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Abstract: Polycystic ovary syndrome (PCOS), is a health problem observed in women of reproductive age. Different diets, physical activity
recommendations and lifestyle changes can be effective in dealing with the symptoms of PCOS. Nutrition is indeed an essential part of the
treatment of the disease as it directly affects body weight loss, insulin resistance, lipid profile, hormones, and dermatological complaints such
as acne. Polyphenols, simply classified as flavonoids and non-flavonoids, are bioactive components found in plant-based foods. The most
common polyphenols in the diet are flavanols, flavonols, flavanone, anthocyanins. In particular, polyphenols which are compounds naturally
found in foods, have antioxidant, anticancer, anti-inflammatory, antimutagenic benefits along with many other ones. In the treatment of PCOS,
polyphenols may help reduce the symptoms, improve insulin resistance and poor lipid profile, and cure hormonal disorders. It has been
reported that polyphenols are influential in menstrual cycle disorders and enable a decrease in body weight, hyperandrogenism, estrogen,
testosterone, luteinizing hormone (LH)/follicle stimulating hormone (FSH) ratios and LH. For adequate daily intake of polyphenols, which are
found in high amounts in fruits and vegetables, at least 5 portions of fruits and vegetables should be consumed in addition to a healthy
nutrition pattern. In this review, the effects of various polyphenols on polycystic ovary syndrome are discussed.
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Introduction

Polycystic ovary syndrome (PCOS) is the most common
endocrine disorder in women of reproductive age and is
claimed to occur in 5–15% of women of reproductive age
globally, depending on the diagnostic criteria [1]. The
prevalent differences across populations arise from the
influence of ethnicity, race, and other environmental fac-
tors on the phenotype [2]. The prevalence of polycystic
ovary syndromevariesdependingon thediagnostic criteria,
the group studied and the phenotype [3, 4]. PCOS, charac-
terized by a disorder in sex hormones, often causes infertil-
ity, polycystic ovaries, hyperandrogenism symptoms such
as hirsutism and menstrual disorders like oligomenorrhea
[5]. In addition, PCOS is associated with type 2 diabetes
mellitus (T2DM), obesity, cardiovascular diseases (CVD),
metabolic syndrome (MetS), and endometrial cancer [6].
In recent years, chronic low-grade inflammation has been
shown to play a key role in ovarian follicular dynamics.
Therefore, it has been hypothesized that PCOS may be
associated with low-grade inflammation and inflammatory
markers [7].

Nutritional status and beneficial elements in foods can
affect the treatment of patients with PCOS. For example,
polyphenols originating from the secondary metabolism
ofplantshavemore than8000 structures.Polyphenols con-
sist of at least one benzene ring and at least one hydroxyl
group attached to this ring. It is possible to perform many
classifications according to the phenol rings and different
structures they have. They are most commonly classified
into two groups as flavonoids and non-flavonoids [8]. Sys-
tematic reviews and meta-analysis mention the benefits
of polyphenols in the prevention and treatment of many
diseases [9, 10]. In this review, the beneficial effects of
polyphenols on polycystic ovary syndrome are mentioned.

The relationship between polycystic
ovary syndrome and disease

The National Health Consensus Conference Panel recom-
mended the use of the 2003 Rotterdam Criteria only if
the specific PCOS phenotypes identified are recorded.
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The proposed subphenotypes are phenotype A (hyperan-
drogenism+oligo-anovulation+PCOSmorphology), pheno-
type B (hyperandrogenism+oligo-anovulation), phenotype
C (hyperandrogenism+PCOSmorphology), and phenotype
D (oligo-anovulation+PCOS morphology) [3]. It should be
considered that 85–90% of women with oligomenorrhea
and 30–40%of women with amenorrhea are likely to have
polycystic ovary syndrome [4].

A 70% higher prevalence of dyslipidemia is observed in
women with polycystic ovary syndrome [11]. Many patho-
logical changes can be mentioned behind dyslipidemia in
women with PCOS, but insulin resistance is an important
factor. Whilst insulin resistance supports the increase of
very low-density lipoprotein cholesterol (VLDL-C) and
apo B-100 synthesis in the liver, it causes a decrease in
high density lipoprotein cholesterol (HDL-C) levels [12].
Polycystic ovary syndrome is also a common disease that
develops in women due to genetic predisposition and is
associated with obesity [13]. It is also positively correlated
with visceral adipose tissue total androgen levels and there-
fore plays an important role in PCOS [14]. Higher levels of
free testosterone and androgen indices were observed in
overweight PCOS patients compared to PCOS patients in
the normal body weight range [15]. Lipogenic enzymes
and antilipolytic genes are reported to be higher in omental
adipose tissue in women with PCOS, indicating the contri-
bution of androgens to lipid accumulation [16]. Androgens
can cause dysfunction in adipose tissue by increasing
abdominal fat accumulation [17]. Fat cells regulate andro-
gen levels by producing leptin and adiponectin through
paracrine and autocrine glands. It has been reported that
adiponectin levels are low in patients with PCOS and that
leptin levels boost in some PCOS patients, leading to an
increase in serum androgen levels by preventing the con-
versionof androgens to estrogens [16].Hyperandrogenism,
as one of the most common symptoms of polycystic ovary
syndrome,hasbeen reported tobeprevalent in 78%inover-
weight womenwith polycystic ovary syndrome [18]. Insulin
resistance enhances lipolysis in adipose tissue, causing an
escalation in theamountof free fatty acids going to the liver.
This results in hepatic steatosis [12]. Insulin sensitizers
such asmetformin positively affect insulin receptor expres-
sion, reducing serum insulin levels and increasing insulin
sensitivity [19]. It has also been reported that women with
PCOS have a raised risk of non-alcoholic fatty liver disease
[12].

Polyphenols

Along with vitamins and minerals in fruits and vegetables,
one of the different components that have health benefits
is polyphenols or polyhydroxyphenols [20]. Amongst the
richest sources of polyphenols, foods such as cocoa

products, dried herbs, spices, some seeds, dark fruits are
given as examples [21].

Polyphenols are chemical compounds that occur natu-
rally in plants. Polyphenols, which contain more than
8000 compounds in total, are divided into 2 main groups
as flavonoids and non-flavonoids (ligans, stilbenes, pheno-
lic acids, non-phenolic metabolites and other polyphenols)
[22]. Compounds subdivided into flavonoids, flavanols, fla-
vanonols, flavanones, flavones, flavonols, isoflavones,
anthocyanins, and anthocyanidins are natural antioxidants
with the ability to scavenge free radicals [23]. Flavonoids
are widely spread in food such as vegetables, fruits, red
wine, tea and cereals [24]. The group of non-flavonoids
includes stilbenes, lignans, tannins, phenolic acids, cou-
marins, curcominoids. They do not show C6-C3-C6 struc-
ture that is observed in flavonoids yet contain one or more
phenol groups [23]. Table 1 shows polyphenols and some
examples.

Polyphenols, which are abundant in many foods, stand
outwith their antioxidant, antiinflammatoryandanticancer
effects. It can locally reduce oxidative stress and increase
the antioxidant level in the body. It can reduce cytokine for-
mation by causing changes in various gene expressions (nu-
clear factor erythroid 2 related factor 2 (Nrf-2), nuclear
factor kappa B (NF-κB), janus kinases/signal transducer
and activator of transcription proteins (JAK/STAT)) [26].
Dysregulation of the nuclear factor erythroid 2 related fac-
tor 2 (Nrf2) signaling pathway, which is an important
defense system against oxidative stress damage, causes
many diseases such as diabetes, cancer and respiratory dis-
orders. Polyphenols, which are known to havemany health
benefits, regulate the Nrf2 pathway, ensuring its activation
and preventing reactive oxygen species (ROS) production
[27].

Polycystic ovary syndrome and
polyphenols

Cinnamon

Cinnamon, used in almost every country in the world, is
obtained from the Cinnamomun zeylanicum plant from the
Lauraceae family. Different polyphenols in the composition
of cinnamon exhibit antioxidant properties with their free
radical scavenging effect. Further, it has been reported
to reduce oxidative stress by inhibiting 5-lipoxygenase
[28, 29].

In a study conducted in rats with dehydroepiandros-
terone (DHEA)-induced PCOS, cinnamon extract posi-
tively affected ovarian morphology, insulin sensitivity and
menstrual cycle. PCOS-induced insulin-like growth factor
binding protein 1 (IGFBP-1) downregulation and excessive
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Table 1. Polyphenols with examples [20, 25]

Flavonoids Examples Structure

Flavonols Quercetin, myricetin, kaempferol

Flavanones Hesperidin, naringenin, eriodictol

Isoflavones Daidzein, genistein, glystein

Anthocyanins Cyanidin, delphinidin, petunidin, malvidin,
peonidine

Flavanols Catechin, epicatechin, gallocatechin,
epicatechin-3-gallate, epigallocatechin-3-
gallate

Flavones Apigenin, luteolin

Phenolic acids

Benzoic acid Ellagic acid, gallic acid

Hydroxycinnamic
acid

Chlorogenic acid
(caffeic), p-coumaric
acid, ferulik acid,
sinapic acid

Lignans Pinoresinol, secoisolaricresinol

Stilbenes Resveratrol

Coumarins Coumarin

(Continued on next page)
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insulin-like growth factor 1 (IGF-1) expression in the ovary
are decreased [30]. In another study, after 66 women with
PCOS were randomly divided into 2 groups, one of the
groups was given 500 mg cinnamon powder capsules 3
times a day, and 12 weeks later, fasting insulin and insulin
resistance were lower in the cinnamon group compared to
the placebo group and low density lipoprotein cholesterol
(LDL-C) levels were significantly lower in the cinnamon
supplement group [31].

Resveratrol

Resveratrol (3,5,4-trihydroxystilbene), which has a wide
range of biological functions, is synthesized by plants
against adverse conditions such as mechanical damage,
fungi, and bacteria. It consists of two phenol rings linked
by a double styrene bond [32]. Resveratrol is abundant in
various foods, and the resveratrol content of foods can vary
based on environmental and genetic factors. Whereas
grapes, peanuts, strawberries, blueberries, cranberries,
mulberries, and blackmulberries are rich sources, in recent
studies, resveratrol has been found in foods such asbanana,
guava, pineapple, peach, apple, pear, passion fruit, potato,
and cucumber [33]. In general, the therapeutic effects of
resveratrol have been reported in diseases such as neuro-
logical disorders, cardiovascular diseases, diabetes, and
inflammation. Additionally, resveratrol can reduce atretic
follicles in the ovary, rise the number of oocytes and inhibit
apoptosis [34]. It protects the ovaries againstROSandROS-
mediateddamage. Theprotective effects of estradiol on the
ovary, such as suppression of metabolic clearance, inhibi-
tionof steroidogenesis, response toFSHand IGF-1, indicate
that it can be a therapeutic agent in the treatment of PCOS.
Resveratrol obstructs androstenedione and androsterone
producing theca-interstitial cells by inhibiting CYP17α1
expression [29]. In a study conducted in rats with PCOS, it
was reported that resveratrol treatment decreased ROS
production, improved insulin sensitivity, and reversed
PCOS-related changes in serum LH/FSH, LH, testos-
terone, tumornecrosis factor-α (TNF-α), antimullerianhor-
mone (AMH) levels [35]. Renchber et al. [36] in their study,

showed a decrease in body and ovary weights in rats with
PCOS as a result of the combined treatment of 20 mg/
kg/day resveratrol, 300 mg/kg/day metformin and the
two in rats with dehydroepiandrosterone-induced PCOS.
Itwas revealed that serum testosterone level also decreases
with treatment, and treatment with resveratrol or met-
formin had a positive effect on folliculogenesis by reducing
the inflatednumberof secondaryandatrophic follicles [36].
In another study, it was reported that in patients who
received 800 mg/day resveratrol therapy for 40 days, C-
reactive protein (CRP), TNF-α, interleukin-6 (IL-6), inter-
leukin-1β (IL-1β), interleukin-18 (IL-18) and NF-κB serum
levels dropped. Resveratrol was reported to be a potential
therapeutic target for endoplasmic reticulumstresspatients
with PCOS [37]. Considering that approximately 30–40%
of women with PCOS have impaired glucose tolerance
and 7.5–10% of women with T2DM, it was assumed that
resveratrol consumption may have positive effects in this
population. That said, since the evidence examining the
effect of resveratrol on the PCOS-related condition is lim-
ited, more studies are needed to evaluate this effect [38].

Quercetin

Quercetin (3,5,7,3’,4’-pentahydroxyflavone), especially
found in foods such as tomatoes, onions, broccoli, apples,
blueberries, and grapes, is a flavonoid belonging to the
phyto-estrogen plant family [29]. It has high antioxidant
potential as well as anti-inflammatory, anti-diabetic, anti-
cancer, anti-apoptotic functions. It affectsovarian functions
by regulating hormonal indices and the steroidogenic activ-
ity of the cell [39]. It also influences the antioxidant capacity
of the ovaries by regulating the expression of glutathione
peroxidase, catalase, superoxide dismutase, glutathione,
glutathione reductase in granulosa cells [40].

In a systematic reviewstudy, a positive effect of quercetin
on folliculogenesis, luteinization and ovarian histomor-
phology was revealed [41]. In a randomized clinical trial,
PCOS patients were treated with quercetin 1 g/day for 12
weeks. At the end of the treatment, blood glucose and insu-
lin levels were lower in the treatment group. At the same

Table 1. (Continued)

Flavonoids Examples Structure

Curcominoids Curcumin

Tannins Tetrafucol A
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time, quercetin significantly augmented the transcript
expression of adiponectin receptors, adiponectin receptor-
1 (ADIPOR 1) and adiponectin receptor-2 (ADIPOR 2).
Moreover, quercetin supplementation showed a 12.3%ele-
vation in the level of adenosine 50 monophosphate-acti-
vated protein kinase (AMPK), improving the metabolic
properties of PCOS patients [42]. In the study performed
by Khorchani et al. [43] in rats with dehydroepiandros-
terone-induced PCOS, adiponectin, ADIPOR 1, nesfatin-1
expression got higher after quercetin treatment. As a result
of the phytoestrogenic effects of quercetin and its function
as estrogen, it improved PCOS [43].

Curcumin

Curcumin is a yellow-orange polyphenolic compound
obtained from the rhizome of Curcuma Longa Linn and
extracted from turmeric [44]. It has a strong antioxidant
activity due to the methylene or hydroxyl group of the
β-diketone (heptadiene-dione) structure it contains [45].
Alongside this, it has an anti-inflammatory effect and
improves lipid abnormalities and insulin resistance.
Accordingly, it has an important effect on the treatment of
various diseases such as obesity, diabetes, cardiovascular
diseases, and metabolic syndrome [46].

In a randomized, double-blind, placebo-controlled study
on 60 PCOS patients aged 18–40 years, 500 mg/day cur-
cumin was administered for 12weeks. It was observed that
curcumin treatment resulted in significant reductions in
bodyweight andbodymass index (BMI) and improved fast-
ing blood glucose as well as serum insulin levels. It was also
reported that curcumin treatment reduced insulin resis-
tance, incremented insulin sensitivity and significantly
increased serumHDL-C levels while reducing total choles-
terol, LDL-C, and total cholesterol/HDL-C ratio [46]. In
another study, 1.5 g/day curcumin supplementation was
given to patients with PCOS for 3 months, and it was
reported that it significantly upsurged glutathione peroxi-
dase enzyme activity and peroxisome proliferator activated
receptor γ coactivator 1α (PGC1α) gene expression [47]. In
another study, it was found that fasting blood sugar and
DHEA levelswere significantly reducedandestradiol levels
were increased in women with PCOS who consumed 500
mg of curcumin three times a day for 12 weeks [48]. In
anothermeta-analysis study, it was reported that curcumin
significantly improved fasting glucose, fasting insulin, insu-
lin resistance parameters, HDL-C, and total cholesterol
[49]. It was suggested that curcumin is likely to be a safe
and beneficial supplement to ameliorate PCOS-associated
hyperandrogenism and hyperglycemia due to its estro-
genic, antihyperlipidemic, antioxidant and hypoglycemic
activities [48]. It was reported that curcumin has ovarian
protective and anti-aging effects, protects the ovaries

against ROS by up-regulating antioxidant enzymes,
improves ovarian quality and structure, and accumulates
the expressionof 3βhydroxysteroid dehydrogenase in gran-
ulosa lutein cells and thecal cells [29]. It binds to the active
sites of cytochrome p450, inhibits CYP17A1 and CYP19A1
enzymes and inhibits steroidogenesis. Therefore, it can be
a treatment option for hyperandrogenism in individuals
with PCOS [50]. In another study, it was reported that cur-
cumin may be an option for the treatment of PCOS by
increasing insulin sensitivity and by upregulating insulin-
sensitive glucose transporter4 (GLUT-4) in rats with PCOS
[51].

Catechin

Green tea produced from Camellia sinensis leaves is known
for its antioxidant activity, especially because it contains
polyphenolic compounds such as catechins [52]. There
are various catechins in green tea, including epicatechin
(EC), epicatechin gallate (ECG), epigallocatechin (EGC),
and epigallocatechin-3-gallate (EGCG). Many effects of
green tea such as antiinflammatory, anticancer, antioxida-
tive, antihyperlipidemic, lowering fasting blood sugar are
observed in T2DM patients [53]. Treatment of Leydig cells
with epigallocatechin-3-gallate and green tea extract can
inhibit testosterone secretion.Green teahaspositive effects
on androgenismas a result of suppressing the conversion of
testosterone into dihydrotestosterone and inhibiting the
activation of the 5α-reductase enzyme with epigallocate-
chin-3-gallate [29]. According to the results of a meta-ana-
lysis study, it was reported that green tea supplementation
positively affects waist/hip ratio, bodyweight and glycemic
control in women with PCOS [54]. A multiplication in
antioxidant enzyme levels such as glutathione peroxidase
and superoxide dismutase in ovarian tissues of rats treated
with green tea, and a decrease in malodialdehyde levels,
which are oxidative stress markers, and 8-hydroxy-20-
deoxyguanosine, which is a DNA damage marker, were
observed. Furthermore, a decrease in serum inflammatory
mediator levels has been reported with catechin treatment
[55]. According to the results of another meta-analysis, it
hasbeen reported that green tea consumption reducesbody
weight in women with PCOS, as well as a significant
decrease inblood glucose and insulin levels [56]. According
to the results of the study conducted onwomenwith obesity
and PCOS, after 12 weeks of green tea intervention, signif-
icant differences were observed in the mean body weights,
fasting blood glucose levels and free testosterone levels of
the individuals [57]. In another study conducted on mice,
catechins obtained from oolong tea effectively decreased
estradiol (E2), FSH, LH levels and LH/FSH ratio in the
blood. Besides, it has been reported that proinflammatory
factors (IL-1b, IL-6 and TNF-α) down-regulate protein
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expressions and p-NF-κB p65 expression in the uterus [58].
In an animal model of polycystic ovary syndrome, it has
been reported that green tea improvesovulationand follicle
progression and prevents cyst formation [59].

Apigenin

Apigenin (4’,5,7,-trihydroxyflavone), which belongs to the
class of flavonoids and whose molecular formula is
C15H10O5, is found in foods suchas orange, grapefruit, pars-
ley, onion, chamomile, tea and wheat sprouts [60]. The
anti-cancer, antioxidant, anti-inflammatory, antiviral and
antimutagenic effects of apigenin have been revealed in
many studies [61]. According to a study in rats with PCOS,
an upturn inFSHandprogesterone levels, and adecrease in
testosterone, estrogen, LH and LH/FSH ratios were
observed in theapigenin-treatedgroup.Thanks toapigenin,
TNF-α and IL-6 levels dropped significantly, while total
antioxidant capacity and superoxide dismutase activity
advanced. Compared to the control group, theca layer
thickness and the number of cysts decreased in the treat-
ment group [60]. In another study, a swelling in ovarian
diameter and cysts and deterioration in lipid profile
occurred in rats towhichDHEAwas injected.Afterapigenin
treatment was applied to rats with polycystic ovary syn-
drome, an accretion in progesterone levels and a decrease
in testosterone and estradiol levels were observed [62].

Other polyphenolic compounds

Rutin, antitumor, antibacterial, antiulcer, antioxidant,
immunomodulator, vasoprotective and neuroprotective,
and alike are obtained from plants such as apple, onion,
teaandconstitutea flavonol compoundwithmanyactivities
[63]. In a study, it was observed that routine application
in rats proliferated antioxidant activity and the number of
cystic follicles in theovariesdecreased [64]. Ratswith letro-
zole-induced PCOSwere treatedwith naringenin, a natural
flavanone derived from grapefruit, and given 20 mg/
kg/day. It was found that naringenin significantly added
onto the activity of enzymes such as superoxide dismutase,
glutathione peroxidase and catalase, prevented body
weight gain, significantly decreased serum glucose and
testosterone levels, and normalized steroidogemic enzyme
activity [65]. Gymnemic acids are a polyphenol extracted
from the leaves of Gymnema sylvestre (Asclepiadaceae). It
was reported that gymnemic acids regulated themenstrual
cycle, decreased BMI, total cholesterol and homocysteine
levels, serum testosterone level and gained serum sex hor-
monebindingglobulin (SHBG) level in ratswithPCOS [66].
Isoflavones from soy are naturally occurring plant compo-
nents classified as phytoestrogens. Thanks to their phenolic

ring structure, isoflavones can act as estrogen by binding to
estrogen receptors. In rats with letrozole-induced PCOS, a
decrease in body weight, serum testosterone levels, oxida-
tive stress, and the activity of the steroidogenic enzymes
3β-HSD (3β-hydroxy steroid dehydrogenase) and 17β-
HSD (17β-hydroxy steroid dehydrogenase) were observed
as a result of 100 mg/kg soy isoflavones treatment [67].
According to the results of ameta-analysis study, soy isofla-
vones reduced serum total testosterone levels in women
with PCOS [68]. Gallic acid is another natural polyphenol
[29]. In general, studies report that gallic acid reduces
PCOS-inducedoxidative stress by increasing enzymes such
as superoxide dismutase and glutathione peroxidase [69].
The studies on some polyphenols are given in Table 2.

Marrubium vulgare, a flowering plant from themint fam-
ily, contains polyphenols and flavonoids [84]. Thanks to the
apigenin in its structure, it reduces the secretion of LH.
While β-testosterone in its essence reduces LH, β-sitosterol
can reduce testosterone secretion by lowering choles-
terol [53]. Silymarin, a flavonoid extracted frommilk thistle
(Silybum marianum L. Gaernt.), prevents peroxidation of
lipids by inhibiting reactive oxygen species and increasing
antioxidant enzyme activity in the body. It has been
reported that it decreases gluconeogenesis and thus blood
glucose level, decreases serum testosterone levels and
moves SHBG levels higher by affecting glucose-6-phospha-
tase [53, 85].

Anthocyanins are found in saffron (Crocus sativus L)
leaves, giving it a unique color. Saffron leaves contain
kaempferol, phenolic compounds, carotenoids, terpenoids
and alkaloids together with anthocyanins [86]. It has been
reported that saffron petal extracts (SPE) have antioxidant,
antitumor, anti-inflammatory and antidepressant effects
[87]. According to a study, it was reported that the number
of corpus luteumincreasedafterSPE treatment inmicewith
PCOS, and the number of cystic follicles decreased with
SPE treatment. Aside from this, with SPE treatment, while
TNFα, IL1ß, IL6, IL18 and CRP levels lower, glutathione
(GSH) and glutathione S-transferase (GST) can increase,
it has been found to increase antioxidant factors, decrease
various inflammatorymarkersand reducePCOSsymptoms
in mice [88].

Another ingredient that hasbeen the subject of studies on
polycystic ovary syndrome is berberine. Berberine derived
from Berberis plants and Coptis chinensis Franch is an iso-
quinoline alkaloid [89]. It was reported that berberine
reduces insulin resistance in polycystic ovary syn-
drome [88], corrects the abnormal lipid profile formed by
inhibiting lipid synthesis [90] and reduces the risk of com-
plications thatmay occur due to polycystic ovary syndrome
[91]. According to a meta-analysis, although berberine is a
promising component in the treatment of insulin resistance
in PCOS, more studies are needed in this area [92].
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Aloe vera (Aloe arborescens) contains various polysac-
charides, nutrients, minerals, salicylic acid, tannins and
enzymes. Aloe vera gel is composed of water and polysac-
charides such as pectin, cellulose, and hemicellulose. It is
rich invitaminsA,CandEandshowsantioxidant properties
by reducing lipid peroxidation. Its leaves and gels contain
active ingredients such as aloe, barbaloin, asmodin [93].
In a study on Swiss albinomice, after themicewere divided
into test andcontrol groups, the test groupwas inducedwith
carboxymethyl cellulose control and letrozole for 21 days
and treated with Diane and Aloe vera gel for 30 days. As a
result of the treatment, it was observed that hormonal
imbalances improved inmiceand the findings revealed that
Aloe vera could have a therapeutic effect on PCOS symp-
toms [94].

Chamomile (Chamomile matricaria) is used for the treat-
ment inmanyailments suchasdiarrhea, nausea andpainful
menstrual bleeding. Amino acids, fatty acids, polysaccha-
rides, flavonoids, minerals and phenolic compounds such
as coumarone and phytoestrogens constitute its main com-
ponent [95]. Thanks to these components in its content, it is
thought to have positive results in the treatment of PCOS. It
has been found that testosterone levels are reduced in
PCOS patients given 340 mg of oral chamomile capsules
daily for threemonths.Apart from that, a significant change
was found in the lipid parameters, dehydroepiandrosterone
sulfate level, and LH/FSH ratios of the patients compared
to the control group [96].

Ginseng is a fragrant and durable plant whose antioxi-
dant properties are prominent [93]. It can prevent lipid per-
oxidation by inhibiting hydroxyl radicals and anions in the
cell membrane. It shows a curative effect in the regulation
of ovulation by lowering plasmaLH levels in PCOSpatients
[96]. In a study conducted in rats with dehydroepiandros-
terone (DHEA)-induced PCOS, Korean red ginseng extract
was given at 75–150 mg/kg daily. As a result, it has been
shown that the increase in the weight of the ovaries, the
increase in serum E2 and testosterone levels are inhibited,
and that ginsengmay be effective in the treatment of PCOS
with its antioxidant and anti-inflammatory properties [97].

Since fennel (Foeniculum vulgare) is considered a phytoe-
strogen, it can be used for therapeutic purposes against hor-
mone and metabolic disorders seen in patients with PCOS
[49]. It contains 54.9% linoleic acid, 5.4% oleic acid and
5.4%palmitic acid in its structure. Palmitic acid β oxidation
reduces testosterone levels by preventing the formation of
dihydrotestosterone complex andmay have an anti-andro-
geniceffect [98].Nevertheless, long-termuseof fennelmay
lower androgen levels inwomenwithPCOSwhohaveanat-
ural menstrual cycle, resulting in decreased LH levels [53].
Inanother study, threedifferentdosesofFoeniculumvulgare
were injected into ratswithPCOSfor tendays.Adecrease in
LH and testosterone levels and a significant increase in

FSH levels were observed in the 1000 mg/kg Foeniculum
vulgare group [99]. In a randomized controlled study,
hypochloric highproteindietwith fenneldidnotmakea sig-
nificant difference in the anthropometric measurements of
individuals. It has been reported that more comprehensive
studies are needed on this subject [100]. In another study,
61 PCOS patients with oligomenorrhea were divided into
two groups and treated for6months.GroupA received fen-
nel infusion and dry cupping, and group B received met-
formin treatment. In group A, the mean pain intensity,
and the number of days between twomenstrual cycleswere
significantly reduced [101].

Conclusions

The symptoms of polycystic ovary syndrome may develop
differently in eachwoman. It is known that polycystic ovary
syndrome is a risk factor for many diseases such as obesity,
insulin resistance anddyslipidemia. Involuntary increase in
bodyweight,menstrual cycle irregularities, hair growthand
alopecia are observed intensely as a result of the deteriora-
tion of hormonal balance due to polycystic ovary syndrome
in women. In addition to these effects, it may have similar
benefits in protecting the ovaries, inhibiting hyperandro-
genism, and reducing serum testosterone levels. Polyphe-
nols are thought to be a therapeutic agent for PCOS due
to their dozens of beneficial effects on health, and more
comprehensive studies are needed on this subject. Nutri-
tion has an important place in both the formation of symp-
toms and treatment options in polycystic ovary syndrome,
but the studies on this subject are insufficient and there is
no specific dietary guide for womenwith PCOS. That being
said, since the positive effects of phytochemicals on meta-
bolic and endocrine parameters have been reported,
increasing dietary phytochemical intake seems to be a cor-
rect strategy. For this reason, fruit and vegetable consump-
tion should be included in the diet, at least 400 g per day
[102]. Evidence-based information needs to be clarified
so that clinicians can make informed and calculated deci-
sions about whether to use, how to use, and what doses to
use polyphenol-containing foods or extracts for their
patients during and after PCOS treatment. Large-scale ran-
domized controlled trials are needed to better understand
the effects of polyphenols on PCOS.

This study was planned to elucidate the relationship
between PCOS and polyphenols. This study demonstrates
the importance of adequate and balanced nutrition in the
treatment of PCOS. It states the importance of daily con-
sumption of vegetables and fruits for the possible benefits
of polyphenols for PCOS. Since there aremore animal stud-
ies in the literature, less human studies are included in this
review, which is the weakness of this study.
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