REVIEW
r\

Nutritional Supplements and Complementary
Therapies in Polycystic Ovary Syndrome

Simon Alesi," Carolyn Ee,? Lisa J Moran," Vibhuti Rao,2 and Aya Mousa'

"Monash Centre for Health Research and Implementation (MCHRI), Monash University, Clayton, Victoria, Australia; and 2The National Institute of
Complementary Medicine, Health Research Institute, Western Sydney University, Penrith, New South Wales, Australia

Polycystic ovary syndrome (PCOS) affects 1in 5 women of reproductive age, and is characterized by menstrual irregularities, clinical or biochemical
hyperandrogenism, and the presence of polycystic ovary morphology. One of the recommended treatment strategies in the international evidence-
based guidelines is lifestyle modification, which includes diet and exercise, with the aim of improving a range of health outcomes. The incurable
nature of PCOS reinforces the importance of developing novel and innovative symptomatic relief strategies, which are currently the only available
approaches for improving quality of life for these women. Women with PCOS tend to be nutrient deficientin many common vitamins and minerals,
thought to be associated with the psychological (depression, anxiety, etc.) and physiological (insulin resistance, diabetes, infertility, etc.) sequelae of
the condition. Nutrient supplementation and the integration of complementary medicine as adjuncts to traditional lifestyle-based therapies in PCOS
could therefore provide additional benefits to these women. In this review, we synthesize the evidence regarding nutrient supplementation and
complementary therapies in PCOS, predominantly from randomized controlled trials, systematic reviews, and meta-analyses, to provide an overview
of the state of knowledge in this field. The evidence to date suggests that specific vitamins (B-12, inositols, folate, vitamins D, E, and K), vitamin-like
nutrients (bioflavonoids and a-lipoic acid), minerals (calcium, zinc, selenium, and chromium picolinate), and other formulations (melatonin, -3 fatty
acids, probiotics, and cinnamon), as well as some complementary approaches such as acupuncture and yoga may be beneficial in PCOS. However,
there remain areas of uncertainty and key limitations in the literature that must be overcome before these therapies can be integrated into routine
clinical practice. Adv Nutr 2022;13:1243-1266.

Statement of Significance: This review provides an up-to-date, comprehensive synthesis of the highest level of evidence regarding the
effects of nutritional supplements and complementary therapies in the treatment and management of polycystic ovary syndrome.
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Introduction

Polycystic ovary syndrome (PCOS) is the most common
endocrinological disorder in women of reproductive age,
with an incidence rate of 12-18% depending on diagnostic
criteria and the demographic studied (1, 2). According to
Rotterdam criteria (3), PCOS is diagnosed based on the
presence of 2 out of 3 characteristics: oligo- or anovulation,
clinical or biochemical hyperandrogenism, and the detection
of polycystic ovaries on ultrasound (after excluding other
causes) (4). PCOS is also characterized by reproductive
(subfertility, infertility, and pregnancy complications) (5),
metabolic (higher risk and prevalence of type 2 diabetes
and cardiovascular disease), and psychological (anxiety,
depression, and worsened quality of life) features (6).

Despite the well-documented adverse health outcomes
associated with PCOS, the etiology of the condition re-
mains poorly understood. Putative mechanisms underpin-
ning PCOS include intrinsic insulin resistance (IR), which
is PCOS specific and relates to a dysregulated response
to insulin in metabolically active peripheral tissues, and
extrinsic IR, which is obesity related, where weight gain fur-
ther worsens PCOS pathology (7-9). To further complicate
matters, PCOS is linked with binge-eating symptomatology
(10) and food-craving behavior (11), which could intensify
body fat accumulation and endocrine perturbations as well
as promoting poor body image, self-blame, and related
psychosocial anxieties. In line with these factors, one of
the recommended treatment strategies for PCOS in the
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international evidence-based guidelines (12) is lifestyle mod-
ification, which includes diet, exercise, and/or behavioral
management, with the aim of improving IR and related
health outcomes by preventing weight gain and/or achieving
and maintaining modest weight loss (7, 13). The incurable
nature of PCOS, coupled with its complex and lifelong
adverse biopsychosocial effects, reinforces the importance
of developing effective symptomatic relief and component-
specific treatment strategies. Currently, these are the only
available approaches for improving quality of life for these
women.

Recently, there has been growing interest into whether
supplementation with vitamins, vitamin-like nutrients or
minerals, and the use of complementary medicines and
therapies (CM) may promote favorable health outcomes
in PCOS (7). Many women with PCOS are already using
nutrient supplements and CM, with an Australian study
reporting that 70% of women with PCOS had used CM
in the preceding 12 mo (14), including 41% who took
herbal medicines. Nearly two-thirds (65.5%) of respondents
reported using CM to treat PCOS; however, most used CM
to improve multiple aspects of their health. Supplements and
CM are often perceived to be natural and low-risk adjuncts
to conventional PCOS treatment regimens, particularly for
some women who have expressed dissatisfaction with certain
medical treatments (such as fertility drugs and the oral
contraceptive pill) and a desire to explore additional options
perceived to be safe and helpful in achieving their desired
outcomes (15).

The increased use of nutrient supplements and CM in
PCOS has seen a rapid growth in new research exploring
the benefits of these treatments. Here, we aim to summarize
and evaluate recent evidence, primarily from randomized
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controlled trials (RCTs) and systematic reviews or meta-
analyses, regarding the efficacy of nutrient supplementation
and CM in the treatment or management of PCOS. We also
describe the key limitations and knowledge gaps that must be
overcome before these therapies can be effectively integrated
into clinical guidelines and practice.

PCOS: An Overview

PCOS is an oligogenic disorder wherein a number of
genetic and environmental factors interact to determine
the clinical phenotype (16). Despite a lack of evidence
suggesting genetic predisposition to PCOS, a family history
of the condition is common. Due to this familial clustering,
many researchers have suggested that PCOS may follow an
autosomal dominant pattern (17). Moreover, the discovery
of PCOS susceptibility loci on specific chromosomes further
supports the role of genetics in the progression and/or
etiology of the condition (18). Environmental factors thought
to influence PCOS progression include food chemicals
and environmental toxins, which can be exacerbated by
poor diet, sedentary lifestyles, and subsequent weight gain
(17, 19). Approximately 40-80% of women with PCOS
are classified as overweight or obese, which worsens the
reproductive, metabolic, and psychological sequelae of this
disorder (6). This further increases the risk of women with
PCOS developing chronic diseases including type 2 diabetes
and cardiovascular diseases; reproductive dysfunction (men-
strual irregularities and infertility problems); and various
psychiatric disorders (anxiety, depression, bipolar disorder,
etc.) (6, 20). Lim et al. (13), in a Cochrane review in
2019, found that some of these reproductive, metabolic, and
psychological features of PCOS are often reversible through
lifestyle modification, whether that be diet and/or exercise.
However, the benefits of specific nutrient supplements and
CM in PCOS remain relatively unknown and could provide
helpful insights to facilitate holistic and tailored diet and
lifestyle interventions in women with PCOS.

Nutrient Supplements and Complementary
Therapies in PCOS: Review of the Evidence
Supplementation with individual nutrients and comple-
mentary therapies may be beneficial in improving health
outcomes in women with PCOS, by influencing key pathways
thought to induce PCOS (e.g., insulin signaling, IR, lipid
metabolism, etc.), thereby altering PCOS symptomatology
and severity (Figure 1). The following keywords were
used to search the Medline database from inception until
July 2021: “polycystic ovary syndrome,” “PCOS,” “acupunc-
ture,” “dietary supplements,” “vitaminx,” “mineral,” “mi-
cronutrient,” “probiotic,” “nutritional supplement,” “an-
tioxidant,” “flavonoid,” “herbal,” “mindful,” “mind-body,”
“yoga,” “meditation,” “Chinese medicine,” “plant-based,”
“phytotherapy,” “extract,” “tea.” Reference lists of key reviews
and relevant articles were also searched to identify additional
articles for review. We excluded articles if they were not
pertaining to PCOS, did not evaluate nutrient supplements
or CM modalities, did not report original research (e.g.,
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commentaries, editorials), or were observational studies or
nonsystematic reviews (in the case where more recent or
higher level evidence was available).

As outlined in Table 1 and described below, we have
synthesized recent research primarily from RCTs or sys-
tematic reviews of RCTs (or epidemiological studies if no
higher level evidence was available), to summarize current
evidence pertaining to the efficacy of individual supplements
and CM in improving various health outcomes in PCOS
(Table 1). The nutrient supplements and CM modalities
presented in this review represent the most commonly used
nonpharmacological therapies among women with PCOS
(14) and the ones for which there is a level of published
evidence to synthesize.

Vitamin supplements

Vitamin D.

Vitamin D is a steroid hormone derived primarily from
sunlight, with limited amounts from dietary sources such as
oily fish or fortified dairy. Vitamin D is critical for calcium

metabolism and maintaining skeletal homeostasis, and is
posited to also have important metabolic and endocrine
functions (21, 22). A meta-analysis by Miao et al. (23)
examining various doses of vitamin D supplementation
over 8-24 wk in women with PCOS reported improved
HOMA-IR and homeostatic model assessment of S-cell
function (HOMA-f), and improved total testosterone and
LDL cholesterol (23). However, there were no effects on
BMI, dehydroepiandrosterone sulfate (DHEAS), triglyc-
erides (TG), or HDL cholesterol. Similarly, a meta-analysis
(24) of 13 RCTs with 824 women (with some overlap-
ping studies) reported a reduction in HOMA-IR, VLDL
cholesterol, fasting blood glucose (FBG), and fasting insulin,
and increased quantitative insulin-sensitivity check index
(QUICKI) with vitamin D supplementation compared with
placebo. It was noted that glycemic effects were more
prominent with daily low doses (compared with intermittent
high doses) of vitamin D. There were no effects on other
lipids, total testosterone, DHEAS, sex hormone binding
globulin (SHBG), or high-sensitivity C-reactive protein (hs-
CRP). In contrast, Gao et al. (25) reported that vitamin D

Nutraceuticals and complementary therapies in PCOS 1245
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improved all lipids except HDL cholesterol following a meta-
analysis of 10 RCTs (n = 543; also with some overlapping
studies) and effects were more pronounced in women with
vitamin D deficiency. Based on these findings, vitamin D
supplementation may have modest favorable effects in
improving glycemic status in women with PCOS when
provided in daily doses to women with deficiency (24,
25), but its impact on lipid profile, inflammation, and
hyperandrogenism remains uncertain.

Inositol (vitamin B-8).

Inositols naturally occur as 5 stereoisomers, with the most
abundant being myo-inositol (MI) and D-chiro-inositol (DI).
In the ovary, Ml is involved in modulating glucose uptake and
follicle-stimulating hormone (FSH) signaling, whereas DI
controls glycogen synthesis and insulin-induced androgen
synthesis (26, 27). Inositol metabolism is often impaired in
women with PCOS (28), typically stemming from imbalances
in ovarian MI and DI, which have deleterious effects on
glucose metabolism and reproductive health in these women
(29). Both MI and DI isomers are second messengers of
insulin, via expression of glucose transporters and cellular
glucose uptake, or glycogen synthesis and storage, respec-
tively. Inositol is found in many plants and animals, and
despite being labeled as vitamin B-8, it is actually not a
vitamin, but a carbocyclic sugar found in abundance in
brain and muscle tissues (28). Unfer et al. (28) conducted
a meta-analysis consisting of 9 RCTs with 496 participants
on the variety of effects of MI in women with PCOS.
It was consistently found that MI supplementation, alone
or combined with DI, significantly reduced fasting insulin
[standardized mean difference (SMD): -1.021 £ U/mL; 95%
CL -1.791, -0.251] and HOMA-IR (SMD: -0.585; 95% CI:
-1.145, -0.025). A substantial increase in SHBG (SMD:
0.425 nmol/L; 95% CI: 0.050, 0.801) was also observed,
but only when MI was administered for a minimum of
24 wk, highlighting the importance of assessing the time-
dependent effects of inositols on metabolic and hormonal
parameters. Other meta-analyses reported improved ovu-
lation rates and regulation of menstrual cycle frequency
with MI supplementation (30), while restoring MI: DI ratio
normalized hormonal parameters including progesterone,
luteinizing hormone (LH), SHBG, estradiol, and testosterone
(Table 1). Studies have also highlighted that additional sup-
plementation with «-lactalbumin can optimize the beneficial
effects of inositols in women with PCOS and overcome the
commonly occurring problem of inositol resistance in these
women (31).

Folate/folic acid (vitamin B-9).

Folic acid, also known as vitamin B-9, is the synthetic
form of folate derived from fortified foods and supplements
as it cannot be synthesized by mammals (32). Folic acid
acts as a coenzyme in several key 1-carbon metabolic
reactions needed for DNA and RNA synthesis and is essential
for methylation reactions such as the remethylation of
homocysteine (Hcy) to the amino acid methionine (33).

Folic acid is proposed to have antioxidant, anticancer, and
cardio- and neuroprotective properties, which could be
beneficial in PCOS given the heightened systemic oxidative
stress (and increased cardiovascular risk) in these women
(34). Moreover, supplementation with folate could normalize
the typically elevated Hcy concentration observed in women
with PCOS (35-37). Previously, Bahmani et al. (38) observed
a beneficial effect of folate supplementation on glycemic,
inflammatory, and oxidative stress parameters in women
with PCOS and overweight/obesity, marked by a reduction
in HOMA-IR, hs-CRP, and malondialdehyde (MDA), and an
increase in total antioxidant capacity (TAC) and glutathione
(GSH) concentrations after supplementing with folic acid for
8 wk. Similarly, Asemi et al. (39) examined the effects of 1 or
5 mg/d of folic acid or placebo in women with PCOS for 8 wk.
They reported a reduction in insulin and HOMA-IR as well
as improved lipid profiles, compared with placebo or lower
doses.

B-group vitamins (B-1, B-6, B-12).

B-group vitamins are responsible for breaking down Hcy
in the blood and recycling it in the methionine cycle for
later use (40). Hence, deficiencies in B-group vitamins lead
to elevated concentrations of Hcy in the blood, which is
potentially damaging to many systems (40). Specifically,
elevated concentrations of Hcy are associated with IR and
cardiovascular disease (41, 42). B-group vitamins (specifi-
cally, vitamin B-12) are often deficient in women with PCOS,
which is associated with long-term and/or high-dose intake
of metformin, a commonly prescribed medication to treat
IR in PCOS (7, 43, 44). Supplementation with B-group
vitamins may be effective in regulating Hcy concentrations in
women with PCOS, potentially improving cardiometabolic
and reproductive health. However, only a single RCT by
Kilicdag et al. (37) has explored B-vitamin supplementation
in PCOS. They found that 850 mg of metformin dispensed
twice daily for 3 mo in 60 women with PCOS resulted in
a 26.5% increase in Hcy concentrations, due to metformin-
induced malabsorption of B-12. When B-group vitamins
(B-1, 250 mg; B-6, 250 mg; B-12 1000 pg) or folic
acid (174 pg) were supplemented (alongside metformin)
twice daily for 3 mo, there were reductions of 21.17% and
8.33% in Hcy concentrations, respectively, but no changes in
IR measured by HOMA-IR. Therefore, supplementation of
B-group vitamins could attenuate the Hcy-increasing effect
of metformin in women with PCOS, but effects on IR, if any,
remain unclear.

Vitamin K.

Vitamin K [in the form of phylloquinone (K;) derived
from green vegetables or menaquinone (K;) derived from
animal products] is a fat-soluble micronutrient with an
unequivocal role in the maintenance of normal coagulation
(45). Vitamin K is involved in the calcification of vasculature
and bone, as it is a central cofactor for the carboxylation of
several vitamin K-dependent proteins including osteocalcin
(45). Osteocalcin is the most abundant protein in bone
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and is exclusively produced by osteoblasts with downstream
effects on metabolism and reproduction (46). Osteocalcin
is reported to promote S-cell proliferation and insulin
secretion through actions in the pancreas and adipocytes
(47), and may therefore act as a mediator between bones
and the pancreas in regulating glycemic status. Due to their
proposed role in glycemic control, there has been increasing
interest in the potential use of vitamins K; and K, in the
management of diseases associated with IR (48). Yet, in
women with PCOS, there are only a paucity of trials that
have examined the efficacy of vitamin K supplementation.
Among these, in an RCT of 79 women with PCOS, Tarkesh
et al. (49) found that 90 pg/d of menaquinone-7 (vitamin
K;) for 8 wk decreased waist circumference, fat mass, fasting
insulin, HOMA-IR, HOMA- 8, TG, dihydrotestosterone, and
free androgen index, while increasing skeletal muscle mass,
SHBG, and QUICKI. Two other RCTs conducted in 55
(50) and 60 (51) women with PCOS examined vitamin K
in combination with vitamin D and calcium. Both trials
supplemented 500 mg calcium, 200 IU vitamin D, and
90 g vitamin K oral formulations or placebo twice a day
for 8 wk. The first trial (50) reported improved serum
DHEAS, free testosterone (fT), plasma TAC, and MDA
concentrations with combined calcium-K-D supplements,
but no effect on prolactin, FSH, 17-OH progesterone,
inflammatory markers, or GSH. The second trial (51) found
that the combined supplement decreased insulin, HOMA-IR,
HOMA-B, TG, and VLDL, and increased QUICKI compared
with placebo. Vitamin K may be a promising supplement
for improving oxidative stress and glycemic control in
PCOS, but conclusions cannot be reached at this stage,
given only one supplementation trial has been conducted to
date.

Vitamin E.

Vitamin E (or tocopherol) is a fat-soluble vitamin stored
in the liver, with anticoagulant and antioxidant properties
and the ability to neutralize free radicals (52). Vitamin
E is often cosupplemented with coenzyme Q10 due to
their complementary actions in maintaining mitochondrial
function and integrity (53). Vitamin E supplementation has
been shown to improve endometrial thickness in women
with idiopathic infertility (54), whereas cosupplementation
with coenzyme Q10 for 8 wk increased SHBG and reduced
free testosterone concentrations in women with PCOS (55).
In another study, cosupplementing 400 IU vitamin E with
1000 mg of w-3 fatty acids for 12 wk led to significant
improvements in IR and androgen concentrations (56).
Although there are currently no RCTs using vitamin E
supplements alone for PCOS, Chen et al. (57) examined
the effects of short-term supplementation with vitamin E in
a retrospective study of women with PCOS and infertility
treated with clomiphene citrate (CC) or human menopausal
gonadotropin (HMG). In this study, vitamin E reduced
oxidative stress and reduced the dose of exogenous HMG
needed (57) but had no effects on ovulation or clinical or
ongoing pregnancy rates. Clinical trials using vitamin E
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alone, at least in 1 intervention group, are needed to clarify
its independent effects in PCOS.

Vitamin A.

Vitamin A, also known as retinol, is a fat-soluble vitamin
that is thought to contribute to TAC, steroid metabolism,
and oocyte maturation (7), although the mechanism of
action is not adequately understood. Genes related to
retinoic acid synthesis are expressed differentially in PCOS,
potentially contributing to suboptimal retinol biosynthesis
and a subsequent imbalance in metabolic function and
androgen production. Retinol-binding protein 4 (RBP4)
has been associated with impaired glucose metabolism and
obesity in women with PCOS (58). Moreover, Tan et al. (59)
posit that the altered gonadal and adrenal steroid profile in
PCOS is attributed to upregulation of the RBP4 gene (59).
Despite being a potentially suitable candidate for supple-
mentation in women with PCOS (7), there are currently no
studies directly examining vitamin A supplementation in this
population.

Vitamin-like nutrients

Bioflavonoids.

Bioflavonoids consist of plant-derived polyphenolic com-
pounds and include anthacyanides, flovan-3-oils, flavanones,
flavones, flavanols, and isoflavones, the latter being of
greatest interest due to their reported cardioprotective and
neuroplasticity-promoting effects. Bioflavonoids in general
have well-established antioxidant, antidiabetic, antiestro-
genic, anti-inflammatory, and antiproliferative properties,
and some of their metabolites have been shown to im-
prove PCOS pathogenesis at different levels (7). Of these
bioflavonoids, quercetin, which is found in apples, berries,
grapes, and onions, is thought to have metabolic and
anti-inflammatory effects through inhibition of NF-kB and
enhancement of glucose uptake through glucose transporter-
4 (GLUT4) induction and activation of AMP-activated
protein kinase (AMPK) (60). In women with PCOS and
metabolic syndrome, Oh et al. (61) analyzed the intakes
of the 6 flavonoid classes listed above and found that only
flavonol consumption differed between groups (lower in
metabolic syndrome) and was inversely associated with
metabolic syndrome. In a pilot prospective study, Romualdi
et al. (62) found improvements in the lipid profiles of
women with PCOS after treatment with 36 mg/d of the
soy isoflavone genistein for 6 mo. However, other typical
features of PCOS were unchanged, including anthropometry,
IR (by euglycemic clamp), hormonal profiles, and menstrual
cyclicity. Pourteymour et al. (63) performed a systematic
review of the flavonoid quercetin, which included 3 RCTs
with a total of 246 participants with a BMI of 25-40 kg/m?,
who received 1 g/d of quercetin for 12 wk. There were
improvements in adiponectin-mediated IR and testosterone
concentrations compared with placebo, but no differences in
weight loss or waist-hip ratio (WHR). The authors concluded
that current evidence was insufficient for the efficacy of
quercetin for PCOS (63).



a-Lipoic acid.

a-Lipoic acid («-LA) is a free radical scavenger and potent
antioxidant as well as being an essential cofactor in the
citric acid cycle (64, 65). «-LA has been suggested to be
a regulatory agent of body weight due to its potential in
reducing food intake and enhancing energy expenditure
via suppression of hypothalamic AMPK activity (66, 67).
Masharani et al. (68) found that 1200 mg/d of controlled
release o-LA administered to 6 lean nondiabetic women with
PCOS for 16 wk resulted in a 13.5% improvement in IR
(by hyperinsulinemic clamp) and a reduction in LDL and
TG, but no change in antioxidant metabolites or capacity.
Although the mechanisms are not fully understood, actions
of a-LA may occur through regulation of lipid metabolism
in the liver, kidney, and circulation (69). For instance,
by promoting weight loss through enhancement of energy
expenditure and satiety signals, &-LA could protect against
ectopic lipid accumulation in nonadipose tissues such as
liver and skeletal muscle, thus preventing lipotoxicities which
promote IR (70). Using a randomized prospective study
design, Cianci et al. (71) examined the role of &-LA and DI
in the short-term management of 46 women with PCOS.
Here, 26 women were allocated to receive 1000 mg/d DCI
and 600 mg/d «-LA for 180 d, and 20 were untreated
controls. Some reproductive characteristics were improved
including menstrual cycles, decreased number of ovarian
cysts, and increased progesterone concentrations as well as
metabolic features including reductions in BMI and insulin
and increased HDL cholesterol, but no changes in other lipid
measures. Given the limited number of available studies, this
area of research awaits further study to clarify the impact of
a-LA in PCOS.

Carnitine.

Carnitine is a quaternary ammonium compound synthesized
from amino acids lysine and methionine, and is involved
in multiple metabolic processes including glucose and
fatty acid metabolism, particularly in its active form (L-
carnitine) (72, 73). Among its many functions, L-carnitine
is responsible for transporting long-chain fatty acids to
the inner mitochondrial matrix for B-oxidation. Women
with PCOS are reported to have lower concentrations of
L-carnitine, which has been associated with oocyte quality
(poor oocyte maturation being a source of metabolic and
endocrine malfunctions in PCOS) (74, 75). Links with
hyperinsulinemic and hyperandrogenic features of PCOS
have also been posited (74). Several putative mechanisms
have been put forward to explain how reduced insulin
sensitivity may be attributed to carnitine deficiency. Reduced
carnitine is likely to hinder mitochondrial oxidation, leading
to an accumulation of long-chain acyl CoA, resulting in
dysregulation of the intramitochondrial acetyl-CoA:CoA
ratio (76). This dysregulation is thought to impinge upon
the insulin signaling cascade due to perturbations in the
expression of glycolytic and gluconeogenic enzymes, as well
as insulin-like growth factor-1 (IGF-1) (76). A daily dose
of 3 g L-carnitine supplementation for 3 mo was shown

to improve insulin sensitivity, BMI, and serum LDL in a
prospective study of 80 women with PCOS (77). No other
studies have explored carnitine supplementation in PCOS,
with the exception of data currently under investigation
(78-80).

Mineral supplements

Chromium picolinate.

Chromium picolinate (CrP) contains 12.4% elemental triva-
lent chromium (Cr**), an essential compound found in many
whole grains, fruits, lean meats, and vegetables. CrP has
been shown to improve IR, glycemic control, and metabolic
status in women with PCOS in a number of RCTs, as well as
systematic reviews and meta-analyses (81-85). Specifically,
200 pg/d CrP administration for 8 wk reduced rates of
hirsutism and acne, whilst increasing plasma TAC in women
with PCOS (83). Two previous meta-analyses reported mixed
results, with one reporting that CrP reduced BMI, fasting
insulin, and fT (85), and the other reporting that CrP
decreased IR, but not BMI, and increased both free and total
testosterone (86) (Table 1). Based on the current evidence, it
is possible that CrP supplements may be beneficial in PCOS,
but further studies are warranted before clear conclusions can
be reached.

Calcium.

Multiple studies have indicated that women with PCOS
have abnormalities in calcium concentrations, which is
often attributed to deviations in vitamin D and parathyroid
hormone (7, 87-89). In fact, Szscuko et al. (90) reported that
calcium is the mineral that is at the highest risk of being
deficient in women with PCOS. Yet, there is no consensus
on the associations between calcium concentrations and IR
in metabolic disorders such as PCOS (89, 91-95). Calcium
and vitamin D are often cosupplemented together, since
vitamin D improves calcium absorption, enabling it to carry
out its many functions including the maintenance of bone,
nerve transmission, vascular contractions and dilatations,
and endocrine secretions, among others (96-99). In women
with PCOS and vitamin D deficiency, calcium and vitamin
D cosupplementation led to marked improvements in S-cell
function, TAC, hs-CRP, and GSH, compared to supplemen-
tation with either calcium or vitamin D alone (100). Some
RCTs also reported benefits of supplementing vitamin D with
varying mixtures of magnesium, zinc, vitamin K, and vitamin
E on hormonal profiles, inflammation, and oxidative stress in
women with PCOS (51, 101-103). A recent systematic review
(104) examined 6 RCTs (n = 480) using calcium and vitamin
D cosupplementation in women with PCOS, most of whom
also used metformin. They reported improved lipid profiles,
menstrual regularity, and follicular maturation, increased
QUICKI and reduced serum insulin, HOMA-IR, FBG,
hirsutism, and testosterone. Although these effects cannot be
attributed to calcium alone, the findings are promising and
support the increasingly accepted understanding that these
micronutrients often act in tandem (either synergistically or
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additively) to regulate a variety of reproductive and metabolic
systems and improve the negative health outcomes associated
with PCOS.

Magnesium.

Magnesium is an intracellular cation and a cofactor of many
enzymes involved in insulin metabolism. Hypomagnesemia
has been implicated in the impairment of insulin action and
development of IR due to a reduction of tyrosine-kinase
activity at the insulin receptor level (105). Magnesium is also
involved in DNA and RNA synthesis and neuronal protection
against cell death. Owing to its mechanisms in regulating
glycemic and neurologic functions, magnesium is proposed
to have a role in conditions associated with concomitant IR
and depression, including PCOS as well as some cardiovas-
cular diseases and diabetes (7, 106), but currently available
evidence testing this notion is sparse. Despite some reported
benefit of magnesium supplementation on subjective anxiety
and stress outcomes in vulnerable groups among the general
population (107), there is no data on the effects of magnesium
on depressive symptoms in women with PCOS. A systematic
review by Hamilton et al. (106) reported that a higher
concentration of magnesium was associated with overall
reduced IR on the basis of 4 epidemiological studies in
women with PCOS. However, when analyzing results from
3 RCTs, the impact of supplementation with magnesium on
IR in these women was inconsistent. Given its important
metabolic and neurological functions, and since women with
PCOS may be more likely to be magnesium deficient and
under consume magnesium-rich foods (90), there is a need
to further explore whether improving dietary magnesium
intake and/or supplementation may be an effective strategy
in women with PCOS, particularly for improving IR and
depressive symptoms.

Selenium.

Selenium is an essential trace element and key part of
selenoproteins which assist in redox processes and have im-
portant antioxidant and anti-inflammatory functions (108).
For instance, selenoproteins can protect against oxidative
stress caused by excessive concentrations of reactive oxygen
species (ROS and reactive nitrogen species; RNS) (108). Since
embryos are particularly susceptible to oxidative stress due
to lower antioxidative capacity as compared to adults, the
role of selenium in embryonic gonadal development and
reproductive function has been identified (109, 110). Sele-
nium is also involved in metabolic functions, and its plasma
concentrations are thought to be decreased in women with
PCOS, potentially leading to free radical accumulation and
hyperandrogenism (7, 110, 111). A 2019 systematic review
(112) of studies of Se in PCOS identified 5 RCTs, where
women with PCOS were supplemented with 200 ug Se daily
for 8-12 wk. Findings showed reduced IR, inflammation, and
oxidative stress, whereas results were inconsistent for BMI,
weight, FBG, lipids, hormonal parameters, or other features
of PCOS such as acne and hirsutism (112).
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Zinc.

Zinc (Zn) is another essential trace element, responsible
for the function of over 300 enzymes, with a critical role
in insulin synthesis, storage, secretion, and function (113,
114). Zinc is often referred to as an insulin-mimetic, that
is, it stimulates lipogenesis and glucose uptake in isolated
adipocytes in an insulin-like manner (113, 114). These
actions occur through modulation of protein tyrosine phos-
phatase activity in IGF-1 signaling (115). Previous studies
suggest that women with PCOS may be deficient in Zn and
that this could underlie the insulin-resistant state seen in
some PCOS phenotypes (116, 117). Indeed, deficiencies in
Zn could worsen IR in women with PCOS via dysregulation
in the insulin-dependent tyrosine phosphatase pathway (7).
A recent systematic review conducted by Nasiadek et al. (118)
found that 4-50 mg of Zn supplementation 1-2 times daily
for 8-12 wk improved HOMA-IR and lipid profiles in women
with PCOS, as well as reducing inflammation (hs-CRP) and
oxidative stress (MDA and TAC). Reductions in fT, FSH, and
DHEAS were also noted in some of the trials (118). Many of
the trials, however, cosupplemented Zn with other nutrients
such as magnesium, calcium, and vitamin D. Hence, the
potential beneficial effects observed cannot be isolated or
attributed solely to Zn supplementation.

Other supplements

Probiotics.

The gut microbiome of women with PCOS is less diverse
than in women without PCOS, with evidence of higher
intestinal permeability (119). This reduction in gut microbial
diversity has been linked to hyperandrogenism as well as
increased levels of systemic inflammation (120). Shamasbi
et al. (121) conducted a meta-analysis of 13 studies with
855 participants with PCOS (n = 438 intervention and 417
controls), and showed that SHBG (SMD: 0.56; 95% CI: 0.26,
0.86) and NO (SMD: 0.38; 95% CI: 0.09, 0.68) concentrations
increased significantly, whereas free androgen index (SMD:
-0.58; 95% CI: 0.95, -0.21) and MDA (SMD: -0.76; 95%
CI: 1.46, —0.05) concentrations reduced significantly in the
probiotics and synbiotics groups compared with placebo.
Other hormonal and inflammatory indices such as testos-
terone, DHEAS, GSH, hs-CRP, TAC, and hirsutism score
did not differ between the groups (121). Interventions were
generally given for 12 wk, and strains typically included Lac-
tobacillus acidophilus/casei/rhamnosus, Bididobacteriumbi-
fidum/longum/breve, and Streptococcus thermophiles, with
almost all RCTs including Lactobacillus acidophilus in their
probiotic. Another meta-analysis (122) pooled data from
6 RCTs involving 406 women with PCOS (aged 25-
28.5 y) receiving probiotic supplements for 8-12 wk
durations. Probiotic supplements lowered fasting insulin,
QUICKI, TG, and VLDL, but there were no differences
in other metabolic outcomes including FBG, HOMA-IR,
other lipids, body weight, hs-CRP or DHEAS. All RCTs
included Lactobacillus acidophilus, Lactobacillus casei, and
Bifidobacterium species and the pooled results remained
significant after the leave-one-out sensitivity analysis (122).



Melatonin.

Melatonin is a neuroendocrine hormone secreted from the
pineal gland with potent free radical scavenging properties.
Melatonin has an important role in regulating circadian
rhythm as well as in ovarian functions including folliculo-
genesis, ovulation, and oocyte maturation and forming the
corpus luteum (123-125). Melatonin may be relevant in
PCOS as it is thought to directly reduce testosterone
production via its antigonadal effects (126), in addition to
its beneficial roles in mitigating IR, hyperglycemia, and
dyslipidemia (127). A systematic review (128) identified
3 studies (2 RCTs and 1 cell culture) in women with PCOS
undergoing treatment with assisted reproductive technology
(ART). Meta-analysis of all 3 studies incorporating both in
vivo and ex vivo melatonin administration revealed a signifi-
cant effect of melatonin treatment on clinical pregnancy rates
(in vivo studies = 3 mg of melatonin taken from the day of
the first cycle or from day 3 to the triggering day; ex vivo
study = 10 umol/L of melatonin on culture medium for 24—
48 h), but this was not significant in meta-analysis of the 2
RCTs alone (in vivo only). Two other prospective studies in
women with PCOS reported that melatonin treatment of 2-
3 mg/d for 2-6 mo decreased androgens, LH, anti-Miillerian
hormone, and BMI, and increased FSH (129, 130). Finally,
Jamilian et al. (131) conducted an RCT in 56 women with
PCOS and reported reduced hirsutism, total testosterone,
hs-CRP, MDA, and increased TAC and total GSH in those
receiving 5 g melatonin twice daily for 12 wk, compared with
placebo.

N-Acetyl cysteine.

N-Acetyl cysteine (NAC) is the acylated form of the amino
acid L-cysteine, and has potent antioxidant properties via
enhancing GSH biosynthesis. NAC supplements have been
examined in PCOS due to their ability to improve insulin
receptor activity and insulin secretion in response to glucose.
A 2015 meta-analysis of 8 RCTs (n = 910) (132) showed that
women with PCOS receiving 1200-1800 mg/d NAC for 12—
24 wk had 3 times higher odds of pregnancy and live births
compared with placebo, but were 60% less likely to achieve
pregnancy with NAC when compared with metformin. NAC
also reduced FBG compared with metformin or placebo,
but not fasting insulin or HOMA-IR (132). Although NAC
shows promising results, firm conclusions are precluded by
the small number of studies with small sample sizes and
overall poor quality of the existing evidence.

-3 fatty acids.

w-3 fatty acids, often found in fish oil supplements, are
PUFAs, with the most common being «-linolenic acid,
EPA, and DHA. -3 fatty acids have anti-inflammatory,
antioxidant, and antihypertensive properties and regulate
abnormal expression of some genes in PCOS (133). For
instance, granulosa cell cultures treated with 25-100 ug
of the w-3 fatty acid EPA showed increased IGF-1 and
lowered cyclooxygenase 2 (COX2) expression, both essential

compounds of follicular differentiation and oocyte matura-
tion (134). A meta-analysis by Yang et al. (135) of 9 RCTs
(n = 591) reported that supplementation with w-3 fatty
acids (900-4000 mg/d) for 6-24 wk improved HOMA-IR,
whereas total cholesterol, TG, and LDL-C were reduced,
but there was no effect on BMI, FBG, fasting insulin,
HDL cholesterol, LH, FSH, SHBG, or serum testosterone
in women with PCOS. High heterogeneity was noted for
most outcomes, with authors concluding (135) that although
w-3 fatty acids could be used in women with PCOS coupled
with IR and/or dyslipidemia, further larger scale RCTs with
longer follow-up durations were needed to confirm these
effects.

Resveratrol.

Resveratrol is a nonflavonoid polyphenol which is found
in 72 plant species including berries, grapes, legumes,
and nuts. Resveratrol inhibits the production of inflam-
matory mediators and ROS through a variety of signaling
pathways including the arachidonic acid (AA) pathway,
NEF-kB pathway, and the mitogen-activated protein kinase
(MAPK) pathway (136). Resveratrol downregulates vascular
endothelial growth factor (VGEF) in granulosa cells therefore
reducing angiogenesis, and has been theorized to upregulate
GLUT4, increase protein kinase B, and proliferator-activated
receptor 8. A systematic review reported on 3 small RCTs
(n = 131 participants) that used 800-1500 mg/d micronized
trans-resveratrol for 40-90 d compared with placebo. There
was limited evidence for a reduction in total testosterone
and fasting insulin, and an increase in high-quality oocyte
and embryo rate with resveratrol, but no corresponding
difference between groups for clinical pregnancy rate, hir-
sutism/acne, or other metabolic markers such as FBG, lipids,
and BMI (137).

Coenzyme Q10.

Coenzyme Q10 is a cofactor present in cell membranes and
mitochondria, particularly in the heart, kidneys, and liver.
One of its functions is to facilitate the production of ATP
through participation in the electron transport chain in the
mitochondria. It also inhibits peroxidation of cell membrane
lipids and reduces oxidation of circulating lipids, therefore
acting as a potent antioxidant. Exogenous supplementation
may improve markers of insulin sensitivity through modu-
lation of insulin, glucose uptake, and adiponectin receptors
and reduction of ROS concentrations (138, 139). Supplemen-
tation with 100 mg/d of coenzyme Q10 for 12 wk in an RCT
of 60 women with PCOS (140) resulted in improved HOMA-
IR, QUICKI, serum insulin, FBG, and lipids (TC and LDL
cholesterol). This was thought to be due to an upregulation
in the gene expression of proliferator-activated receptor
vy (PPARy) and a downregulation in the gene expression
of oxidized LDL receptor-1 and inflammatory markers
(IL-1, IL-8, and TNF-«) in peripheral blood mononuclear
cells of women who received coenzyme Q10 supplements;
however, the exact mechanisms of action are as yet unknown
(140).
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Flaxseed.

The active compounds of flaxseed (Linum usitatissimum)
include o-linolenic acid, lignans, and dietary fiber. Lignans
and fiber may improve insulin sensitivity by reducing glucose
uptake speed and insulin release, and w-3 fatty acids may
increase adiponectin concentrations (141, 142). Haidari
et al. (143) conducted an open-label RCT in 41 women with
PCOS who were either given milled flaxseed powder (30 g/d)
and advice on lifestyle modification (provision of healthy
diet recommendations from the American Heart Association
and advice to increase physical activity to 30 min moderate
intensity 3 times a week) or provided with advice on lifestyle
modification alone for a period of 12 wk. There were small
improvements in body weight, waist circumference, insulin,
HOMA-IR, TG, hs-CRP, leptin, and QUICKI (143), although
these differences are unlikely to be clinically significant,
warranting more research on the use of this supplement in
PCOS.

Pomegranate juice and synbiotics.

The fruit juice of Punica granatum L., or pomegranate, is
rich in polyphenols including flavonoids. Preclinical studies
suggest that pomegranate juice improves gut microbial
diversity, and reduces oxidative stress and the inflamma-
tory response (144, 145). In a triple-blind 4-arm RCT of
86 women with PCOS, 300 mL/d of pomegranate juice
for 8 wk, with or without synbiotics, improved lipids (TG,
HDL), blood pressure (BP), and oxidative stress (TAC,
MDA) compared with placebo. Synbiotics, with or without
pomegranate juice, lowered LDL, IR, weight, BMI, waist
circumference, and testosterone, whereas symbiotic juice
alone reduced total cholesterol and pomegranate juice alone
lowered inflammatory markers (146, 147).

Iron.

Iron is a trace mineral oligoelement and is critical for human
life given its key role in electron and oxygen transport.
Serum ferritin concentrations are increased in some women
with PCOS, especially in phenotypes associated with glucose
intolerance irrespective of obesity status (148), suggesting
possible iron excess. This mild iron overload may be due
to acquired or genetic iron-sparing mechanisms due to
chronic oligomenorrhea, or increased iron absorption from
decreased hepcidin (the main negative regulator of iron
absorption), respectively (149). No RCTs have examined iron
supplementation in PCOS; however, 1 RCT of women with
PCOS using metformin compared with an antiandrogenic
contraceptive pill showed that it was the improved insulin
sensitivity, not the restoring of menstrual regularity, that
decreased serum ferritin concentrations in these women
(150). This suggests that regulation of body iron stores in
PCOS may be driven more by IR and hyperinsulinemia
than by menstrual losses. However, studies examining the
relations between iron metabolism and PCOS and any
potential benefits of iron supplementation in this context
remain relatively scant, meriting further inquiry.
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Herbal medicine

Cinnamon.

Cinnamomum cassia, or cinnamon, may exert hypoglycemic
effects through insulin receptor autophosphorylation and
dephosphorylation; GLUT-4 receptor synthesis and translo-
cation; modulation of hepatic glucose metabolism through
changes in pyruvate kinase and phosphenol pyruvate car-
boxykinase; and/or inhibition of intestinal glucosidases and
altering the expression of PPAR-y through multiple active
compounds including eugenol, cinnamaldehyde, copane,
cinnamyl acetate, and camphor (151). Heydarpour et al.
(152) conducted a meta-analysis on cinnamon for metabolic
parameters in women with PCOS and identified 5 trials
(n = 448), all of which were deemed to be of high quality.
Improvements in FBG [weighted mean difference (WMD):
-5.32 mg/dL; 95% CI: -10.46, -0.17], fasting insulin (WMD:
-4.10 pIU/dL; 95% CI: -6.76, -0.144), and HOMA-IR
(WMD: -0.69; 95% CI: -1.37, -0.004) were reported as well
as differences in lipids (LDL cholesterol, HDL cholesterol,
total cholesterol), but there were no differences in body
weight or BMI, compared with placebo (152). Doses of
cinnamon ranged from 336 mg/d of cinnamon extract or
1500 mg/d of cinnamon capsules, with durations ranging
from 6 to 24 wk. Although these studies provide some
indication of the potential benefits of cinnamon supplements
for glucose and lipid metabolism, there remains a need for
further clarification on optimal doses and durations, as well
as the underlying mechanisms of action in the context of
PCOS.

Chinese herbal medicine.

Chinese herbs may have physiological effects on IR, glycemic
control, inflammation, ovarian morphology, and androgens
through active compounds such as glucosides, ginsenosides,
alkaloids, and cryptotanshinone (153, 154). Zhou et al.
(155) conducted a Cochrane review and concluded that,
overall, there is insufficient evidence to support the use of
Chinese herbal medicines (CHM) for women with PCOS and
subfertility. The authors identified 5 RCTs (n = 414) of low to
very low quality, finding that there was low-quality evidence
of a higher pregnancy rate for CHM + CC compared with
CC alone (OR: 2.62; 95% CI: 1.65, 4.14), but no difference
between CHM and CC. No data on live birth rates were
reported in any of the trials (155).

Curcumin.

Turmeric is a spice derived from the root of Curcuma
longa and is commonly used in Ayurveda and Traditional
Chinese Medicine. The main active compound derived from
turmeric is curcumin, which may exert hypoglycemic effects
through attenuating TNF-« concentrations and plasma free
fatty acids; inhibiting NF-kB activation and protein carbonyl,
lipid peroxidation, and lysosomal enzyme activities; reducing
TBARSs; and activating PPARy and hepatic glycolysis (156).
A previous RCT in 67 women reported that FBG [mean
difference (MD): -4.11 mg/dL; 95% CI: -8.35, -0.35] and
DHEA (MD: -26.53 ug/dL; 95% CI: -47.99, -4.34) decreased



with 500 g curcumin 3 times daily for 12 wk compared with
placebo, with no change in fasting insulin (157). Another
RCT of 51 women reported that some measures of IR
(QUICKI) improved in the curcumin group receiving 500 mg
daily for 6 wk, but not in the placebo group; however, there
were no between-group differences in lipid parameters or
glycemic indices (158).

Sage (Salvia officinalis).

Salvia officinalis, or sage, is a herb that is commonly used
in Iranian traditional medicine. Active compounds include
multiple phenolic compounds such as rosmarinic acid and
flavonoids such as carnosic acid as well as terpenoids and
coumarins, which exert antioxidant effects and therefore
effects on glucose metabolism and insulin sensitivity (159).
An RCT by Amini et al. (160) examined 70 euglycemic
women with PCOS who were given sage extract or placebo
for 8 wk. A reduction in BMI (MD: -0.64 kg/m?; 95% CI:
-1.00, —-0.28) and improved IR (MD: -0.69; 95% CI: -0.87,
-0.51) and insulin (MD: -2.81 mIU/L; 95% CI: -3.59, -2.02)
were reported in the intervention group (160), but there were
no differences in WHR or BP.

Fennel infusion and dry cupping.

Fennel, or Foeniculum vulgare, may act as a phytoestrogen
(161), weakly mimicking estrogen with potential metabolic
and hormonal benefits in PCOS. Mokaberinejad et al. (162)
conducted an open-label RCT in 55 women with PCOS and
compared fennel tea combined with dry cupping (a suction
technique to promote blood circulation and healing) against
1.5 g of metformin daily. The intervention was provided for
6 menstrual cycles and was as effective as metformin for
reducing menstrual cycle length and BMI at 6 mo (162).

Spearmint, ginger, cinnamon, and citrus mixture.
Mentha spicata (spearmint), zingiber officinale roscoe
(ginger), and citrus silences (citrus) may have anti-
inflammatory and hypoglycemic effects through active
compounds that include zingiberene, camphene, p-cymene,
menthone, flavonoids, and terpenoids (163-165). Ainehchi
et al. (166) conducted an open-label RCT of a herbal
mixture containing spearmint, ginger, cinnamon, and
citrus with CC, herbal mixture alone, or CC alone (50—
150 mg) for 3 menstrual cycles in 60 women with PCOS and
primary/secondary infertility. This herbal mixture, with or
without CC, improved serum antioxidant concentrations
(including catalase, glutathione peroxidase, and MDA),
HOMA-IR, insulin, and FBG compared to CC alone (166).
However, there was no difference between groups for
menstrual regularity.

Other CM modalities

Acupuncture.

In non-PCOS populations, acupuncture, in particular, au-
ricular and electro-acupuncture, is more efficacious than
sham acupuncture for reducing BMI, body fat mass, and
waist and hip circumference (167). These effects are mediated

through multiple responses including appetite suppression
(168, 169), modulation of leptin and ghrelin (170-172),
and improved insulin sensitivity (173-178). Acupuncture
may have an impact on sympathetic function in women
with PCOS (179) and may also increase ovarian blood flow
(180). Wu et al. (181) conducted a meta-analysis on the
effectiveness of acupuncture in PCOS and found 22 trials
(n = 2315), all of which had either unclear or high risk of
bias. When compared to sham acupuncture, there were no
differences in ovulation, LH, and LH/FSH ratios (2 studies,
n = 1683) or pregnancy rates (3 studies, n = 583), with
1 study (n = 29) reporting an improvement in testosterone,
but not live birth rates. When compared with conventional
medication, 2 studies (n = 80) reported improvements in LH
concentrations compared to CC. Although pooled analyses
reported between-group differences for menstrual regularity
and some hormonal markers (testosterone and LH), the
authors concluded that there was overall insuflicient evidence
to support acupuncture as an effective treatment in PCOS
(181).

Another meta-analysis by Qu et al. (182) examined
acupuncture for metabolic outcomes in women with PCOS
and reported a reduction in BMI, but not IR, in a pooled anal-
ysis of 3 studies (n = 155). However, sensitivity analysis re-
vealed that this difference was mainly due to 1 RCT (n = 80)
which compared acupuncture and the oral contraceptive pill
to the pill alone (182). Hence, it is unclear whether these
effects can be attributed to acupuncture or the contraceptive
pill or both. Overall, there is insufficient evidence to draw
conclusions about the benefits of acupuncture in PCOS, and
further research that overcomes methodological challenges,
such as small sample sizes and lack of allocation concealment,
is needed.

Yoga.

Yoga is a mind-body therapy that originated in India (183).
Today, there are several styles/schools of yoga practices
globally, each having its own aim and form of practice,
such as traditional Hatha yoga, Iyengar, Ashtanga, Bikram,
Sivananda, Kripalu, Viniyoga, Kundalini, and integrated yoga
therapy (184). Shele et al. (185) conducted a systematic
review on yoga for women with PCOS and identified 2
RCTs (n = 112), with findings that suggested benefits
for testosterone and IR. A meta-analysis of the same 2
RCTs reported that yoga therapy may decrease menstrual
irregularity, clinical hyperandrogenism, and concentrations
of FBG, fasting insulin, and HOMA-IR (186). Another
systematic review which identified 16 studies (2 RCTs) that
were organized chronologically and reviewed narratively,
suggested that yoga may have promising benefits for the
management of stress, anxiety, fatigue, menstrual irregular-
ity, concentrations of LH, FBG, lipids, testosterone, and IR
(187). In a more recent RCT, Mohseni et al. (188) enrolled
67 women with PCOS and reported that 90 min of daily
yoga practice for 6 wk reduced hirsutism and waist and
hip circumference, but without improvements in BMI, BP,
symptoms of acanthosis nigricans or alopecia. Although
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yoga could be a potentially feasible, sustainable, and low-
cost lifestyle intervention for women with PCOS, possibly
helping to reduce the risk of developing PCOS (136, 189),
the evidence remains limited and methodological quality is
low, with small sample sizes, high attrition rates, and poor
adherence. Well-designed and adequately powered RCTs are
warranted to strengthen the evidence base in this area and
refute or corroborate these initial findings.

Mindfulness-based interventions.

Mindfulness-based interventions aim to cultivate the prac-
tice of mindfulness, defined as nonjudgmental, present-
moment awareness (190). In the general (non-PCOS)
population, mindfulness-based interventions demonstrate
reductions in body weight (191), stress (192), and anxiety
and depression symptoms (193). Stefanaki et al. (194)
conducted a small RCT exploring the impact of an 8-wk
mindfulness stress management program on depression,
anxiety, stress, and quality of life in 38 women with PCOS.
Stress, depression, and anxiety symptoms were reduced in
the intervention group, with a concomitant increase in life
satisfaction and quality of life compared with no treatment
(194). In a pilot study of 86 women with PCOS and a
BMI >25 kg/m? (195), mindfulness-based stress reduction
(MBSR), a standardized 8-wk mindfulness program, was
trialed in comparison with a control group receiving health
education. There were between-group differences favoring
the intervention group for negative affectivity at 8 wk and
perceived stress at 16 wk, but there were no significant
differences in BP, weight, or IR (195).

Limitations and Future Directions

Whilst the preliminary data for the potential utility of
nutritional and complementary therapies for ameliorating
the negative health effects of PCOS is promising, there
are some notable limitations that must be discussed and
overcome before these therapies can be considered for
integration into clinical practice.

First, the vast diversity of interventions and treatment
regimens examined across the literature makes interpretation
difficult, precluding firm conclusions from being reached.
There is a lack of consistency in nutrient and herbal formu-
lations, dosages, comparators, and intervention durations, as
well as significant heterogeneity in the styles and frequencies
of interventions such as acupuncture and yoga. This makes
it particularly challenging for developing systematic reviews
or meta-analyses with appropriate inclusion criteria that are
both broad enough to capture all the relevant research on
the intervention and specific enough to avoid unsuitable
comparisons being made between studies. Where nutrients
are cosupplemented, which occurs quite frequently, it is
difficult to identify the relative effects of each nutrient on the
outcomes, potentially (and likely) confounding or over- or
underestimating the potential benefits of a given nutrient or
treatment. Further, incorporating adequate control methods
for interventions such as yoga, acupuncture, and mindfulness
programs is challenging, and it is not possible to blind
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participants or practitioners to allocation. Although sham
acupuncture methods have been trialed, and some attempts
to blind investigators and personnel involved in outcome
measurement can be utilized, these shortcomings increase
the risk of bias in RCTs of these interventions and limit
confidence in their results.

Second, the present review illustrates that although meta-
analyses exist for some interventions including MI, vitamin
D, w-3 fatty acids, and NAC in women with PCOS, other
interventions such as vitamin K and carnitine have little
to no available data testing their efficacy in PCOS. The
quality of the evidence therefore ranges from higher levels of
evidence with meta-analyses of RCTs to single retrospective
observational studies. Sample sizes are also problematic and,
as shown in Table 1, of the 45 studies and systematic reviews
included, 19 (42%) included <100 participants, bringing into
question the statistical power of these studies to detect effects.

A third problem pertains to the degree of interstudy and
interindividual heterogeneity present within and across the
currently available PCOS studies. For instance, there are
critical differences among study participants in factors such
as age, BMI, ethnicity, and diagnostic method/criteria of
PCOS. These factors can influence nutrient sufficiency, dis-
ease phenotypes, and clinical outcomes, potentially resulting
in third variable effects — a key problem for observational
studies if appropriate adjustment for confounding has not
been incorporated. Varied intervention settings, study de-
signs, participant medication use and comorbidities, and a
lack of data on nutrient sufficiency in general in women with
PCOS, can further complicate this issue. Moreover, certain
environmental exposures cannot be sufficiently controlled in
RCTs, affecting internal validity. For example, seasonality or
sunlight exposure (the main source of vitamin D) has rarely
been accounted for when examining the effects of vitamin D
supplements in PCOS, so the placebo groups are not “true”
placebos if control participants can receive vitamin D from
sun exposure. Reproductive and metabolic outcomes studied
also vary across the literature, with different diagnostic
criteria or cut-offs and outcome measures (e.g., clamp
versus HOMA-IR, etc.), making direct comparisons difficult.
Finally, Giinalan et al. (7) highlights that PCOS has many
diverse clinical manifestations, ranging from reproductive
to metabolic to psychological dysfunction. There is thus
a need for research in this field to explore the potential
mechanisms and benefits of nutrient supplementation and
complementary therapies on the wide range of clinical
manifestations of PCOS. At present, the evidence is not
sufficiently robust to support supplementation clinically, and
a more nuanced and case-specific approach of nutrient
supplementation for PCOS is needed to encapsulate the
variety of pathologies associated with this condition.

Future research should endeavor to address these above
limitations to clarify the benefits (and possible harms) of
nutritional supplements and CM for women with PCOS. The
use of RCTs that have standardized criteria (e.g., diet, dosage,
and timeframe; or using a standardized acupuncture, yoga,
or mindfulness protocol) with suitable inclusion criteria



(standardized diagnostic criteria for PCOS, age range, BMI
groups, and specific phenotypes) is essential to allow for
reliable results. Moreover, the use of validated tools and gold-
standard methods instead of indirect proxy measures, such as
using hyperinsulinemic clamps instead of HOMA-IR, with
cohorts that are sufficiently powered will allow for meaning-
ful and reliable comparisons to be made between studies. As
previously suggested, certain nutrients have a paucity of data
(iron, magnesium, zing, flaxseed, etc.) and more high-quality
research on these nutrients is needed before their efficacy can
be established. Some supplements may theoretically enhance
the hypoglycemic actions of metformin (which is commonly
used by women with PCOS); for example, sage, curcumin,
quercetin, inositol, and some CHM (196). However, apart
from potential synergistic or additive effects with metformin,
no other known herb-drug interactions have been reported
(197). Future research on biologically based therapies should
include an investigation of potential herb- or nutrient-drug
interactions and any immediate or long-term risks associated
with these interactions.

At present, the etiology and mechanisms underpinning
PCOS remain incompletely understood. However, it is likely
that as more women with PCOS adopt supplements and CM
as adjunct therapies to traditional treatments, the scientific
community will be urged to broaden current knowledge
and employ innovative methods to clarify if and how these
therapies can influence the metabolic, reproductive, and
psychological characteristics of this condition. Such research
would help generate an essential platform to promote a better
understanding of these therapeutic approaches in PCOS and
amore rigorous evidence base for practitioners, patients, and
policymakers.

Conclusions

Based on this review of the literature, supplementation
with nutrients including minerals, vitamins, vitamin-like
nutrients, and complementary therapies may be beneficial in
ameliorating some of the adverse health outcomes associated
with PCOS. However, current literature is inconsistent and
sparse or of poor quality, making it difficult to ascertain
whether these therapies, together or separately, are effective
in managing or treating PCOS symptoms and outcomes.
Further research is therefore needed, particularly by means
of well-designed, adequately powered RCTs, in addition to
mechanistic studies, to determine the efficacy of these ther-
apies and their actions and interactions with the biological
processes underpinning PCOS.
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