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Abstract: Although gestational diabetes mellitus (GDM) has several short- and long-term adverse
effects on the mother and the offspring, no medicine is generally prescribed to prevent GDM. The
present systematic review and meta-analysis aimed to investigate the effect of inositol supplemen-
tation in preventing GDM and related outcomes. Systematic search was performed in CENTRAL,
MEDLINE, and Embase until 13 September 2023. Eligible randomized controlled trials (RCTs) com-
pared the efficacy of inositols to placebo in pregnant women at high risk for GDM. Our primary
outcome was the incidence of GDM, whereas secondary outcomes were oral glucose tolerance test
(OGTT) and maternal and fetal complications. (PROSPERO registration number: CRD42021284939).
Eight eligible RCTs were identified, including the data of 1795 patients. The incidence of GDM was
halved by inositols compared to placebo (RR = 0.42, CI: 0.26-0.67). Fasting, 1-h, and 2-h OGTT
glucose levels were significantly decreased by inositols. The stereoisomer myoinositol also reduced
the risk of insulin need (RR = 0.29, CI: 0.13-0.68), preeclampsia or gestational hypertension (RR = 0.38,
CI: 0.2-0.71), preterm birth (RR = 0.44, CI: 0.22-0.88), and neonatal hypoglycemia (RR = 0.12, CI:
0.03-0.55). Myoinositol decrease the incidence of GDM in pregnancies high-risk for GDM. Moreover,
myoinositol supplementation reduces the risk of insulin need, preeclampsia or gestational hyperten-
sion, preterm birth, and neonatal hypoglycemia. Based on the present study 2—4 g myoinositol canbe
suggested from the first trimester to prevent GDM and related outcomes.

Keywords: GDM,; inositol; preterm birth; neonatal; maternal health; gestational hypertension;
preeclampsia

1. Introduction

Gestational diabetes mellitus (GDM), defined as glucose intolerance newly recognized
during pregnancy, is one of the most common pregnancy-related disorders [1]. While the
prevalence of GDM varies based on population and diagnostic criteria, it is estimated to be
around 14-16% globally [2-4].

GDM can lead to several maternal and offspring complications both in short and
long-term, such as gestational hypertension, neonatal hypoglycemia, higher chance for
obesity and type-2 diabetes mellitus (T2DM) in later life [5,6]. Moreover, women with GDM
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have higher risk of pancreatic cancer later in life [7]. Despite the serious complications,
the current management of GDM focuses on the therapy of the already diagnosed GDM
cases, and no generally accepted medical treatment is recommended to prevent GDM. The
prevention of GDM would provide life-long advances for the mother and the offsprings,
hence prevention of GDM should be a new focus in pregnancy care.

In the last few years, several studies investigated the beneficial effect of vitamin D,
zing, probiotics, dietary fibre, and lifestyle interventions in the prevention of GDM [4,8,9].
However, these attempts did not result in a breakthrough in prevention strategies. Inositol
administration in early pregnancy is another novel preventive approach for GDM. Inositols
are cyclic polyols. They can be found naturally in vegetables, fruits, nuts, and whole
grains, but it can be synthesized in human body, too [10,11]. Inositols have nine stereoiso-
mers, out of which myoinositol (MI) and D-chiro-inositol (DCI) are the most common
forms utlilized. Inositols are insulin sensitizer, having an important role in insulin signal
transduction pathways.

The beneficial effect of inositols were also examined in patients with polycystic ovary
syndrome (PCOS) that is also commonly accompanied by insulin resistance. In insulin resis-
tance, higher insulin levels leads to reduced synthesis and secretion of sex hormone binding
globulin (SHBG) levels by the liver [12]. This results higher bioavailable testosterone levels
worsening hyperandrogenic symptoms. Moreover hyperinsulinemia stimulates androgen
overproduction in theca cells [13]. In these patients, they were shown to have beneficial
effect on carbohydrate metabolism, menstrual cycle regularity, and hyperandrogenism [13].
During the course of healthy pregnancy, due to endocrine changes, insulin resistance de-
velops and leads to hyperinsulinemia. GDM develops when (3-cell function is insufficient
to overcome the chronic insulin resistance associated with pregnancy [14]. Early adminis-
tration of myoinositol may improve insulin resistance by encouraging the translocation
of GLUT4 to the plasma membrane to increase glucose uptake [15]. Myoinositol serves as
a structural basis of secondary messengers, such as inositol triphosphates (IP3) [16]. IP3
has a role in follicule stimulating hormone (FSH), thyroid stimulating hormone (TSH) and
insulin signaling pathway [17]. Under insulin stimulation DCI is converted into MI by a
unidirectional tissue-specific epimerase [18]. This reaction allows every tissue to develop a
proper balance between DCI and myoinositol, ensuring normal metabolic functions [19].
As inositols play role in various steps of insulin signaling pathway, they can improve
insulin resistance regardless of its origin. On the other hand, other present preventions
are only effective in specific patients” populations (e.g., vitamin D supplementation is only
effective in vitamin D deficient patients).

At the time of PROSPERO registration, the last meta-analysis was 2 years old, and the
quality of evidence was low. Since then, a few more RCTs have been published on this topic.
In light of these, the present meta-analysis and systematic review aimed to investigate the
effect of different inositols in preventing GDM and its complications.

2. Material and Methods

Our systematic review and meta-analysis is reported based on the recommendation
of the PRISMA 2020 guideline [20] (see Table S1 for checklist), while we followed the
Cochrane Handbook [21]. Furthermore, the study protocol was registered on PROSPERO
(registration number CRD42021284939), and we fully adhere to it.

2.1. Eligibility Criteria

We used the PICO framework to formulate our research questions. Eligible ran-
domized controlled trials (RCT) compared inositol supplementation (I) to placebo (C) in
pregnant women (P) to prevent GDM or other GDM-related outcomes (O). There were
no prespecified exclusion criteria regarding the pregnant population and the used inos-
itol intervention. Eligible inositol supplementations were: myoinositol and/or D-chiro
inositol-alone or in combination with other dietary supplements. Comparators were no
intervention or placebo (e.g., dietary supplements, etc.).
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The primary outcome was the diagnosis of GDM based on the diagnostic OGTT (by
the 28th gestational week). Due to the the changes and regional differences of OGTT
algorithm and glucose concentration thresholds, no study was excluded due to the method
of diagnosis.

Secondary outcomes were the results of OGTT (fasting, 1- and 2-h post-load plasma
glucose concentration), need for insulin treatment, preeclampsia, gestational hypertension,
C-section, preterm birth, gestational age at birth, macrosomia, large for gestational age
(LGA), birth weight, intrauterine growth restriction (IUGR), shoulder dystocia, neonatal
hypoglycemia, diabetic fetopathy, and neonatal intensive care unit admission. Gestational
hypertension and preeclampsia or pregnancy- induced hypertension data were handled as
one outcome: pregnancy-related hypertensive disorders.

We only included RCTs in the present study, excluding reviews, non-randomized
interventional studies, cohorts, case-controls, case reports, and case series.

2.2. Information Sources and Search Strategy

We conducted the systematic search on 5 November 2021, in MEDLINE (via PubMed),
Embase, and Cochrane Central Register of Controlled Trials (CENTRAL). The systematic
search was refreshed on 15 December 2022 and 13 September 2023 in the same search engines.

During the systematic search, the following search key was applied in all databases:
(“gestational diabetes” OR GDM OR “gestational diabetic” OR “gestational diabetes melli-
tus” OR pregnancy OR LGA OR macrosomia OR “large for gestational age”) AND (inositol*
OR myoinositol OR chiroinositol OR DCI). No study type, date, or language filters were
applied during the search.

2.3. Selection Process

The selection was performed by two independent review authors using the Endnote
X9 (Clarivate Analytics, Philadelphia, PA, USA) reference manager program. After the
duplication removal process, articles were selected based on title and abstract, then based
on full text. A third review author resolved disagreements during the selection process.
We used Cohen’s kappa to measure inter-rater reliability [22]. Cohen’s kappa was 0.87 at
selection by title and abstract. At the phase of full text selection Cohen’s kappa was 0.97.
All disagreements were solved by a third reviewer.

2.4. Data Collection Process and Data Items

Data from the eligible RCT were collected into a standardized data collection sheet
by two authors independently. All disagreements were solved by a third reviewer. The
following data were extracted from the eligible articles: title, first author, year of publica-
tion, countries, study design, main study findings, patient demographics, interventions,
outcomes: maternal complications (OGTT: fasting, 1 and 2 h post-load plasma glucose
concentration, insulin treatment, preeclampsia, gestational hypertension, mode of delivery:
C-Section rate) and fetal complications (preterm birth, gestational age at birth, macrosomia,
LGA, birth weight, IUGR, shoulder dystocia, neonatal hypoglycemia, diabetic foetopathy,
neonatal intensive care unit admission).

For dichotomous data, we extracted the events for the outcomes and total numbers of
patients in the intervention and control groups. In addition, mean and standard deviation
(SD) values were collected in both groups for continuous variables.

2.5. Study Risk of Bias Assessment

Two review authors assessed the quality of the included studies using the Cochrane
risk-of-bias tool for randomized trials (RoB 2) [23]. A third review author resolved disagree-
ments. Bias was evaluated in five main domains: randomization process, deviations from
intended interventions, missing outcome data, measurement of the outcome, and selection
of the reported results.
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2.6. Assessing the Level of Evidence

The quality of evidence was evaluated according to the recommendation of the
“Grades of Recommendation, Assessment, Development, and Evaluation (GRADE)” work-
group [24].

2.7. Synthesis Methods

In the case of sufficiently homogenous studies based on the PICO, we performed both
qualitative and quantitative data synthesis. The minimum number of studies to perform a
meta-analysis was three.

All statistical calculations were done using the R programming language (R Core
Team, 2022, Vienna, Austria, R v4.2.1) using the meta v6.0-0, metafor v3.8-1 and dmetar
v0.0.9000 packages [25-27]. The quantitative results were presented by calculating mean
differences (MD) with 95% confidence intervals (Cls) for continuous variables. In the case of
dichotomous outcomes, we calculated risk ratios (RRs) with 95% Cls. All the analyses were
carried out using the random-effects models and displayed on forest plots. To pool binary
outcome data such as like Preterm birth, we applied the Mantel-Haenszel method with the
Paule-Mandel method to estimate the between-study variance [28-30]. However, in case of
continous outcomes, like birthweight, we used Restricted maximum likelihood methods
(REML) to estimate the between-study variance and inverse variance for weighting [31]. A
p < 0.05 was considered statistically significant. Where applicable prediction intervals of
the pooled estimates were also been reported [32].

Statistical heterogeneity was tested by the I? statistics and the Cochrane Q test; p < 0.1
indicated significant heterogeneity. Furthermore, publication bias could not be assessed
due to the low number of studies.

We performed subgroup analysis based on inositol stereoisomers.

3. Results
3.1. General Characteristics of the Studies

After the duplication removal, we screened 1795 references by title and abstract.
Secondly, 88 articles were screened by full text. At the end of the selection process,
eight RCTs with 1361 pregnant women were eligible to be included in this meta-analysis
(Figure 1) [33-40].

The baseline characteristics of the enrolled analyses are detailed in Table 1. Altogether,
515 pregnant women received myoinositol supplementation, 32 patients received DCI
supplementation, 154 patients received the combination of myoinositol and DCI. Placebo
was administered in case of 660 pregnant women. One RCT investigated myoinositol, DCI
and inositol combination separately [33]. Six RCTs compared myoinositol administration
to placebo and one RCT investigated the beneficial effect of the combination of myoinositol,
and DCI compared to placebo [37].

The diagnosis of GDM was based on the International Association of Diabetes and
Pregnancy Study Groups (IADPSG) recommendations in every RCTs and all the studies
started the inositol supplementation at the 12th-13th gestational week. Recommendations
of IADPSG state that GDM is diagnosed when one of the fasting, 1 h and 2 h post-load
glucose level after consuming 75 g glucose, was more than the expected threshold of 92,
180 and 153 mg/dl respectively between 24th and 28th gestational week [3].

All eligible studies included patients with high risk for GDM. Four of them investi-
gated overweight [36,39,40] and obese patients [34]. Matarelli [38] and Celenatano [33] ex-
amined pregnant women with elevated first-trimester blood glucose, meanwhile, two other
RCTs studied pregnant women with a family history of type-1 or type-2 diabetes [35,37].
Inclusion and exclusion criteria are summarized in Table S2.



Nutrients 2023, 15, 4224

50f 16

Table 1. Basic characteristics of included studies.

Number of

. Age (Year) BMI (kg/m?) . . - . Baseline Fasting
Author (Year) Country PT;}er;ts o) t Wwo) Risk Factors/Inclusion Criteria Intervention Outcomes Glucose (mg/dL)
Celent levated fasting gl t first 4 8 MI + 400 meg FA; egnoney tnea e o
oo, Ttaly 105/52 33.8/33.9 23.8/24.4 clevated fasing glucose at s 500 mg DCI + 400 mcg FA; pregnancyzmduced iypertension, f-section, 97.2/97.2
2018 [33] trimester blood exams. 1100 preterm birth, neonatal hypoglycemia,
mg MI + 27.6 mg DCI L
NICU admission
GDM, gestational hypertension, C-section,
D’Anna, 2013 R shoulder dystocia, preterm delivery, )
[35] Ttaly 99/98 31/31.6 22.8/23.6 family history of type 2 DM 4 g MI + 40 mcg FA gestational age at delivery,
neonatal hypoglycemia.
GDM, OGTT, insulin treatment, gestational
D’Anna, 2015 33.8/ hypertension, C-section, shoulder dystocia,
3 4j Ttaly 97/104 30.9/31.7 33.8 prepregnancy BMI 30 or greater 4 g MI + 40 mcg FA preterm birth, gestational age at delivery, 83.1/82.3
- . macrosomia, birth weight, neonatal
hypoglycemia, NICU admission
GDM, fasting blood sugar, fasting blood
Esmacilzadeh overweight patients (prepregnancy insulin, insulin treatment, preeclampsia or
4 Iran 27/29 27.8/29.3 27.3/26.9 BMI above 25 and under 30), 2 g MI + 200 mcg FA pregnancy-induced hypertension, shoulder 84/85.2
2022 [36] / . ’
age 18-40 dystocia, C-section, preterm delivery,
NICU admission
GDM, OGTT, preeclampsia or
patients with a family history in a pregnancy-induced hypertension, C-section,
Farren, 2017 Ireland 120/120 31.1/31.5 26/26.2 first-degree relative of diabetes, either 1100 mg MI + 27.6 mg shoulder dystocia, preterm delivery, -
[37] DCI + 400 mcg FA ¢ : R
type 1 or type 2. gestatational age at delivery, macrosomia, birth
weight, hypoglycemia, NICU admission
. . GDM, OGTT, insulin therapy, gestational age
Matarelli, Ttaly 35/38 33/33.8 23.5/24.7 elevated fasting glucose and BMI 4 g MI + 400 meg FA at delivery, birth weight, 97.2/97.2
2013 [38] under 35 .
neonatal hypoglycemia
GDM, OGTT, insulin treatment, gestational
Santamaria, overweight patients (prepregnancy hypertension, shoulder dystocia, C-section,
2015 [39] Ttaly 95/102 32.1/32.7 26.9/27.1 BMI above 25 and under 30) 4 g MI + 400 mcg FA ] preterm dghvery ) 81.08/78.63
gestational age at delivery, macrosomia,
neonatal hypoglycemia, NICU admission
Vitale, 2020 Ttaly 110/113 27.18/27.95 27/26.68 overweight patients (prepregnancy 4 g MI + 400 mcg FA GDM, OGTT, gestational hypertension 82.2/83.1

[40]

BMI above 25 and under 30)

{ Parameters represented as mean. I/C—intervention and control group. BMI: body mass index; DCI: d-chiro-inositol; FA: folic acid; GDM: gestational diabetes; OGTT: oral glucose
tolerance test; MI: myoinositol; NICU: neonatal intensive care unit.
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Identification of studies via databases and registers ]

Identification

Records identified from:
Databases (n = 3):

* Medline (n=1101)
* Embase(n=1171)
+ CENTRAL(n=165)
Registers (n=0)

Records removed before screening:
Duplicate records removed (n = 535)
Records marked as ineligible by
automation tools (n = 0)

Records removed for other reasons (n
= 0)

Records screened

(n=1795)
'

Records excluded
(n=1707)

Reports sought for retrieval
(n=0)

Reports not retrieved
(n=0)

Screening

Reports assessed for eligibility
(n=88)

Reports excluded (n = 80):
Ineligible study design (n = 61)
Conference abstracts (n = 10)
Ineligible population (n = 9)

Included

Studies included in systematic-
review (n = 8)

Studies included in meta-
analysis (n = 8)

Figure 1. PRISMA 2020 flowchart representing the study selection process.

3.2. Synthesis of the Results

3.2.1. Inositols Decrease the Occurrence of GDM

Overall, 1357 pregnant women were included in the analysis of GDM occurrence.
Inositol administration starting from the 12th-13th gestational week significantly reduced
the risk of GDM (RR = 0.42, CI: 0.26-0.67) compared to placebo (Figure 2A). Seven RCTs
investigated myoinositol supplementation, and all the studies showed that myoinositol
could significantly reduce the risk of GDM (RR = 0.3, CI: 0.18-0.48). We found only
one article regarding DCI administration, suggesting it has a beneficial effect on GDM
prevention (RR = 0.56, CI: 0.33-0.94). Based on two studies, the combination of myoinos-
itol and DCI showed no benefit in preventing GDM compared to placebo (RR = 0.89,

CI: 0.44-1.79) (Figure S1).
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Study

Inositols
Celentano 2018 26
Myoinositol

Matarrelli 2013
Esmaeilzadeh 2022
Vitale 2020

D'Anna 2013

D'Anna 2015
Santamaria 2015
Random effects model
Prediction interval

2
3
9
6

15

1

46

Inositol
Events Total Events Total

A. Gestational Diabetes Mellitus

Placebo

105 2 5
3B 27 38
27 1m 29

10 24 113
99 15 98

107 3% 107
95 28 102

473 141 487

Heterogeneity: * = 7% [0%; 76%] , Chi’ = 0.03, p = 0.373
Test for effect in subgroup:z =-5.82 (p < 0.001)

inositol and D-chiro-i
Farren 2017 28
Random effects model
Prediction interval

100 698

Heterogeneity: = 71% [39%; 86%) Chi
Test for overall effect:z = -3.66 (p < 0.001)

120 22 120

195 659

C. Plasma glucose 60 min post-load

22031,p<0.001
1 0.

B. Fasting plasma glucose

Inositol Placebo
Risk Ratio RR 95%-Cl Weight Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl Weight
Inositols
- 040 [0:27;:060] 16.4% Celentano 2018 105 480 04 52 510 05 - -0.30 [-0.46; -0.14] 13.8%
008 [0.02,031] 7.2% Myoinositol
—_— 029 [0.09;094]  8.6% Matarrelli 2013 35 470 04 38 510 05 ~0.40 [-0.61;-0.19] 10.2%
- 0.39 [0.19;0.79] 12.9% D'Anna 2015 107 450 0.4 107 470 06 - -0.20 [-0.34; -0.06] 15.4%
—=— 040 (0.16;098] 109% D'Anna 2013 99 430 04 98 450 0.4 - -0.20 [-0.31;-0.09] 17.7%
—&— 0.42 [0.24;0.71] 14.9% Santamaria 2015 95 450 04 102 460 0.5 —— -0.10 [-0.23; 0.03] 16.4%
—— 042 [0.22;0.80) 13.8% Vitale 2020 110 470 07 113 4.80 1.3 —— -0.10 [-0.37; 0.17]  7.1%
- 036 [0.25;0.51] 68.3% Esmaeilzadeh 2022 27 460 0.4 29 460 06 —————%—— -0.00 [-0.27; 0.27]  7.4%
- 1049;0.70] - Random effects model 473 487 _ -0.18[-0.26; -0.10] 74.2%
Prediction interval . . [-0.37; 0.01]
Heterogeneity: /2 = 39% [0%; 76%], Chi?<0.01, p = 0.147
Test for effect in subgroup: z = -4.31(p < 0.001)
19— 1.27 [0.77;2.09] 15.3%
itol and D-chiro-inositol i
— 0.42 [0.26; 0.67] 100.0% Farren 2017 120 450 0.8 120 450 0.6 - 0.00 [-0.18; 0.18] 12.0%
— [0.10; 1.83]
—n
02 05 1 2 Random effects model 698 659 _ -0.17[-0.26; ~0.09] 100.0%
favours inositol  favours placebo Prediction interval e

Heterogeneity: 1 = 51% [0%; 78%], Chi’ < 0.01, p = 0.046

Test for overall effect: z = ~3.93(p < 0.001) -06 -04 -02

favours inositol

0 0.2

favours placebo

D. Plasma glucose 120 min post-load

Inositol Placebo Inositol Placebo
Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl Weight Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl Weight
Inositols "
Celentano 2018 105 750 34 52 840 24 -090 [-1.77,-0.03]  8.4% Inositols

R § ! N Celentano 2018 105 650 16 52 7.00 19 = -0.50 [-1.10; 0.10] 11.9%
Myoinositol o
Matarrelli 2013 35 760 15 38 850 2.1 -0.90 [-1.73;-0.07]  89% Myoinositol
D'Anna 2015 107 7.0 1.9 107 7.90 1.7 o ~0.80 [-1.28; -0.32) 16.4% D'Anna 2015 107 580 14 107 6.80 1.7 [e—— -1.00 [-1.42; -0.58] 15.2%
D'Anna 2013 99 680 1.7 98 7.40 1.7 o -0.60 [-1.07; -0.13] 16.6% Matarrelli 2013 35 640 14 38 7.10 19 T -0.70 [-1.46; 0.06] 9.4%
Santamaria 2015 95 7.0 17 102 740 18 —= -0.30 [-0.79; 0.19] 16.2% Santamaria 2015 95 590 16 102 630 15 -040 [-0.83; 0.03] 14.9%
Vitale 2020 110 800 12 113 820 1.5 = -0.20 [-0.56; 0.16] 20.3% Vitale 2020 10 640 1.1 113 670 14 —a— -0.30 [-0.63; 0.03] 16.9%
Random effects model 446 458 - -0.49[-0.76; -0.22] 78.4% D'Anna 2013 99 590 12 98 6.10 15 — -0.20 [-0.58; 0.18] 16.0%
Prediction interval . . _— [-120; 0.22] Random effects model 446 458 _— -0.49[-0.79; -0.19] 72.4%
Heterogeneity: /7 = 31% [0%; 73%], Chi®= 0.03, p = 0.217 Prediction interval . . | [-1.46; 0.48]
Test for effect in subgroup: = -3.57(p < 0.001) Heterogeneity: 12 = 58% [0%; 84%], Chi? = 0.07, p = 0.048

nositol and Test for effect in subgroup: z = -3.15(p = 0.002)
and Dchiro-ncsitol combinatl
Farren 2017 120 770 28 120 7.40 1.9 ——#—— 030 [-0.31; 091] 13.2% and D-chiro-inositol .
Random effects model 671 630 - ~0.44[-0.74; ~0.14] 100.0% Farren 2017 120 570 1.7 120 540 14 030 [-0.09; 0.69) 15.7%
Prediction interval —_— [-127; 0.40]
Halarogenatty: /2= 52% [0%; 80%), Chi= 0,08, = 0,062 T T T Random effects model 671 630 _ ~0.37[-0.69; ~0.06] 100.0%
Test for overall effect: z = ~2.86 (p = 0.004) 2 -15 -1 -05 0 05 1 Prediction interval — [-1.38; 0.63]
inosi T 1
favours inositol  favours placebo Heterogeneity: 12 = 72% [40%; 87%), Chi = 0.13,p = 0.001
Test for overalleffect: z = ~2.30(p = 0.021) -1 =05 0 05

favours inositol favours placebo

Figure 2. (A) Forest plots representing the risk of developing GDM; (B) Forest plots representing the
mean differences of fasting glucose; (C) Forest plots representing the mean differences of 1 h-OGTT;
(D) Forest plots representing the mean differences of 2 h-OGTT.3.3. Maternal health outcomes.
(Pooled results are presented by the diamond in the bottom. Prediction interval is presented by red
line) [33-40].

3.2.2. Inositol Reduces Fasting, 60’, and 120’ Glucose Levels during OGTT

Inositol supplementation significantly reduced the fasting glucose level at the
24th-28th gestational week (MD = —0.17 mmol/L, CI: —0.26; —0.09) (Figure 2B). In the 60’
and 120’ post-load plasma glucose levels, a significant difference was observed in favor
of inositols compared to placebo. It decreased OGTT 60’ glucose level on the average by
MD = —0.44 mmol/L (CI: —0.74; —0.14) (Figure 2C) and it decreased OGTT 120’ glucose
level by MD = —0.37 mmol/L (CI: —0.69; —0.06) (Figure 2D).

Based on the subgroup analysis, myoinositol significantly reduced all glucose levels
during OGTT. Fasting glucose concentration was decreased on the average by
MD = —0.21 mmol/L (CI: —0.30; —0.11), 1 h post-load glucose level was decreased on
the average by MD = —0.53 mmol/L (CI: —0.79; —0.27), and 2 h post-load glucose con-
centration was decreased on the average by MD = —0.50 mmol/L (CI: —0.77; —0.23) by
myoinositol (Figure S2-54).

The number of patients in need for insulin treatment was significantly lower in the
inositol-treated group compared to the placebo (RR = 0.45, CI: 0.28-0.73) (Figure 3, Figure
S5). Preeclampsia or pregnancy-induced hypertensive disorders was also significantly
lower in the inositol-treated group compared to the non-treated group (RR = 0.39 CI: 0.22—
0.69) (Figure 4, Figure S6). Of the eight included RCTs, all studies investigated the incidence
of side effects. Only Esmaeilzadeh et al. reported side effect (headache) in one patient [36].
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favours inositol favours placebo

Figure 3. Forest plots representing the risk of insulin need. (Pooled results are presented by the
diamond in the bottom. Prediction interval is presented by red line) [33,34,36,38—40].
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favours inositol favours placebo

Figure 4. Forest plots representing the risk of pregnancy-induced hypertensive disorders. (Pooled
results are presented by the diamond in the bottom. Prediction interval is presented by red
line) [33-37,39,40].

3.3. Delivery Outcomes

Based on the present analysis, inositol supplementation significantly reduces the risk
of preterm birth (RR = 0.41, CI: 0.22-0.75) (Figure 5, Figure S7). However, no significant
difference was observed regarding gestational age at birth (MD = 0.52, CI: —0.03; 1.08).
The combination of myoinositol and DCI might favor gestational age at birth (MD = 0.36,
CI: 0.00-0.71) (Figure S8). However, this is based only on the results of one study. No
significant difference was found in the incidence of C-section (RR = 0.90, CI: 0.78-1.03) and
the risk of shoulder dystocia (RR = 0.59, CI: 0.12-2.82) between in the intervention and
control group (Figures S9 and S10).
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Figure 5. Forest plots representing the risk of preterm birth. (Pooled results are presented by the
diamond in the bottom. Prediction interval is presented by red line) [33-37,39].

3.4. Fetal-Neonatal Health Outcomes

Six RCTs investigated birthweight, and five RCTs evaluated macrosomia, suggesting
that inositol supplementation does not affect them (Figures S11 and 512). Regarding neona-
tal hypoglycemia, we found that myoinositol has a beneficial effect on it and significantly
reduces the risk of hypoglycemia (RR = 0.12, CI: 0.03-0.55). (Figure 6, Figure S13) However,
neonatal intensive care unit (NICU) admission was reported in five studies showing inositol
did not affect this outcome (Figure S14). Lastly, insufficient data were found regarding
IUGR, and diabetic fetopathy. Only Celentano et al. reported on LGA, suggesting that
myoinositol may have beneficial influence on that outcome [33].

Inositol Placebo

Study Events Total Events Total Risk Ratio RR 95%-Cl Weight
Myoinositol

Matarrelli 2013 0 35 10 3 ———— 0.05 [0.00; 0.85] 26.9%
Celentanc . 2018 0 39 1 82 ———=&———— 006 [0.00; 0.95] 26.9%
D'Anna 2015 0 97 1 104 —_— 036 [0.01; 867] 231%
Santamaria 2015 0 a5 1 102 —_—e 036 [0.01; 8.68] 23.1%
Random effects model 0 365 23 394 —_ 0.12 [0.03; 0.55] 100.0%
Prediction interval _—_— [0.00; 3.25]

Heterogeneity: 1 = 0% [ 0%: 85%], T° =0, p = 0.680
Test for effect in subgroup: z =-2.75 (p = 0.006)

D-chiro-inositol
Celentanc II. 2018 B 32 11 52 —. 074 [0.28; 1.93] 100.0%

Myoinositol and D-chiro-inositol combination

Celentanac Ill. 2018 3 34 11 52 —a 1 042 [013;1.39] 57.8%
Farren 2017 a 117 1 117 —#—— 900 [1.16:69.91] 422%
Random effects model 12 151 12 169 ———————  1.72 [0.09; 34.67] 100.0%

Heterogeneity: ° = 84% [36%; 96%], T° =3.98, p = 0.011
Test for effect in subgroup: z =0.36 (p=0.722)

I T 17 T |
0.003 01 05 2 10 769
favours inositol favours placebo

Figure 6. Shows the overall effect on neonatal hypoglycemia. (Pooled results are presented by the
diamond in the bottom) [33,34,37-39].

Opverall for GDM, 2 h-OGTT, gestational age at birth, neonatal hypoglycemia outcomes
the heterogeneity was high, while for insulin therapy, C-section rate, neonatal intensive care
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unit admission, preterm birth, shoulder dystocia and gestational hypertension outcomes, it
was low. The source of heterogeneity is the different inositol stereoisomers used in different
dosages (2—4 g MI or 500 mg DCI or 27.6 mg DCI and 1100 mg MI in combination) and
the variable BMI in the included population. The results of the risk of bias assessment are
presented in Table S3. Moderate risk of bias resulted from the lack of blinding methods.
Only Matarelli’s and Esmaeilzadeh’s RCTs are double-blinded [36,38]. The others were
open-labeled studies.

The level of evidence varies from very low to moderate. The level of evidence was high
in case of one outcome: preterm birth. The level of evidence is summarized in Table S4.

4. Discussion

A higher frequency of obesity and glucose metabolism disorder in adolescents and chil-
dren has increased the probability of T2DM in fertile patients [41,42]. Therefore, the higher
prevalence of T2DM in women of fertile age results in a higher prevalence of GDM [2].
The long-term adverse effects of GDM are a higher risk for T2DM and associated car-
diometabolic risk for both mothers and offspring. According to Vounzoulaki et al., mothers
who suffer from GDM have almost tenfold higher risk of T2DM, and Kramer et al. reported
that these patients have two-fold higher risk of cardiovascular events [5,6,43]. Similar re-
sults were described for the offsprings, also [44]. During pre-pregnancy care to prevent
GDM,, the risk factors of the condition should be eliminated. Inositol supplementation is
also beneficial in PCOS treatment, as one of the risk factors of GDM [45,46].

Despite of the serious life-long consequences and the several studies on interventions
to prevent GDM no generally accepted medical treatment is recommended to prevent
GDM in the latest guideline. Based on the present results, inositol supplementation can
reduce the prevalence of gestational diabetes. Moreover, inositol can reduce the need for
insulin treatment and the risk of pregnancy-induced hypertensive disorders, preterm birth
and neonatal hypoglycemia. Inositols significantly decreased the fasting, 1-h, and 2-h
OGTT glucose levels. We found no significant effect regarding other examined parameters,
however; most of them had low event rates and were reported in low number of patients
(e.g., macrosomia, NICU admission, shoulder dystocia).

Inositol supplementation administered from the first trimester can prevent the develop-
ment of GDM by decreasing fasting, 1-h, and 2-h OGTT glucose levels.

Upon our data, preventive inositol supplementation started before the 13th week of
pregnancy, halved the risk of GDM during the pregnancy. Since the diagnosis of GDM is
based on OGTT, it is not surprising that fasting, 1-h, and 2 h-OGTT glucose levels showed
a similar decrease by the end of the 28th week.

Previous meta-analyses and systematic reviews had similar conclusions to the present
work [16,47-50]. Both Wei et al., Guo et al., Chan et al. and the Cochrane review pre-
sented the significant beneficial effect of myoinositol supplementation in preventing
GDM [16,47-49]. The preventive effect of both, myoinositol and DCI were investigated by
Vitagliano et al. [50] Wei et al. pooled all included studies in one group of “4 g MI group”,
and although in one study only 2 g MI was administered (Vitale et al.), they still concluded
the positive effect of inositol supplementation [16,40].

Based on Farren et al.’s RCT, the combination of myoinositol and D-chiro-inositol
seemed to have no effect in the prevention. It is possible that the combination of the two
inositol stereoisomers is not effective, or the used dose of inositol, especially MI was too
low (1100 mg MI + 27.6 mg DCI) [37]. The five RCTs that administered 4 g of myoinositol,
found the supplementation useful in primary prevention [33-35,37,39]. Vitale et al. and
Esmaeilzadeh et al. administered 2 g of myoinositol which was also beneficial [36,40].
According to the available data, the proper dose of myoinositol is between 2 and 4 g per
day in the prevention of gestational diabetes—so we conclude that over 2 g, myoinositol
can halve the risk of GDM. However, in high-risk patients with diabetes in family history,
1100 mg MI + 27.6 mg DCl is an ineffective combination for preventing GDM.



Nutrients 2023, 15, 4224

11 of 16

Prevention of GDM is one of the biggest challenge of prenatal care. Several promising
strategies emerged in the recent years, mainly focusing on life-style intervention (diet and
physical exercise) and dietary supplements besides inositol, like vitamin D and magnesium,
and probiotics. According to a recent network meta-analysis; physical exercise (OR: 0.64
(0.46-0.88)) and probiotic intake (OR: 0.57 (0.34-0.96)) was able to reduce the risk of GDM.
Same analysis failed to show the protective effect of inositols, most probably due to the
inclusion of only four studies including Farren et al. with 1100 mg MI + 27.6 mg DCI
intake [51]. GDM is a multietological disorder. If one potential risk factor is cured, it doesn’t
necessary influence other etiological factors contributing to the development of GDM. For
example, magnesium supplementation was found effective in magnesium-insufficient
patient. Similarly, patients suffering from vitamin D supplementation might benefit the
most from vitamin D supplementation [4]. To overcome this problem, various combined
treatments were also tested for the prevention of GDM. D’ell Edera et al. investigated the
combination of myoinositol, DCI, zinc, methylsulfonylmethan, and methyltetrahydrofolic
acid. They reported that the abovementioned combination might prevent the onset of
GDM [52]. In contrary to these, Godfrey et al. reported that in a general population
myoinositol 4 g/day, vitamin D 10 pg/day, riboflavin 1.8 mg/day, vitamin B6 2.6 mg/day,
vitamin B12 5.2 pg/day, zinc 10 mg/day, and probiotics (Lactobacillus rhamnosus NCC
4007 and Bifidobacterium animalis species lactis NCC 2818, folic acid 400 pg/day, iron
12 mg/day, calcium 150 mg/day, iodine 150 pug/day, and 3-carotene 720 ug/day vs. folic
acid, iron, calcium, iodine, and 3-carotene didn’t reduce the incidence of GDM if started
prior conception [53]. These results are surprising as each of the additional supplements
were shown to be effective separately before. One reason of the results could be the high
versatility of the study population in GDM risk and ethnicity compared to previous studies
mostly including high-risk Caucasian cohorts. Another possibility is the interaction of
the supplements. For example, folic acid supplementation was linked to increased GDM
risk especially in case of vitamin B12 insufficiency. And they also observed relatively high
prevalence of GDM (24.8% and 22.6%), despite the general study population, and the fact
that patients with known type2 diabetes or taking metformin were excluded from the
study [54].

Inositol reduce the need for insulin treatment and the risk of pregnancy-induced hyper-
tensive disorders (preeclampsia or gestational hypertension)

Based on our data, if inositol supplementation was started before the 13th week of
pregnancy, it halved the risk of need for insulin. Individual RCTs with low number of
patients in need of insulin treatment [33,34,36,38—-40] failed to show this effect. The meta-
analyis by Wei et al. confirms our results regarding insulin treatment. However, Wei
et al. showed no difference between inositol treated and placebo-treated groups regarding
pregnancy-induced hypertensive disorders [16].

Inositol supplementation lowers the risk of preterm birth and neonatal hypoglycemia.

Vitagliano et al. in their meta-analysis concluded a significant beneficial effect of
inositol in reducing preterm birth but no effect on neonatal hypoglycemia [50]. Wei et al.
draw the same conclusion to our analysis that inositol could reduce the risk of preterm birth
and neonatal hypoglycemia, too [16]. Although Godfrey et al. in their RCT failed to show
the preventive effect of inositol administration in combination with other supplements
on GDM prevalence, they still concluded that the combined treatment reduced the risk of
preterm birth [53]. Interestingly, if GDM patients are treated with 4 g of myoinositol, the risk
of preterm delivery and the need for insulin is reduced. Therefore, inositol supplementation
is useful not only for preventing GDM but also for preventing the complications of the
manifest disease [55,56].

4.1. Strengths and Limitations

Our study has several strengths and limitations. First, as a strength, the study pro-
tocol was strictly followed, which was registered in advance in PROSPERO. A rigorous
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methodology was applied. Not just different doses of myoinositol but also DCI, and the
combination of myoinositol and DCI was investigated on several outcomes for the mother
and fetus. Regarding the several different diagnostic criteria of GDM worldwide, the
strength of the present work is that in all included RCTs the same criteria was used to
diagnose GDM.

The study’s limitations are the small number of included studies and patients. As a
result, some of our results have high heterogeneity. Mostly the source of heterogeneity
is the different inositol stereoisomers used in different dosages. To resolve this problem
subgroup analysis was reported. Additional heterogeneity comes from variable BMI. The
lack of blinding methods is another limitation of the analyzed studies.

4.2. Implication for Practice and Research

The benefit of implementing scientific results into daily practice has been previously
proved [57,58]. Based on our results, myoinositol 2-4 g/day supplementation should be
used in high-risk pregnancies to reduce the risk of GDM and its complications. Based on
our and a previous meta-analysis inositols are safe during pregnancy [16]. Its preventive
effect may recommends its use in low-risk pregnancies [59].

However, further prospective data collection is needed to assess the effectiveness
of inositol administration in pregnancies low-risk for GDM more accurately. The most
effective dosages of inositol should be also investigated in the future in double-blinded
studies. An international registry about prepregnancy inositol administration of high-
risk patients might give additional insight regarding this topic. Insulin needs should be
interpreted with the exact amount of insulin needed instead of a dichotomous format.

5. Conclusions

Inositol, especially myoinositol, halves the risk of GDM in high-risk pregnancies. In
addition, inositols showed beneficial effects on several GDM-related outcomes. Myoinositol
reduces the need of insulin treatment and the risk of preeclampsia or gestational hyperten-
sion, preterm birth, and neonatal hypogylcemia. Based on our meta-analyis in high-risk
pregnancies daily 2-4 g myoinositol supplementation from the 12th-13th gestational week
is suggested to prevent GDM and related outcomes.
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GDM gestational diabetes mellitus

RCT randomized controlled trial

OGTT were oral glucose tolerance test

RR risk ratio

MD mean difference

CI confidence interval

T2DM type-2 diabetes mellitus

MI myoinositol

DCI D-chiro-inositol

GLUT4 glucose transporter type 4

PICO population: intervention, comparator, outcome
LGA large for gestational age

TUGR intrauterine growth restriction

SD standard deviation

RoB2 Risk-of-bias tool for randomized trials

GRADE Grades of Recommendation, Assessment, Development, and Evaluation
REML Restricted maximum likelihood

IADPSG International Association of Diabetes and Pregnancy Study Groups
1h-OGTT one-hour glucose tolerance test

2h-OGTT  two-hour glucose tolerance test

NICU neonatal intensive care unit
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