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Abstract. — OBJECTIVE: This meta-analysis
aims to perform an updated meta-analysis to
evaluate myo-inositol (myo-ins) and the classi-
cal insulin sensitizer metformin in terms of ef-
ficacy and safety for treating women with poly-
cystic ovary syndrome (PCOS).

MATERIALS AND METHODS: A compre-
hensive literature search was performed using
PubMed, Web of Science, EMBASE, Cochrane Li-
brary, PARMA Clinical Study Results, Wan Fang,
and CNKI databases; the database was searched
from inception to June 2021. The random effects
model was chosen to synthesize the effect siz-
es of individual trails. The registration number is
CRD42021239786.

RESULTS: Nine randomized controlled trials
(RCTs) and 612 patients were included in the anal-
ysis. Compared with metformin, myo-ins might
be more effective in lowering triglycerides (TG)
levels (SMD -0.49, 95% CI -0.74 to -0.24, p=0.0001,
I12 = 0%) and avoiding side effects (RR=0.14, 95%
Cl 0.08-0.24, p<0.00001, I2 = 2%), while no signif-
icant differences were observed in other rele-
vant indexes, such as total testosterone (TT) and
sex-hormone binding globulin (SHBG).

CONCLUSIONS: Compared with metformin,
the suitable supplemental dosage of myo-ins
may be helpful in lowering levels of TG and
avoiding adverse events (AEs).
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Introduction
Polycystic ovary syndrome (PCOS), which is

associated with hyperinsulinemia, hyperandro-
genemia, impaired glucose metabolism and ab-
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errant adipokines production from the adipose
tissue, is a heterogeneous reproductive and endo-
crine disorder'?. The clear diagnosis of PCOS is
challenging due to the heterogeneity and variabil-
ity of clinical symptoms, since three diagnosis
criteria have been proposed (i.e., Rotterdam’s
criteria in 2003, Androgen Excess Society in
2009, National Institute of Health consensus in
2012)*%. According to those arrangements, the
diagnosis should be based on a combination of at
least two of the following three clinical features:
chronic oligo-anovulation, hyperandrogenism
(clinical and/or biochemical) and polycystic ovar-
ian morphology®. Despite the diagnosis criteria
do not include any metabolic parameters, insulin
resistance, hyperinsulinemia and dyslipidemia
are presented in a large number of PCOS women,
leading to the rationale of using insulin sensitiz-
ers to treat the syndrome>”S.

Currently, metformin, a classical and common
insulin sensitizer that can reduce both hyper-
insulinemia and hyperandrogenemia, is widely
used for patients with PCOS’. Many studies'*"
have suggested that metformin administration
can have positive effects on peripheral insulin
sensitivity in both normal-weight and overweight
PCOS patients. Evidence'*!* for improving lipid
metabolism by metformin has been accumulated
in the management of obesity and PCOS. Nev-
ertheless, several adverse effects (AEs), such
as gastrointestinal discomfort including nausea,
bloating, and vomiting, cannot be ignored".

Inositol, particularly the most common one,
myo-inositol (myo-ins), is effective in improv-
ing insulin resistance and hyperandrogenemia
in PCOS patients’. It was found that myo-ins are
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able to ameliorate insulin resistance. Besides, the
role they play in lipid metabolism via regulat-
ing various adipokine is predominant'®!". More-
over, some scholars® reported almost no AEs
of inositol, especially myo-ins, rather than other
isomers such as D-chiro-inositol (D-chiro-ins).
Large doses of D-chiro-ins (>1200 mg/d) should
be used with caution, since its toxicity for ovarian
histology and function'.

Hence, we performed a meta-analysis to com-
pare myo-ins with metformin by reviewing the
latest literature. The results may help physi-
cians provide adequate treatment for patients
with PCOS.

Materials and Methods

Search Strateqgy

We searched PubMed, Web of Science, EM-
BASE, the Cochrane Library, the PARMA Clin-
ical Study Results Database (www.clinicaltrials.
gov), the Wan Fang database, and the China
National Knowledge Infrastructure (CNKI) da-
tabase, with time restrictions from the inception
of these databases to June 2021. In addition, the
search strategy also targeted unpublished studies
to help minimize the risk of missing unpublished
trials. We used different combinations of the
following search terms: “polycystic ovary syn-
drome,” “PCOS,” “metformin,” “inositol*~ and
“myo-inositol,”. It was registered in the Inter-
national Prospective Register of Systematic Re-
views (PROSPERO: CRD42021239786; https:/
www.crd.york.ac.uk/PROSPEROY/).

Inclusion and Exclusion Criteria

Inclusion Criteria

1. Research type: Randomized controlled trials
(RCTs), regardless of whether the blind method
is used.

2. Research object: Patients with PCOS, with
no limits of ethnicity and duration, were di-
agnosed according to the Rotterdam criteria
[“Revised 2003 consensus on diagnostic crite-
ria and long-term health risks related to poly-
cystic ovary syndrome (PCOS),” 2004]*° or the
Androgen Excess Society (AES) criteria?'.

3. Intervention: Experimental group: given myo-
ins; Control group: given metformin. Other ad-
junctive drugs (excluding folic acids) were main-
tained consistently between the two groups.

Exclusion Criteria

1. Women who give birth during the study peri-
od.

2. Duplicated studies.

3. Studies published in languages other than En-
glish or Chinese were excluded.

4. Outcomes include missing data or without out-
comes of interest.

Outcomes of Interests

For each outcome variable, the comparisons
were planned a-priori. Outcomes were divided
into four groups: (1) androgen-associated out-
comes, including total testosterone (TT), an-
drostenedione (AND), dehydroepiandrosterone
sulfate (DHEA-S) and sex hormone-binding
globulin (SHBG); (2) body fat outcomes, in-
cluding body mass index (BMI) and waist-hip
ratio (WHR); (3) glucose metabolism and lipid
metabolism outcomes, including fasting insulin
level (FINS), fasting blood glucose levels (FBG),
homeostatic model assessment of insulin resis-
tance (HOMA-IR), triglycerides (TG), total cho-
lesterol (TC), high-density lipoprotein cholesterol
(HDL-C) and low-density lipoprotein cholesterol
(LDL-C) and (4) adverse effects (AEs).

Data Extraction

All the articles were downloaded into End-
note version 9 and independently screened and
cross-checked by two investigators (Z.J.Q. and
X.C.). The screening process were against the
inclusion criteria initially by title and abstract,
and subsequently by full text. If a consensus
was not reached during these processes, a third
investigator (H.B.) would arbitrate. Descriptive
information was collected for each study, con-
taining age, diagnostic criteria, BMI, interven-
tion measures, experimental duration, and effi-
ciency outcomes.

Assessment of Risk of Bias

Two researchers (Z.J.Q. and X.C.) independent-
ly assessed the risk of bias of the included stud-
ies using the Cochrane Collaboration’s “Risk
of bias” tool*? and extracted information with
regard to random sequence generation, allocation
concealment, blinding, incomplete outcome data,
selective reporting, and other bias. Each dimen-
sion containing at least one item, was used to
determine “low risk,” “high risk,” and “unclear
risk” of bias. Where a difference of opinion arose
between reviewers, they were resolved through
discussion with a third author (H.B.).
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Statistical Analysis

According to the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines*, a meta-analysis was
designed. The present analysis was performed
using Revman 5.3 software, Version 5.3. Con-
tinuous data were summarized as standardized
mean differences (SMD) with 95% confidence
intervals (CI), and dichotomous data as risk ratio
(RR), with an o error of 0.05**. The random-ef-
fects method was applied to pool the data when
heterogeneity existed. Meanwhile, if the number
of included trials was greater than 10, funnel
plots and Egger’s test were employed for publi-
cation bias analysis.

Results

Literature Identification

The literature search yielded 111 publica-
tions, and 83 records left after removing du-
plicates. Immediately after, 11 records were
included after screening title and abstract, and

72 records were filtered out for causes of un-
related studies (n=45), non-RCT trials (n=13),
unable to meet the inclusion criteria (n=15).
At last, totally 9 studies®=*and 612 PCOS pa-
tients involving 306 patients in experimental
group and 306 patients in control group were
included. The inclusion and exclusion criteria
were strictly followed in the process of litera-
ture screening, and the flow of this screening
process was presented in a PRISMA flow dia-
gram (Figure 1). The basic clinical information
containing diagnostic criteria, age, BMI, inter-
vention measures, experimental duration and
efficiency outcomes of patients were collected
and summarized in Table I.

Quality Assessment

The random number table or the computer
random number generator being used in most of
the studies were clearly stated, but the conceal-
ment of allocation process was unclear for most
of the studies included. Though four of the stud-
ies?30323 were open-labeled without blinding,
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Table I. The characteristics of the included studies.

Sample size Intervention Mean age (years) Mean BMI (baseline)
Trial Control Relevant Trial Control Trial Control
Study Country | group group Trial group Control group | outcomes group group group group Duration
Fruzzetti et al® Italy 24 22 myo-ins 4 g, Metformin 1,13,16 21.6 £ 6.6 223+£6.0 |273+45 284+5.2 6
Folic acid 500 mg t.i.d
40 mcg q.d.
Jamilian et al* Iran 30 30 myo-ins 2 g, Metformin 1,4,5,6 277+5.2 259448 271+64 25.8+3.8 3
olic acid 500 mg t.i.d
200 pg b.i.d
Pourghasem et al”” | Germany 50 50 myo-ins 2g, Metformin 11, 14 31.08 £3.31  31.06+ .11 | 29.79+£3.58 27.84+3.68 3
Folic acid 1500 mg,
200 pg b.i.d Folic acid
200 pg q.d.
Raffone et al*® Italy 60 60 myo-ins 4 g, Metformin 14 29.1+5.6 29.7+6 25+2.1 249427 6
Folic acid 1500 mg q.d.
400 pg q.d.
Shokrpour et al® Iran 26 27 myo-ins 2 g, Metformin 1,7,8,9,10, | 28.3+49 277+3.2 28.1+3.1 273+33 3
Folic acid 500 mg t.i.d 11,12, 13
200 pg b.i.d
Tagliaferri et al’*® | Italy 16 17 myo-ins Metformin 6,14 25.62+47  NA 32.55+5.67 NA 6
1000 mg b.i.d 850 mg b.i.d
Angik et al* India 50 50 myo-ins 1 g Metformin 1,3,4,11, 12,
b.id 500 mg b.i.d 13, 15, 1614 15-40 NA 24.1+4.13 23.2342.65 6
Nehra et al® India 30 30 myo-ins s Metformin 1,4,7,8,9, 23.8+0.69 23.26+1.03| 2645+0.41 26.09+0.76 6
1 gb.id 500 mg t.i.d 10, 11, 12,13
Musacchio et al® Italy 20 20 myo-ins Metformin 1,3,4,6,7, 24-32 24-32 28.8+0.7 262+0.5 6
1.5ghb.id 850 mg t.i.d 8,9, 10, 11,
12,13, 14

Outcomes of interest: 1. Body mass index (BMI); 2. Waist-Hip Ratio (WHR); 3. Androstenedione (AND; 4. Total Testosterone (TT); 5. Dehydroepiandrosterone sulfate (DHEA-S);
6. Sex-hormone binding globulin (SHBG); 7. Total cholesterol (TC); 8. Triglycerides (TG); 9. High-density lipoprotein cholesterol (HDL-C); 10. Low-density lipoprotein cholesterol
(LDL-C); 11. Fasting blood glucose level (FBG); 12. Fasting insulin level (FINS); 13. Homeostatic model assessment of insulin resistance (HOMA-IR); 14. Adverse events (AEs).
Notes: myo-inositol (myo-ins); body mass index (BMI).
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the laboratory results were objective and unlikely
to be affected by the researcher’s knowledge of
the patients. The loss rate of the including studies
ranged from 0% to 20%.

Impact on Androgen-Associated
Hormones

TT was measured in five studies with 294
patients®***3, No significant differences were ob-
served between myo-ins and metformin (SMD
0.16, 95% CI -0.56 to 0.88, p=0.66) (Figure 2).

SHBG production was observed in 133 pa-
tients from three studies®***. No significant
differences were observed between myo-ins and
metformin (SMD -2.46, 95% CI -5.22 to 0.30,
p=0.08) (Figure 2).

Impact on Body Fat

BMI was reported in seven studies”?%2* in-
volving 393 participants. No significant differ-
ences were observed between myo-ins and met-
formin (SMD 0.43, 95% CI -0.19 to 1.05, p=0.17)
(Figure 2).

WHR was calculated in three studies with
194 participants®**>. However, comparison with
metformin resulted in no significant differences
among groups (SMD 0.02, 95% CI -1.08 to 1.12,
p =0.97) (Figure 2).

Impact on Glucose Metabolism and
Lipid Metabolism Parameters

FINS was reported in four studies with 253
patients*-'**. However, the forest plot showed no
significant differences (SMD -0.07, 95% CI -0.37
to 0.24, p=0.66) (Figure 2).

FBG of 353 patients in five studies was re-
corded?™®3!33, No significant differences were
observed between myo-ins and metformin (SMD
-0.06, 95% CI -0.53 to 0.41, p=0.80) (Figure 2).

Five studies™*-'* with 299 patients men-
tioned HOMA-IR. No significant differences
were observed between myo-ins and metformin
(SMD -0.03, 95% CI -0.54 to 0.48, p=0.90) (Fig-
ure 3).

TG was analyzed in 255 patients from four
studies?”**#2%3, The results of the forest plot
showed that myo-ins could lower the TG levels
(SMD -0.49, 95% CI -0.74 to -0.24, p=0.0001)
when compared with metformin (Figure 3).

TC measurements in 153 patients from three
studies®*** were reported. No significant differ-
ences were observed between myo-ins and met-
formin (SMD 0.36, 95% CI -0.30 to 1.01, p=0.28)
(Figure 3).
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HDL-C was reported in 153 patients from three
studies®+%33, However, the forest plot showed no
significant differences (SMD 0.33,95% CI -1.77 to
2.44, p=0.76) (Figure 3).

LDL-C was measured in 153 patients in three
studies®+%33, However, the forest plot showed no
significant differences (SMD 0.34, 95% CI -0.26
to 0.94, p=0.26) (Figure 3).

Adverse Effects

AEs were noted in 439 patients in six stud-
ies?>27:28303133 Most people had no adverse reac-
tions under the treatment of myo-ins; however,
participants in the metformin group experienced
several AEs, such as lactic acidosis, weakness,
and gastrointestinal symptoms (RR=0.14, 95% CI
0.08-0.25, p<0.00001) (Figure 3).

Discussion

Metformin is one of the most widely used
insulin sensitizers for regulating metabolic and
endocrine disorders caused by PCOS. Inositol
(known as the second messenger of insulin
in human bodies) is presented in the form of
phosphoinositol in cells. It plays a crucial role
in maintaining cell shapes, regulating and con-
trolling metabolism, and in signal transduction.
Since inositol is endogenous, side effects are
rarely reported*.

Myo-ins (99%) forms the vast majority of
inositol in cells, and D-chiro-ins is transformed
from myo-ins through an epimerase, which is
stimulated by insulin®. Each organ can regu-
late the intracellular balance of inositol levels
and has a tissue-specific intracellular myo-ins
to D-chiro-ins ratio that modulates metabolic
processes; thus, disorders such as PCOS, obesity,
and metabolic syndrome occur partly due to a
ratio imbalance®**¥. For instance, myo-ins has
a relatively higher proportion in organs partici-
pating in cellular glucose uptake like the ovaries,
normally at a physiological ratio of 40:1, and yet,
the ratio in women with PCOS is only 0.2:13%,
Once the balance is disturbed, the concentration
of myo-ins in follicular fluid decreases and has
detrimental effects on the content of myo-ins-ino-
sitolphosphoglycans, leading to a worse oocyte
quality in PCOS patients>%*>4°, Thus, exogenous
supplementation of myo-ins in PCOS patients
has attracted an increasing attention owing to
its effectiveness against insulin resistance and
dyslipidemia®*!.
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Figure 3. Results of meta-analysis.
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We performed this meta-analysis to explore
the endocrine metabolic differences between
myo-ins and metformin of 9 studies involving
612 women with PCOS. Our results revealed
that myo-ins may have more advantages on low-
ering TG when compared with metformin, and
the side effects of metformin were also avoid-
ed. Other related indicators, such as TT, FBG,
FINS and HOMA-IR, showed no significant
differences in the present analysis. Facchinetti
et al® compared myo-ins with metformin in
355 patients and reported seven parameters,
nevertheless, despite AEs, no other significant
differences were noted. Kutenaei et al* com-
pared myo-ins with metformin in 638 patients
and analyzed fourteen items, and it indicated
that myo-ins may be beneficial in PCOS women
with hyperandrogenism, as well as pregnancy
outcomes. So far, no meta-analysis has focused
on its efficacy in lipid metabolism.

Metformin can reduce androgen secretion
from ovary and adrenal glands of PCOS women
while stimulating SHBG production, modulating
luteinizing hormone discharge, and attenuating
the ovarian androgen response to gonadotropin
stimulation by reducing circulating insulin and
androgen levels*#4. Inositol can slow down the
increased androgen concentrations in PCOS by
balancing the myo-ins to D-chiro-ins ratio®. The
ratio disturbances of myo-ins and D-chiro-ins in
ovaries lead to an androgen-excess environment
and insulin resistance, inhibiting the hepatic pro-
duction of SHBG and increasing FT*. Regretfully,
androgen-associated indexes like TT and SHBG
could not be improved through myo-ins supple-
mentation when compared to metformin in this
analysis. Only two studies examined DHEA-S
and AND, thus no synthesis or meta-analysis
could be performed. Because of the limitation
of measurement technology, it is often difficult
to accurately determine the concentration of FT;,
therefore, the free testosterone index is often
preferred to evaluate the level of active androgen
production in vivo*. Unfortunately, only one of
the included trials conducted investigations on
it*!, and it showed the efficacy of myo-ins is better
than metformin.

For the indicators related to body fat as well as
glycolipid metabolism, myo-ins and metformin
have the same effects on BMI and WHR. For
the parameters related to glucose metabolism,
none of the relevant outcomes showed significant
differences between myo-ins and metformin, par-
ticularly HOM A-IR and FINS, two more accurate

indexes of insulin resistance, with no significant
differences appeared in this meta-analysis. For
lipid metabolism parameters, such as TG, this
is the first report on a significant difference ob-
served when compared with metformin.

In terms of AEs, metformin can be associated
with unwanted adverse effects like gastrointes-
tinal disturbances, while most people had no
adverse reactions after inositol administration,
which was consistent with the meta-analysis by
Facchinetti et al'®. Nevertheless, in Angik et al’*!
experiment, negative side effects were observed
in eight patients who were under the intervention
condition of myo-ins, with dosages of 1g twice
daily; one had nausea, and the other seven had
menorrhagia. In Musacchio et al** experiment,
negative side effects were observed in only one
patient with diarrhea by the use of myo-ins with
dosages of 1.5 g twice daily.

Actually, in spite of myo-ins, D-chiro-ins
has been proposed to correct defective insulin
function in a variety of conditions characterized
by metabolic dysfunction, such as PCOS*. Dis-
tinct from myo-ins, Unfer et al® demonstrated
that supplementing high dosages of D-chiro-ins
alone may be an unrecommendable choice for its
toxicity on ovaries and may cause the deficiency
of myo-ins. Exactly, the short-term adminis-
tration (30 days) of 1200 mg/die D-chiro-ins
in PCOS women should be avoided*. Conse-
quently, treatment decisions of large amounts
of D-chiro-ins have to be carefully evaluated in
the clinic.

Heterogeneity, Study Strength
and Limitations

There are multiple explanations for the high
heterogeneity. First, the nationality, and the ba-
sic BMI of included patients were identified
as the major factors resulting in heterogeneity.
Second, the different duration of the treatment,
the different dosages of myo-ins, potentially dif-
ferent phenotypes according to differ diagnosis
criteria, leading to a heterogeneity of the partial
results.

The study still had several bias and limitations.
First, the trial sample size was relatively small,
and the study treatment period was compara-
tively short. Second, some of these trials did not
use double-blinding, thus causing an inevitable
recall bias. Additionally, the criteria for various
traits were not uniform meaning that different
phenotypes (in this analysis, except for only one
study?” meet the AES criteria, all of the rest of

1799



J.-Q. Zhang, C. Xing, B. He

trials meet the Rotterdam criteria). Partial infor-
mation was missed or recorded by the median and
interquartile range in the process of collecting
and extracting data.

With respect to clinical applications, either
myo-ins supplementation alone or the synergis-
tic activity of myo-ins and D-chiro-ins may be
beneficial in ameliorating insulin resistance and
hyperandrogenaemia for PCOS women. Regret-
tably, the adaptable duration of the treatment,
the difference between inositol isoforms admin-
istered, the most appropriate dosages/ratio and
the safety profile of inositols still lack of unified
standards, hence, more high-quality prospective
cohort studies and randomized controlled trials
are needed. Besides, the potential underlying
mechanisms of inositol in PCOS are not still fully
delineated; thus, numerous basic experiments are
urgently needed in this area as well.

Conclusions

To conclude, in comparison with metformin,
it is the first meta-analysis to reveal that myo-ins
might be more helpful on lowering TG of patients
with PCOS. Furthermore, it can be confirmed
that using myo-ins under a reasonable range of
dosage could largely avoid the AEs of metformin
supplementation. Regretfully, the available evi-
dence is still not of high quality, therefore, more
comprehensive RCTs are needed in the future for
the management of PCOS using myo-ins.
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