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Abstract
Context: Insulin resistance is common in women with polycystic ovary syndrome (PCOS). Inositol may have insulin sensitizing effects; however, 
its efficacy in the management of PCOS remains indeterminate.
Objective: To inform the 2023 international evidence-based guidelines in PCOS, this systematic review and meta-analysis evaluated the efficacy 
of inositol, alone or in combination with other therapies, in the management of PCOS.
Data Sources: Medline, PsycInfo, EMBASE, All EBM, and CINAHL from inception until August 2022.
Study Selection: Thirty trials (n = 2230; 1093 intervention, 1137 control), with 19 pooled in meta-analyses were included.
Data Extraction: Data were extracted for hormonal, metabolic, lipids, psychological, anthropometric, reproductive outcomes, and adverse 
effects by 1 reviewer, independently verified by a second.
Data Synthesis: Thirteen comparisons were assessed, with 3 in meta-analyses. Evidence suggests benefits for myo-inositol or D-chiro-inositol 
(DCI) for some metabolic measures and potential benefits from DCI for ovulation, but inositol may have no effect on other outcomes. Metformin 
may improve waist-hip ratio and hirsutism compared to inositol, but there is likely no difference for reproductive outcomes, and the evidence is 
very uncertain for body mass indexI. Myo-inositol likely causes fewer gastrointestinal adverse events compared with metformin; however, these 
are typically mild and self-limited.
Conclusion: The evidence supporting the use of inositol in the management of PCOS is limited and inconclusive. Clinicians and their patients 
should consider the uncertainty of the evidence together with individual values and preferences when engaging in shared decision-making 
regarding the use of inositol for PCOS.
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Polycystic ovary syndrome (PCOS) is a common metabolic 
and reproductive condition affecting females of reproductive 
age (1). PCOS is characterized by hyperandrogenism, ovula
tory dysfunction, and/or polycystic ovarian morphology (2). 
Obesity is more common in women with PCOS compared 

to women without (3), and women with PCOS are more likely 
to be affected by insulin resistance irrespective of body mass 
index (BMI) (4).

Metformin, a biguanide that decreases hepatic glucose 
production and increases body insulin sensitivity, is 
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recommended in the 2018 international evidence-based PCOS 
guideline (5) for management of anthropometric and metabol
ic outcomes in PCOS. However, other options to treat insulin 
resistance may be desired by women with PCOS due to gastro
intestinal side effects related to metformin. Hence, there is a 
need for alternatives to metformin for managing insulin resist
ance in PCOS.

Inositol was originally isolated from muscle cells in 1850 by 
Johann Joseph Scherer (6). Inositols are structural compo
nents of cell membranes (eg, phosphatidyl-inositol phosphate 
lipids) and participate in hormone signal transduction (eg, in
ositol triphosphate). There are 9 stereo-isomers of inositol of 
which myo-inositol (MI) is the most abundant in the human 
body (7). In humans, dietary intake and endogenous synthesis 
of MI occurs.

Mechanistically, MI promotes translocation of the glu
cose transporter type 4 to the plasma membrane for glu
cose uptake (7) and also reduces release of free fatty 
acids from adipose tissue (8). MI is also involved in repro
ductive functions, including follicle stimulating hormone 
(FSH)-mediated pathways, which regulate the prolifer
ation and maturation of granulosa cells (9). Insulin stim
ulates unidirectional conversion of MI to D-chiro-inositol 
(DCI) (10), which stimulates glycogen production and fa
cilitates additional uptake of glucose through mobiliza
tion of glucose transporter type 4 transporters (11). It 
has been hypothesized that overproduction of insulin in 
PCOS enhances MI to DCI conversion, which results in 
an increased DCI and decreased MI concentration in fol
licular fluid (12). In women without PCOS, the ovarian 
MI:DCI ratio is 100:1, but in women with PCOS, the ra
tio is 0.2:1 (13). MI is also postulated to enhance aroma
tase synthesis in granulosa cells and therefore reduce 
androgen production (8). It has been suggested that a 
40:1 ratio of MI:DCI is physiological, and provision of 
inositol in this ratio has reverted PCOS phenotypes in 
mouse models (14).

In view of the potential benefits of inositol, thorough and 
critical evaluation of its efficacy in the treatment of PCOS is 
essential. The aim of this systematic review and meta-analysis 
was to evaluate the effectiveness of inositol alone or in com
bination with other therapies for the management of hormo
nal and clinical PCOS features, weight, and reproductive 
outcomes.

Materials and Methods
This systematic review and meta-analysis was conducted to 
inform the 2023 update of the International Evidence-based 
Guideline on the Assessment and Management of PCOS 
(15) and followed the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses guidelines (16). The protocol 
was prospectively registered with PROSPERO (CRD 
42022356057). The review informed the guideline recommen
dation for the question “In adolescents and adults with PCOS, 
is inositol alone or in combination with other therapies effective 
for management of hormonal and clinical PCOS features, 
weight, and reproductive outcomes?” The PROSPERO registra
tion includes the reproductive outcomes of interest; the other 
outcomes were inadvertently left off the registration. However, 
all the outcomes including hormonal, clinical, anthropometric, 
and reproductive were determined a priori by the guideline evi
dence synthesis team.

Information Sources
We searched the following databases from inception until August 
5, 2022: Medline (OVID), PsycInfo (EBSCO), EMBASE 
(OVID), All EBM (OVID), and CINAHL (EBSCO). A hand- 
search of reference lists of relevant recent systematic reviews 
was conducted to identify any trials that were not captured in 
our search. We asked experts in the field to identify any trials 
that were not identified in our search.

Search Strategy
The search strategy and selection criteria were developed by 
the guideline evidence and key contact team, comprising an 
international team of evidence synthesis experts, reproductive 
endocrinologists, endocrinologists, pediatricians, and a gen
eral practitioner (family physician). The search strategy in
cluded terms for PCOS, inositol, and randomized controlled 
trials and is included in the supplemental data (17).

Only randomized controlled trials (RCTs) were included 
with an a priori defined Participant-Intervention-Comparison- 
Outcome framework, using the following criteria: (1) partici
pants: females diagnosed with PCOS by Rotterdam, National 
Institutes of Health, or Androgen Excess and PCOS Society 
(AEPCOS) criteria of any age, ethnicity and weight; (2) interven
tion: inositol (MI or DCI alone or in combination), alone or 
combined with usual care (as defined by study authors), lifestyle, 
or any other interventions of any dose or duration; (3) compara
tor: placebo, usual care alone, lifestyle alone, or any other inter
ventions (listed in intervention) or combinations of those listed 
in intervention. Where comparisons or co-interventions were 
used in 2 or more study groups, these should be the same across 
all groups, with inositol being the main difference between 
groups in order to isolate the effects of inositol. The only excep
tion was that comparisons of inositol + folic acid (FA) vs an
other comparator (eg, placebo) was deemed to be eligible as 
the effect of FA on outcomes was thought to be minimal; (4) out
comes: hormonal, metabolic, lipids, psychological, anthropo
metric or reproductive outcomes, and adverse events [see 
supplementary data (17) for a full list of eligible outcomes].

Selection Process and Data Extraction
Citations were imported into Covidence (18), where dupli
cates were removed in Covidence. Titles and abstracts and 
then full-text manuscripts were screened independently in du
plicate by 3 reviewers (V.F., C.E., S.M.) independently using 
Covidence, and disagreements were resolved by discussion, 
with a third reviewer to adjudicate if needed. Data were ex
tracted by 1 reviewer (A.B., C.E., D.N., J.L., L.L., S.G., 
V.F., V.R., V.V.) on study characteristics, participant charac
teristics at baseline, intervention, and outcomes using a data 
extraction template created by the guideline evidence team. 
Extracted data were then verified by a second reviewer 
(A.B., C.E., G.Y., L.L., M.A., S.M., V.F., V.R.).

Integrity Assessment
Trial integrity was assessed by an integrity committee follow
ing the Research Integrity in Guideline Development (RIGID) 
framework developed by Mousa et al (2023; unpublished), as 
detailed in Section 6.7 of the guideline technical report (19). 
Here, studies were assessed using the Trustworthiness in 
Randomised Controlled Trials checklist (20), an integrity as
sessment tool similar to the Cochrane Research Integrity 
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Assessment tool (21), which assesses studies on multiple do
mains related to integrity. Following the steps of the RIGID 
framework, studies were classified as low, moderate, or high 
risk for integrity concerns. Low-risk studies were included, 
while authors for moderate- and high-risk studies were con
tacted to clarify integrity concerns. Where a satisfactory re
sponse was received, those studies were subsequently 
“included.” Studies with no response were “not included,” 
while studies requiring additional time to provide the neces
sary information (eg, raw data, ethics protocols, etc.) are 
“awaiting classification” and have not been included in the re
view or analysis at this stage.

Quality Appraisal
We assessed risk of bias for each trial using the Cochrane Risk 
of Bias 1.0 tool (22). Two reviewers independently assessed 
random sequence generation (selection bias), allocation con
cealment (selection bias), blinding of participants and person
nel (performance bias), blinding of outcome assessment 
(detection bias), incomplete outcome data (attrition bias), se
lective reporting (reporting bias), and other biases. Any dis
agreements were resolved by discussion.

The certainty of evidence was assessed by M.A. and V.F. using 
the Grading of Recommendations, Assessment, Development 
and Evaluations (GRADE) approach, as outlined in the 
GRADE handbook (23). The GRADE approach uses 5 consider
ations (risk of bias, inconsistency of effect, indirectness, impreci
sion, and other bias including publication bias). The evidence can 
be downgraded from “high quality” by 1 level for serious (or by 
2 levels for very serious) limitations, depending on assessments of 
these domains.

Data Analysis
The key contacts (clinical leads) for the guideline judged the 
following outcomes as critical (for GRADE purposes): free 
testosterone (FT), homeostatic model assessment of insulin re
sistance (HOMA-IR), 2-hour glucose, BMI. The remaining 
outcomes were judged as important but not critical. 
Outcome data were extracted from original intention-to-treat 
results wherever possible or from per-protocol results if these 
were the only outcomes available. Heterogeneity was assessed 
using the I2 statistic. Outcomes from individual studies were 
pooled using random effects models. For trials that used the 
same assessment method and provided continuous data, 
we reported mean difference (MD), converting units of meas
urement to standard units where required. Categorical out
comes were reported as odds ratios (OR). All pooled analyses 
were reported with 95% confidence intervals (CIs). We used 
RevMan (24) for statistical analysis. Publication bias was 
assessed by visual inspection of funnel plot asymmetry, 
where applicable. Subgroup analyses for menopausal stage, 
adolescents/adults, and BMI category were planned but 
were not conducted due to the small number of trials.

Changes Since Protocol Was Registered
Anthropometric, hormonal, psychological, and metabolic out
comes were collected as determined a priori by the research 
team but inadvertently not included in the PROSPERO registra
tion. We conducted a sensitivity analysis according to risk of 
bias, where only the studies that were assessed as low risk of se
lection bias and not at high risk of performance bias were 

included. We conducted supplementary analyses for critical out
comes only where we also included data from studies that were 
not included due to moderate-high risk of integrity concerns. 
We conducted supplementary analyses using standardized 
mean differences (SMD) for endocrinological outcomes where 
outcomes were collected at different laboratories and therefore 
potentially using different assays (see Supplementary Data S6).

Results
See Fig. 1 for the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses flow chart of study selection. A total 
of 1535 citations were identified, of which 1534 were identified 
through database searches and 1 through expert identification, 
with 734 remaining after duplicates were removed. After title 
and abstract screening, an additional 592 were excluded, and 
142 full-text manuscripts were reviewed for eligibility. 
Ninety-nine were excluded based on full text review, which 
left 43 trials then assessed for integrity. Thirty were assessed as 
low risk and included. Thirteen were assessed to be of moderate 
risk and were not included. (see supplementary data and 
Supplementary Table S1 for characteristics of moderate risk 
studies) (17). Table 1 provides details of study characteristics 
of the included studies. In total, there were 31 articles repre
senting 30 unique trials and 2230 participants. There was 
1 study including only adolescents (n = 106) (37). Fifteen tri
als were conducted in Italy (27, 29, 31-34, 38, 39, 44, 45, 47, 
48, 50, 54, 55), 6 in India (26, 28, 30, 36, 41, 42, 51), 2 in Iran 
(25, 49), 2 in Venezuela (35, 43), and 1 each in Pakistan (37), 
Turkey (46), Spain (40), Denmark (52), and Bosnia and 
Herzegovina (53). Sample sizes for arms relevant for this study 
ranged from 8 to 195 with a mean sample size of 36 partici
pants. Nineteen studies contributed to meta-analyses.

Participants
All participants were individuals with PCOS diagnosed by 
Rotterdam, National Institutes of Health, or AEPCOS criteria. 
Mean age ranged from 15 to 36.5, and mean baseline BMI 
ranged from 20.96 to 32.4 kg/m2. Three studies enrolled wom
en with PCOS with an overweight or obese BMI classification 
(29, 44, 54). Ten studies specifically enrolled women with 
PCOS who also had infertility (25, 27, 40, 46-51, 55, 56). 
These studies used co-interventions of fertility treatment, either 
ovulation induction with letrozole (49), gonadotropin (50), or 
gonadotropin and intrauterine insemination (46) or in vitro 
fertilization (IVF) with or without intracytoplasmic sperm in
jection (ICSI) (25, 27, 40, 47, 48, 51, 55). The fertility co- 
interventions were either concurrent with the intervention or 
following a period of pretreatment depending on study design.

Intervention
Two studies trialed DCI alone (35, 43). Twenty studies com
pared MI alone at doses of 1 to 4 g daily either alone or in com
bination with FA 200 to 400 mcg daily (25-27, 30-34, 41, 42, 44, 
46-55) against the comparators of metformin, FA alone, or pla
cebo. Three compared the combination of 550 mg MI + 13.8 mg 
DCI + 200 mcg FA twice daily to FA alone (29, 37, 38). Two 
studies compared varying ratios of MI + DCI (40, 45).

One trial evaluated MI + DCI + metformin (28) and 1 MI +  
metformin (30). One had 3 arms comparing MI + monacolin 
K to MI alone and also to metformin alone (39). We included 
data only from the MI and metformin arms as the comparison 
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with MI + monacolin K was not considered relevant. One trial 
evaluated MI + DCI compared to a combined hormonal 
contraceptive (CHC) (36).

Most trials provided interventions for at least 6 weeks, up to 
a maximum of 6 months. One study did not clearly define 
treatment duration (48), and 1 study only provided inositol 
during IVF stimulation (47). Follow-up ranged from 8 weeks 
to 6 months and was not reported by 1 study (48).

Comparator
Three studies were placebo controlled (32, 35, 43). Ten used 
FA at doses ranging from 200 to 400 mcg daily (25, 27, 29, 
31, 34, 37, 46-49). Twelve used metformin at doses of 
1000 mg to 2000 mg daily alone or in combination with FA 
as a comparator (26, 28, 30, 33, 39, 41, 42, 49-54, 56). 
Three studies used different combinations of MI + DCI as a 
comparator (40, 44, 45). One study used DCI 1.2 g daily alone 
as a comparator (55). One study used a CHC, 20 µg ethinyl es
tradiol and 3 mg drospirenone, as a comparator (36).

Outcomes
The outcomes reported were heterogeneous. Follow-up duration 
ranged from completion of an IVF cycle to 6 months after 

treatment. Up to 23 studies reported on metabolic outcomes in
cluding fasting glucose, fasting insulin, HOMA-IR, and quanti
tative insulin-sensitivity check index, area under the curve 
(AUC) insulin, and AUC glucose. Twelve studies reported total 
cholesterol, 10 reported low-density lipoprotein (LDL), high- 
density lipoprotein (HDL), and triglyceride levels. Twenty-nine 
studies reported on BMI, 16 reported waist-hip ratio (WHR), 
12 reported weight, and 8 reported waist circumference.

Androgenicity outcomes were reported by up to 14 studies and 
included hirsutism, which was reported as the Ferriman-Gallwey 
(FG) or modified Ferriman-Gallwey, total and FT levels, sex 
hormone binding globulin (SHBG), dehydroepiandrosterone- 
sulphate (DHEAS), androstenedione and free androgen index. 
Reproductive outcomes were reported by up to 13 studies, specif
ically menstrual regularity, ovulation rate, pregnancy rates, and 
live birth rate. Gastrointestinal adverse events (GI AEs) were re
ported by 6 trials, and other adverse events were reported by 2 
trials. One study comparing MI and metformin reported on psy
chological outcomes (depression and quality of life) (52).

Risk of Bias
Figure 2A and 2B describe the risk of bias across studies. 
Around half to one-third of included trials were judged at 

Figure 1. PRISMA flowchart of study selection.  
Abbreviations: PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses.
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low risk of selection bias (16/30 low risk for randomization, 
11/30 for allocation concealment). Few trials were judged at 
low risk of bias for 1 or more of performance (7/30), detection 
(5/30), reporting (10/30), and other (7/30) bias. Most trials 
(20/30) were at low risk of attrition bias.

Effects of Interventions
We report on a total of 13 comparisons. Meta-analyses were 
conducted on the following 3 comparisons: (1) DCI vs placebo 
(2 RCTs), (2) MI + FA vs FA (8 RCTs), and (3) MI vs metfor
min (10 RCTs). For the remaining comparisons, a meta- 
analysis was not possible on any outcome either due to the 
comparison only having 1 representative RCT or RCTs re
porting nonparametric data (median and interquartile range) 
or change scores without any information on standard 

deviation or standard error. For those, we have provided a 
narrative synthesis.

Meta-analyses

D-Chiro inositol
DCI (600-1200 mg/day) v placebo. Two trials reported on 
this comparison (35, 43). Sample sizes were 20 and 44. The 
dose of DCI provided ranged from 600 mg (35) to 1.2 g (43) 
daily. One trial enrolled women with BMI >28 kg/m2 (43). 
There were no co-interventions in either trial. There was 
very serious imprecision due to very small sample size in 
both studies; hence all outcomes were of low certainty (see 
Table 2 for a summary of GRADE assessment for this 
comparison).

Figure 3A–3E shows the forest plots for comparisons 
regarding androgenicity outcomes. There was low certainty 
evidence that DCI was superior to placebo for SHBG, 
DHEAS, and FT (MD = 1.79 mcg/dL, −139.43 mcg/dL and 
−0.46 ng/dL, respectively; Fig. 3A, 3B, 3D) with no differen
ces in total testosterone or androstenedione (Fig. 3C and 
3E). Similarly, DCI was superior to placebo for the metabolic 
outcomes of AUC insulin (MD −3.65 µU/mL/min, Fig. 3I) and 
AUC glucose (MD −20.85 mg/dL/min, Fig. 3H), as well as tri
glycerides (MD −31.95 mg/dL, Fig. 3K), whereas there were 
no differences for fasting glucose (Fig. 3F), fasting insulin 
(Fig. 3G), total cholesterol (Fig. 3J), or from single study re
sults for LDL and HDL43. Meta-analysis also showed that pla
cebo was superior to DCI for the outcome of BMI (MD 0.67, 
Fig. 3L) wIth no difference in WHR (Fig. 3m). Ovulation rate 
was improved with DCI compared with placebo in meta- 
analysis of 2 trials (OR 11.5; Fig. 3m), both of which counted 
an ovulatory event if serum progesterone level was >8 ng/mL. 
Supplemental analysis using SMD for endocrine outcomes 
were similar to findings from analyses using MD except for 
FT and AUC glucose, which were no longer statistically sig
nificant (17).

Myoinositol
MI ± FA vs FA. There were 8 studies (25, 27, 31, 34, 46-49) 
that compared MI + FA to FA alone. Sample sizes in each arm 
ranged from 10 to 195 per study with a total of 432 partici
pants in the intervention arms and 457 in the control arm 
across the 8 studies. The dose of MI used was 4 g daily in 6 
of the studies (25, 31, 46-49) with 200 to 400 mcg of FA. 
The other 2 studies evaluated 2 g of MI daily with 200 mcg 
(34) or 400 mcg (27) of FA. Duration of intervention ranged 
from 4 to 12 weeks.

Six of the 8 studies enrolled women with PCOS who were 
presenting for infertility treatment (25, 27, 46-49). MI was 
provided prior to ovulation induction with letrozole for wom
en with letrozole resistance (40), gonadotropin for ovulation 
induction and intrauterine insemination (46), IVF (25, 27), 
and IVF with ICSI (48). One trial randomized women to 
MI + FA or FA alone during the IVF cycle until 14 days after 
embryo transfer (47). The remaining 2 studies were not lim
ited to women undergoing infertility treatment (31, 34). 
One recruited women who were overweight (34) and random
ized them to 2 g MI + 200 mcg FA daily or FA 200 mcg daily 
for 12 weeks. See Table 3 for a summary of GRADE assess
ments for this comparison.

Meta-analysis was conducted on 8 outcomes from 8 studies 
(25, 27, 31, 34, 46-49). There were no differences between 

Figure 2. Risk of bias summary and graph.
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groups for androgenicity outcomes, total testosterone 
(Fig. 4A, 3 studies), and androstenedione levels (Fig. 4B, 3 
studies) (27, 31, 34). For metabolic outcomes, meta-analysis 
of 2 studies (27, 34) demonstrates that MI + FA was superior 
to FA alone for fasting insulin (MD −4.17 µU/mL, Fig. 4C) 
and HOMA-IR (MD −1.24, Fig. 4D), but there was no differ
ence between groups for the outcome of fasting glucose.

There were no differences between groups for other out
comes including BMI (Fig. 4E, 3 studies) (27, 31, 34), clinical 
pregnancy rate (Fig. 4F, 5 studies) (27, 46-49), rate of positive 
human chorionic gonadotrophin (Fig. 4G, 3 studies) (25, 27, 
48), and ovulation rate (Fig 4H, 2 studies) (31, 49).

Supplemental analysis using SMD for endocrine outcomes 
was unchanged except for total testosterone and androstene
dione where MI + FA was superior to FA (17).

MI vs metformin. Ten studies compared MI to metformin 
and were included in meta-analyses (26, 30, 33, 41, 42, 
49-54). Sample sizes in each arm ranged from 12 to 60 per 
study, with a total of 353 participants in the intervention 
arms and 356 in the control arm across the 10 studies. The 
dose of MI ranged from 1 to 4 g, with most studies using 
4 g. Doses of metformin ranged from 1000 mg (26, 30) to 
2000 mg daily (52). Duration of intervention ranged from 3 
to 6 months. Three studies enrolled women with PCOS who 
were attempting to conceive and utilized co-interventions of 
letrozole (49), gonadotropin (50), or IVF (51). See Table 4
for the GRADE summary for this comparison.

In meta-analysis for androgenicity, metformin was superior 
to MI for FG score in 2 trials (MD 2.42, Fig. 5A) (26, 53), 
while MI was superior to metformin for SHBG (MD 3.85, 
Fig. 5C, 2 studies) (26, 53), with no differences in total testos
terone in 4 trials (Fig. 5B) (26, 41, 42, 51, 53). There were no 
differences between groups for metabolic, lipid, and most an
thropometric outcomes including fasting glucose (Fig. 5D, 4 
studies) (26, 41, 42, 51, 53), fasting insulin (Fig. 5E, 5 studies) 
(26, 30, 41, 42, 51, 53), HOMA-IR (Fig. 5F, 5 studies) (26, 
33, 41, 42, 51, 53), total cholesterol, HDL, and LDL choles
terol (Fig. 5G–5I, 2 studies) (41, 42, 51), weight (Fig. 5J, 3 
studies) (30, 41, 42, 53), BMI (Fig. 5K, 6 studies) (26, 30, 
33, 41, 42, 51, 53), or waist circumference (Fig. 5L, 3 studies) 
(26, 41, 42, 53). However, metformin was superior to MI for 
the outcome of WHR in analysis of 2 trials (MD 0.04, 
Fig. 5M) (26, 41, 42).

Reproductive outcomes including resumption of normal 
menstrual cycles (Fig. 5N, 3 studies) (26, 33, 51) or rate of 
ovulation (Fig. 5O, 2 studies)(49, 50) did not differ between 
groups. Four trials (n = 420) (26, 49-51) reported no differen
ces in clinical pregnancy rate, and 1 (n = 120) (50) reported no 
difference in miscarriage rate between MI and metformin.

In a meta-analysis of 6 trials, GI AEs were less common in 
the MI group compared with metformin (OR 0.09, 0.02 to 
0.37, I2 = 69%, 6 trials, Fig. 5Q) (26, 33, 51-54). One study 
comparing MI and metformin reported on depression and 
quality of life measures (40). There was no significant differ
ence between the interventions for any of the outcomes 
measured.

Supplemental analyses using SMD for endocrine outcomes 
were unchanged except for SHBG where MI was no longer 
superior to metformin (see Supplementary Data S6). 
Supplemental analyses adding studies at moderate risk of 
compromised integrity for critical outcomes of HOMA-IR 

and BMI still showed no differences between groups for these 
outcomes (see Supplementary Data S7, Figs. 2 and 3) (17).

Sensitivity analysis. Sensitivity analysis including only the 2 
trials judged to be at low risk of bias (26, 51) was conducted 
for the outcomes of clinical pregnancy rate, total testosterone, 
fasting insulin, fasting glucose, HOMA-IR, BMI, waist 
circumference, regular menstruation, and GI AEs. See 
Supplementary Data for more details (17). Metformin was su
perior to MI for fasting insulin (MD 1.73. 95% CI 0.76-2.71, 
I2 = 0%, 2 trials) while MI was superior to metformin for 
regular menstruation (OR 2.84, 95% CI 1.26-6.37, I2 = 42%), 
but there was no difference between groups for GI AEs.

Narrative Syntheses

Inositol vs placebo
Myoinositol vs placebo. One study (n = 26) (32) comparing 
1200 mg MI to matched placebo powder for 12 weeks in women 
with BMI <25 kg/m2 with high risk of bias reported lower body 
weight (−1.83 kg ± 1.86 vs +0.25 kg ± 0.71, P = 0.0055), 
BMI (−0.69 kg/m2 ± 0.69 vs +0.09 kg/m2 ± 0.27, P = .0058), 
testosterone (−0.35 nmol/L ± 0.24 vs −0.01 nmol/L ± 0.29, 
P = .0043), androstenedione (−3.96 nmol/L ± 2.16 vs +0.28 
mol/L ± 0.39, P < .0001), fasting insulin (−2.33 mU/L ± 2.61 
vs +1.00 mU/L ± 0.76, P = .0018), insulin AUC (−1668.08 
mU/L/min ± 1388.52 vs +347.38 mU/L/min ± 314.98, 
P = .0005), and HOMA-IR (−0.54 ± 0.62 vs +0.26 ± 0.16, 
P = .0015) in the MI group vs placebo, respectively. There was 
very low certainty of evidence for all outcomes.

MI + DCI + FA v FA. One study (n = 46) (29) with very low 
certainty evaluated MI 1.1 g + D chiro inositol 27.6 mg and 
FA 400μg taken daily compared to FA 400μg alone. No 
between-group comparisons were conducted. There was no 
difference between baseline and end of treatment for either 
arm for the outcomes of DHEAS, androstenedione, fasting 
glucose, and HOMA-IR. Improvements were reported in the 
intervention arm for the outcomes of free testosterone, 
SHBG, and fasting insulin.

MI + DCI vs placebo. Another study (n = 106) (37) com
pared 500 mg MI in combination with 13.8 mg DCI twice dai
ly for 6 months to FA among a population of teenage girls (age 
13-19 years) with PCOS. This study had high risk of bias and 
reported no significant difference in fasting glucose between 
intervention and placebo group. There was a significant re
duction in number of participants with elevated BMI in the 
intervention group; however, no BMI values or cut offs used 
for categorization were reported.

Inositol vs CHC
MI+ DCI vs CHC. One trial (n = 70) (36) assessed outcomes 
after 6 months of treatment and again 3 months after stopping 
treatment with MI + DCI compared to CHC. Results sug
gested no significant difference in weight, BMI, WHR, 
HOMA-IR, fasting insulin, fasting blood glucose, or testoster
one after 6 months of treatment. There was improvement in 
HOMA-IR and fasting insulin level in the MI + DCI group 
when assessed 3 months after stopping treatment. Menstrual 
cycle length was shorter in the CHC group.
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Inositol + metformin v metformin alone
MI + metformin vs metformin. One study (n = 50) (30) 
showed no difference between groups for BMI, weight, and 
fasting insulin. Women received either 1 g MI + 1 g metformin 
daily or 1 g metformin only daily for 4 months.

Supplemental analyses adding studies at moderate risk of 
compromised integrity for the critical outcome of BMI still 
showed no differences between groups (see Supplementary 
Data S7, Fig. 1) (17).

MI + DCI + metformin vs metformin. One study (n = 72) 
(28) suggests there were improvements in menstrual irregularity 
(38.9% vs 63.9%, P = .034), cholesterol (31.58 mg/dL ± 23.99 
vs 146.75 mg/dL ± 36.37, P = .040), HDL (47.25 mg/dL ±  
15.92 vs 41.53 mg/dL ± 6.38, P = .049), LDL (85.89 mg/dL ±  
19.84 vs 106.16 mg/dL ± 22.78, P = .0001), and postprandial 
insulin (35.30 mIU/L ± 18.94 vs 57.82mIU/L ± 37.52, 
P = .005) with 1.1 g MI + 0.3 g DCI + 1 g metformin vs metfor
min alone for 6 months, with low certainty of evidence. There 
were with no differences for hirsutism, androgens, anthropom
etry, or glucose, with low certainty of evidence.

Comparisons between MI and DCI
MI vs DCI. One study in euglycemic women undergoing 
ovulation induction for ICSI (n = 84) (55) with unclear risk 
of bias suggests that 4 g MI daily for 8 weeks before FSH ad
ministration improves total pregnancy rate [22 (51%) vs 10 
(24%), P < .05] vs 1.2 g DCI daily, but there is no difference 
for clinical pregnancy, biochemical pregnancy, and miscar
riage rates. Evidence is of low certainty.

MI + DCI vs MI alone. Two studies (n = 84) reported no dif
ferences between MI + DCI and MI alone for critical outcomes 
(HOMA-IR, BMI, FG score) (40, 44). One study (n = 22) 
reported no difference for any anthropometric or menstrual 
outcomes (38). Another study (n = 50) reported improve
ments seen for free and total testosterone (0.44 ng/dL ±  
0.08 vs 0.65 ng/dL ± 0.09, P < .05 and 50.4 ng/dL ± 10.2 vs 
60.3 ng/dL ± 12.7, P < .05, respectively), DHEAS (278 µg/dL  
± 32 vs 320 µg/dL ± 31, P < .05), fasting glucose (85.9 mg/dL  
± 7.2 vs 93.2 mg/dL ± 10.9, P < .05), and AUC glucose (12  
358 mg/dL/min ± 515 vs 16 209 mg/dL/min ± 447, P < .05) 
but no differences for anthropometric outcomes (including 
WHR) (44). All outcomes were ranked as very low certainty of 
evidence. Doses were 1100 mg MI + 27.6 mg DCI (Inofolic 
Combi) daily v 4 g MI daily for 3 to 6 months with or without 
400 mcg FA daily for 12 weeks.

MI + DCI vs MI + DCI. Different ratios of MI:DCI were com
pared in 2 trials (40, 45). In 1 trial (n = 55), 7 ratios were com
pared: 0:1, 1:3.5, 2.5:1, 5:1, 20:1, 40:1 (standard), and 80:1 
for 3 months (45). The total dose of MI + DCI was 4 g daily. 
In another trial (n = 34), a 3.6:1 ratio was compared with the 
standard 40:1, also for 3 months (40). There was no difference 
between groups in either trial for the critical outcome of 
HOMA-IR. A higher ratio of MI:DCI (40:1 vs 5:1) resulted in 
lower FT levels (0.55 ng/dL,  ± 0.4 vs 1.35 ng/dL,  ± 0.7), im
proved menstrual regularity (5/8, 62.5% vs 1/8, 12.5%), and 
fasting insulin (16 mU/mL,  ± 5 vs 20 mU/mL,  ± 13) in 1 trial 
(45). The evidence was of very low certainty.

MI + DCI + FA vs MI + FA. One study (n = 22) (38), with 
very low certainty, evaluated MI 1.1 g + DCI 27.6 mg and 
FA 400μg taken daily to MI 4 g + FA 400μg daily after 3 
and 6 months. Both arms also included dietary interventions. 
There was no difference for the outcomes of hirsutism, weight, 
BMI, WHR, or waist circumference at 3 months or 6 months.

Figure 3. D-chiro-inositol vs placebo forest plots.
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GRADE assessments
The majority of outcomes were assessed as being low to very 
low certainty, as outlined in Tables 2 to 4. Within the com
parison of MI vs metformin, the outcomes of total testoster
one, clinical pregnancy rate, GI AEs, menstruation, fasting 
glucose, fasting insulin, and waist circumference were assessed 
as moderate certainty. The main reasons for downgrading in
cluded risk of bias (eg, most studies had a high or moderate 
risk of bias), inconsistency due to wide CIs or CIs not overlap
ping, and imprecision (small numbers of studies or sample 
sizes).

Discussion
In this systematic review and meta-analysis conducted to 
inform the 2023 International Evidence-Based PCOS 
Guideline (15, 57-60), we report on findings from 30 RCTs 
comparing inositol with various comparators for PCOS. At 
this time, available evidence regarding the benefits of inositol 
(in all forms) was inadequate to make evidence-based recom
mendations regarding efficacy for clinical outcomes. Yet, lim
ited and inconsistent data support some metabolic and 
hormonal benefits although certainty of the evidence was 
low to very low. No benefit was found for anthropometric 
outcomes. While MI resulted in fewer GI AEs compared to 
metformin, we note that the majority of trials (23/29) did 
not report on adverse events.

Our findings are consistent with a recent meta-analysis by 
Jethaliya and colleagues (61) who examined the efficacy of 
MI against any comparator for anthropometric, metabolic, 
and endocrine outcomes in PCOS and included 17 RCTs. 
Similar to our findings, they did not find any improvements 
in anthropometric (BMI, WHR), metabolic (fasting insulin, 
fasting glucose, HOMA-IR), or hormonal (luteinizing hor
mone, FSH, oestradiol, SHBG, DHEAS, and total testosterone 
levels) outcomes with the exception of androstenedione levels, 
which favored inositol (61). Our review is more recent than 
Jethaliya al’s, who searched until January 2022, and includes 
DCI as well as MI. Additionally, we conducted GRADE as
sessments, which were not performed in Jethaliya et al’s 
review.

Greff and colleagues examined the efficacy of MI or DCI 
against placebo or metformin in PCOS and reported on 26 
RCTs (62). In contrast to our findings, Greff et al (62). re
ported a higher rate of cycle normalization and greater reduc
tion of BMI and weight in the inositol group compared with 
placebo. A potential reason for this discrepancy is that Greff 
and colleagues (62) included some studies that we had ex
cluded from analyses due to uncertainty about research integ
rity; hence, their results may have been influenced by data that 
we considered to be questionable in the context of informing 
guidelines for clinical practice. Moreover, follow-up values 
were used here, whereas Greff et al used mean change values 
(delta) between baseline and post-treatment, which tend to 
produce larger effect sizes and thus more significant results 
in meta-analyses (63). Ideally, using both estimates in sensitiv
ity analysis would have been the optimal method to ensure ro
bustness of results; however, this was not possible in the 
present review due to the small number of studies.

Metformin was more efficacious than MI for clinically im
portant outcomes such as central adiposity (WHR) and hirsut
ism (Ferriman-Gallwey score). Although moderate certainty 
evidence also suggests that metformin results in a substantially T
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greater number of GI AEs than MI, we note that these adverse 
events are generally mild and self-limiting (5) and that a 
sensitivity analysis on studies judged to be at low risk of 
bias did not detect a difference between groups for GI AEs. 
Metformin is recommended in the PCOS guidelines for 

management of anthropometric and metabolic outcomes in 
women with BMI ≥25 kg/m2 and should be used as a first-line 
treatment. However, it may be reasonable to consider the use 
of MI as an alternative to metformin in women who cannot 
tolerate metformin and who require management of an
thropometric and metabolic outcomes. It is unclear whether 
there is any benefit from using a combination of metformin 
and MI.

Data on the prevalence of use of complementary therapies in 
PCOS has not been updated for almost 10 years. A 2014 sur
vey of Australian women reported that 70% of respondents 
used complementary medicines, which were mostly nutrition
al and herbal supplements (64). In the general population, in
dividuals choose complementary medicines for a number of 
reasons including feeling unsatisfied with conventional ther
apy results, alignment with the ideology of holistic health, 
and for preventive health and well-being, an increased sense 
of control over one’s health, and a perception of safety (65). 
Similarly, women with PCOS use complementary therapies 
because they wish to concurrently manage comorbidities 
such as sleep problems and to improve general well-being (64).

Nevertheless, 70% of women with PCOS cited disadvan
tages of using complementary medicine such as financial 
cost and lack of supporting scientific evidence (64). It is im
portant for clinicians to be provided with evidence-based 
guidance and to understand the motivations for use of com
plementary therapies and the potential risks, including finan
cial cost, when engaging with patients in informed discussions 
about use of inositol for PCOS. While complementary medi
cines are often perceived to be safer than pharmaceuticals, it 
is important to note that regulation of nutrient supplements 
varies globally. Most nutritional supplements are not regu
lated by the European Medicines Agency or US Food and 
Drug Administration. Studies showing safety and efficacy 
are generally lacking. In addition, manufacturing standards 
may vary resulting in inconsistent quality. The cost of inositol 
is also greater than the cost of metformin. Clinicians should 
incorporate these considerations together with scientific evi
dence and individual patient values and preferences when en
gaging in shared decision-making with their patients about the 
benefits and risks of using inositol for managing PCOS.

The study has several strengths including the rigorous de
sign and methodology, endorsed by 39 organizations globally 
as part of the guideline. This topic was highly prioritized by 
clinicians, patients, and experts who participated in an exten
sive global prioritization process, and the review was 
conducted by a multidisciplinary team with substantial 
expertise in PCOS. Additionally, the validity and trustworthi
ness of our results is strengthened by the integrity checks in
corporated using the RIGID framework, which is now being 
implemented in 2 further international guidelines. We in
cluded GRADE assessments to provide an overview of the cer
tainty of the evidence at the outcome level, in addition to 
traditional study-level quality appraisal using risk of bias. 
Limitations of the study are that we only included studies pub
lished in English and did not search grey literature. The risk of 
bias of included studies was generally high, and sample 
sizes and study numbers were small, which precluded 
meta-analyses in some instances and decreased the certainty 
of the evidence overall. Adverse events were not reported by 
the majority of studies, and there was only 1 study examining 
adolescents, limiting comparisons in this population 
subgroup.

Figure 4. Myo-inositol  + folic acid vs folic acid forest plots.
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Conclusion
Inositol is extensively used and promoted as effective for man
agement of PCOS and was prioritized by patients internation
ally in the 2023 international evidence-based PCOS guideline. 
Yet, this high-quality systematic review and meta-analysis 

conducted to inform the 2023 international evidence-based 
guideline on management of PCOS has found that the evi
dence supporting the use of inositol in the management of 
PCOS is limited and inconclusive. Some evidence suggests po
tential benefits of MI or DCI for certain metabolic measures 

Figure 5. Myo-inositol vs metformin forest plots.
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and DCI for ovulation, but inositol may have no effect on oth
er outcomes. The available evidence shows that metformin is 
superior to MI in improving clinical outcomes such as WHR 
and FG score. While MI likely causes fewer GI AEs compared 
with metformin, these GI AEs are typically mild and 
self-limited.

This meta-analysis, and the guideline, should be used to 
guide clinical practice and to limit potential harm (including 
financial harm) to women from using therapies without 
evidence for effectiveness. Clinicians and patients should con
sider the uncertainty of the evidence together with individual 
values and preferences when engaging in shared decision- 
making regarding the use of inositol for PCOS. Given the con
sumer interest in using inositol, further research and clinical 
trials are needed to establish a more robust evidence base 
and to better understand the potential role of inositol in 
PCOS management.
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