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ABSTRACT

Introduction Gestational diabetes mellitus (GDM) affects
23.6% of Qatari women and is associated with maternal
and perinatal morbidity and long-term risk of developing
type 2 diabetes. A number of challenges exist with current
interventions, including non-compliance with dietary
advice, the reluctance of mothers to ingest metformin
tablets or use insulin injections. These challenges highlight
the importance of pursuing evidence-based prevention
strategies. Myo-inositol is readily available as an US

Food and Drug Administration-approved food supplement
with emerging but limited evidence suggesting it may

be beneficial in reducing the incidence of GDM. Further
studies, such as this one, from different ethnic contexts
and with differing risk factors, are urgently needed to
assess myo-inositol effects on maternal and neonatal
outcomes.

Methods and analysis This study is a prospective,
randomised, double-blinded, placebo controlled clinical
trial to either myo-inositol supplementation or placebo.
We plan to enrol 640 pregnant women attending antenatal
care at Sidra Medicine, Doha, Qatar, 320 in each arm.

All participants will complete at least 12 weeks of
supplementation prior to undertaking the Oral Glucose
Tolerance Test at 24—28 weeks. The daily use of the trial
supplementation will continue until the end of pregnancy.
All outcome measures will be collected from the electronic
medical records.

Ethics and dissemination Ethical approval for the study
was obtained on 12 April 2021 from Sidra Medicine (IRB
number 1538656). Results of the primary trial outcome
and secondary endpoints will be submitted for publication
in a peer-reviewed journal.

Trial registration number Prospectively registered on 26
May 2021. Registration number ISRCTN16448440 (ISRCTN
registry).

INTRODUCTION

Gestational diabetes mellitus (GDM) is
defined as any degree of glucose intoler-
ance with onset or first recognition during
pregnancy.' Identified risk factors for GDM
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Strengths and limitations of this study

» To our knowledge, this is the first large Randomised
Controlled Trial (RCT) in an ethnic population with
a high prevalence of gestational diabetes mel-
litus to test the effectiveness of myo-inositol
supplementation.

» The early screening of diabetes in pregnancy used in
Qatar ensures that women with pre-existing diabe-
tes are excluded before enrolment.

» The duration of myo-inositol supplementation prior
to Oral Glucose Tolerance Test is variable, between
12 and 20 weeks and this is a potential limitation
of the study.

» The study may not have enough power to address
some of the secondary outcome measures.

include maternal age, maternal body mass
index, ethnic background, family history and
history of GDM.! Globally, the International
Diabetes Federation estimates that 14% of
all deliveries are affected by GDM.? Diabetes
is a significant public health issue in Qatar
with increasing prevalence over the years.
A recent study from Qatar showed that the
prevalence of GDM among Qatari women was
23.6%.> GDM is a major pregnancy compli-
cation associated with both maternal and
perinatal morbidity and long-term risk of
the development of type 2 diabetes (T2DM).
The Hyperglycemia and Adverse Pregnancy
Outcomes (HAPO) study, a multicentric,
observational study, evaluated the relation-
ship between maternal HAPO and identified
elevated maternal serum glucose level during
pregnancy as a major risk factor for adverse
pregnancy outcomes, increasing rates of
large for gestational-age infants, fetal hyper-
insulinaemia, neonatal hypoglycaemia and
caesarean delivery. During pregnancy, GDM
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is associated with an increased risk of pre-eclampsia,
preterm labour, caesarean section, macrosomia, shoulder
dystocia, and a substantial increase in medical cost.” °
Exposure to hyperglycaemia in pregnancy is shown to
be associated with an increased risk to the offspring of
abnormal glucose tolerance, T2DM, obesity and higher
blood pressure.” ®

In the last decade, multimodal evidence-based measures
and interventions have been introduced to improve
the outcome of pregnancy in women with GDM. It has
also been shown that both lifestyle modifications and
metformin therapy effectively delay or prevent diabetes in
women with a history of GDM.? While significant progress
has been made, several challenges remain with current
interventions, including non-compliance with dietary
advice and mothers’ reluctance to ingest metformin
tablets or use insulin injections. These challenges high-
light the importance of pursuing evidence-based preven-
tion strategies.

Inositol has been proposed as a food supplement that
might reduce GDM incidence in high-risk pregnant
women. Myo-inositol, an isomer of inositol, is a naturally
occurring sugar commonly found in cereals, corn, legumes
and meat. The US Food and Drug Administration class
it as a dietary supplement. It is one of the intracellular
mediators of the insulin signalling pathway and correlated
with insulin sensitivity in T2DM. It is an insulin-sensitising
mediator, which is reported to reduce plasma glucose
levels in polycystic ovary syndrome (PCOS), where it has
gained increasing attention and is used for its unique
property of reducing insulin resistance. Inositol isoforms
were reported to improve insulin sensitivity and ovulatory
function in young women affected by PCOS." Chiro-
inositol and myo-inositol are major components of the
two inositol phosphoglycan mediators of insulin action.
Patients with T2DM, compared with controls, have less
active chiro-inositol-containing mediator fractions form
and a significantly reduced chiro-inositol to myo-inositol
ratio.'" Myo-inositol supplementation is shown in an RCT
to reduce the incidence of GDM in pregnant women with
a parent with T2DM (6 % vs 15.3%, p=0.04) as well as the
incidence of the delivery of a macrocosmic fetus.'” The
potential beneficial effect on improving insulin sensi-
tivity suggests that it may be useful for preventing GDM.
Although myo-inositol shows promise in preventing GDM,
there is not enough evidence at this stage to support its
routine use. A more recent Cochrane Database System-
atic Review looked at the antenatal dietary supplemen-
tation with myo-inositol in women during pregnancy
for preventing GDM, concluded that there is evidence
from four trials of a potential benefit for reducing the
incidence of GDM. However, there was no consensus on
neonatal outcomes. The authors recommended further
studies to include pregnant women of different ethnici-
ties and varying risk factors.'” Recent systematic reviews
and meta-analyses have shown that myo-inositol supple-
mentation is associated with a significantly reduced inci-
dence of GDM and preterm delivery."* '°

Given the ready availability of myo-inositol as a dietary
supplement and its relatively low cost compared with
traditional interventions for preventing GDM, exploring
its potential role in reducing GDM is a much needed and
timely study in a different socioeconomic and population
context such as Qatar. Qatar’s population is of multi-
ethnic origin, including Qataris and non-Qatari Arabs
(residents of the Middle East and North Africa Region),
Asian (residents from the India subcontinent and the
Philippines) and Caucasian expatriates. A large RCT in
this diverse population with high GDM risk will add to the
available evidence of the role of nutritional supplements
to prevent GDM.

METHODS/DESIGN
Aim and hypothesis
This is a prospective, randomised, double-blind, placebo-
controlled clinical trial to either myo-inositol supplemen-
tation or placebo. The study plans to enrol 640 pregnant
women attending antenatal care at Sidra Medicine, with
320 pregnant women in each arm. The study overview is
summarised in online supplemental figure 1.

The hypothesis for the study is that myo-inositol in preg-
nancy reduces the risk of developing gestational diabetes.

Outcome measures
Primary outcome:
1. The incidence of gestational diabetes in both groups
Secondary outcomes:
Maternal:
1. Gestational weight gain.
2. Need for metformin or insulin therapy.
3. Mode of delivery.
4. Hypertensive disorders of pregnancy
Fetal:
1. Large for gestational age at delivery (weight >95th
centile for gestation).
2. Small for gestational age at delivery (weight <10th
centile for gestation).

3. Macrosomia (fetal weight 24000 g at delivery).

4. Shoulder dystocia and birth injury.

5. Polyhydramnios.

6. Neonatal Intensive Care Unite (NICU) admission for
>24 hours.

7. Neonatal hypoglycaemia requiring intravenous
glucose.

8. Preterm delivery (<37 weeks gestation).
9. Transient tachypnoea of the newborn.
10. Respiratory distress syndrome (RDS).

The diagnosis of Gestational diabetes (GDM) is based
on The International Association of the Diabetes and
Pregnancy Study Group (IADPSG) criteria, one or
more abnormal glucose values; fasting blood glucose
>5.1mmol/L; 1-hour post 75 g Oral Glucose Tolerance
Test (OGTT) 210.0 mmol/L; and 2-hour post 75 g OGTT
>8.5mmol/L."°
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Prepregnancy weightis recorded in the initial visit based
on patient self-report and is entered into the electronic
medical records. In the absence of a validated prepreg-
nancy weight, the measured weight at first hospital visit
will be used with appropriate adjustment for gestation at
recruitment. We will use the last recorded weight at the
time of delivery to calculate total gestational weight gain
corrected for gestational age at delivery.

Macrosomia is defined as birth weight >4000 g. Large
for gestational age is defined as birth weight >95th
percentile, and small for gestational age is defined as
birth weight <10th percentile. The percentile for growth
will be extracted from the built in growth charts (WHO
birth to 24 months weight for age chart) within the elec-
tronic medical records system. Preterm delivery is defined
as delivery <37 weeks’ gestation.

Hypertensive disorders in pregnancy will be diagnosed
based on the American College of Obstetrics and Gynae-
cology."” Gestational hypertension is defined as a systolic
blood pressure of 140mm Hg or more or a diastolic
blood pressure of 90 mm Hg or more, or both, on two
occasions at least 4hours apart after 20 weeks of gesta-
tion in a woman with a previously normal blood pressure.
Women with gestational hypertension with severe range
blood pressures (a systolic blood pressure of 160 mm Hg
or higher, or diastolic blood pressure of 110mm Hg or
higher) are diagnosed with preeclampsia with severe
features. Pre-eclampsia is any raised blood pressure as
above with significant Proteinuria of 300 mg or more per
24 hour urine collection or protein/creatinine ratio of
0.3mg/dL or more or urine dipstick reading of 2+ of
protein.'”

Shoulder dystocia is the use of any additional manoeu-
vres for the delivery of the baby after the delivery of the
head, as documented by the delivering medical staff.

The diagnosis of neonatal hypoglycaemia and RDS will
be extracted from the diagnosis section of the neonatal
electronic medical records.

Neonatal hypoglycaemia will be diagnosed based on
the Paediatric Endocrine Society and British Associ-
ation of Perinatal Medicine."” If the blood glucose is
less than 45mg/dL (2.5mmol/L), glucogel with a milk
feed is to be given up to three times. If blood glucose
remains at 25mg/dL (1.4mmol/L) up to two times, then
the neonate will be admitted to the Neonatal Intensive
Care Unit (NICU) for intravenous dextrose. In symp-
tomatic patients with glucose <45mg/dL (2.5mmol/L),
the neonate will be admitted to NICU for intravenous
dextrose. We will only include neonatal hypoglycaemia
requiring intravenous glucose for this study.

RDS is coded in accordance with -ICD-10-CM diagnosis
code.

Inclusion and exclusion criteria

All pregnant women booking for antenatal care at Sidra
Medicine before 16 weeks of gestation will be approached
to participate in the study. Comprehensive written and
verbal information will be provided in both English and
Arabic. This will ensure early commencement of the study

supplementation or placebo with a sufficient period prior
to undertaking the OGTT, thus optimising any potential
effect of the intervention.
The following are the inclusion and exclusion criteria
for the study:
Inclusion criteria:
1. Pregnant women booked for prenatal care at Sidra
Medicine.
2. Gestational age less than 16 weeks.
3. Capacity to provide informed consent.
Exclusion criteria:
Pregestational diabetes/pre-existing diabetes.
Fasting glucose of >5.1 mmol/L (92mg/dL).
Women on steroids during pregnancy.
Women using metformin for any other disorder, for
example, PCOS.
Women taking myo-inositol as
supplementation.
Cancer—not in remission.
Known allergy to myo-inositol
Women who had bariatric surgery.
Involvement in another interventional trial.
Polyhydramnios.
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Study participants

Women who agree to participate will be invited to attend
the research clinic. They will be provided with detailed
information about the study by the principal investigator
or delegated Coinvestigators, and, if agreeable, a written
consent form will be obtained (online supplemental file
1).

An acceptance rate of 50%—-60% is anticipated; hence,
the target is to approach about 1000 women with a view
to enrolling them in the study. The average obstetric
antenatal booking patient rate is between 8 and 14 per
day, and this translates into a projected average of 2860
patients annually, well above the recruitment target
for this study. The study protocol is consistent with the
principles of the Declaration of Helsinki (Institutional
Review Board number 1538656), and participants will
be required to provide written informed consent prior
to trial enrollment. The study overview is summarised in
online supplemental figure 1.

Randomisation and study schedule

Randomisation will be performed using computer-
generated numbers, which would allocate participants to
either myo-inositol or Placebo arms. Both myo-inositol
and placebo will have identical packaging prepared at
the source and supplied through Sidra pharmacy. All
research team members and research participants will
be blinded to the content of the research packs. The
pharmacist shall seal, randomly number the sachets
according to the computer-generated scheme, and be
the sole healthcare provider to access these data until the
blinding is broken. Breaking blinding is possible after
delivery and in cases of adverse reactions or if severe side
effects are encountered.
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The myo-inositol pack will contain 2g of myo-inositol
in the form of a sachet. The placebo pack will contain a
pharmacologically inert substrate in a similar packing to
the myo-inositol sachets. Both myo-inositol and placebo
sachets are to be taken twice a day.The pharmacist will
provide a monthly (30 days) supply of the trial packs. All
participants will complete at least 12 weeks of interven-
tion or supplementation before undertaken OGTT. The
Research nurse, blinded to the research supplements,
will arrange scheduled contacts with all participants
every month to arrange additional trial packs and check
on compliance. These scheduled contacts will be linked
to the regular antenatal clinic schedules so that partici-
pants do not have to make extra visits. All participants will
have standard antenatal care as per Sidra’s prenatal care
pathway.

Participants will be advised to stop study supplements
only when admitted in spontaneous labour, for Induction
of Labour or Lower Segment Caesarean Section, which-
ever comes earlier. The remaining and unused sachets
will be collected on admission for delivery to evaluate
patient compliance. The study schedule is summarised in
the online supplemental table 1.

Clinical assessment

The OGTT will be performed at 24—-28 weeks as per Sidra
protocol for routine screening for GDM, and additional
blood samples for C-peptide and insulin will also be taken
at the same time. All participants will complete at least 12
weeks of intervention or supplementation prior to under-
taking the OGTT. Women will be advised to continue
using the trial packs regardless of OGTT results. Those
who are diagnosed as having GDM will have standard
antenatal care as per Sidra prenatal care pathway.

Data regarding pregnancy course and delivery outcome
will be collected by the research nurse. Lifestyle and
dietary data will be collected at each visit by a dietician
using 24hours dietary recall and questionnaires and
correlated with the study outcomes (online supplemental
files 2-4).

Participants who withdraw from the study or who fail
to return for follow-up assessments shall continue to have
data collected from their routine diabetic or obstetrics
clinic visits unless they specifically withdraw consent for
this. Data collected during the trial will be stored securely
with appropriate data security governance in the hospital
electronic system for health records as a source document.

Sample size and statistical analysis

The overall prevalence of newly detected diabetes in
pregnancy in Qatar is 23.6%. A sample size of 640 preg-
nant women, with 320 in each arm, is sufficient to detect a
clinically significant reduction of 40% in the incidence of
GDM between groups using a two-tailed z-test of propor-
tions between two groups with 80% power and a 95% level
of confidence, accounting for 20% drop out rate. This
40% reduction represents a 23.6% incidence of newly
detected diabetes in pregnancy in the placebo group

and a maximum of 14.2% in the myo-inositol group. All
randomised subjects will be included in the analysis.

All statistical analyses will be applied using R and SAS
V.9.4 (SAS Institute). Statistical analyses will include both
descriptive (numerical and graphical) and inferential
statistics. Graphical analyses, where deemed appropriate,
will be included in the analyses. Frequencies and propor-
tions will be used to summarise qualitative variables,
whereas means, median, SD and quartiles will be used
to summarise quantitative variables. Two sided Student’s
t-test and ? test will be used to evaluate the differences
between continuous and categorical variables, respec-
tively. Spearman’s correlation coefficients will be esti-
mated to determine associations between quantitative
variables. Logistic regression analysis will be performed
to estimate ORs and to examine the predictive effect of
each factor. ORs and their 95% CI for associated factors
will be estimated, and all statistical assessments will be
considered significant at p<0.05. The statistical analyses
are directed towards the assessment of the objectives of
the study.

Data monitoring plan

The data-monitoring plan for this study includes the
appointment of an independent expert to perform and
oversee the interim analysis for the study. An interim anal-
ysis is planned at 12 months and or at 50% of enrolment,
whichever comes earlier. If the interim analysis shows that
the difference between the two arms reaches statistical
significance, the result of the analysis and recommenda-
tion for stopping the trial will be communicated to the
IRB.
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