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Abstract
Background: Polycystic ovary syndrome (PCOS), an intricate and multifactorial disease, has characteristics of diverse clinical,
metabolic and endocrine disorder. It represents a primary cause of infertility in reproductive women, which seriously affects the
physical and mental health of patients. Several small studies have indicated that inositol and alpha lipoic acid (ALA) supplementation
can ameliorate the outcomes in terms of menstrual cyclicity, ovulation and hyperinsulinemia in PCOSwomen. However, there is a lack
of sufficient evidence to affirm this practice. Consequently, we aim to objectively review and estimate the efficacy and safety of inositol
plus ALA in adult women suffering from PCOS.

Methods and analysis: We will retrieve PubMed, EMBASE, The Web of Science, The Cochrane Library of Controlled Trials,
Clinical Trials.gov, Chinese Biomedical Literature Database (CBM), China National Knowledge Infrastructure (CNKI), Chinese
Scientific Journal Database (VIP database), Wan-Fang database with no specific limitations on language. Simultaneously we will
manually retrieve reference lists and grey literature to acquire potential eligibility. We will restrict our search to randomized controlled
trials (RCTs) of inositol in combination with ALA for PCOS. Researchers will separately identify studies, extract data and evaluate the
quality of studies. We will conduct risk of bias estimates, data synthesis and analysis using Review Manager 5.3 software.

Results and conclusion: The study will comprehensively determine the effectiveness and safety of inositol conjunct with ALA
therapy for PCOS. Meanwhile we intend to disseminate the final findings in a peer-reviewed journal to help patients, clinicians and
health policymakers select treatment strategy of PCOS by providing high-quality evidence.

Abbreviations: ALA = alpha lipoic acid, DCI = D-chiro-inositol, IR = insulin resistance, MI =myo-inositol, OS = oxidative stress,
PCOS = polycystic ovary syndrome, RCTs = randomized controlled trials.
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1. Introduction

Polycystic ovary syndrome (PCOS), one of the most common
endocrine dysfunction in reproductive-age women, affects
approximately 5% to 21% premenopausal women under the
different diagnostic criteria.[1] In the light of the Rotterdam
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diagnostic criteria, PCOS represents a multifactorial condition
including at least 2 of the 3 clinical characteristics: chronic
intermittent or absent ovulation, clinical or biochemical hyper-
androgenism and polycystic ovaries morphology on ultra-
sound.[2] It frequently has the features of anovulatory
infertility, obesity, type 2 diabetes and cardiometabolic dysfunc-
tion.[3,4] Apart from this, PCOS has a detrimental effect on both
physical health andmental wellbeing. Compared with the general
population, women diagnosed with PCOS have been reported
higher rates of anxiety and depression.[5]

Although the exact pathogenetic mechanism of PCOS remains
unclear due to its heterogeneous nature, some risk factors and
vital triggers have been clarified. Among them insulin resistance
(IR) has a pivotal role to play during the onset of PCOS, and its
prevalence amounts to 70%.[6,7] IR and accompanying hyper-
insulinemia accelerate the production of ovarian androgen while
decreasing hepatic sex hormone binding globulin, exacerbating
hyperandrogenism.[8] Aside from IR, oxidative stress (OS) might
further underpin PCOS and its metabolic complications.[9] It is
reported to be connected with central obesity, hypertension,
impaired glucose, IR and dyslipidemia.[10,11] Hyperandrogenism
possibly occurs on account of the inflammatory response of
abnormal follicular membrane cells in the ovary to oxygen free
radicals.[12]

Given the crucial roles of IR and OS in the pathological
mechanisms of PCOS, inositol plus alpha lipoic acid (ALA)
combination is a promising therapeutic approach with none
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significantly detrimental effects for PCOS women.[13] Inositol is a
nutraceutical compound (a sugar alcohol) with nine stereo-
isomers, and in particularly myo-inositol (MI) and D-chiro-
inositol (DCI) are the 2 most common isoforms in tissue. Both
seem to be able to improve metabolism and endocrine
parameters, acting as insulin sensitizers and antioxidant.[14–16]

ALA represents another potent free radical scavengers and
natural cofactor of mitochondrial dehydrogenase complexes.
When administered alone or in combination with inositol, it is
beneficial to the amelioration of glucose control, IR, metabolic
and endocrine disturbances in PCOS sufferers.[17–20]

More recently, a new therapeutic strategy of inositol in
conjunction with ALA has been proposed as it appears to exist a
synergistic efficacy to insulin sensitivity and OS for PCOS. Some
clinical studies reported that this combination therapy had a
positive effect with few adverse events.[21–23] However, due to the
limited sample sizes in majority of clinical trials, there is a lack of
high-quality evaluations of benefits and harm of their combina-
tion. Therefore, we plan to systematically appraise the effective-
ness and safety of the inositol plus ALA combination therapy in
women suffering from PCOS by conducting a meta-analysis on
the basis of existent studies, anticipating providing reliable
evidence for clinical practice.
2. Methods

2.1. Study registration

This protocol of the systematic review and meta-analysis is
registered at the International Platform of Registered Systematic
Review and Meta-analysis Protocols (INPLASY) with number
INPLASY202050011, and includes a prespecified analytical plan
which is available in full on the inplasy.com (https://doi.org/
10.37766/inplasy2020.5.0011). It is structured in accordance
with the preferred reporting items for systematic reviews and
meta-analyses protocols (PRISMA-P) statement guidelines and
the Cochrane handbook for systematic reviews of interven-
tions.[24–26]
Table 1

Search strategy for PubMed.

Number Search terms

1 polycystic ovary syndrome(MeSH)
2 (PCOS OR amenorrhea OR oligomenorrhea OR hyperandrogenism OR

polycystic ovaries OR ovulatory dysfunction OR anovulation OR hirsutism
OR infertility):ti.ab

3 1 OR 2
4 inositol(MeSH)
5 (mesoinositol OR myoinositol OR myo-inositol OR chiro-inositol OR chiro

inositol OR d-chiro-inositol):ti.ab
6 4 OR 5
7 alpha-lipoic acid(MeSH)
8 (alpha lipoic acid OR acid, alpha-lipoic OR lipoic acid OR thioctic acid):ti.ab
9 7 OR 8
10 (randomized controlled trial):pt
11 (randomized OR placebo):ti.ab
12 10 OR 11
13 3 AND 6 AND 9 AND 12
2.2. Inclusion criteria
2.2.1. Types of studies. Just published and ongoing random-
ized controlled trials (RCTs) and human (women) studies are
eligible for inclusion, with no restrictions imposed on the method
of randomization or blinding used, or the language and date of
publication. However, reviews, case series, animal and vitro
investigations and non-randomized controlled trials will be
excluded. Priority will be given to the report with the largest
sample size, if a study with the same population is repetitively
published.

2.2.2. Types of participants. Adult women diagnosed as PCOS
will be incorporated, in accordance with Rotterdam Criteria
2003, National Institute of Health Criteria 2012, or Androgen
Excess and PCOS 2009, regardless of ethnicity. Other etiologies
of menstrual disturbance and hyperandrogenism will be
eliminated, for instance congenital adrenal hyperplasia, andro-
gen-secreting tumors, Cushing’s syndrome. Adolescents (under
18 years old) and post-menopausal women (more than 50 years
old) will be excluded from the review.

2.2.3. Types of interventions and controls. Intervention
strategies comprise inositol (MI or DCI) and ALA combination,
with no restrictions on dosage, frequency and duration. While
2

controls apply for blanks, placebo, any active treatment or
lifestyle interventions such as diet and exercise.

2.2.4. Types of outcome measures

2.2.4.1. Primary outcomes. Main effect outcomes are mainly
composed of menstrual cycle regulation, body mass index (BMI),
homeostasis model assessment of insulin resistance (HOMA-IR).

2.2.4.2. Secondary outcomes. Other potentially important
outcome parameters involve the following aspects:
(1)
 Clinical outcomes: Ferriman–Gallway score, waist to hip
ratio (WHR), systolic and diastolic blood pressure.
(2)
 Metabolic outcomes: blood glucose and insulin parameters,
total cholesterol (TC), triglycerides (TG), high-density
lipoprotein (HDL) and low-density lipoprotein (LDL).
(3)
 Endocrine outcomes: leutinizing hormone (LH), follicle
stimulating hormone (FSH), testosterone, estradiol (E2),
progesterone, serum sex hormone binding globulin (SHBG)
and dehydroepiandrosterone sulphate (DHEAS).
(4)
 Any adverse event.

2.3. Search methods

We will carry out a comprehensive retrieval in these electronic
bibliographic databases from inception until May 2021:
PubMed, EMBASE, The Web of Science, The Cochrane Library
of Controlled Trials, Clinical Trials.gov, Chinese Biomedical
Literature Database (CMB), China National Knowledge Infra-
structure (CNKI), Chinese Scientific Journal Database (VIP
database), Wan-Fang database with no restrictions on the
language. At the same time, we will hand-search reference lists
and grey literature to obtain additional citations.
We will apply a search method combining MeSH terms and

free words. Search terms will be as follows: PCOS, inositol, MI,
DCI, ALA, randomized controlled trials, etc. We will adjust
retrieval methods on the basis of diverse electronic databases.
Before the final analyses, we will search again to further identify
eligible studies. The full search process on PubMed is provided in
the following Table 1.
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Figure 1. Flow diagram of study selection process.
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2.4. Data collection and analysis
2.4.1. Studies selection. Two methodological trained research-
ers (WL and SH) will separately select the pertinent literature.
Retrieved literature will be imported into the software of Endnote
X9 and duplicate literature will be deleted. Then, we will screen
the titles and abstracts of citations for compliance with the
inclusion and exclusion criteria. Reserved articles will be
ulteriorly estimated for inclusion through the full texts of
articles. Ultimately, the results will be cross-checked repeatedly
by reviewers. Any discrepancy will be settled by discussion or
negotiation with a superior researcher (YG). In addition, the
3

selection procedure will be recorded adopting a PRASMA flow
chart (Fig. 1).

2.4.2. Data extraction and management. Two investigators
(WL and DL) will abstract data into Microsoft Excel spreadsheet
independently. These data will be extracted from eligible studies:
study characteristics (first author, publication time, country,
sample size, study design and duration, etc), participant
information (age, sex, diagnostic criteria for PCOS, etc),
intervention details (type of intervention and control, dosage,
frequency, administration route, course of treatment, etc),
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outcome indicators for safety and effectiveness. In consideration
of cautiousness, two investigators will finally cross-check the
above information. Any divergence will be settled by mutual
discussion or consulting with another investigator (QC). We will
try to get in touch with the corresponding author to acquire
additional detailed materials where complete data are unavail-
able.

2.4.3. Risk of bias assessment. Two independent reviewers
(SH and DL) will appraise the quality of each research method by
employing the Cochrane risk of bias assessment tool. There are
seven components affiliated with bias risk, including randomized
method, allocation concealment, blinding of participants and
staff, blinding of outcome assessment, completeness of outcome
data, selective reporting and other underlying biases. Each entry
will be allocated a RoB rating of low, high or unclear risk. Diverse
opinions between both reviewers over certain studies will get a
consensus or arbitration with a third one (YG) as required.

2.4.4. Measures of treatment effect. Pooled methods are
diverse based on the types of variables. We will adopt risk ratio
(RR) in order to summarize the effect size of each dichotomous
variable. While for each continuous variable, the mean difference
will be analyzed. We will present 95% confidence intervals for all
outcomes.

2.4.5. Management of missing data. We will get into contact
with the first author or correspondent author of relevant studies
to obtain the complete and sufficient information via email or
telephone. We will exclude the study where the complete and
informative data is not available. Meanwhile, we will perform a
sensitivity analysis to investigate the possible influence of absent
data on the overall results of the systematic review.

2.4.6. Assessment of heterogeneity. We will examine hetero-
geneity between inclusions using CochranQ and I2 statistic.[27] In
the case of P> .10 and I2<50%, the variables are regarded as be
homogeneous, and we will apply the fixed-effect models.
Conversely, the random-effect models will be adopted if
substantial heterogeneity exist. If the heterogeneity is consider-
able, we will carry out a subgroup analysis to clarify possible
causes of statistical inconsistency.

2.4.7. Assessment of reporting biases. Reporting biases will
be estimated by means of funnel plot and Egger’s regression test if
there are 10 or more eligible trials.[28] Supposing that funnel plot
is asymmetric, the potential sources for the asymmetry will be
analysed.

2.4.8. Data synthesis and analysis. We will synthesize and
analyze data with the software of Review Manager version 5.3
offered by the Cochrane Collaboration. In addition, we will
merge data as mean difference or RR with 95% confidence
intervals for continuous variables or the categorical, respectively.
Homogeneous data will be pooled through a fixed effect model.
Inversely, a random effect model will be selected. We will
implement subgroup analysis or sensitivity analysis to detect the
causes if there exists prominent heterogeneity. We will present a
narrative review of study results where the meta-analysis is not
appropriate.

2.4.9. Subgroup analysis. To identify explanations of hetero-
geneity between adequate studies (>10) and answer questions of
clinical interest, we will conduct subgroup analyses within the
4

following aspects, type of inositols, family history of diabetes
mellitus and IR.

2.4.10. Sensitivity analysis. We plan to verify the stability and
reliability of the review conclusions with the method of sensitivity
analysis for the primary outcomes. We will eliminate each of the
eligible studies one by one, and then merge the data and re-
analyze. Subsequently, the distinction between the regenerated
effects and the original effects will be compared. At the same time,
we will determine the impact of certain factors on the conclusions
of meta-analysis, such as risk of bias, effect sizes, statistical
models.

2.4.11. Grading the quality of evidence. We will rate overall
certainty in the cumulative evidence for included trials on the
basis of the Grading of Recommendations Assessment, Develop-
ment and Evaluation (GRADE) instrument[29] from five
considerations, including study limitations, consistency of effect,
indirectness, imprecision, and publication bias. The whole
quality and strength of evidence will be precisely categorized
into high, moderate, low and very low to achieve transparen-
cy.[30,31]

2.4.12. Ethics and dissemination. This protocol receives no
ethical approval because it is for a meta-analysis and all the
analyses are based on previously published data. We will publish
the final conclusions of our study in an open access academic
journal electronically and in print.
3. Discussion

As a heterogeneous clinical condition, PCOS adversely affects
endocrine, metabolic and psychological health of reproductive-
aged women. It exhibits several phenotypes reflecting differences
in pathophysiological processes. Routine treatments for PCOS
include lifestyle management and pharmacotherapy consisting of
oral contraceptive pill (OCP), insulin sensitizers, cyclic proges-
tins, anti-androgens and fertility treatments. However, these
conventional therapies are deficient. In recent years, some trials
have reported that inositol and ALA combination is likely to act
as a promising and safe therapy for PCOS women via improving
IR and oxidative stress status.[21–23] Therefore, with a systematic
review and meta-analysis, we are aimed at identifying the
effectiveness and certainty of evidence for clinical application of
inositol combined with ALA therapy for PCOS. Simultaneously,
we anticipate this study will help patients and practitioners make
the better decision in the treatment of PCOS.
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