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Abstract

Background: In the field of polycystic ovary syndrome
(PCOS), metformin and myo-inositol are frequently
employed to treat the endocrine-metabolic aspects of the
condition.  Accordingly, myo-inositol is sometimes
considered as a nutraceutical alternative for metformin.
Both compounds have undergone repurposing efforts to
identify new applications; however, the mechanisms of both
these compounds differ considerably, as does their
potential in conditions outside of PCOS. Objectives: This
paper discusses contrasts both molecules in terms of
mechanism, possible adverse effects, and novel indications,
with an aim of detangling the unique properties of each
molecule. Methods: A narrative review was conducted in-
dependently by the authors using the search platforms
PubMed, Google Scholar, and Web of Science between
August and November 2024. Conclusions and Outlook:
Myo-inositol has a more acceptable safety profile than
metformin, which is known to be associated with
gastrointestinal adverse effects and, in rare cases, lactic
acidosis. Myo-inositol is a naturally present molecule in

physiological conditions, which underlines its importance
in a variety of biological functions, as opposed to the strict
pharmacological action of metformin. Both myo-inositol
and metformin have been investigated in several
pathological fields, particularly in gynecology where they
may improve pregnancy outcomes and fertility care. The
safety profile of these molecules seems quite different since
data, even if incomplete, sustain high tolerance of myo-
inositol, while the safety of metformin use during pregnancy
is still controversial. However, further study is required to
fully understand the potential of each of these molecules,
specifically within the fields of mental health and oncology.

© 2025 The Author(s).
Published by S. Karger AG, Basel

Introduction

Obesity has become an increasingly significant global
health concern, with an estimated 39-49% of the world’s
population being overweight or obese [1]. A common
comorbidity of obesity is insulin resistance; therefore,
there exists an increasing need to monitor and ensure
correct insulin function. Impaired insulin function can
lead to the developing of conditions including type 2
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Table 1. Summary of the key mechanisms and clinical advantages of metformin and myo-inositol

Patients/condition Metformin advantages

Myo-inositol advantages

Elevated HOMA-IR and severe insulin  Greater glycemic control, greater IR control

resistance

Reduced side effects and comparable
efficacy

BMI >25-26 kg/m?
pregnancy rates

Greater metabolic improvements and

Reduced gastrointestinal adverse
events

IVF/ICSI cycles with elevated OHSS risk Reduction of OHSS incidence

Documented overlapping benefits and
reduction of rFSH doses

Hyperandrogenic phenotypes/
diabetes predisposition

Efficacy in the systemic activity affecting
androgens and metabolism

Lower systemic impact but greater
tolerability

diabetes (T2DM), polycystic ovary syndrome (PCOS),
and gestational diabetes mellitus (GDM). As these
syndromes increase so does the reliance on pharma-
ceutical and alternative approaches to manage insulin
sensitivity. Initially utilized for the treatment of T2DM,
the biguanide metformin represents the current gold
standard pharmaceutical insulin sensitizer and is regu-
larly used in the treatment of T2DM. Besides diabetes,
metformin has found off-label applications, most no-
tably in PCOS and weight management, but also in other
areas as cardiovascular diseases, oncology, and neuro-
logical disorders [2].

Despite being generally well tolerated, metformin can
cause gastrointestinal discomfort, which may limit its use
for certain patients [3]. As insulin resistance is frequently
retrieved in women with PCOS, metformin is useful to
treat these patients. In women with PCOS, where insulin
resistance and hormonal imbalances often coexist, met-
formin represents a valuable therapeutic option. However,
in cases where tolerance or response is suboptimal, nu-
traceutical alternatives such as inositols — particularly the
stereoisomer myo-inositol — have gained attention. Myo-
inositol has demonstrated insulin-sensitizing properties
and, according to several meta-analyses, exhibits compa-
rable metabolic and hormonal benefits to metformin in
PCOS, with generally better tolerability. This article ex-
plores the mechanisms of action of both metformin and
myo-inositol, compares their potential applications beyond
PCOS, and reviews their known side effects. A summary of
the evidence discussed is presented in Table 1.

Methodology
A narrative review of the available literature was

conducted. The authors performed an independent lit-
erature search, with search terms including metformin,
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myo-inositol, inositol, adverse effects, pregnancy, thy-
roid health, hypothyroidism, fertility care, assisted re-
productive techniques, mood disorders, anxiety disor-
ders, psychological disorders, mental health, and cancer.
The literature search was conducted using the following
databases: PubMed, Web of Science, and Google Scholar
and conducted between August and November 2024. We
performed a targeted literature search focusing on
studies involving myo-inositol and metformin within the
clinical areas discussed in the manuscript. Priority was
given to randomized control trials (RCTs), particularly
those with large sample sizes, robust statistical meth-
odology, placebo controls, and conclusions well sup-
ported by both results and existing literature. We in-
cluded peer-reviewed human studies and excluded
preclinical-only reports, conference abstracts, and
studies lacking methodological transparency. Where
high-quality RCTs were unavailable or insufficient, we
integrated clinical studies of other designs to help ad-
dress data gaps. In some instances, we included studies
assessing co-treatment regimens involving either met-
formin or myo-inositol, especially when monotherapy
data were limited but clinically relevant. In addition, we
searched for follow-up studies to explore long-term
outcomes particularly regarding the effects of treat-
ments on offspring. To provide a more detailed un-
derstanding of mechanisms of action, we also incor-
porated relevant in vivo and in vitro studies that offered
molecular-level insights.

Underlying Mechanism of Metformin

The complex molecular mechanism of metformin is
still not well understood, while the potential applications
of metformin are constantly increasing. Metformin has a
limited oral bioavailability and is typically absorbed in
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the upper small intestine [4]. Upon absorption, met-
formin has a relatively short half-life in plasma (2-6 h)
[5]; however, it is known to accumulate in certain tissues,
such as liver and kidneys [6]. Primarily acting within the
liver, metformin influences hepatic glucose production
via AMP-activated protein kinase (AMPK)-dependent
and AMPK-independent mechanisms within liver mi-
tochondria [7]. AMPK-dependent metformin action
occurs through activation of the liver kinase B1 (LKB1)-
AMPK signaling pathway; however, a quantitative
proteomic approach in LKB1-AMPK-knockout mice
treated with metformin revealed that approximately 50%
of the phosphorylation events were independent of the
LKB1-AMPK signaling pathway [8], suggesting other
key players in metformin function.

In addition to hepatic function, metformin possess
microbiota mediating properties [9], as it can favor the
enrichment of two operational taxonomic units from
Bacteroides and reduce abundance of one operational
taxonomic unit from Fecalibacterium [10]. These
changes may vary with ethnicity and metformin dose;
however, similar effects have been observed in both
patients with T2DM and healthy people receiving
metformin treatment [11]. These data suggest that this
change in microbiota is independent of impaired insulin
function. Similar microbial changes are observed in
rodent models that were fed a regular or a high-fat diet
(HFD) following metformin treatment [12, 13]. In ad-
dition, following fecal microbiota transplants from
metformin treated rats, HFD-fed rats demonstrated an
increase across various metabolic markers, suggesting a
net positive effect on microbiota following metformin
treatment [14]. Moreover, the use of antibodies to de-
plete gut microbiota has been observed to reduce met-
formin activity [15]; however, this is up for debate as
other studies have demonstrated metformin can reduce
glucose function in HFD-fed rats undergoing antibiotic
treatments [16]. Metformin appears to have a synergistic
relationship with a healthy gut microbiota environment,
as coadministration of metformin with probiotics im-
proved metabolic function in patients with T2DM [17].
It should be noted that gut microbiota may play a role in
metformin-related gastrointestinal adverse effects. The
gut microbiota profile of metformin receptive patients
appears to differ significantly to metformin resistant
patients and may provide an explanation for the lack of
tolerability in some patients [18], further supporting the
coadministration of metformin with pro- and prebiotic
supplementation.

Obesity, T2DM, and other cardiometabolic diseases
are known to be associated with inflammation [19]. A
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crucial factor behind the repurposing of metformin
across a multitude of disease areas is its reported anti-
inflammatory properties. In detail, metformin inhibits
mitochondrial respiratory chain complex one, leading to
the inhibition of multiple cell-specific inflammatory
processes via both AMPK-dependent and AMPK-
independent mechanisms [20]. In turn, these anti-
inflammatory properties may lead to potential thera-
peutic effects such as increased cancer cell death and
insulin sensitivity in addition to reduced pulmonary
inflammation and tumorigenesis [21].

Underlying Mechanism of Myo-Inositol

Myo-inositol is an endogenous mediator that plays an
important role in numerous biological processes in-
cluding insulin signaling in addition to acting as a second
messenger for follicle-stimulating hormone (FSH), thus
modulating steroidogenesis [22]. Myo-inositol is trans-
ported into the cell via sodium myo-inositol coupled
transporters (SMIT1 and SMIT2) and, upon entering,
facilitates glucose uptake via promoting glucose trans-
porter type 4 translocation to the plasma membrane [23].
Under insulin stimulation, myo-inositol is unidirec-
tionally converted to its stereoisomer D-chiro-inositol
via tissue-specific epimerase [24]. D-chiro-inositol also
functions as an insulin sensitizer, promoting glycogen
storage, and the combined action of these molecules
gives rationale to their use in hyperandrogenic-insulin-
dependent PCOS [25].

Aside from insulin signaling, myo-inositol is also
incorporated in the cell membranes of eukaryotes and
serves as a precursor to inositol triphosphate 3, a second
messenger for FSH and thyroid-stimulating hormone
(TSH) [22]. Myo-inositol supplementation increases
FSH activity, which in turn increased protein kinase A
activity, stimulating aromatase production. Aromatase is
a vital enzyme that facilitates the conversion of andro-
gens to estrogens, causing a reduction in localized and
systemic androgen levels [26]. The combination of this
antiandrogenic and anti-insulinemic effect has given rise
to the use of myo-inositol for the treatment of PCOS.

Metformin and Myo-Inositol Applications outside of
Metabolic Diseases

Myo-inositol, in contrast to metformin, reports to be
much better tolerated, displaying an excellent safety
profile. For this reason, the medical community has
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considered investigating the use of inositol as a “safer”
and “natural” alternative to metformin in PCOS treat-
ment, given that both treatments address the insulin
resistance. As previously stated, this similarity has been
the subject of numerous meta-analyses, which have
demonstrated no difference in addressing the metabolic
aspects of the condition [27]; however, this oversim-
plification underplays the unique molecules. As such, the
following section reports the available evidence that
address the non-PCOS potential for both treatments.

Metformin and Myo-Inositol in Hypothyroidism

Both myo-inositol and metformin have been inves-
tigated as potential treatments for subclinical hypothy-
roidism (SCH), as each treatment can reduce TSH levels.
An inijtial meta-analysis of 7 studies conducted by Lupoli
et al. [28] demonstrated that metformin reduced TSH
levels in patients with hypothyroidism and SCH, while
euthyroid patients were unaffected. Furthermore, in a
subsequent meta-analysis of 11 studies including 1,147
patients, TSH levels decreased significantly following
treatment with metformin (p < 0.001) [29]. In addition,
free thyroxine (FT4) levels increased slightly (p = 0.34),
and like the prior meta-analysis, no effect was observed
on euthyroid patients for either TSH or FT4 levels. It is
notable that these studies were performed in patients
with T2DM, and while hypothyroidism is common in
T2DM patients, these results may not be generalizable.
The exact mechanism by which metformin reduces TSH
levels in SCH patients is unclear and is likely multi-
factorial. Leading theories include that metformin may
alter the number of thyroid hormone receptors, increase
central dopaminergic tone, and mediate TSH regulation
in the pituitary gland [30-32]. It is apparent that further
studies are required to fully understand the function of
metformin in SCH.

Myo-inositol has also been investigated as a potential
treatment for SCH, due to its role as a second messenger
of TSH, and to mediate hydrogen peroxide production,
which is required for the biosynthesis of thyroid hor-
mones. As such, it has been theorized that impairment of
inositol-dependent signaling may result in a predispo-
sition to hypothyroidism [33]. The impact of combined
myo-inositol (600 mg) and selenium supplementation
(83 ug) vs. selenium supplementation alone was evalu-
ated by Nordio et al. [34], who observed a 31% decrease
in TSH levels after 6 months of combined treatment.
Furthermore, a reduction of the antibody biomarkers
thyroid peroxidase antibodies (44%) and thyroglobulin
antibody (48%) was observed with myo-inositol, while
the selenium group only demonstrated a minor reduc-
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tion in antibody levels [34]. A larger study in patients
with Hashimoto’s thyroiditis evaluated the same com-
bination of myo-inositol and selenium also observed
significant reductions in TSH, thyroid peroxidase anti-
bodies, thyroglobulin antibody, in addition to a signif-
icant increase in FT4 levels, while no change was ob-
served in the selenium group [35]. The efficacy of a
combined treatment with myo-inositol and selenium has
also been observed in pregnant women, whereby TSH,
free tri-iodothyronine, and FT4 levels were within
healthy ranges in 94.1% of the treatment group com-
pared to 68.7% in the untreated control [36]. As long-
term complications of metformin use during pregnancy
are not well established, myo-inositol may be considered
as viable solution for pregnant patients with SCH.

To the best of our knowledge, no direct comparison
exists between the efficacy of myo-inositol and met-
formin in patients with thyroid disorders; however, the
combination of the molecules may have merit. Morgante
et al. [37] measured TSH levels in insulin-resistant PCOS
patients treated with either metformin or a combination
of metformin and myo-inositol and observed a signifi-
cant reduction in TSH levels (p < 0.05) in the combi-
nation group vs. metformin alone.

Metformin and Myo-Inositol in Fertility Care

Insulin plays an important role in ovarian steroido-
genesis and, because of this, insulin sensitizers have been
investigated to improve infertility outcomes, including
lowering the risk of ovarian hyperstimulation syndrome
(OHSS) [38]. This is particularly true in PCOS patients
where insulin resistance can play a role in the underlying
fertility issues including menstrual cycle disruption [39].
Metformin may be used to induce ovulation in insulin-
resistant women seeking pregnancy; however, it is in-
ferior to the use of gold standard ovulation induction
agents such as clomiphene citrate [40].

To evaluate the potential for metformin in IVF and
intracytoplasmic sperm injection (ICSI) procedures, Tso
et al. [41] conducted a Cochrane intervention review of
13 RCTs involving a total of 1,132 women with PCOS
who were treated with metformin prior to and/or during
fertility procedures. In total, this study found no evi-
dence that metformin improved life birth rates in women
with PCOS versus the placebo group. In combination
with long stimulation programs with gonadotropins,
metformin may improve clinical pregnancy rate; how-
ever, the effect on live birth rate is unclear in these
studies. In contrast, in short stimulation programs,
metformin may increase live birth rates but not clinical
pregnancy rates. Finally, metformin appeared to reduce

Russo et al.

920z Atenuer go uo jsenb Aq jpd'9y96+5000/0666917/9796¥5000/65 | L0 L/10p/4pd-a[olie/106/wod 1abe//:dpy woly papeojumoq



the chance of OHSS; however, its effect on miscarriage
rate was unknown. Throughout this study, the authors
cited the lack of high-quality data, suggesting further
study is required to evaluate the effect of metformin in
ART procedures. Uncertainty remains regarding met-
formin and its use in pregnancy regarding the long-term
consequences on the infant. Of note, it is also important
to highlight that there are heterogeneity and methodo-
logical limitations, including variability in study designs,
populations, and treatment protocols which may weaken
the overall strength of the conclusions. Indeed, the lack
of statistical superiority alone is insufficient to establish
clinical effectiveness. Metformin may offer clinical
benefits in specific populations, such as women with
severe insulin resistance, overweight, or insulin-resistant
PCOS phenotypes. However, these findings are not
generalizable to all patients with PCOS-related infertility.
Eventually, current international clinical guidelines
recommend the use of metformin only in cases of im-
paired glucose tolerance or when first-line treatments
have failed, and not as a standard therapy for infertility
management in PCOS.

Myo-inositol, which benefits from an insulin-sensitizing
effect in addition to functioning as an FSH second mes-
senger, has also been investigated within IVF/ICSI pro-
grams. In a study by Kamenov et al. [42], myo-inositol was
able to induce ovulation in 29/50 anovulatory women with
PCOS and insulin resistance. In inositol-resistant women,
further 13/18 ovulated following combined myo-inositol
and clomiphene citrate treatment, showing the potential of
myo-inositol as an ovulation inducer alone and in com-
bination with gold standard treatment. In addition, in
2017, a meta-analysis evaluated the effect of combined
myo-inositol and folic acid supplementation prior to and
during IVF/ICSI programs across 7 studies which incor-
porated 935 women [43]. In comparison to control groups
which were given folic acid alone, myo-inositol was as-
sociated with a significantly improved pregnancy (p = 0.03)
and abortion rate (p = 0.0006). Furthermore, the number of
grade 1 embryos was significantly improved (p = 0.02);
however, the total number of oocytes was not affected.
Lastly, this meta-analysis demonstrated that myo-inositol
use reduced the required number of gonadotropins re-
quired for ovarian stimulation (p = 0.001), thus reducing
the chance of OHSS in patients undergoing ART protocols,
therefore protecting the health of the mother.

The effectiveness of myo-inositol supplementation
during IVF procedures stems from the molecule’s role in
normal ovarian function. The natural role of myo-
inositol as FSH second messenger within the ovary
promotes the proliferation and maturation of granulosa
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cells. Furthermore, inositol supplementation reduces
anti-Miillerian hormone levels, the combination of these
effects plays an important role in oocyte maturation,
transport within the oviduct, and embryo quality [22]. In
obese women, the combination of myo-inositol and
D-chiro-inositol in a 40:1 ratio may have potential at
improving metabolic and pregnancy outcomes. This
isomeric ratio, which is reflective of physiological serum
levels, improved maternal outcomes in mice models in
addition to improving offspring weight and the offspring
glucose test score [44, 45].

Another cause of fertility issues for couples is male
fertility, as one in 20 men experience fertility problems at
some point in their lives [46]. The use of myo-inositol
may offer assistance to these men as it has been dem-
onstrated to increase sperm concentration, count, and
progressive motility in addition to encouraging a normal
morphology [47-49]. Furthermore, myo-inositol sup-
plementation is able to restore hormonal parameters
such as LH, FSH, and inhibin B to normal levels [50].
Lastly, in vitro supplementation of human sperm during
cryofreezing protocols led to a 10% increase in cryo-
preservation, a process which typically reduces the fer-
tility of sperm when compared to fresh samples [51].

On the other hand, evidence regarding the effects of
metformin in male fertility is scarce to date and charac-
terized by contrasting results. Particularly, the advantages
observed in several studies on male fertility markers are
mainly derived from improvement in metabolic pattern
[52]. Indeed, also in vitro and preclinical studies lack
precise indication of the molecular mechanism which may
allow a beneficial effect of metformin in sperm function-
ality [53, 54]. A possible antioxidant activity may favor
sperm motility and exert an epigenetic benefit on the
chromatin conformation. In sperm samples from T2DM
patients cultured with increasing dose of metformin, it
enhances sperm function by activating AMPK, which
increases tyrosine phosphorylation, thereby promoting
sperm capacitation, acrosome reaction, hyperactivation,
and fertilization potential [55]. However, further studies
are necessary to better address the possible role of met-
formin in male fertility. A comparison of the possible
applications of metformin and myo-inositol in fertility care
is summarized in Table 2.

Metformin and Myo-Inositol in Psychological

Disorders

Metabolic conditions like diabetes and obesity are
increasingly associated with psychological disorders,
with depression rates of 12% being observed in type 1
diabetes patients, while in T2DM, depression prevalence
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Table 2. A comparison of the possible applications of metformin and myo-inositol in fertility care

Effect on Metformin

Myo-inositol

Level of evidence

Ovulation induction Induces ovulation in clomiphene

resistant patients

Induces ovulation in insulin-resistant
PCOS patients alone and in combination Myo: prospective
with clomiphene citrate therapy

Met: meta-analysis

clinical study

Gonadotropin
stimulation

May reduce the probability of
OHSS

Reduces required gonadotropin usage
for ovarian stimulation prior to in vitro

Met: in vivo study
Myo: meta-analysis

fertilization programs

Pregnancy outcomes
during in vitro
fertilization

May increase clinical pregnancy
rate with long stimulation
gonadotropins protocols

May increase live birth rate with
short stimulation gonadotropins
protocols

Improves pregnancy and abortion rates Met: systematic review

and meta-analysis

Myo: meta-analysis

Embryo quality during No conclusive evidence
in vitro fertilization

Improves embryo quality

Myo: meta-analysis

Sperm quality during No conclusive evidence
ICSI protocols

Increases sperm concentration, count,
progressive motility and normal
morphology

Myo: RCT, prospective
longitudinal study,
in vitro study

Increases cryopreservation of human
sperm

is thought to be between 17.8% and 39% [56]. Ac-
cordingly, metformin may have application in the field of
psychological disorders, with neuro-immunological,
neuroplastic, neuro-oxidative, and neuro-nitrosative
potential [57]. The association between the use of
metformin and depression incidence was investigated in
a Danish population study of patients with diabetes
undergoing treatment. In this study, metformin use
alone or in combination with other drugs resulted in a
significant decrease in depression risk versus controls
[58]. Moreover, a case-controlled study demonstrated
metformin may have a protective effect against the
development of new psychiatric disorders, reducing de
novo mood disorders by 31% in comparison to partic-
ipants without metformin therapy [59]. Metformin has
also shown potential in neurodegenerative disorders
including dementia. In a 6-year prospective study of
participants aged 70-90 without dementia, dementia
onset was significantly decreased in diabetic participants
undergoing metformin treatment versus those not taking
treatment (p = 0.05) [60].

Due to these positive effects in diabetic patients,
drug repurposing programs have investigated the use
of metformin in psychological disorders. In a ran-
domized 16-week phase IV clinical trial of overweight
depressed patients, metformin combined with ser-
traline significantly reduced the Beck Depression

6 Gynecol Obstet Invest
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Inventory-II score (BDI) versus sertraline alone (ABDI
18.82 £8.78 vs. 17.50 £ 7.94, p < 0.05) (NCT00834652).
In addition, insulin-resistant bipolar patients under-
going metformin treatment demonstrated an im-
provement in depression symptoms when regular
insulin function was restored [61].

Despite these promising results, preclinical animal
studies have demonstrated the potential for metformin
to encourage anorexia like symptoms. In detail, a study
on rats observed that metformin may activate the brain
regions involved in appetite regulation, activating neu-
ropeptide Y/agouti-related protein (NPY/AGRP) sig-
naling in the hypothalamus [62]. Also, in a study on
metformin-induced anorexia in mice, authors observed
upregulation in the brain activity involved in hunger
sating, including paraventricular nuclear, area postrema,
and central amygdala. As with all weight loss medica-
tions, attention should be given to the potential of
metformin abuse even if to the best of our knowledge,
incidences of metformin abuse are rare.

Much like metformin, myo-inositol has also been
investigated in psychological disease. Interest was
sparked in 1978 when Barkai et al. [63] observed reduced
myo-inositol concentration in the cerebrospinal fluid of
patients with psychological disorders. In later years,
reduced myo-inositol was observed in the brains of
patients with major depressive disorder and bipolar
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disease [64, 65]. Interestingly, in patients who undergo
maniac episodes, higher concentrations of myo-inositol
have been found in the cingulate cortex and the frontal
lobe [66, 67]. Moreover, inositol derivatives, notably
inositol phosphate-phosphoinositide, are known to play
a role in several neural signaling processes, including
noradrenergic, serotonergic, and dopaminergic path-
ways [68]. Despite the seemingly important role of myo-
inositol on brain chemistry, no study to date has
demonstrated positive efficacy of myo-inositol in mood
disorders. Instead, applications of inositol primarily
concern the side effects of current mood stabilizers such
as lithium and sodium valproate. These compounds,
which represent gold standard treatments of bipolar
disorder, are thought to reduce the concentration of
myo-inositol in the central nervous system [69]. It has
been theorized that lithium salts and sodium valproate
may in fact function via reducing inositol concentration
within the brain; however, this inositol depletion hy-
pothesis remains controversial. Regardless of inositol’s
role, the inositol-reducing effect of lithium and valproate
is systemic and may lead to kidney issues, hypothy-
roidism, and weight gain, all of which are common side
effects of gold standard bipolar therapeutics, thus sup-
porting supplementation of inositol in these patients
[70]. A concern for any modification of gold standard
care is loss of efficacy; however, in a 2022 pilot study,
myo-inositol:D-chiro-inositol (80:1) supplementation
had no effect on the pharmacological treatment [71].

Myo-inositol has also been investigated for the
treatment for anxiety disorders, demonstrating superi-
ority over placebo in reducing panic attacks over a 4-
week RCT [72]. While the effect of inositol on the other
symptoms of anxiety (avoidance and intrusion) is neg-
ligible, the effect on reducing panic attacks was affirmed
in a RCT, which observed a similar effect with inositol to
fluvoxamine [73]. To the best of our knowledge, these
RCTs have not been expanded upon and thus require
further study.

Metformin and Myo-Inositol in Cancer

Another potential avenue for metformin repurposing
has been the field of oncology. The potential anticancer
applications of metformin were discovered serendipi-
tously as the metabolic properties of metformin partially
derive from the inhibition of complex 1 of the mito-
chondrial respiratory transport chain. This leads to ac-
tivation of AMPK, a known suppressor of anabolic cell
proliferation, which in turn is a key driver for tumoural
growth [74]. Consequently, a case-controlled trial
demonstrated that diabetic patients taking metformin

Metformin and Myo-Inositol

were less likely to develop cancer when compared to
patients taking other diabetes medications [75]. It has,
however, not been confirmed this cellular mechanism. In
detail, metformin has also been demonstrated to inhibit
MTOR/AKT signaling and PI3K/AKT/MTOR, which
are key oncogenic pathways for cancer growth and
survival [76, 77]. It is thought that this insulin-dependent
mechanism would be more relevant to patients with
impaired insulin function such as diabetic cancer pa-
tients. Accordingly, metformin has been studied in
combination with gold standard chemotherapeutics in a
series of RCTs in breast, prostate, ovarian, endometrial,
and non-small cell lung cancer; however, no study to
date has demonstrated improvement over chemotherapy
alone [78].

Myo-inositol and its derivative inositol hex-
aphosphate have been reported to engage in various
anticancer mechanisms, inhibiting cell survival and
proliferation via modulation of the P13K/AKT pathway
[79]. Furthermore, inositol derivatives may down-
regulate the MAPK/ERK cascade and NF-kB, resulting in
inhibition of cancer growth and anti-inflammatory
properties [80]. Lastly, inositols may interfere with the
Wnt signaling pathway potentially resulting in reduced
cancer metastasis [81]. Despite these interesting pre-
clinical findings, no RCTs have been performed re-
garding the use of myo-inositol in the field of oncology
and further investigation is warranted, especially in
comparison with metformin.

Adverse Effects

Metformin and myo-inositol, despite their large
history of use, are not devoid of some side effects, which
must be considered when tailoring the therapy to specific
types of patients. The available evidence reported in the
literature for both compounds is outlined below.

Metformin

Lactic Acidosis

The most severe, but also rare, adverse effect of
metformin is the development of lactic acidosis. The
severity of metformin-associated lactic acidosis
(MALA) is such that the FDA has included a black box
warning label on the pharmaceutical. MALA, while
rare, has a 30-50%-associated mortality rate, with renal
dialysis to remove systemic metformin representing the
only therapeutic option [82]. This condition manifests
from the accumulation of lactate within the body,
leading to nausea, vomiting, fatigue, muscle cramps,
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and eventually ataxia, altered mental state or coma. To
evaluate the frequency and relative risk of adverse
effects related to metformin use, Du et al. [83] pub-
lished a pharmacovigilance study based upon the FDA
Adverse Reports System between 2004 and 2022. In
total, over 10 million case reports were retrieved from
the FDA Adverse Reports System database, with lactic
acidosis (51.65%), metabolic acidosis (14.48%), and
hypoglycemia (14.13%) representing the three most
reported adverse effects. The probability of developing
MALA is increased in cases of sepsis, dehydration,
excess alcohol intake, hepatic and renal impairment,
acute congestive heart failure; however, acute high-
dose metformin use in the absence of said risk factors
can lead to the development of MALA. Due to these
risks, metformin is contraindicated for patients with
severe renal impairment [84].

Gastrointestinal Effects

The gastrointestinal side effects of metformin are the
most well-known and discussed within literature. To fully
evaluate the extent of these adverse effects, Nabradalik et al.
[85] published a meta-analysis of 71 RCTs. In this study, it
was observed that the overall risk of abdominal pain was
increased by 50% in patients taking metformin vs. the
control; however, this was not influenced by metformin
dose, trial length, type of metformin used, existence of
metformin pretreatment, or ethnicity. In addition, the
overall diarrhea risk was significantly increased compared
to the controls (RR = 2.445, 95% CI [1.656, 3.609], p =
0.0001) and remained significant when a study including
children was excluded. Interestingly, diarrhea risk was
most elevated in patients receiving immediate release
metformin. Lastly, the risk of nausea was significantly
elevated in patients taking metformin versus the control
(RR = 1.641, 95% CI [1.169, 2.302], p = 0.0004). Following
meta-regression, none of the assessed variables influenced
nausea risk; however, nausea was more elevated in patients
who were treated with metformin at the start of the study
versus those who had been taking metformin prior to study
initiation. Lastly, no significant difference was observed
between the metformin group and the control in terms of
the risk of bloating, constipation, or vomiting.

Metformin when used in T2DM and other conditions
such as PCOS is typically given over an extended period. As
with all medicines that are prescribed for chronic use,
adherence is vital. While persistence (defined as contin-
uation of treatment) is greater with metformin versus other
anti-diabetes therapies, only 58.6% of patients continue
taking metformin for at least 9 months [86]. Barriers to
patient adherence to metformin include difficult to swallow
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large or roughly coated pills. This is particularly true for
T2DM patients who may have dysphagia [87]. Adherence
may be further reduced due to the gastrointestinal adverse
effects commonly observed in these patients. In particular,
while instant release form of metformin is associated with a
greater degree of gastrointestinal distress, these effects are
reduced in extended-release metformin [88]. Of note,
metformin’s clinical utility is supported by robust evidence,
particularly in the management of T2DM, and extends to
other conditions as well, despite its association with adverse
effects such as gastrointestinal discomfort.

Use of Metformin in Pregnancy

As part of a routine pregnancy, maternal insulin
resistance is developed to maintain proper placental
glucose transport; however, further insulin resistance
can lead to the development of GDM [89] and to
numerous pregnancy complications including mis-
carriage, preterm delivery, and congenital anomalies
[90]. In patients with/at risk of developing GDM,
lifestyle changes are recommended to maintain gly-
cemic control. If this is deemed insufficient, insulin
therapy is routinely recommended; however, metfor-
min may be given as a supplementary therapy [91].
Some concerns have been raised about the use of
metformin in pregnancy, as it is able to cross the
placenta; thus, the effect of metformin treatment on
both the mother and the fetus must be considered. In a
meta-analysis of 35 studies incorporating 8,033
pregnancies, metformin use significantly reduced
gestational weight gain and demonstrated a minor
reduction in pre-eclampsia risk [92]. In contrast, there
was no difference in gestational hypertension, cesarean
section, gestational age at delivery, and glycemic
control, with an increase in gastrointestinal side effects
in the metformin group.

Despite offering an improvement in some preg-
nancy outcomes in patients with GDM, concerns re-
main around the long-term effects on the development
of the offspring since little evidence is available re-
garding this subject. In a follow-up GDM study,
children of mothers treated with metformin were
larger at 2 and 9 years of age, demonstrating increased
weight, waist circumference, and waist to hip ratio;
however, concerns were raised regarding this study
due to an incomplete follow-up cohort [93]. In a
Norwegian follow-up study, children of mothers with
PCOS who had been treated with metformin were
followed for 5-10 years, with higher levels of obesity,
elevated BMI, and waist to hip ratio being reported in
the metformin group [94].
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Myo-Inositol

Gastrointestinal Effects

Myo-inositol is widely used as a dietary supplement
in several clinical settings. It shows a favorable short-
term safety profile with generally mild, transient, and
dose-dependent adverse effects reported in the
literature.

Gastrointestinal complaints such as nausea, flatu-
lence, or diarrhea are the most frequently reported,
typically at doses >12 g/day, whereas standard clinical
doses (2-4 g/day) are very well tolerated [95]. In
women with PCOS, myo-inositol supplementation
(commonly 2 g twice daily) is associated with a low
incidence of adverse reactions and rare discontinua-
tions due to intolerance. Randomized trials report
adverse event rates between 0% and approximately
30%, mostly mild gastrointestinal discomforts without
serious consequences and without leading to discon-
tinuation [96]. Large systematic reviews confirm good
tolerability and overall minimal side effects of myo-
inositol use in PCOS populations, though heteroge-
neity in adverse events reporting limits precise pooled
estimates [97, 98].

Use of Myo-Inositol in Pregnancy

During pregnancy, where myo-inositol has been
studied for prevention of gestational diabetes and other
complications, daily doses of 4 g are generally well
tolerated. Large RCTs and meta-analyses have not
identified major maternal or fetal safety concerns at-
tributable to myo-inositol, nor serious adverse events.
[99]. A recent Cochrane review of eight RCT's (n = 1,361)
reported only a single case of mild headache as an ad-
verse event, and no other serious events were described
following myo-inositol supplementation [100]. Never-
theless, side effects reporting is often incomplete (minor
maternal symptoms such as nausea or vomiting are
variably captured), sample sizes for some outcomes are
limited, and overall certainty of long-term safety in
pregnancy remains poor [101].

Other Clinical Fields

Outside reproductive medicine, myo-inositol has
been investigated in metabolic and psychiatric condi-
tions at higher doses, specifically >12 g/day and up to
18-30 g/day in some psychiatric trials. Across these
studies, transient gastrointestinal disturbances, mild
headache, dizziness, or sleep changes are the most
common adverse events, with no consistent laboratory
or clinical evidence of hepatic, renal, or metabolic tox-
icity [95, 102].

Metformin and Myo-Inositol

Strengths and Limitations

The primary strength of this review is that, to the best of
our knowledge, it is the first review of its kind to investigate
metformin and myo-inositol across a variety of applica-
tions outside the field of PCOS. Furthermore, the narrative
nature of this review allows for a wider scope than would
have been possible with a specific systematic approach. As
with all narrative reviews, the non-systematic approach of
this paper leads to several weaknesses. This nonevidence-
based approach does not allow for clear conclusions to be
drawn and allows for different interpretations of the lit-
erature, introducing potential sources of bias. Of note,
while metformin has received great attention from re-
searchers over the years, myo-inositol has gathered sci-
entific interest only recently so that fewer large-scale RCT's
are available to date. Also, more long-term population
studies are required to deeply investigate the potential of
myo-inositol use both in brief and long periods. Moreover,
there are incomplete and non-standardized reports re-
garding adverse events related to myo-inositol use. Ac-
cordingly, there is a need to collect side effects using
validated instruments, report absolute rates by type and
severity, and include biochemical monitoring of organ
function when relevant to better characterize safety.

Conclusion

Although both metformin and myo-inositol act on the
metabolic axis, they do so through distinct mechanisms of
action. Metformin remains the most established insulin
sensitizer, particularly in the treatment of T2DM, even though
its clinical utility may be limited by gastrointestinal side effects
that reduce patient adherence. In contrast, myo-inositol is an
endogenously occurring compound with a favorable tolera-
bility profile and a physiological role in various biochemical
pathways, making it worth investigating alternative to met-
formin, even with current limited literature endorsement.

Myo-inositol has demonstrated good efficacy and
safety in improving ovulatory function, fertility out-
comes, and metabolic parameters. However, metformin
may be indicated in specific patient populations, such as
those with pronounced insulin resistance, elevated BMI,
high-risk IVF procedures, or systemic hyperandrogenic
phenotypes. Therefore, therapeutic decisions should be
personalized, balancing the metabolic benefits, tolera-
bility, and overall clinical profile of each patient.

Both compounds have been investigated in a wide
range of clinical contexts, including fertility care, en-
docrinological disorders such as hypothyroidism, mental
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health, and oncology. Nonetheless, further high-quality

research is needed to clarify and expand their potential

roles, particularly in underexplored areas like psychiatric

disorders and cancer therapy.
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