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An understudied endocrine, reproductive disorder that effects the physical and mental health of women is Polycystic ovary
syndrome (PCOS). PCOS is a common condition affecting a substantial number of reproductive-aged women with metabolic,
reproductive, and psychological consequences. Current treatments for PCOS like Metformin, the golden standard, have a lot of
side effects and it is necessary to research less adverse alternatives such as D-chiro-Inositol (DCI) and Myo-inositol (MI). Various
eligible studies regarding PCOS and inositol were considered using search strategies on PubMed and Google Scholar including
search terms such as “PCOS” and “Inositols”. A flowchart was plotted that demonstrates the inclusion and exclusion criteria for
the sources used. The literature review revealed that treatment with DCI and myo-inositol, either individually or in combination,
can significantly improve metabolic and endocrine parameters in PCOS, including insulin resistance, Luteinizing hormone (LH)
and androgen levels, and ovulation. This finding of this review concluded that inositol supplementation for PCOS patients can

help lessen the severity of the symptoms of this metabolic disorder.
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Introduction

Polycystic ovarian syndrome, or PCOS, is one of the most com-
mon endocrine, reproductive disorders in reproductive-aged
women, impacting 4 — 18% of the at-risk population'’. Accord-
ing to the Rotterdam criteria, which is the gold standard for
PCOS diagnosis, a diagnosis requires the presence of a mini-
mum of two of the following criteria: ovulatory dysfunction,
hyperandrogenism, or polycystic ovary morphology~.

While the Rotterdam criteria have gained widespread accep-
tance, it has become evident that a new clinical consideration
must be acknowledged-the dysmetabolic aspect of insulin resis-
tance. A review done by Greff et al. reported that insulin resis-
tance is common in PCOS patients, irrespective of their body
mass index (BMI)3. Insulin resistance, consequently, drives
androgen overproduction, which is further amplified by the
bidirectional relationship between insulin resistance and hyper-
androgenism™. Insulin resistance represents a distinct biologi-
cal adaptation that leads to compensatory hyperinsulinemia in
around 70 to 80% of women diagnosed with PCOS and central
obesity, as well as in 15 to 30% of lean women with PCOS".

Females with PCOS generally demonstrate symptoms includ-
ing hirsutism, hair loss, excess acne, delayed periods, obesity,
and infertility. A review by Unluturk et al. highlights that in-
herited genes and mutations play a role in PCOS. These include
genes involved in ovarian and adrenal steroidogenesis(CYP1la,
CYP21, CYPI17, and CYPI19), the sex hormone-binding globulin
gene, and genes related to insulin action and secretion (INS,
INSR, IRS1, IRS2, CAPN10). However, some findings remain

controversial®. These genes can cause hormonal disbalances:
abnormally high levels of androgens and unexpectedly low lev-
els of estrogen produced by the ovaries””. This can cause growth
of follicular cysts, developing during the follicular phase since
ovum is not released as expected, due to excessive FSH stimula-
tion or the absence of the typical mid-cycle LH surge preceding
ovulation. These cysts persist and grow under ongoing hormonal
stimulation, further producing androgens®. PCOS needs to be
managed as soon as clinically possible since women with PCOS
are more likely to develop serious health conditions such as
type 2 diabetes, high blood pressure, problems with the heart
and blood vessels, and uterine cancer®. Individuals with PCOS
exhibit a notably higher prevalence of depressive disorders and
anxiety disorders, experiencing three times more depressive
symptoms and five times more anxiety disorders compared to
those without PCOS'Y. For instance Testosterone impacts brain
regions like the amygdala and prefrontal cortex, which regulate
emotions. High levels, like the case of hyperandrogenism in
PCOS, may over activate these regions, leading to emotional

dysregulation'H.

Metformin is the primary metabolic treatment for managing
PCOS and is recognized as the front line treatment!?, Met-
formin treats PCOS by activating AMP-activated protein ki-
nase(AMPK), which decreases blood sugar levels, improves in-
sulin sensitivity and reduces hepatic glucose production, thereby
lowering androgen levels. Therefore it helps restore ovulation,
regulate menstrual cycles, and decrease the intensity of symp-
toms like hirsutism and acne3, Nonetheless, metformin use can
lead to gastrointestinal side effects ranging from mild to severe,
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including nausea, diarrhoea, vomiting, and flatulence. Conse-
quently, seeking alternative treatments with fewer side effects
would be advantageous for the care of these patients. In recent
research, various studies have explored the potential benefits of
inositol supplementation, proposing that inositols could serve as
potent alternatives to metformin in treating PCOS"4.

Inositol is a six-carbon ring compound with a hydroxyl group
attached to each carbon atom. They are naturally present in all
living beings and participate in various metabolic pathways,
and MI is present more abundantly in nature with greatest
amounts present in fruits, grains, beans and nuts>'1% Two
specific stereoisomers of inositol, MI and DCI , act as insulin
second messengers and mediate different insulin actions. MI
is converted into an inositolphosphoglycan (IPG) involved in
cellular glucose uptake, while DCI is converted into an IPG re-
sponsible for glycogen synthesis. At the ovarian level, MI-based
second messengers are involved in glucose uptake and FSH
signalling, whereas DCI-based second messengers are involved

in insulin-mediated androgen production‘Z,

Inositol, often categorized as a pseudovitamin (sometimes
referred to as vitamin B8) is taken as a vitamin supplement
for glucose metabolism and insulin signalling deficiencies'!®.
Some people reported inositol supplementation improves in-
sulin sensitivity and hormonal balance, therefore the scientists
started researching its effectiveness on PCOS as a more natural

alternative than drug therapies'?.

It is necessary to find an alternative for metformin, and this
review investigates what evidence supports inositol as an alterna-
tive treatment for PCOS in women or even improved treatment
option.

Methods

The review question was, ‘how effective is Inositol as a treat-
ment for polycystic ovarian syndrome in women?’. The target
participants for this review are women diagnosed with PCOS.
The concept of this review was a summary of topics related
to the effect of inositols on PCOS. The context of this review
includes menstruating women in all countries. In this review
the databases which will be searched for include PubMed and
Google Scholar. The criteria for inclusion were papers written
in English.

Keywords and search strategy

("PCOS”(Title/Abstract) OR "PCOD” (Title/Abstract) OR poly-
cystic ovary*”(Title/Abstract) OR Polycystic Ovary Syn-
drome”(MeSH Terms)) AND (“Inositol”’(MeSH Terms) OR
“Inositol”(Title/Abstract))

Extracting and charting the results

The flowchart (figure 1), depicts the process for finding studies,
eliminating duplicates, choosing pertinent research, obtaining
the complete article from the library, and presenting the final
analysis. In the scoping review, ‘charting the results’ is an
iterative process that involves extracting relevant data from all
the studies included in the review.

Results

General criteria of studies included

Most studies included women between the ages of 18 and 50
who were diagnosed with PCOS according to the Rotterdam cri-
teria. Twelve primary articles were identified, describing various
concepts, including the effects of DCI, MI, a combined therapy
of DCI and MI, and the effects of inositol versus metformin.

Ovulation

Studies showed that both MI and d-chiro-inositol administered
increased ovulation mostly through serum progesterone lev-
els!42021 Nester et al. found that 19 out of 22 women who
were administered 1200 mg of DCI for 6 -8 weeks, the reason
for this dosage is not specified, ovulated compared to 6 out of
22 women in the placebo group!®. A study by Benelli et al.
also demonstrated an increase in ovulation after 6 months of
combined treatment of MI and DCI in a 40:1 ratio, since it’s
the physiological ratio of the two isomers in the body, through
17-beta-Estradiol and Sex Hormone Binding Globulin levels
(SHBG)Z". In another study Ozay et al. Women who had MYO
+ 400g folic acid for 12 weeks, the reason for this dosage is not
specified, had increased ovulation which was monitored through
serum progesterone levels*!. In a double-blind trial done by
Constantino et al. , 16 out of 23 women treated by MI ovu-
lated compared to 4 out of 19 in the placebo group?2. A study
by Gerli et al. also demonstrated that the treated group, who
received 100 mg of Inositols twice a day (reason unspecified),
had greater ovulation. This was ascertained through ovulation
frequency, which was measured using the ratio of luteal phase
weeks to total observation week. The treated group had an 23%
ovulation frequency and shorter time to first ovulation (23.6
days; 95% CI: 17-30) whereas the placebo group had a 13%
frequency and a longer time to first ovulation (41.8 days; 95%
CI: 28-56) (23).

LH concentrations

A study by Benelli et al., found an average decrease in LH levels
from 12.5 £ 8 mIU/ml to 8.5 £ 4.04 in a group of 21 women after
combined therapy of MI and DCI through immune-enzymatic
assays. Januszewski et al., also reported a significant decrease
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Fig. 1351 studies were identified from the PubMed and Google Scholar search. There were 0 duplicate records removed. After screening of
their abstracts and introduction, 245 records were removed, and 101 were sought out for retrieval. 36 records could not be retrieved; hence, 69
were assessed for eligibility. Out of the 69, 21 records were not focused on the topic, 4 were too specific to one category of patients, 11 were too
specific to one section of PCOS, and 24 were records combining other existing records. 12 records were reviewed.
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paper source | Inositol | Inositol Duration | outcomes
Form concentration
Benelli et al. MI + MI + DCI 6 months | 1tSHBG, 1Ovulation, |LH, |Free
DCI (40:1), 550 testosterone, | HOMA index,
mg MI +13.8 | Fasting insulin
mg DCI + folic
acid, BID
Constantino et | MI 2 g/ day MI + | 3 months | | Total testosterone, | Free
al. 400 mg/day testosterone, |Plasma triglycerides,
folic acid 1Systolic blood pressure, | Diastolic
blood pressure, |Plasma insulin
curve AUC, | Fasting insulin,
1Whole body insulin sensitivity (ISI
comp), TOvulation rate (16/23 vs
4/19)
Gerli et al. not 100 mg 16 weeks | 1Ovulation frequency, | Time to
specifie | Inositol, BID first ovulation, | Anovulatory
d patients, | Weight, | Leptin, {HDL,
|Efficacy in BMI > 37
Januszewski et | MI + MI + DCI 6 months | |Body weight, | Free testosterone,
al. DCI (10:1), 1100 |FSH, |LH, |Insulin, 1SHBG,
mg/day (2 lOGTT glucose, 1Skin condition
tablets)
Kachhawa et MI + MI + DCI 6 months | TSpontaneous menses, TRegular
al. DCI (3.6:1), 550 cycles post-treatment, | Cycle
mg+ 150 mg, length, | AMH, | HOMA-IR,
BID
Marca et al. DCI 1000-1500 15 |HOMA index, | AMH, 1Regular
mg/day DCI months menstrual cycles
(dose based
on body
weight)
Nestler et al. DCI 1200 mg/ day | 8 weeks |Plasma insulin AUC, |Free
DCI testosterone, | BP (systolic &
diastolic), | Triglycerides,
1Ovulation
Ozay et al. MI 4 gMI+400 | 12 weeks | 1Serum progesterone (day 21),
mg folic acid, |Fasting insulin, |Fasting glucose,
BID |HOMA-IR, 1Spontaneous
pregnancy, 1Clinical pregnancy rate,
1Cycle cancellation, | Total rFSH
dose, | Cycle duration
Zacché et al. MI 2 gMI+200 | 6 months | |LH, | Testosterone, |Free

mg folic acid,
BID

testosterone, |Insulin, | HOMA
index, |Hirsutism, |Acne
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in LH levels, staring from 12.4 6.7 mlU/ml during the rst Similarly, a study done by Constantino et al. also showcased
visit to 9.3% 4.2 mIU/ml during the third visit after the 1100a decrease in systolic and diastolic blood pressure in women
mg/day of inostiols in form of 10:1 ratio Ml and DCI combinedaking Ml supplementation. SHBG levels increased in all 6
treatment (reason for dosage was unspeci ed) in a group ofstadies4-20-21.23-25 According to the study conducted by Marca
women diagnosed with PCOS. Moreover, signi cant decreasteal. after the treatment including DCI for 12 months, 16 out of
in LH levels was also demonstrated through a study conduc8ddhad a regular menstrual cycles (ranging from 25 to 35 days)
by Zaccle et al., decreasing from 14.1 + 5.7 to 8.4 + 2.2 afteompared to 0 out of 47 prior to treatment, therefore there was a
three months of supplementation of 2g of MI with 200 mg &1.6% increase in women reporting regular menstrual cyeles
folic acid, the reason was not speci ed for this dos#ife-*  In another study by Zacehthere was a signi cant decrease in
self-reported acne and hirsutism (according to mFG sédre)
Insulin resistance/ sensitivity According to several studies inositols have been shown to
o ) o o _have a positive impact on patients with mental disorders. In
majority of.the studles_found a signi cant reduction in insulig study by Mukai et al. inositols supplementation has been
concentration and an increase in glucose tolerance. Marcﬁé‘f‘ﬁonstrated to be bene cial for depressed patients, especially
al. found that before treatment of 1000-1500 mg of DCI dai,es with Premenstrual dysphoric disorffer Furthermore,
(according to body weight) for 12 months (reason for dosageanother study by Fux et al. the authors conclude that in-
not speci ed), 40% of 47 women had insulin resistance, de negiji| is effective in treating depression, panic disorder, and
in the study for a HOMA index 2.2, which decreased toypgessive-compulsive disordér A study by Benjamin et al.
16% of 31 women having insulin re.5|star.%5e;ln a different 450 supported its ef cacy in panic disorders and study con-
study by Benelli et al., the HOMA index and fasting insuligycted by Chengappa et al. demonstrated inositol's effect for
levels, which serve as markers of insulin resistance, Shovlffﬁ?olar depressio??30. However several studies also resulted

i : : 20 L .
a signi cant reduction after the combined treatmtentin the i, insigni cant improvement post-treatment on these parame-
study conducted byzay et al. and Zacehet al., there was jg,27,31

a decrease in serum HOMA-IR, fasting glucose, and fasting
insulin level$®2%, Increased insulin sensitivity was also found .
in women subjected MI and DCI treatment in a ratio of 10Imositols versus metformin

in a study conducted by Januszewski €!aConstantino et al. tud ducted by Shok tal it d trated
also found an increase in Whole-Body Insulin Sensitivity Ind a study conducted by shokrpour €t al., it was demonstrate
| treatment, 2 g of Ml plus 200 mg of folic acid two times a

(ISI Comp) 2.80+ 0.35 to 5.05+ 0.59 mg-2/dl-#2. Nester ) : .
et al., however, found no notable difference in the decreased8¥’ compared to treatment with _meFformm, 500mg three t'mes
Hay, for 12 weeks, led to a signi cant decrease in fasting

lasma insulin concentration observed during fasting betw . . .
b 9 g Rlasma glucose, serum insulin levels, HOMA-IR, serum triglyc-

:)h;r?g)rltj)zgcser?gcv?ngi: rﬂﬂg rt?rilgégur) receiving a placebo, Werldes, and very-low-density Iipopr_otein (V!_DL)—choIesteroI
levels. Moreover, Ml treatment considerably increased QUICKI
in comparison to metformin treatment. However, Ml supple-

Androgen levels mentation did not have an impact on other lipid pro ¥sA

As demonstrated by 5 studies, levels of androgens decrea¥Egy conducted by Aggarwal et al. compared the effects of DCI
Nester et al. found a decrease in serum testosterone le@ld, metformin supplementation over 12 weeks. The ndings
serum free testosterone levels, and serum androstenediorig\fialed that reductions in hormonal markers such as luteiniz-
the group receiving DCI treatmédt Studies conducted bying hormone (LH), follicle-stimulating hormone (FSH), and
Benelli et al. and Constantino et al., also showcased a decrédgMullerian hormone (AMH) were signi cantly greater in

in free testosterone levels and Serum total testosterone dft@rgroup receiving DCI compared to the group treated with
combined treatment through MI and DCI and singularly MPetformin®®. in a comparative study done by Nehra et al. par-
respectivel2% nevertheless, there was not a signi cant diffeficipants were divided into 2 groups, Group A was given a tab
ence in androstenedione levels compared to the placebo grflidd twice daily and group B was given a tab Metformin 500

Studies Januszewski et abzay et al and Zacehet al. similarly Mg thrice daily for 6 Months. The study concluded that Both
demonstrated a decrease in Free testosterone222aig MI and metformin both improved the biochemical parameters

ICveTrsS.
including LH, FSH, testosterone, HOMA-IR; moreover, the dif-
ference in parameters between the two was considered statically
non-signi cant®®. In another study by Jamilian et al., it was
In the studies conducted by Nester et al. the women who wdigcovered that the use of Ml over 12 weeks, when compared
administered DCI experienced reductions in both systolic almdmetformin, yielded positive outcomes in total testosterone
diastolic blood pressure, as well as plasma triglyceride [é¢eldevels, mFG scores, serum hs-CRP levels, and the gene expres-

Other variables
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sion of IL-1 among individuals with PCOS. However, there washd HOMA index while increasing SHBG levels. It also low-

no signi cant impact on other hormonal pro les, NO levels, oered systolic arterial pressure, although this reduction was not

the gene expression of IL-8 and TNF2®, The reasons for thestatistically signi cant. Treatment with DCI resulted in a more

dosages in the studies were not given. substantial reduction in LH and free testosterone levels and
greater regularization of the menstrual cycle compared to Ml;
however, these ndings were not statistically signi caftBoth,

Ml versus DCI MI and DCI act as insulin second messengers and mediate dif-

In a study conducted by Pizzo et al., group 1, consisting of ffgent actions of insulin. Speci cally, Ml fac_ilitates qucose.
PCOS patients, was treated with 4 g of Ml/die plus 400 mcg %@take gnd DCl catalyses glycogen §ynth¢5|s. Ir_‘ reproductive
folic acid/die orally for six months, and group 2, also consisti gans like the ovary, Ml regulates follicle-stimulating hormone

of 25 PCOS patients, was treated with 1 g of DCl/die plus 4 OSH) s_ig_nallin_g and glucose uptake, whereas DCl is mainly in-
mcg of folic acid/die orally for six months. It was found tha‘fOlVed in insulin-mediated androgen productinMI support

MI treatment, compared to DCI supplementation, signi cantf sulin signalling and reduce androgens by enhancing follicle

decreased the LH/FSH ratio, total testosterone, and HO turation by improvirjg FSH.signaIIing since iF i,s a second
index. It also lowered systolic arterial pressure, though not essenger; therefore, increasing aromatase activity, and lower-

ni cantly. Comparatively, the Ml treatment also signi cantl)/ g total androgen production, and also by stimulating SHBG

increased SHBG levels. Furthermore, it was also found that D&fduction, which decreases free androgen levels. Therefore Ml
treatment, compared to MI supplementation, reduced LH aq%dresses one of th? root causes of PCOS-rgIated hyperandro-
free testosterone levels the greatest, however not signi carﬂéf."sm aqd 'ts‘, associated symptoms, such as iregular T“e.”%”“a'
Post-treatment greater menstrual cycle regularization in patiet g and h.|rsut|sm. Howevgr, DCl acts as an aromatase |nh|b|torl,
treated with DCI compared to those treated with Ml was also GhPPr€ssIing the_convers_lon of androgens to oestrogens. This
served, although the difference was not statistically signi éént'nh'b't'on’ especially at high doses or with prolonged use, can

In a study by Formuso et al. , in comparison, 137 PCOSF@fid to _androgc_an buil_d—up and oestrogen de ciency, potentially
tients were randomized into three groups: group A (51 patierf§réasing the intensity of PCOS symptothseverthless, in

+ 2 g of MI twice daily with folic acid, group B (48 patients) _s%gort-term DCI seemed to cause improvement in metabolic and

500 mg of DCI twice daily with folic acid, vitamin B12 andovulatory parameters of PCOS patients. In such instances, DCI

manganese, and group C (38 patients, control) : placebo. d%(,‘.reases insulin levels, consequently increasing the level of

six months, ovulation rates signi cantly improved in groups ML, leading to increase FSH production therefore ovulatfon

(66%) and B (64%), with no signi cant changes in the pIacebTJ'iS can correct the elevated LH/FSH ratio found in PCOS pa-
iants; moreover, anovulatiéh The imbalance in the ovarian

group. Additionally, inositol treatments accelerated menstr{ s i he devel ‘
cycle regularity, with MI showing slightly better ef cacy inMl 0 DCl ratio may contribute to the development of PCOS

metabolic and hormonal improvements; however, it was not Cghl_nsulln-resstant patients. Increased DCI levels promote an-

sidered statistically signi carit. The reasons for the dosageg_mger_‘ production, while a depletipn of myo-Ins impairs FSH
were not speci ed. signalling and oocyte quality. Studies have shown that healthy

women's ovaries maintain a higher Ml to DCI ratio (around
100:1), whereas women with PCOS exhibit lower Ml levels
Discussion and increased DCI, resulting in a ratio as low as (#2:Ad-

ditionally, Ml and PLP-C facilitate the release of InsP3, which

It has been demonstrated that women with PCOS who recdig8trols intracellular calcium (Ca2+) levels. The nal stages of
therapy of DCI, MI, or a combined therapy of DCI and mpocyte development are Ca2f-dependent, with InsP3 binding
supported a higher ovulation rate, lower insulin concentratioffsits receptor 1 (IP3-R1) playing a critical role in the matura-
and an increase in glucose tolerance, indicating an increastaf Of cocytes and the progression of meiosis, both of which
insulin sensitivit?21:23.25 The treatment also resulted in red'€ characterized by elevated Ca2+ le¥&lsMoreover, MI-
duced androgen and LH levels, decreased systolic and diastlf¢ aPPears to in uence the cytoskelefdri*and contributes
blood pressure, and improvements in hirsutism, and acne in i SH-induced anti-Milerian hormone (AMH) production.
women who received therapy. Inositol treatment, in compatlviH modulates f(glhcular sensitivity to FSH, thus regulating
son to metformin therapy, also yielded better outcomes in toflficle maturatiorf®. The regulatory pathway involving AMH

testosterone levels, mFG scores, serum hs-CRP levels, the fé}%':_SH sensitivity is often found to be disrupted in anovula-
expression of IL-1, fasting plasma glucose, serum insulin lev&fy disorders such as PCOS. Speci cally, elevated AMH levels

HOMA-IR, serum triglycerides, and VLDL-cholestef8i%5. A found in PCOS patients in turn prevent FSH action, impair-
study corﬁparing the effective,ness of MI and DCI found thifg follicular maturation therefore contributing to anovulation,
MI signi cantly decreased the LH/FSH ratio, total testosteronlich is & common parameter of the conditténApart from in-







