metabolic disturbances, 
leading to chronic inflammation, insulin resistance (IR), and 
increased androgen secretion [10,14,37]. No study has con-
currently assessed temporal variation in the gut microbiota, 

body mass index (BMI), and androgen levels in obese or lean 
women with PCOS. Indeed, this type of study would be dif-
ficult in humans, as many of these factors are non-mutually 
exclusive. A recent Cochrane review revealed that lifestyle 
changes associated with modest weight loss were associ-
ated with lower male hormone levels and reduced hirsutism, 
suggesting that weight loss may significantly affect factors 
contributing to the development of PCOS [44]. Determining 
whether changes in the microbiota are a cause or effect of 
obesity, androgen levels, or PCOS is not clinically important 
if a change in diet and lifestyle results in improvement in all 
these factors.

Zhao et al. [13] recently reviewed the role of gut microbiota 
in the pathogenesis of PCOS. They identified several other 
possible mechanisms in which the gut microbiota may be in-
volved in the pathogenesis of PCOS, in addition to dysbiosis-
related increased gut mucosal permeability. These include 
processes involving increased energy absorption, multiple 
possible effects related to alterations of short-chain fatty 
acid metabolism, changes in bile acid metabolism that affect 
glucose and lipid metabolism and inflammation, multiple 
physiological effects of altered choline metabolism pathways, 
and modulation of gastrointestinal hormones involved in 
the gut-brain interaction [13]. They suggested that a greater 
understanding of the diverse microbial metabolic pathways 
involved in the pathogenesis of PCOS may open the way for 
more targeted treatments with prebiotics, probiotics, tradi-
tional Chinese medicine, and fecal microbiota transplanta-
tion.

Rizk et al. [43] reviewed a range of metabolites associated 
with gastrointestinal dysbiosis, including host-produced me-
tabolites (lactate, trimethylamine N-oxide, and primary bile 
acids), microbiota-related metabolites (short-chain fatty acids 
and secondary bile acids), and targeted metabolomic studies. 
They concluded that our current understanding is limited by 
significant methodological difficulties, lack of fecal metabo-
lomic studies, and correlational studies between gut metabo-
lites and specific microbial species and strains [43]. Taken 
together, this preliminary research on the gut microbiota 
supports the role of dysbiosis in the pathogenesis of PCOS 
and suggests that there may be multiple mechanistic path-
ways that are possible, depending on the specific genetic, 
dietary, environmental, and microbiota characteristics of each 
individual. When considered within the broader definition 
of dysbiosis, which includes functional alterations to host 
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physiology and metabolism [18], in addition to imbalances in 
the taxonomic composition of the microbiota, it is likely that 
dysbiosis plays a significant role in the pathogenesis of PCOS 
in many women with this syndrome.

Dysbiosis of gut microbiota theory proposes two key patho-
physiological conditions [10]. First, a high-fat, high-glycemic 
low-fiber diet results in dysbiosis and release of LPS from the 
cell wall of gram-negative bacteria, which can traverse the 
intestinal wall and act as an immunostimulant. Second, diet-
induced dysbiosis causes increased mucosal permeability, 
facilitating the transfer of LPS from the bowel lumen to the 
circulation, initiating inflammation secondary to metabolic 
endotoxemia. Several studies have investigated these patho-
physiological links in women with PCOS by investigating LPS, 
LPS-BP, and serum zonulin levels [45-49]. Dysbiosis theory 
also suggests that treatment with prebiotics, probiotics, and 
synbiotics may help restore eubiosis, reverse pathophysiologi-
cal changes, and improve the biochemical and clinical fea-
tures of PCOS. 

3. Lipopolysaccharide
González et al. [45] performed a cross-sectional study to 
investigate the impact of a single episode of high saturated 
fat ingestion on circulating LPS, tumor necrosis factor alpha 
(TNFα), mononuclear cell (MNC) toll-like receptor-4 (TLR-
4), and suppressor of cytokine signaling-3 (SOCS-3] in a 
group of obese and lean women with PCOS compared with 
matched control groups. All women had similar baseline LPS 
levels. The data showed increases in LPS and TLR-4 related 
inflammation in obese patients, with the highest increases in 
obese women with PCOS. Lean women had no increase in 
LPS levels, regardless of whether they had PCOS. The inves-
tigators commented that the observed increases in LPS and 
TLR-4 inflammation may be an obesity-related phenomenon 
that is worsened by PCOS [45]. This finding may also reflect 
the fact that obese women with PCOS and obese women 
without PCOS have a similar dysbiosis-related response to a 
high-fat diet challenge. Both obese and lean women with 
PCOS and obese women without PCOS had lipid-induced 
increases in TNFα and SOC-3 gene expression compared with 
lean controls. The investigators concluded that lipid-induced 
inflammation may be a potential mechanism of IR in PCOS 
independent of obesity [45].

A cross-sectional study of 144 women found elevated 
markers of endotoxemia in women with PCOS compared 

with healthy ovulatory women. Women with PCOS had 
significantly higher mean LPS (P=0.045), LPS to high-density 
lipoprotein ratio (P=0.007), and LPS-BP (P=0.01) [50]. All 
measures of endotoxemia correlated independently and posi-
tively with the inflammatory markers and ovarian volume. 
Taken together, the findings of these two studies suggest 
that women with PCOS may exhibit a pro-inflammatory state 
related to elevated markers of endotoxemia, including LPS 
and LPS-BP [45,50].

4. Lipopolysaccharide-binding protein
Zhu et al. [46] performed a large cross-sectional study of 
238 patients, investigating fasting LPS-BP levels in a mixed 
group of lean and obese women with PCOS compared with 
age-matched controls. They reported significantly increased 
levels of LPS-BP in both lean and obese patients with PCOS 
compared to age-matched controls. LPS-BP is synthesized 
by hepatocytes and intestinal epithelial cells in response to 
inflammatory cytokines [47]. LPS-BP has a dual concentra-
tion-dependent role in monocyte-mediated inflammatory 
responses. At low concentrations, LPS-BP enhances LPS-
induced activation of MNCs. In contrast, high levels of LPS 
and other endotoxins stimulate an acute-phase rise in LPS-
BP, which inhibits the LPS-induced inflammatory response of 
monocytes [47]. This appears to be a protective mechanism 
to prevent an overwhelming inflammatory response to high 
levels of bacterial endotoxins. In addition, Zhu et al. [46] re-
ported increased levels of IR associated with elevated levels 
of LPS-BP in women with PCOS. The investigators proposed 
that endotoxemia stimulated an increase in LPS-BP, and 
subsequent activation of monocyte-induced inflammation 
may stimulate hyperinsulinemia. The combined findings of 
González et al. [45] and Zhu et al. [46] support the dysbiosis 
hypothesis that endotoxemia may result in increased LPS and 
LPS-BP, which bind with TLR-4 on monocytes and stimulate 
systemic inflammation and hyperinsulinemia. Although these 
initial studies support the involvement of dysbiosis in the 
pathogenesis of PCOS, further studies are required to investi-
gate the significance of this mechanism. 

5. Zonulin and increased mucosal permeability
Zonulin was initially discovered in 2000 as an endogenous 
human analog to the Vibrio cholerae-derived zonula oc-
cludens toxin (ZOT), which was found to induce an entero-
toxic increase in intestinal permeability in rabbit and non-
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human primate intestinal epithelia [51,52]. Zonulin is a 
prehaptoglobin protein that regulates small intestinal perme-
ability through its effects on tight junctions (TJ), which are 
located between gastrointestinal epithelial cells [53]. Small 
intestinal bacterial membrane-derived LPS, serum inflam-
matory mediators, and immune cells can stimulate zonulin 
release [54]. Elevated serum zonulin levels have also been 
found to correlate with increased intestinal permeability, as 
demonstrated by the lactulose-mannitol (LA/MA) test [55]. 
Serum zonulin has subsequently been used as a biomarker 
for intestinal permeability using a variety of commercially 
available assay kits. 

Zonulin has been extensively studied in celiac and autoim-
mune diseases [56]. More recent studies show that elevated 
zonulin levels and presumed altered intestinal permeability 
have also been observed in a range of other conditions, in-
cluding obesity, type 2 diabetes, and NAFLD, which are all 
associated with PCOS [57-59]. A number of studies have 
investigated the role of zonulin in PCOS using a variety of 
commercially available ELISA kits [36,56-58]. The following 
discussion summarizes the results of the identified studies 
and shows the zonulin assays that are used in parentheses. 

A case-control study of 78 women with PCOS and 63 BMI- 
and age-matched controls found significantly higher serum 
zonulin levels in women with PCOS (P=0.022) (ELISA Kit, Im-
mundiagnostik AG, Bensheim, Germany) [48]. Zonulin levels 
were also significantly correlated with homeostatic model as-
sessment for IR (HOMA-IR), insulin sensitivity index, and more 
severe menstrual disorders. A second case-control study of 
90 women with PCOS and 45 BMI and age-matched con-
trols found significantly higher zonulin levels in the PCOS 
group than in controls (P<0.01) (ELISA-unspecified) [49]. Zo-
nulin levels were also positively correlated with HOMA-IR in 
women with PCOS [49].

Lingaiah et al. [60] reported serum zonulin levels in 104 
women from Finland diagnosed with PCOS as part of a longi-
tudinal birth cohort study, compared with 203 BMI-matched 
non-PCOS controls. All women were aged 46 years at the 
time of the study. Approximately two-thirds of the study 
group was diagnosed by questionnaire at the age of 31 years 
based on a history of oligomenorrhea and hirsutism and 
one-third at the age of 46 years were diagnosed with PCOS 
based on a self-report. The investigators reported comparable 
serum levels of zonulin in both the study and control popu-
lations (128.0±17.0 vs. 130.9±14.0 ng/mL, P=0.13) (ELISA  

Kit, Immundiagnostik AG). Serum zonulin levels were cor-
related with BMI, IR, and inflammatory markers [60]. The 
generalizability of the results of this study is limited by the 
methodology and similarity of the study and control groups. 
All patients were aged 46 years and were diagnosed using a 
questionnaire based on menstrual symptoms and hirsutism 
without biochemical or ultrasound assessment, and there 
was no contemporaneous assessment of the microbiome for 
the presence of dysbiosis. The study group may have been 
more likely to have mild PCOS and, therefore, were more 
similar to the control group. Metabolic profiles were com-
parable in the study and control groups, which may reflect 
increased age of subjects and the possibility that women 
may present more similarities with advancing age regarding 
metabolism.

A small pilot study of 25 women with PCOS and 19 con-
trols reported significantly increased serum zonulin levels in 
women with PCOS compared to controls (P=0.006) (ELIZA-
unspecified) [36]. The significance of these findings is limited 
by the small sample size of the study and the inclusion of 
42% of participants with mild PCOS who did not have hy-
perandrogenemia [36]. Another study did not find a signifi-
cant difference in serum zonulin levels between women with 
PCOS and controls [61]. Zonulin levels were found to be low 
in both groups (PCOS=43.5 ng/mL and control=42.9 ng/mL, 
P=0.893) (Elabscience Biotechnology Co., Texas, USA) [61]. 
This study included 45 women with PCOS and 17 controls 
and was terminated early due to closure of the recruitment 
hospital. The diagnostic criteria for PCOS were not reported, 
and the BMI of the PCOS and control groups were both 
within the normal range (BMI <25 kg/m2). In addition, there 
were no significant differences in metabolic parameters be-
tween subjects and controls (low-density lipoprotein, high-
density lipoprotein, triglycerides, C-reactive protein, HOMA-
IR) [61]. 

Although the combined results of these initial studies 
support the hypothesis that some women with PCOS have 
elevated zonulin levels, studies in selected subsets have re-
ported conflicting results. These studies highlight the need 
for further rigorous investigation of the role of zonulin and 
increased intestinal permeability in women with PCOS.

Studies investigating the validity of the relationship be-
tween elevated serum zonulin and increased intestinal perme-
ability have been questioned as a result of recently identified 
methodological inconsistencies in the results obtained from 
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some of the commercially available testing assays [62-64].  
Ajamian et al. [62] performed a comparative study of two 
assays with recombinant zonulin protein using immunopre-
cipitation, mass spectrometry, and gel electrophoresis.The 
findings indicate that commercial zonulin assays did not de-
tect the actual zonulin protein prehaptoglobin-2. Compara-
tive assays suggested that complement C3 and haptoglobin 
were the likely proteins detected by the assay kits examined 
[62]. Although recent comparative studies have increased 
concerns about the validity of the currently available test kits, 
there is disagreement regarding the identity of the alternative 
proteins that are being detected by individual assays [62-64].  
Scheffler et al. [63] suggested that some commercial kits 
identified the same target proteins and Ajamian et al. [62] 
found that these same assays identified different proteins.

Both complement-associated and haptoglobin proteins 
share similar homology and may also modulate zonulin 
production and intestinal barrier integrity [53,62,65,66]. 
Although the commercial kits that were examined may not 
help detect the actual zonulin protein, they may still con-
tribute to obtaining results that reflect associated molecular 
biomarkers of intestinal permeability [53,65,66]. Neverthe-
less, the validity and predictive value of current assays require 
clarification. These methodological inconsistencies also raise 
concerns regarding the use of zonulin testing in clinical prac-
tice. More specific ELISA detection kits should be developed 
using reliable monoclonal antibodies against recombinant 
zonulin/prehaptoglobin-2 [62]. In the meantime, the more in-
vasive LA/MA test should be used in experimental studies to 
investigate intestinal barrier integrity. The effects of dysbiosis 
could also be investigated using LPS, LPS-BP, inflammatory 
mediators, and measures of immune function as surrogate 
biomarkers for intestinal barrier dysfunction.

6.   Role of prebiotics, probiotics, and synbiotics in the 
treatment of women with PCOS

Following the proposal that dysbiosis may be a contributor 
to the pathogenesis of PCOS, it has been hypothesized that 
modification of the balance of the gastrointestinal micro-
biota has the potential to be an effective treatment. This 
has resulted in a large number of studies investigating the 
therapeutic effects of prebiotics, probiotics, and synbiotics. 
We identified nine systematic reviews and meta-analyses that 
have synthesized results from 17 randomized controlled trials 
(RCTs) published between 2017 and 2021 [67-75]. The focus 

of individual systematic reviews has varied and has included 
outcomes related to anthropomorphic, biochemical, hor-
monal, inflammatory indices, oxidative stress, and IR. It is not 
possible to systematically synthesize these reviews due to the 
heterogeneity of the study aims and reported outcomes. The 
following sections provide a narrative review of the conclu-
sions of these studies. More detailed results can be obtained 
from the individual reports.

7. Prebiotics
Prebiotics are substances that are selectively utilized by host 
microorganisms, conferring health benefits to the host [76]. 
Substances that are widely considered to meet this defini-
tion include inulin-type fructans, galactooligosaccharides, 
and lactulose [77]. All three of these compounds have dem-
onstrated the capacity to significantly shift the GI microbial 
ecosystem in beneficial ways [78-90]. Although we were 
unable to identify specific publications on any of these three 
prebiotics individually in women with PCOS, other evidence 
suggests that they could be useful therapeutic options.

Inulin-type fructans have been found to decrease endotox-
in absorption [81], enhance intestinal integrity, and improve 
both blood glucose regulation and fasting insulin in patients 
with type 2 diabetes and prediabetes [82]. Galactooligosac-
charides have been found to improve metabolic markers (e.g., 
reductions in plasma insulin and C-reactive protein [CRP] lev-
els) in patients with metabolic syndrome [83]. Lactulose has 
been found to decrease endotoxin absorption [84,85] and 
improve intestinal hyperpermeability, as well as blood glu-
cose levels and insulin response in type 2 diabetics [86]. More 
research is needed to evaluate the impact of these prebiotics 
in PCOS, as the only research to date has been limited to ex-
amining prebiotics as components of synbiotic preparations 
(discussed below), rather than prebiotics in isolation.

Resistant starch (RS) refers to the portion of starch and 
starch products in foods and food products that resist diges-
tion in the upper gastrointestinal tract [87]. These starches 
share some characteristics with the prebiotics discussed 
above, such as indigestibility and a selective impact on the 
GI ecosystem. Resistant starches have been found to in-
crease the concentrations of butyrate-producing bacteria 
and bifidobacteria, which result in beneficial shifts in the 
GI microbiota [88,89]. Studies have also found a consistent 
beneficial impact of RS on glycemic control and systemic in-
flammation, both of which are important components in the 
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pathophysiology of PCOS [90]. A recent RCT compared 20 
g per day of RS in women with PCOS to placebo [91]. After 
3 months, there were significant improvements in serum tri-
glycerides (P=0.001), total cholesterol (P<0.001), low-density 
lipoprotein cholesterol (P<0.001), hsCRP (P=0.004), free 
testosterone (P=0.01), menstrual cycle regularity (P<0.001), 
and hirsuitism (P<0.001) in women treated with RS [91]. 
Another publication based on this same trial reported signifi-
cant reductions in waist circumference, hip circumference, 
weight, and BMI in the treatment group (all P<0.001) [92]. 
Unfortunately, this study did not evaluate the impact of RS 
intervention on the GI microbiota composition; therefore, the 
impact of RS on the ecosystem itself in women with PCOS is 
currently unknown.

8. Probiotics
Probiotics are defined as live microbes that, when ingested 
in adequate amounts, confer health benefits [93]. To date, 
most of the probiotics that have been studied originate from 
the genera Lactobacillus and Bifidobacterium. However, a 
shift has recently been noted [94], in which a range of pro-
biotic preparations and strains have been evaluated in the 
treatment of PCOS, with a number of recent meta-analyses 
published in this area showing consistent positive results on 
a range of PCOS-related parameters [67-70].

In one of the most rigorous and comprehensive meta-
analyses, Tabrizi et al. [71] reviewed RCTs of probiotics in 
women with PCOS to determine their effectiveness on clini-
cal symptoms, glycemic control, weight loss, hormonal and 
lipid profiles, and markers of inflammation. A wide range 
of probiotic preparations and dosages were used in the 11 
RCTs included in the review. Probiotic supplementation sig-
nificantly decreased body weight (P=0.01), BMI (P<0.02), 
fasting plasma glucose (P<0.001), HOMA-IR (P<0.001), insu-
lin levels (P<0.001), hirsutism (P<0.001), total testosterone 
levels (P<0.001), VLDL cholesterol (P<0.001), triglycerides 
(P<0.001), and C-reactive protein (P<0.001) [71]. Quantita-
tive insulin sensitivity check index (P<0.01), total antioxidant 
capacity (P<0.001), glutathione levels (P=0.04), and SHBG 
concentrations (P=0.01) were all found to significantly in-
crease following probiotic supplementation [71]. These data 
also support the role of dysbiosis in the pathogenesis of 
PCOS. 

There are numerous potential mechanisms of action that 
may explain the observed beneficial effects of probiotics in 

women with PCOS. These include antioxidant [95], anti-
inflammatory [96], gastrointestinal healing [97], anti-LPS [98], 
sex hormone-altering [31], and metabolism-regulating ac-
tions [99], in addition to the ability of some probiotic strains 
to significantly impact microbiota composition [32,100,101]. 
The actions and characteristics of probiotics are strain-specif-
ic. The efficacy and mechanisms of action of one probiotic 
strain, or a combination of strains, cannot be extrapolated to 
other strains [102]. Taken together, these data suggest that 
the use of probiotics may be a useful therapeutic adjunct to 
dietary interventions, as well as other lifestyle interventions, 
in women with PCOS. Further studies are needed to eluci-
date strain-specific therapeutic mechanisms of action and to 
delineate which strains do not confer treatment benefits.

9. Synbiotics 
Synbiotics are mixtures of live microorganisms and substrates 
selectively utilized by host microbes; when consumed, they 
confer a health benefit to the host [103]. Generally, they con-
tain both probiotic and prebiotic components. Synbiotics can 
be composed of a wide range of probiotic strains in combi-
nation with a variety of prebiotic and prebiotic dosages. As a 
class of agents, synbiotics have a growing evidence base for 
the treatment of obesity [104], gestational diabetes [105], 
type 1 [106], and type 2 diabetes [107]. It is not surprising 
that synbiotics have also been evaluated in the treatment of 
women with PCOS, since PCOS is part of this related cluster 
of metabolic conditions [5,108-110].

A recent RCT investigated the impact of synbiotic prepara-
tion on sex hormone profile and glycemic and anthropomet-
ric indices in subjects with PCOS. After 8 weeks, subjects 
who received the synbiotic preparation (Lactobacillus rham-
nosus GG in combination with unspecified strains of Bacillus 
coagulans and Bacillus indicus, as well as the prebiotic inulin) 
had significant reductions in HOMA-IR, body weight, BMI, 
waist circumference, fasting blood sugar, insulin, and serum 
testosterone compared to the placebo group (all P<0.05) 
[111]. Darvishi et al. [112] evaluated the efficacy of different 
synbiotic preparations (containing fructooligosaccharides as 
the prebiotic and unspecified strains of Lactobacillus casei, 
Lactobacillus rhamnosus, Lactobacillus bulgaricus, Lactobacil-
lus acidophilus, Bifidobacterium longum, and Streptococcus 
thermophilus) in the treatment of PCOS. After an 8-week 
administration period, several metabolic markers were sig-
nificantly improved, including serum fasting glucose (P=0.02), 
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HOMA-IR (P=0.001), HDL-cholesterol (P=0.02), BMI (P=0.02), 
body weight (P=0.02), and waist circumference (P=0.01), 
compared to placebo [112]. 

Given the uniqueness of different synbiotic preparations, 
which may contain a variety of probiotic strains and differ-
ent prebiotic compounds, each unique synbiotic prepara-
tion needs to be individually evaluated. This is necessary to 
ascertain both their effectiveness in managing PCOS and 
their specific mechanisms of action, since it is possible that 
different synbiotics will act via different mechanisms and that 
not all synbiotics will be effective [113]. However, research to 
date suggests that synbiotics are a promising class of agents 
for the treatment of PCOS. This may be due to several dif-
ferent mechanisms, including microbiota modification, 
enhanced gastrointestinal integrity, and anti-LPS actions, as 
previously discussed in the prebiotic and probiotic sections.

Conclusion

Overall, the available research supports the hypothesis that 
diet-induced dysbiosis of the gastrointestinal microbiota is 
likely to play a role in the pathogenesis of PCOS. Several lines 
of emerging evidence suggest that dysbiosis may result in in-
creased gastrointestinal permeability and the development of 
the observed metabolic, endocrine, and phenotypic features 
of PCOS. Multiple mechanisms may be involved, in addition 
to dysbiosis-related permeability changes and LPS-induced 
systemic inflammation. These include diet-induced microbial 
metabolic and signaling mechanisms involving luminal nu-
trient sensing pathways and metabolism of bile acids, hor-
mones, choline, and short-chain fatty acids. These potential 
mechanisms have not been reviewed in the present study.

It seems likely that a combination of diet and other life-
style-related factors may be associated with the pathophysi-
ological features of PCOS depending on the composition of 
the microbiota, microbial metabolism, and underlying genetic 
predispositions. PCOS represents an opportunity for the early 
diagnosis of metabolic issues that are predictive of significant 
future morbidity and mortality. Therefore, the precise details 
of the wide range of pathogenic mechanisms that may be in-
volved should be the focus of future research on this relevant 
and common disease. Nevertheless, it is noteworthy that the 
metabolic, reproductive, and phenotypic features of PCOS 
are modifiable and reversible in most women with PCOS by 

implementing lifestyle-based interventions, regardless of the 
pathophysiological mechanisms involved. 
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