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Abstract

Background: The prevalence of gestational diabetes mellitus [GDM] and of its most important predisposing factor,
i.e. overweight and obesity, have increased dramatically over the past 20 years. Therefore, the aim of this study was to
systematically review the articles on the effect of myo-inositol supplementation on the prevention of GDM in preg-
nant women with overweight and obesity.

Methods: We conducted a systematic literature search in electronic database (MEDLINE, Cochrane Library, Clinical-
Trials.gov, Embase, ProQuest, PubMed, Google scholar, Scopus, Web of science and forward and backward citations)
to identify all randomized controlled trials (RCTs) published until 21 December 2021. Finally, Among the 118 identi-
fied records, four studies were eligible and were included in this systematic review. The meta-analysis results were
reported in the form of odds ratio (OR) to compare the incidence of GDM and pregnancy outcomes. They were also
presented in the form of mean difference (MD) to compare fasting glucose (FG), 1-h and 2-h oral glucose tolerance
test (OGTT) levels between the two groups. This study was registered on PROSPERO, number CRD42021290570.

Results: The results showed that the incidence of GDM was significantly lower in the myo-inositol group (OR 0.32,
95% C10.21 to 0.48; P<0.001; I =0%; Moderate certainty evidence). Moreover, FG-OGTT (MD — 2.64 mg/dl, 95%
Cl—412t0—1.17: P<0.001; I>=0%: Moderate certainty evidence), 1-h-OGTT (MD — 7.47 mg/dl, 95% Cl — 12.24
to—2.31; P=0.005; I>=27%; Low certainty evidence) and 2-h-OGTT levels (MD — 10.51 mg/dl, 95% Cl — 16.88 to
—4.14; P=0.001; I>=59%; Low certainty evidence) in the myo-inositol group were significantly lower than in the
control group. Regarding the pregnancy outcomes, the incidence of gestational hypertension and preterm delivery
was significantly lower in the myo-inositol group. However, no between-group difference was observed in the other
outcomes.

Conclusions: Based on the results, myo-inositol has shown to be a new and safe preventive strategy in reducing the

incidence of GDM and in regulating FG and 1-h and 2-h OGTT levels, and also in reducing the incidence of GDM com-
plications such as preterm delivery and gestational hypertension in pregnant women with overweight and obesity.
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Background

Due to the sedentary lifestyle following urbanization and
the epidemiological transition of the populations to aging
in recent decades, the prevalence of type 2 diabetes mel-
litus (T2DM) has been increasing rapidly among younger
adults worldwide [1]. Currently, many developing coun-
tries suffer from the increasing burden of T2DM and the
complications associated with it.

Because of the physiological and metabolic changes
that are made during pregnancy to provide the fetus with
the required nutrients and oxygen, diabetic conditions
develop that are similar to those of T2DM [2]. As a result,
the prevalence of gestational diabetes mellitus (GDM),
which has turned into one of the most common preg-
nancy complications and an emerging epidemic world-
wide, has increased by more than 30% in some countries,
including developing countries, over the past decade [3].
At present, hyperglycemia affects one in six pregnancies
worldwide [4].

GDM is defined as a disorder of glucose tolerance and
carbohydrate intolerance, which first begins or is diag-
nosed during pregnancy and is associated with symp-
toms such as high blood glucose, increased insulin
resistance, decreased insulin sensitivity, and increased
insulin requirements [5]. At the global level, based on the
estimate made by the International Diabetes Federation
[IDF], GDM affects 14% of pregnancies [6]. The results of
a systematic review study in Asia showed an 11.5% preva-
lence of this metabolic disorder [7].

Gestational diabetes mellitus (GDM) is accompa-
nied by a wide range of undesired side effects for both
mother and fetus including macrosomia, preeclampsia,
shoulder dystocia, and neonatal hyper bilirubinemia [8].
Moreover, the increase in the risk of metabolic diseases
such as T2DM in mothers and their babies after preg-
nancy leads to a great economic burden on the govern-
ment, the community, and the families [9]. A wide range
of GDM complications for mother and infant highlights
the need for diagnosing it and screening for it. Many
factors are proposed as predisposing factors for GDM.
Risk factors including obesity and overweight, advanced
maternal age, history of two or more pregnancies, fam-
ily history of T2DM, previous history of GDM, polycystic
ovarian syndrome (PCOS), persistent glucosuria, recur-
rent miscarriages, previous history of macrosomia (birth
weight >4000 g), history of stillbirth, history of chronic
hypertension, gestational hypertension and maternal
smoking increase the risk of the development of GDM in
pregnant women [10, 11].

Among the risk factors, overweight and obesity are
very important in pregnant women. In fact, the risk
of GDM in pregnant women who are overweight and
obese, as well as in women with morbid obesity, is 2, 4,
and 8 times higher, respectively [12]. On the other hand,
the chances of pregnancy complications, such as preec-
lampsia and fetal growth restriction, are higher in preg-
nant women with overweight and obesity [13, 14]. The
results from some systematic review studies indicated a
positive correlation between GDM and increased body
mass index (BMI) in pregnant women [15, 16]. The grow-
ing prevalence of obesity worldwide and the consequent
increase in the incidence of GDM emphasize the impor-
tance of using preventive strategies to prevent unwanted
consequences of obesity and hyperglycemia during preg-
nancy [17].

There are several strategies for preventing GDM
including diet and exercise intervention and dietary sup-
plement interventions such as vitamin D [18] probiot-
ics [19] and fish oil [20] are used to prevent GDM. The
results of an overview of Cochrane Reviews about inter-
ventions to prevent from developing GDM, showed that
vitamin D, had a possible benefit effect while vitamin D
with calcium supplementation and probiotics had an
unclear effect and fish oil supplementation in pregnancy
had no effect on the risk of developing GDM [21]. Cur-
rently, the first recommended step in preventing GDM is
diet correction and physical activity [21].

In this regard, the results of a systematic review
showed that physical activity alone did not have a signifi-
cant effect on the overall incidence of GDM in pregnant
women with overweight and obesity [22]. Consequently,
available pharmacological or non-pharmacological tech-
niques have not been accompanied by promising or long-
term consequences for mothers and their infants [23].
Due to the lack of safe and effective strategies to prevent
GDM, it is essential to identify and use new supplements
[24].

Myo-inositol can be used as a new, effective, approved,
and simple supplement for GDM prevention by control-
ling maternal blood glucose levels without harming the
mother and fetus [25]. In recent years, a broad range of
studies has been conducted on the efficacy and safety of
myo-inositol for the prevention of GDM [26-28]. How-
ever, a recent Cochrane systematic review showed the
poor quality of the related evidence [29].

Myo-inositol is a vitamin-like cyclic polyols that
belongs to the vitamin B family. However, defining inosi-
tol as a vitamin is not entirely correct since it is produced
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in sufficient quantities by the human liver, kidneys, and
brain and is naturally present in fresh fruits and veg-
etables, grains, legumes, and nuts [30, 31]. Inositol is
described as a second messenger and an insulin sensitizer
that improves glucose homeostasis and plays an impor-
tant role in glucose regulation [32]. Recent studies have
shown that myo-inositol supplementation has insulin-
sensitizing effects, reduces insulin resistance following
pregnancy, and increases BMI. Its beneficial effects in
reducing GDM rate in normal-weight pregnant women
have been shown in several systematic reviews [25, 33].

Given the insulin resistance decreases by using myo-
inositol and increases in pregnant women affected by
obesity, there is no standard practical and safe treatment
for it. There are also concerns about the increasing preva-
lence of GDM and obesity. Consequently, this research
reviewed the clinical trials in which myo-inositol supple-
mentation was used to prevent GDM in pregnant women
with overweight and obesity. No systematic review con-
cerning the effect of myo-inositol supplementation on
GDM in pregnant women with overweight and obesity
was found in the search for research articles.

Methods

Inclusion and exclusion criteria

All the published and unpublished clinical trials and con-
ference abstracts in English and Persian that investigated
the efficacy of myo-inositol supplementation with differ-
ent doses for GDM prevention in pregnant women with
overweight and obesity were included in this research.
Clinical trials on women with a history of GDM, a history
of pre-gestational diabetes, glycosuria in the first trimes-
ter of pregnancy, and treatment with corticosteroids were
excluded. Studies on the combined effect of myo-inositol
with other supplements, except for folic acid which must
be prescribed during pregnancy, were not included in the
study. Moreover, cross-sectional and quasi-experimental
clinical trials were excluded.

Types of participants
Pregnant women with overweight and obesity (BMI > 25)
were included in this.

Types of interventions

The intervention included receiving different doses of
myo-inositol in combination with folic acid. The control
group included no treatment, or received a placebo or
folic acid as the placebo.

Types of outcome measures

The primary outcomes of the study were incidence of
GDM, EG level, 1-h and 2-h OGTT levels in the sec-
ond trimester of pregnancy. The secondary outcomes
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included pregnancy outcomes: gestational hypertension,
caesarean section, preterm delivery, macrosomia, shoul-
der dystocia, neonatal hypoglycaemia as well as the need
for transfer to the Neonatal Intensive Care Unit (NICU).

Search methods for identification of studies
We conducted a systematic literature search in electronic
database (MEDLINE, Cochrane Library, ClinicalTrials.
gov, Embase, ProQuest, PubMed, Google scholar, Sco-
pus, Web of science and forward and backward citations)
to find all randomized controlled trials (RCTs) that using
myo-inositol supplementation (Myo-inositol supplement
plus 200 pg of folic acid) for prevention of GDM was
compared with the control group (placebo, 200 mcg of
folic acid) in pregnant women with overweight and obe-
sity, with the keywords (Myo-inositol supplementation,
gestational diabetes mellitus, GDM, overweight, obese,
randomized controlled trials, meta-analysis) from the
database inception until December 21, 2021. The refer-
ences used in these studies were manually searched to
identify more relevant studies not captured by electronic
searches. As an example, the strategic search for the Pub-
Med database was as follows:
("Myo-Inositol-1-Phosphate Synthase"'[MeSH Terms]
OR '"Inositol"[Text Word] OR "Myoinositol"[Text
Word] OR "Myo-inositol"[Text Word]) AND ("diabe-
tes, gestational'[MeSH Terms] OR "Pregnancy-Induced
Diabetes"[Text Word] OR "Gestational Diabetes
Mellitus"[Text Word] OR "GDM"[Text Word]) AND
("Overweight"'[MeSH Terms] OR "Obesity'[MeSH
Terms)).

Data collection and analysis

Selection of studies

Two review authors (SMA and SA) independently
reviewed the titles and abstracts of the extracted litera-
ture for eligibility criteria. In the absence of sufficient
information and inference in the titles and abstracts of
the studies, their full texts were reviewed for inclusion.
Disagreements between the two authors concerning the
eligibility of the studies were resolved through discus-
sion. If they could not be resolved, a third person (MM)
was consulted. The study flow diagram shows the num-
ber of identified records and the number of included and
excluded studies.

Data extraction and management

To review the eligible studies, two review authors (SMA
and SA) independently extracted specifications of the
studies using the data extraction form and resolved
any disagreements that arose by discussion. The data
independently extracted by the authors included the
name of the first author, year of the study, numbers of
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participants in the study groups, intervention details,
BMI values, inclusion and exclusion criteria, outcomes
assessment, and results. In this regard, the correspond-
ing authors of the studies with incomplete or inade-
quate data in each stage were contacted (Table 1).

Assessment of risk of bias in included studies

Two review authors (SMA and SA) independently
examined the risk of bias for all of the included stud-
ies using the criteria listed in the Cochrane Handbook.
The risk of bias was assessed using the Cochrane risk
of bias (RoB, version 2.0) tool. This instrument is com-
prised of five domains. The risk of bias of each item for
the included studies was classified under the topics. In
the next step, the judgments were matched, any disa-
greement was resolved by consulting with a third per-
son, and the final result was obtained. Finally, a study in
which all five areas were at low risk was regarded with
an overall low risk for bias. A study in which at least
one area was with some risk concerns was regarded
with some risk concerns for bias. A study in which at
least one area was at high risk or more than one area
were with some concerns was regarded with high risk
for bias [34].

Assessing the quality of the body of evidence using

the GRADE approach

The quality of evidence provided in the included stud-
ies was examined in terms of the main outcomes of the
five domains (Risk of bias, Imprecision, Inconsistency,
Indirectness and Publication bias) in the GRADE (The
Grades of Recommendation, Assessment, Development
& Evaluation Working Group) approach [35].

Statistical method

The data were analyzed using Review Manager Version
5.3 (The Nordic Cochrane Centre, Cochrane Collabo-
ration, 2014, Copenhagen, Denmark). Data on the inci-
dence of GDM, pregnancy outcomes and FG, and 1-h
and 2-h OGTT were extracted for the intervention and
control groups of each study. The meta-analysis results
were reported in the form of OR to compare the inci-
dence of GDM and pregnancy outcomes between the two
groups. They were also presented in the form of MD to
compare FG, 1-h and 2-h OGTT levels between the two
groups. Heterogeneity was investigated using the I, Tau?,
and Chi®. Heterogeneity was considered if I,>30 and
Tau®>0 or P value less than 0.10 in Chi? test [36]. If sig-
nificant heterogeneity was observed, subgroup analyses
and sensitivity analyses would be used [37].
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Results

Description of studies

In the initial search of the database, 118 articles were
found (109 articles from the databases and nine articles
from the registries). However, 67 articles were identified
and removed due to duplication using Endnote software.
Of the remaining 51 articles, 34 were removed in the first
level of screening (the title and abstract review). In the
second level of screening (the full-text review), 13 of the
remaining 17 articles were excluded due to ineligibility.
Finally, four articles entered the meta-analysis stage of
the research (Fig. 1).

Characteristics of included studies

Study design

These four eligible trials were conducted in parallel
design (three open-label studies, one double-blind study).
The participants in three studies were divided into the
intervention group [receiving INOFULIC®, which was
produced in Italy, twice a day] and the control group.
Moreover, the participants in the research by Esmai-
elzadeh et al. were divided into the intervention group
(receiving the supplement once a day) and the control
group [27]

Setting
Three trials were conducted in Italy and one trial in Iran.

Participants
All trials were conducted in pregnant women with over-
weight and obesity (BMI> 25).

Gestational age at trial entry

The gestational age at enrollment and the beginning of
the intervention in pregnant women was 12—13-weeks in
three studies [26, 28, 38] and 12—14-weeks in the other
study [27].

Body mass index (BMI)

Three of the four studies have been conducted on preg-
nant women with overweight [27, 28, 38], and one on
pregnant women with obesity [26].

Duration of intervention and comparison

The duration of the intervention in two studies [26, 28]
was until delivery, in one study [38] it was until three
weeks after delivery, and in the other study it was from
12-14-weeks of gestation for 10 weeks [27].

Outcome measures

In all four studies, FG, and 1-h and 2-h OGTT levels in
the second trimester of pregnancy were measured at
24-28-week of gestation based on the diagnostic criteria
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Fig. 1 PRISMA flow diagram [2020] of screening, selection process and inclusion study

by the American Diabetes Association (ADA), i.e. OGTT
with 75 g of oral glucose. According to these criteria, if
one of these values exceeded the determined limit, it
would be indicative of GDM. Pregnancy outcomes, such
as gestational hypertension, were reported in all studies
[26-28, 38], cesarean delivery, preterm delivery, mac-
rosomia, shoulder dystocia and admission to the NICU in
three studies [26—28] and neonatal hypoglycemia [26, 28]
in two studies. Given the outcomes assessment, quantita-
tive variables, such as FG, and 1-h and 2-h OGTT levels
were reported in the form of (mean =+ SD) separately for
the groups. The qualitative variables, such as GDM rate,
as well as pregnancy outcomes, such as gestational hyper-
tension, cesarean section, preterm delivery, macrosomia,

shoulder dystocia, neonatal hypoglycemia and admission
to NICU, were reported in percentage and frequency in
all the studies.

Risk of bias in included studies

Three of the four studies had a high risk for bias and one
study [27], had some concerns in this regard. The rand-
omization process was at low risk in all studies [26-28,
38]. The second domain, i.e. deviation from the intended
intervention, was at high risk in two studies [26, 28], with
some concerns in one [27], and at low risk in one [38].
The missing outcome data were at low risk in all studies
[26-28, 38]. The outcomes assessment was at low risk
in two studies [26, 27], and at high risk in two [28, 38].
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Finally, the selection of reported results was at low risk in
three studies and with some concerns in one [26] (Figs. 2,
3).

Meta-analysis of included studies

Gestational diabetes mellitus [GDM] The overall results
of the meta-analysis of the four trials with 690 partici-
pants showed that myo-inositol supplementation was
accompanied by a significant reduction (OR 0.32, 95% CI
0.21 to 0.48; P<0.001; I?=0%; Moderate certainty evi-
dence) in the incidence of GDM compared to the control
group (Fig. 4).

FG-OGTT 'The overall results of the meta-analysis of the
four trials with 690 participants showed that myo-inositol
supplementation was accompanied by a significant reduc-
tion (MD — 2.64 mg/dl, 95% CI — 4.12 to — 1.17; P<0.001;
I>=0%; Moderate certainty evidence) in the FG-OGTT
levels compared to the control group (Fig. 5).

hour-OGTT The overall results of the meta-analysis of
the four trials with 690 participants showed that myo-
inositol supplementation was accompanied by a sig-
nificant reduction (MD — 7.47 mg/dl, 95% CI — 12.24 to
—2.31; P=0.005; I>=27%; Low certainty evidence) in the
1 h-OGTT levels compared to the control group (Fig. 6).

hour-OGTT The overall results of the meta-analysis of
the four trials with 690 participants showed that myo-
inositol supplementation was accompanied by a sig-
nificant reduction (MD -10.51 mg/dl, 95% CI — 16.88 to
— 4.14; P=0.001; I*=59%; Low certainty evidence) in the
2 h-OGTT levels compared to the control group (Fig. 7).
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Fig. 3 Risk of bias summary: review authors’judgements about each
risk of bias item for each included study

Gestational hypertension 'The overall results of the
meta-analysis of the four trials with 690 participants
showed that myo-inositol supplementation was accom-
panied by a significant reduction (OR 0.26, 95% CI 0.13
to 0.56; P <0.001; I*=0%; Moderate certainty evidence) in
the incidence of gestational hypertension compared to the
control group (Fig. 8).
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Fig. 2 Risk of bias graph: review authors’judgements about each risk of bias item presented as percentages across all included studies
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?etﬂogenem}"T?ru t_-z?fggléhlp-ﬁg%:f_ IP=025)F=27% m g ! o m
estfor overall effect 2= 284 (P = 0.003) Favours [Myainositol] Favours [Placebo]
Fig. 6 Myoinositol vs. Placebo, outcome: 1 h-OGTT
Myoinositol Placebo Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% Cl
Danna 2015 1061 252 107 1229 302 107 275% -17.80[25.25,-10.39) -+
Esmaeilzadeh 2022 113 228 27 1274 304 29 141% -14.40[28.41,-0.39) —
Santamaria 2016 1066 28 85 1134 274 102 267%  -6.80[14.54,094] i
Vitale 2021 1161 182 110 1207 258 113 8%  -5.60[11.56,036) H
Total (95% Cl) 339 351 100.0% -10.51[-16.88, 4.14] ¢
?etiz;ﬂgenemll:lT;u :zzﬁiﬁthpl _=0703031 df=3 (P =0.08); F=59% o En ; A 0
estfor overall eflect 2= 3.24 (P= 0.001) Favours [Myoinositol] Favours [Placebo]
Fig. 7 Myoinositol vs. Placebo, outcome: 2 h-OGTT
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Test for overall effect: Z= 3.83 (P = 0.0001)
Test for subaroup differences: Chi*=9.10,df=6 (P=0.17), F=341%

Fig. 8 Myoinositol vs. Placebo, Pregnancy outcomes

Favours [Myoinositol]

Favours [Placebo]

Myoinositol Placebo Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Rand 95% ClI
6.1.1 Gestational hypertension
Danna 2015 0 107 6 107 1.0% 0.07 [0.00,1.31] ¢
Esmaeilzadeh 2022 0 27 1 29  08% 0.35[0.01, 8.85]
Giovanni vitale 2021 8 110 24 113 111% 0.29(0.12, 0.68] —
Santamaria 2016 1 95 4 102 1.6% 0.26 [0.03, 2.37) —
Subtotal (95% Cl) 339 351  14.5% 0.26 [0.13, 0.56] i
Total events 9 35
Heterogeneity: Tau®= 0.00; Chi*= 0.87, df=3 (P=0.83); F=0%
Test for overall effect: Z= 3.50 (P = 0.0005)
6.1.2 Preterm delivery
Danna 2015 3 107 10 107 46% 0.28[0.07,1.05) —
Esmaeilzadeh 2022 2 27 3 29 23% 0.69[0.11, 4.51) e E—
Santamaria 2016 2 95 8 102 32% 0.25[0.05,1.22] s s—
Subtotal (95% CI) 229 238 10.1% 0.33[0.14, 0.81] i
Total events 7 21
Heterogeneity: Tau?= 0.00; Chi*= 0.78, df= 2 (P = 0.68); F= 0%
Test for overall effect: Z= 2,42 (P =0.02)
6.1.3 Macrosomia (greater than 4,000 g)
Danna 2015 5 107 5 107 50% 1.00[0.28, 3.56] S E—
Esmaeilzadeh 2022 2 27 2 29 1.9% 1.08[0.14, 8.26)
Santamaria 2016 1 95 5 102 1.7% 0.21 [0.02, 1.80] —
Subtotal (95% CI) 229 238 8.6% 0.74 [0.28, 1.95] ~—
Total events 8 12
Heterogeneity: Tau®= 0.00; Chi*=1.72, df= 2 (P = 0.42); F= 0%
Test for overall effect: Z= 0.60 (P = 0.55)
6.1.4 Cesarean delivery
Danna 2015 42 107 48 107 271% 0.79[0.46, 1.37) —sT
Esmaeilzadeh 2022 17 27 19 29 6.7% 0.89 [0.30, 2.67) B —
Santamaria 2016 38 95 43 102 251% 0.72[0.41,1.27) —eT
Subtotal (95% CI) 229 238 58.8% 0.77 [0.53,1.12] E 2
Total events 97 116
Heterogeneity: Tau®= 0.00; Chi*=0.14, df= 2 (P=0.93), F=0%
Testfor overall effect Z=1.37 (P=0.17)
6.1.5 Shoulder dystocia
Danna 2015 1107 1 107 1.0% 1.00 [0.06, 16.20]
Esmaeilzadeh 2022 0 27 o 29 Not estimahle
Santamaria 2016 1] 95 1 102 08% 0.35 [0.01, 8.80]
Subtotal (95% CI) 229 238 1.8% 0.64 [0.08, 5.25] | e R ———
Total events 1 2
Heterogeneity: Tau?= 0.00; Chi*= 0.23, df= 1 (P = 0.63); F= 0%
Test for overall effect: Z= 0.41 (P = 0.68)
6.1.6 Neonatal hypoglycemia
Danna 2015 0 107 1 107 0.8% 0.33[0.01,8.20]
Santamaria 2016 0 95 1 102 08% 0.35[0.01, 8.80]
Subtotal (95% CI) 202 209 1.6% 0.34 [0.04, 3.32] e ——
Total events 0 2
Heterogeneity: Tau®= 0.00; Chi*= 0.00, df=1 (P = 0.98), F=0%
Test for overall effect: Z= 0.93 (P = 0.35)
6.1.7 Neonatal i are unit NICU ission)
Danna 2015 o 107 5 107 09% 0.09[0.00,1.59) ¢
Esmaeilzadeh 2022 2 27 5 20 27% 0.38[0.07,2.17] —
Santamaria 2016 1 95 1 102 1.0% 1.07 [0.07,17.42)
Subtotal (95% CI) 229 238 4.6% 0.36 [0.10, 1.32] i
Total events 3 "
Heterogeneity: Tau®= 0.00; Chi*= 1.60, df= 2 (P = 0.45); F=0%
Test for overall effect Z=1.54 (P=0.12)
Total (95% CI) 1686 1750 100.0% 0.57 [0.43, 0.76] £ 3
Total events 125 199
Heterogeneity: Tau*= 0.00; Chi*=14.53, df=19 (P =0.75), F=0% 0ot 01 10 100

Caesarian section The overall results of the meta-
analysis of the three trials with 467 participants showed
that myo-inositol supplementation wasn’t accompanied
by a significant reduction (OR 0.77, 95% CI 0.53 to 1.12;
P=0.17; >=0%; Low certainty evidence) in the caesarian
section rate compared to the control group (Fig. 8).

Preterm delivery The overall results of the meta-analy-
sis of the three trials with 467 participants showed that
myo-inositol supplementation was accompanied by a sig-
nificant reduction (OR 0.33, 95% CI 0.14 to 0.81; P=0.02;
I>=0%; Low certainty evidence) in the incidence of pre-
term delivery compared to the control group (Fig. 8).
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Macrosomia The overall results of the meta-analysis of
the three trials with 467 participants showed that myo-
inositol supplementation wasn’t accompanied by a sig-
nificant reduction (OR 0.74, 95% CI1 0.28 to 1.95; P=0.55;
I>=0%; Low certainty evidence) in the macrosomia rate
compared to the control group (Fig. 8).

Shoulder dystocia The overall results of the meta-
analysis of the three trials with 467 participants showed
that myo-inositol supplementation wasn’t accompanied
by a significant reduction (OR 0.64, 95% CI 0.08 to 5.25;
P=0.68; ?’=0%; Very low certainty evidence) in the
shoulder dystocia rate compared to the control group
(Fig. 8).

Neonatal hypoglycemia The overall results of the meta-
analysis of the three trials with 467 participants showed
that myo-inositol supplementation wasn’t accompanied
by a significant reduction (OR 0.34, 95% CI 0.04 to 3.32;
P =0.35; I*=0%; Very low certainty evidence) in the neo-
natal hypoglycemia rate compared to the control group
(Fig. 8).

NICU admission The overall results of the meta-analysis
of the three trials with 467 participants showed that myo-
inositol supplementation wasn’t accompanied by a sig-
nificant reduction (OR 0.36, 95% CI10.10 to 1.32; P=0.12;
I>=11.8%; Low certainty evidence) in the NICU admis-
sion compared to the control group (Fig. 8).

Overall quality of evidence 'The overall quality of evi-
dence was rated as low for all the outcomes evaluated
(Table 2). The majority of studies were at high risk of bias
as well as at high risk due to high inconsistency and small
sample size (i.e. small number of patients and events)
(Table 3).

Discussion

To our knowledge, and according to the database
searches conducted by the researcher, the present study
is the first meta-analysis of the effect of myo-inositol sup-
plementation on preventing GDM in pregnant women
with overweight and obesity. The results showed that
the incidence of GDM in the myo-inositol supplemen-
tation group was significantly lower than in the control.
Moreover, the FG, and 1-h, and 2-h OGTT levels in the
second trimester of pregnancy were significantly lower
in the myo-inositol supplementation group than in the
control. Given the pregnancy outcomes, the incidence
of gestational hypertension and preterm delivery was
significantly lower in the myo-inositol supplementation
group compared to the control. However, there was no
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significant between-group difference in the other out-
comes such as cesarean section and macrosomia.

Nowadays, GDM has almost turned into a worldwide
epidemic and can be considered a short-term metabolic
syndrome that is accompanied by hyperglycemia and
oxidative stress-related inflammation, which may alter
intracellular signaling pathways including insulin signal-
ing pathways [39]. This will result in such consequences
as insulin resistance, and decreased insulin gene expres-
sion causing reduced insulin secretion by beta-pancreatic
cells [40—42]. A wide range of short-term and long-term
complications of GDM for both mother and fetus empha-
sizes the importance of identifying the risk factors for
this metabolic disorder. One of the most common risk
factors for GDM is overweight and obesity [43]. The issue
of obesity and overweight in pregnancy is a public health
concern due to the rapid increase in their prevalence
among women of childbearing age, which can have such
adverse consequences for both mother and fetus as GDM
and gestational hypertension [44].

The concerning issue with regards to overweight
and obesity is insulin resistance, which intensifies with
increasing body fat. Insulin resistance increases further
due to endocrine activity induced by adipokines pro-
duced by visceral adipose tissue in pregnant women with
overweight and obesity [45]. On the other hand, preg-
nancy is physiologically characterized by hyperinsuline-
mia and insulin resistance. Moreover, insulin sensitivity
during the third trimester of pregnancy decreases by
50%-70% compared to the pre-pregnancy period. There-
fore, pregnancy leads to intensified insulin resistance in
pregnant women with overweight and obesity [46].

As a result, preventive approaches are preferred over
treatment. Recently, some supplements including myo-
inositol are emerging as a new alternative. The role of
myo-inositol in the intracellular transmission of insulin’s
metabolic signal was first identified by Larner et al. [47].
Since then, more researchers have studied the effects of
myo-inositol and its role in increasing insulin sensitivity
in such diseases as PCOS, GDM, T2DM and metabolic
syndrome in women during the postmenopausal period
[48-50].

The biochemical mechanism by which myo-inositol
improves the metabolic status of women with GDM and
other insulin-resistant conditions is not known. However,
there are hypotheses regarding this mechanism. One of
them suggests the direct intracellular effect of myo-ino-
sitol on the activation of acetyl-CoA carboxylase (ACC),
which stimulates lipogenesis [51]. The effect of myo-
inositol, as an insulin-sensitizing agent, is mainly due to
its effects on increasing glycogen synthesis and glucose
uptake in peripheral tissues. In addition, myo-inositol,



Page 11 of 15

93

(2022) 14

Mashayekh-Amiri et al. Diabetology & Metabolic Syndrome

SJUAD M3y Jo/pue azis ajduies |[ews ,

12343 0U JO dul| 3y} BuISSOID [|D] [BAISIUI 2DUBPYUOD 3PIM

Ay1susboialay paurejdxaun aIaA9S

se1q 40 Y{st YBIY 38 saIpIS ¢

[ID %S6 S} PUB] UOIIUSAISIUL DY} JO 109443 SA13R|24 3y} pue dnoib uosHedwod Sy Ul 3SI PIWNSSE 9y} UO PaSeq S| [|AISIUI 32USPYUOD %66 S} pue] dnolb UOIUSAISIUL BYY Ul MSH 3] o

UOISSIWIPE }IUN 9B SAISUIUI [BIRUOSU DN ‘}S9)} 9dURIS|0} 9502N|6 [RI0 | | DO ‘IRl SPPO YO ‘|eAIDIUI DIUSPYUOD D

103449 JO )RS S} W) JUIAYIP A|jerruelsgqns 9q 03 A|3Y1] SI 109449 9NJ3 S| :DILWIISS 129443 33 Ul 92USPYUOD d3H| K19A dAeY I :AN[enb mo| K1ap

103449 DY} JO SRWIISD S} WO JUSISPIP A|jeraueisgns oq Aewl 10349 dnJ3 Sy (pPSHWI| SI 9IBWIISS }D343 S} Ul 3dU3PYUO0d InQ Ajjenb mo1

Jua1a1p A|[e3uRISANS S 31 32y} AN[1GIssOd e s 213U} 1N ‘109443 9Y3 JO 3}RWIISD 3} 03 3S0JD ¢ 03 A|91] S1 19342 DN} BY | :D}RWIISD 109443 SY3 Ul JUSPYUOD A|33eIapow d1e 9 :Ajenb Sieispoly

1034 DY} JO 3J_WIISD 3Y} JO Y} 0} 3SOJD S3I| 19943 SN} DY} 1ey} JUSPYUOD KIaA a8 I :AHjenb ybiH

20UdPIAL Jo sapelb dnoug Buipiop IAVHD

MOTAYIA 000D [ST'50180°0] ¥9°0 HO 8€¢/C 6CC/L SNoWSs ON pSNOLSS ISEN SNoLss ON SNoLss ON qSNous S1OY €
e1201SAP Jap|NoYS

MOT 00D [ce1 010101 9€°0 O 8€C/LL 6CC/€ SNOLSS ON pSNousS SNOLSs ON SNOLISS ON qSNouas S1OY €
uolssiwpe NDIN

MOTAYIA O00D [ce€ 01100] ¥€0 4O 60¢/C ¢0¢/0 SNOMLSS ON pSNouLs JSENN SNOLSS ON SNOLSS ON gShouss S10d 4
e|uwadA|bodAy [e1eUOaN

MOT00DD [S6'1 018C°0] #£°0 4O 8€¢/Cl 6¢C/8 SNoOWSs ON pSnouss SNoLss ON SNOLSs ON qSNouas S1OY €
BIWOSOIDBIA

MO100DD [cl101€50] 22040 8€C/9LL 6CC/L6 SNOLISS ON pSNousS SNOLSS ON SNOLSS ON gShouss s10d €

91eJ UOJ1D3S URIRSD)

MOT00DD [L800110] €€°0 YO 8€C/1C 6CC/L SNouss ON pSNOLSS SNoLSs ON SNoLSs ON qSNoUSs S1OY €

JoQge| Wia1ald

31v43AOW ODDD [95°0 01 €1°0] 970 4O 1Ge/S€E 6€¢/6 SNOLSS ON SNOLISS ON SNOLISs ON SNOLSS ON gShouss S10d 4
uo|suaadAy [euoleIsan

MOT00DD [1aMO] ¥ 01 88'91] JaMO] LSOl AN 1G¢ 65¢€ SNOLI3S ON SNOLI3S ON SNo3s ON /Snouss 4SNOLISS S1OY ¥
11950-Y4 ¢

MOT 00D [19MO| LE'T 01 T L] 49MO| /¥/ AN LGE 6¢t SNOLISS ON SNOLISS ON SNOLISS ON SNOLSS ON qSNouss S1OY 14
1190-Y L

J1v4IAOW ODDD [49MO] £1'| 03 7L ] 1oMO| 497 AN 16¢ 6E€ SNOLISS ON SNOLISS ON SNOLISS ON SNOLISS ON 4SNoLIaS S1OY ¥
11950-54

31vV430OW ODDD [8%7[0 01 120l ZE0 HO 1S€E/66 6£€/8€ SNOLSs ON SNOLSs ON SNoLss ON SNolss ON qSNoUas S1OY 14
[21eY QD] 9184 S913GERIP [PUOIIRISID)

salpms

juawbpn( jeuly [1D %56] 2A11R|3Y 12949 pajood W 3y Jo 3sn ON IW 3Y3 jo asn suolelapISuod JAYIO  uoispaidw]  ssauldRIpu| fouaisisuodu]  seiqjodysly  ubisag Jo'oN

0Q3DB|d SNSIDA |OUSOUIOAN 241 JO 35| T djqel



Mashayekh-Amiri et al. Diabetology & Metabolic Syndrome

(2022) 14:93

Page 12 of 15

Table 3 Summary of findings for the main comparison. Myoinositol supplementation compared to placebo for gestational diabetes
mellitus and health outcomes

Summary of findings

Myoinositol compared to Placebo for gestational diabetes prevention

Patient or population: overweight and obese Pregnant women at increased risk of gestational diabetes

Setting: trials were carried from 1980s to 2021 in countries from Italy, Iran

Intervention: Myoinositol
Comparison: Placebo

Outcomes Anticipated absolute effects® [95% Cl] Relative effect [95% CI] No of Quality of
participants  the evidence
Risk with Placebo Risk with Myoinositol [studies] [GRADE]
Gestational diabetes rate 282 per 1000 112 per 1000 [66 to 141] OR0.32[0.21 to 048] 690 [4 RCTs] DDDO MODER-
[GDM Rate] ATE
FG-OGTT The mean of FG in the The mean of FG in the inter- 690 [4 RCTs] DDDO MODER-
control groups was 84.7 vention groups was 2.64 ATE
lower [4.12 to 1.17 lower]
1 h-OGTT The mean of 1 hour-OGTT ~ The mean of 1 hour-OGTT 690 [4 RCTs] SD0o0 LOW
in the control groups was in the intervention groups
1423 was 747 lower [12.24 to
2.31 lower]
2 h-OGTT The mean of 2 h-OGTT in The mean of 2 h-OGTT in 690 [4 RCTs] SD0o0 LOW
the control groups was the intervention groups
121.1 was 10.51 lower [16.88 to
4.14 lower]
Gestational hypertension 27 per 1000 100 per 1000 [4 to 15] OR0.26 [0.13 t0 0.56] 690 [4 RCTs] SDSDBO MODER-
ATE
Preterm delivery 31 per 1000 88 per 1000 [4 to 25] OR0.33[0.14t0 0.81] 467 [3 RCTs] SDS00 LOW
Cesarean section rate [CS 424 per 1000 487 per 1000 [225 to 475] OR0.771053t0 1.12] 467 [3 RCTs] @&DO0 LOW
rate]
Macrosomia 35 per 1000 50 per 1000 [10 to 69] OR0.74 [0.28 to 1.95] 467 [3 RCTs] SD0o0 LOW
Neonatal hypoglycemia 0 per 1000 10 per 1000 [0] OR0.34 [0.04 t0 3.32] 411 [2 RCTs] @000 VERY
LOW
NICU admission 13 per 1000 46 per 1000 [1 to 17] OR0.36[0.10t0 1.32] 467 [3 RCTs] ©&DO0 LOW
Shoulder dystocia 4 per 1000 8 per 1000 [0 to 21] OR 0.64 [0.08 to 5.25] 467 [3 RCTs] D000 VERY
LOW

GRADE Working Group grades of evidence

High quality: We are very confident that the true effect lies close to that of the estimate of the effect

Moderate quality: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is

substantially different

Low quality: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect

Very low quality: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect

Cl confidence interval, OR odds ratio, OGTT oral glucose tolerance test NICU neonatal intensive care unit admission

?The risk in the intervention group [and its 95% confidence interval] is based on the assumed risk in the comparison group and the relative effect of the intervention

[and its 95% Cl]

as a second messenger of insulin, may be intracellularly
deficient in obese women with PCOS [52].

Moreover, urinary excretion of inositol increases in
women with GDM in the first trimester of pregnancy.
A randomized clinical trial on 84 pregnant women with
GDM between 24 and 28-weeks of gestation investigated
the effect of myo-inositol supplementation on insulin
resistance parameters using the insulin resistance index
(HOMA-IR) and adiponectin circulating levels. The
results showed a significant reduction in HOMA-IR

values, FG, and insulin levels in the myo-inositol supple-
mentation group compared to the control [53].

The results of two preliminary systematic reviews
in 2015 concerning the effect of myo-inositol supple-
mentation on reducing the incidence of GDM (Zheng’s
meta-analysis of five trials comprising 513 pregnant
women with GDM) [54], and Crawford’s study on
four trials comprising 567 pregnant women [29], that
used different myo-inositol doses and used it alone or
in combination with other materials were consistent
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with the findings of the present study. In addition to
addressing the limitations of the two previous system-
atic reviews, a systematic review (Guo et al.) of four
clinical trials comprising 586 women with GDM risk
factors [25], showed that the incidence of GDM was
significantly lower in the myo-inositol supplementa-
tion group than in the control. Moreover, the FG, 1-h
and 2-h blood glucose levels were significantly lower in
the myo-inositol group than in the control, which con-
firm our findings. On the other hand, the results from
the meta-analysis of five clinical trials on 927 pregnant
women (Xu Jiang et al.) [24], showed that despite the
reduced incidence of GDM in the myo-inositol group,
there was no significant between-group difference in
2-h OGTT levels, which can be due to high heterogene-
ity of one of the studies in which the lower dose of myo-
inositol/D-chiro-inositol caused the non-significant
results. Moreover, the results of a meta-analysis (Vit-
agliano et al.) of five studies comprising 965 pregnant
women with risk factors for GDM [33], showed that
myo-inositol and/or D-chiro-inositol supplementation
was able to significantly reduce the incidence of GDM
and FG, based on the OGTT. However, there was no
between-group difference in 1-h and 2-h OGTT levels.
After the analysis of the subgroups (using 2 g of myo-
inositol twice a day and 1100 g/day of myo-inositol/d-
chiro-inositol), a significant reduction was observed in
the incidence of GDM, FG, 1-h, and 2-h OGTT levels
in the myo-inositol group (2 g twice a day) compared
to the control. This difference indicates the beneficial
effects of higher doses of myo-inositol (4 g/day) [33]. It
is worth noting that the aforementioned studies were
not specifically carried out on pregnant women with
overweight and obesity.

Recently, several small clinical trials conducted to
investigate the effect of myo-inositol supplements on
GDM prevention have suggested the effect of myo-ino-
sitol on reducing the preterm delivery incidence as a sec-
ondary outcome [26—28]. The hypothesis of the effect of
myo-inositol on preterm delivery prevention has been
proposed by Sharma et al. [24]. According to them, the
physiological decrease in uterine-placental inositol levels,
in connection with the increasingly proinflammatory pla-
cental environment, causes spontaneous rupture of the
placental membrane and the onset of labor. Thus, higher
uterine-placental inositol levels, potentially increased
by maternal administration of myo-inositol supple-
mentation, may reduce eicosanoid production, lipid
metabolism, and the secretion of proinflammatory chem-
ocytokines, which generally affect the placental uterine
environment responsible for the onset and progression
of labor and as a result reduces the preterm delivery risk
[24].
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In addition, due to the effect of myo-inositol on blood
pressure, some evidence suggests that myo-inositol is
vital in insulin signaling and improving vascular endothe-
lial function, which can be used as adjunctive therapy in
various metabolic diseases such as endothelial disorders
and insulin resistance [55, 56]. A recent systematic review
showed a significant reduction in systolic and diastolic
blood pressure with inositol supplementation [57].

The strength of this research is that it was conducted,
for the 1st time, specifically about the effect of myo-ino-
sitol on the prevention of GDM in pregnant women with
overweight and obesity. One of its limitations is the small
sample size. Only one the four clinical trials was specifi-
cally conducted on pregnant women with obesity, and
three on pregnant women with overweight. Therefore,
it is recommended to conduct more studies on pregnant
women with overweight and obesity to confirm our find-
ings. On the other hand, three studies were conducted
in Italy and only one study was performed in Iran, which
had a small sample size and thus reduced the general-
izability of our findings. Therefore, the conduction of
clinical trials with adequate sample size and power and
appropriate quality in different settings is recommended
for increasing the generalizability of their results to other
communities. Moreover, the conduction of clinical trials
on the effect of myo-inositol in combination with a life-
style change, including diet and physical activities, on
pregnant women with overweight and obesity, will be
very useful.

Conclusion

Based on this meta-analysis results, myo-inositol sup-
plementation has shown to be a new and safe preventive
strategy in reducing the incidence of gestational diabetes
and in regulating FG and 1-h and 2-h OGTT levels, and
also in reducing the incidence of GDM complications
such as preterm delivery and gestational hypertension in
pregnant women with overweight and obesity. However,
due to the low quality of the evidence, the conduction of
further clinical trials with adequate power and quality is
recommended.
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