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OBJECTIVE

This study investigated if inositol in a combination ofmyo-inositol and D-chiro-inositol
would prevent gestational diabetes mellitus (GDM) in womenwith a family history
of diabetes.

RESEARCH DESIGN AND METHODS

This was a randomized controlled trial that examined whether inositol from the
first antenatal visit prevents GDM. The trial was carried out in a single-center
tertiary referral center. Women with a family history of diabetes were enrolled at
the first antenatal visit. They were randomized to the intervention group, which
received a combination of 1,100 mg myo-inositol, 27.6 mg D-chiro-inositol, and
400mg folic acid, or to the control group, which received 400mg folic acid only. All
women had an oral glucose tolerance test between 24 and 28weeks’ gestation. The
primary end point was the incidence of GDM. Statistical analysis was carried out
using SPSS Statistical Package version 20.

RESULTS

Two hundred forty women, 120 in each arm, were recruited between January
2014 and July 2015. There were no differences in characteristics between the
groups. The incidence of GDM was 23.3% (n = 28) in the intervention group
compared with 18.3% (n = 22) in the control group (P = 0.34). The mean fasting
plasma glucose at the glucose tolerance test was 81 mg/dL in both groups.

CONCLUSIONS

Commencing an inositol combination in early pregnancy did not prevent GDM in
women with a family history of diabetes. Further studies are required to examine
whether inositol supplements at varying doses may prevent GDM.

Gestational diabetes mellitus (GDM) may be defined as glucose intolerance with
onset or first recognition during pregnancy (1). The prevalence of GDMvaries widely
depending, for example, on the diagnostic methodology, the population studied,
and whether screening is universal or selective (2,3). GDM is associated with in-
creased clinical risk for the woman and her offspring, including hypertensive disor-
ders, cesarean section, fetal macrosomia, shoulder dystocia, and neonatal
hypoglycemia (1). Following the Hyperglycemia and Adverse Outcomes (HAPO)
Study, the International Association of the Diabetes and Pregnancy Study Groups
(IADPSG) recommended new thresholds for the diagnosis of GDM (4). These were
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lower thresholds than those previously
used and required only one, not two,
abnormal glucose reading. As a result,
the number of new cases of GDM diag-
nosed has increased dramatically (5).
Inositol (also known as inositol, hexa-

hydroxycyclohexane, or cis-1,2,3,5-
trans-4,6-cyclo-hexanehexol) is a cyclic
polyol that is a precursor for phospho-
inositides, which are involved in cell sig-
nal transduction and other secondary
messengers that exert an insulin-like ef-
fect on metabolic enzymes, including
those involved in glucose metabolism
(6,7). Inositol is a collective term that re-
fers to nine possible stereoisomers, of
whichmyo-inositol (MI) is the most com-
mon. Inositol was once thought to be a
B vitamin but because of its prevalence in
the diet, it is now considered a pseudovi-
tamin. A pseudovitamin implies that it is
neither an essential vitamin nor a mineral
but is of physiological importance. An
analysis of the American diet in the
1980s estimated that a typical 2,500 kcal
diet contained 900 mg inositol (8). Inosi-
tol is found in a variety of foods including
whole grains, seeds, legumes, and citrus
fruits (8).
Inositol is a precursor of inositol phos-

phoglycans (IPG) (7). These can bedivided
into two groups: the P-type, P-inositol
phosphoglycans (P-IPG), and the A-type,
A-inositol phosphoglycans (A-IPG), which
are antagonistic of each other (9,10). In
glycolysis, pyruvate dehydrogenase (PDH)
phosphatases are activated by P-IPG (11).
These in turn activate the complex en-
zyme PDH, an essential step in glycolysis.
This process is suppressed by A-IPGs. In a
state of insulin resistance, urinary inositol
metabolites are increased. These are
mainly of the P-IPG class and cause a ratio
shift toward A-IPGs and a suppression of
PDH (12). The premise of inositol supple-
mentation is that this ratio distortion is
normalized.
Recently, MI and the combination of

MI with D-chiro-inositol (DCI) has been
reported as reducing the incidence of
GDM in at-risk groups such as obese
women andwomenwith polycystic ovary
syndrome (PCOS) (13,14). However, no
study to date has investigated whether
MI and DCI in combination decreases
the incidence of GDM in women who
are at risk because of a family history of
diabetes. There is also scant information
on the effects of inositol on neonatal
outcomes. The aim of our study was to

determine if oral inositol in the combina-
tion of MI and DCI, started in early preg-
nancy, prevents GDM in women with a
family history of diabetes.

RESEARCH DESIGN AND METHODS

We undertook a single-center, random-
ized controlled trial (RCT) between Jan-
uary 2014 and January 2016. The Health
Products Regulatory Authority (formerly
the Irish Medicines Board) was con-
sulted in advance. As our product is
not a drug, they were satisfied the prod-
uct fulfilled the criteria of a pseudovita-
min. Ethical approval was granted by the
Hospital Research Ethics Committee in
June 2013. The trial was registered
with the ISRCTN registry and assigned
the trial number ISRCTN92466608.

The studywas powered statistically to
demonstrate a reduction of 50% in GDM
and thus required 240 women, 120 in
the intervention arm and 120 in the con-
trol arm. The intervention arm received a
combination ofMI 1,100mg,DCI 27.6mg,
and 400 mg folic acid per day (Inofolic
Combi; Lo.Li. Pharma International, Rome,
Italy), and the control arm received
400 mg folic acid per day (Clonfolic; Clon-
mel Healthcare). Women with a family
history in a first-degree relative of diabe-
tes, either type 1 or type 2, were eligible
for inclusion. Exclusion criteria were: 1)
age younger than 18 years, 2) multiple
pregnancy, 3) limited understanding of
English, and 4) any pre-existing liver or
kidney disease or diabetes.

Womenwere recruited at theirfirst visit
between 10 and 16 weeks’ gestation. The
pregnancy was dated accurately by trans-
abdominal ultrasound. After informed
consent, women were randomized by
the main researcher, using sealed enve-
lopes, into either the intervention or con-
trol arm. Randomization was carried out
by an independent statistician, and sealed
envelopes were prepared independently.
Compliance was assessed by pill counting
with participants considered compliant if
the supplement was taken 80% of the
time. BMI was calculated by recording
the weight and height of each participant
at their first visit (15).

The primary outcome was the occur-
rence of GDMdiagnosedwith a 75-g oral
glucose tolerance test (OGTT) performed
between 24 and 28 weeks’ gestation (5).
GDMwas diagnosed according to the rec-
ommendations of the IADPSG (4). Second-
ary outcomes included the development

of preeclampsia or pregnancy-induced
hypertension, induction of labor, the
mode of delivery, perineal trauma, birth
weight, shoulder dystocia, brachial plexus
palsy, neonatal intensive care unit (NICU)
admission, neonatal hypoglycemia, and
respiratory distress syndrome.

The aim of the intervention was to
show a 50% reduction in the incidence
of GDM. When we considered the ex-
pected rate of GDM, it was calculated
that 240 women were required to
demonstrate a 50% GDM reduction
with a statistical power of 80% (P ,
0.05). Statistical analysis was carried out
using SPSS Statistical Package version
20 (IBM, Chicago, IL). Data were ex-
pressed asmeans for continuous variables.
All continuous variables were normally
distributed and compared using a t test.
For comparisonof frequencies, thePearson
x2 test was used. A value of P, 0.05 was
considered significant.

RESULTS

From January 2014 to July 2015, 442
women were screened for eligibility.
Ninety-three women did not meet the
study criteria. Of these, 27% (n = 25) did
not know adequate English to consent
to participation, whereas 38% (n = 35)
were .16 weeks’ gestation at recruit-
ment. The remainder were excluded be-
cause of maternal medical problems
(11%), fetal issues including miscarriage
(24%), and age younger than 18 years
(1%). One hundred nine women de-
clined to participate. Therefore, 240
women were randomized: 120 in the in-
tervention group and 120 in the control
group. There was no difference in the
characteristics between the two groups
(Table 1). The study population was rep-
resentative of our hospital population
in that the mean age was 31.3 years
(range 18–45 years), the mean BMI
was 26.1 kg/m2 (range 15.7–46.7 kg/m2),
16% were obese, and 33% were nullip-
arous (16).

All women were analyzed by intention
to treat. There were no side effects re-
ported from taking either the intervention
or control supplement. The time spent
within the study was similar between
the groups. The average gestation at en-
rollment in the intervention group was
12.5 weeks compared with 12.6 weeks
in the control (P = 0.45). Those in the
intervention group spent a mean of
183.6 days in the study compared with
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181.2 in the control group (P = 0.56).
Therewas no difference in compliance be-
tween the two groups, with 72% (n = 86)
compliance in the intervention compared
with 73% (n = 87) compliance in the con-
trol group (P = 0.89).Womenunderwent a
GTT between 24 and 28 weeks’ gestation.
In the inositol group, the rate of GDM

was 23% (n = 28) compared with 18%
(n = 22) in control group (P = 0.34). There
was also no difference in the incidence
of GDM by BMI category (Table 2). In
those with a normal BMI, the incidence
of GDM was 10.0% in the intervention
compared with 13% in the control group
(P = 0.66). In the overweight and obese
category, the incidence of GDM was 35%
in the intervention group compared with
24% in the control group (P = 0.17).
We analyzed the impact of inositol on

the fasting, 1-h, and 2-h glucose levels
taken at the OGTT (Table 2). There was
no difference between the groups for
each time point. The mean fasting
plasma glucose level for the OGTT was
81 mg/dL in both the intervention and
control group (P = 1.0). The mean glu-
cose in the intervention group for the
1-h sample was 138.6 mg/dL compared
with 133.2 mg/dL in the control group

(P = 0.42), and in the 2-h sample, the
mean glucose value in the intervention
group was 102.6 mg/dL compared with
97.2 mg/dL in the control group (P = 0.07).

For analysis of secondary outcomes,
there were 117 women in each arm (Ta-
ble 3). There were three women in each
arm that could not be included for anal-
ysis because of pregnancy loss or deliv-
ery elsewhere. There was no difference
in mean birth weight between the two
groups. The mean birth weight in the
intervention group was 3,467 6 562.2 g
compared with 3,323 6 519.6 g in the
control group (P = 0.52). There was no
difference in the incidence ofmacrosomia
when defined as either$4.0 or$4.5 kg.
The incidence of babies born weighing
.4.5 kgwas 3% (n = 3) in the intervention
group compared with 2% (n = 2) in the
control group (P = 0.65). There was also
no difference in the number of babies
born with a birth weight less than the
10th centile, with 6% incidence in the in-
tervention group (n = 7) compared with
3% (n = 3) in the control group (n = 0.19).
The rate of cesarean delivery was 32%
in the intervention (n = 37) compared
with 35% (n = 41) in the control group
(P = 0.58). There were no incidence of

shoulder dystocia or brachial plexus injury
in either group. There was also no dif-
ference between the groups for perineal
trauma (3% in the intervention com-
pared with 1% in the control; P = 0.17)
or primary postpartum hemorrhage (9%
in the intervention compared with 14%
in the control; P = 0.21).

The rate of preterm delivery was 7%
in the control (n = 8) compared with 2%
in the intervention (n = 2; P = 0.11). In
the control group, five of the cases of
preterm delivery had a previous history
making them higher risk of preterm de-
livery in this pregnancy. The other three
cases in the control group were primip-
arous. In the intervention group, both
cases occurred in primiparous women.

There were four admissions to NICU in
the intervention group and six in the con-
trol group (P = 0.51). The rate of neonatal
hypoglycemia was 8% in the intervention
group (n = 9) compared with 1% in the
control group (n = 1; P = 0.01). There was
no difference in the rates of neonatal jaun-
dice or respiratory distress syndrome be-
tween the two groups (Table 3).

CONCLUSIONS

This was the first study that used the
combination of MI/DCI in pregnancy to
prevent GDM. Contrary to previous
RCTs, we found that inositol did not re-
duce the incidence of GDM in women
with a family history of diabetes. There
was no difference in outcomes when we
compared groups by BMI categories,
and there was no difference when we
analyzed the effect of inositol on the
fasting, 1-h, and 2-h glucose samples at
the time of the OGTT.We found that the
incidence of neonatal hypoglycemia was
greater in the intervention arm com-
pared with the control. However, for
this to be a clinically significant finding,
all neonates in the study would require
blood glucose sampling, which did not
occur. Within the intervention arm,
there was a greater number of women
with GDM, making it more likely that
their babies would be tested. Therefore,
we cannot conclude that the interven-
tion resulted in more cases of hypogly-
cemia, but in future studies, all babies
should have their blood glucose recorded.

A strength of this study is that this is
the first time that inositol has been used
in pregnancy in a combination that re-
flects the physiological ratio of inositol
in the body (17). Previous studies have

Table 1—Characteristics of the study population

Inositol plus
folate (n = 120)

Folate
alone (n = 120) P value

Age, years 31.1 6 5.1 31.5 6 5.0 0.77

BMI, kg/m2 26.0 6 5.3 26.2 6 5.5 0.30

Obese 19 (16) 19 (16) 1.00

Nulliparous 40 (33) 38 (32) 0.78

Smokers 8 (7) 7 (6) 0.14

Irish-born 89 (74) 83 (69) 0.39

History of GDM 10 (8) 15 (13) 0.29

Gestation at recruitment, weeks 12.5 6 1.6 12.6 6 1.5 0.45

Data are n (%) or mean 6 SD.

Table 2—Primary outcome and results of OGTT carried out between 24 and
28 weeks’ gestation

Inositol plus
folate (n = 120)

Folate
alone (n = 120) P value

Incidence of GDM 28 (23) 22 (18) 0.34

Incidence of GDM in women with
BMI ,25 kg/m2 6/58 (10) 8/62 (13) 0.66

Incidence of GDM in women with
BMI .25 kg/m2 22/62 (35) 14/58 (24) 0.17

Fasting glucose OGTT, mg/dL 81.0 6 14.3 81.0 6 10.9 1.00

1-h glucose OGTT, mg/dL 138.4 6 49.9 133.2 6 35.0 0.42

2-h glucose OGTT, mg/dL 102.6 6 30.2 97.2 6 24.8 0.07

Data are n (%) or mean 6 SD.
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used inositol, but only in the MI form,
but the combination of MI/DCI in a 40:1
ratio is a novel approach to trying to
mirror what occurs in vivo (13,17). The
study randomization process was suc-
cessful. Our study population reflected
the diverse population of our hospital.
The study had a single researcher who
had frequent contact with all partici-
pants. All women were provided with
24-h telephone access to the main
researcher. This ensured a high level
of continuity with good compliance
throughout the study. A weakness was
that this was an open-label study. This
was a requirement of The Health Prod-
ucts Regulatory Authority (formerly the
Irish Medicines Board). Therefore, there
was a potential for bias as investigators
were aware of which supplement was
dispensed, and women were aware of
which supplement they were taking.
However, clinicians responsible for man-
aging the pregnancy and delivery were
blinded to which arm women were in.
Previous studies have focused on MI

alone, in which there has been limited
work with regard to MI/DCI in combina-
tion. It is possible that MI supplementa-
tion alone is more effective in glucose
metabolism compared with MI/DCI in
combination. Previous reports have re-
ported on small numbers. Indeed, this
has been highlighted as a potential

limitation in a recent Cochrane review
of antenatal supplementation with MI
for the prevention of GDM (18).

MI has been shown to reduce the in-
cidence of GDM in several different
groups at risk for developing GDM. Pre-
vious trials have found that MI reduces
the rate of GDM in women with PCOS,
obesity, and a family history of GDM
(13,14,19). In an RCT of 98 women
with PCOS, the incidence of GDM in
the intervention group was 17% (n = 7)
compared with 54% (n = 20) in the con-
trol group (P = 0.001) (14). They con-
cluded that the risk of GDM in the
control group was double that com-
pared with the MI group with an odds
ratio of 2.4 (95% CI 1.3–4.4). A large RCT
of 220 women in 2013 showed that
the incidence of GDM in women with a
family history of diabetes who took MI
was 6.0% (n = 6) compared with 15.3%
(n = 15) in those who did not (19). A third
study from the same Italian group inves-
tigated the effect of MI in the preven-
tion of GDM in women who were obese
(13). This study showed that the inci-
dence of GDM in the intervention group
was 14.0% compared with 33.6% in the
control group (P = 0.01).

The only study that used the com-
bination of MI/DCI occurred out-
side of pregnancy. This was a study of
50 women that examined the effect of

MI/DCI in the reduction of metabolic
syndrome in women with PCOS (20).
This study reported an improvement in
the metabolic parameters of partici-
pants when given either MI alone or
MI/DCI in combination. There was no
difference between the two groups at
the end of treatment, which lasted for
6 months. However, the combination of
MI/DCI improved metabolic parameters
sooner, with a statistical difference be-
tween the two groups observed after
3 months of treatment.

Previous studies used MI alone at a
dose of 2–4 g/day (7,13,14). This is com-
pared with 1,100 mg taken daily by the
women in our study. The premise was
that this dose in combination with DCI
27.6 mg/day may be effective in prevent-
ing GDM. The dosing regimen for
combined MI/DCI in our study was ex-
trapolated from the above study that
gave MI/DCI to women who were not
pregnant and had PCOS (20). However,
we have found that this dose does not
prevent the development of GDM, and
we therefore believe it to be inadequate.
We know from previous studies that ino-
sitol is safe at higher doses, so it would
be of value for future research to focus
on higher doses of MI/DCI when used in
combination.

Contrary to previous research, our
RCT found MI/DCI in combination did
not reduce the incidence of GDM in
those at risk because of a family history
of DM. Therefore, MI/DCI at this dose
should not be considered in routine an-
tenatal supplementation. Indeed, we
recommend that companies that manu-
facture antenatal supplements should
not add inositol to their products, as
there is not enough known regarding
its efficacy. Similar to views held in pre-
vious reports, larger studies with vary-
ing doses of inositol are required to
evaluate clinical effectiveness of inositol
during pregnancy (18,21). For a future
study to potentially show a reduction
in GDM of 30%, 540 women would be
required in each arm. However, a chal-
lenge with many of these women is de-
fining their background risk as many
have multiple risk factors for GDM.

Funding. This study was supported by Coombe
Women & Infants University Hospital. The food
supplement was provided at no cost from Lo.Li.
Pharma.

Table 3—Secondary outcomes

Outcome
Inositol plus

folate (n = 117)
Folate

alone (n = 117) P value

Time in study, days 183.6 6 30.5 181.2 6 31.9 0.56

Gestation at delivery, weeks 39.5 6 1.3 39.1 6 1.8 0.07

Birth weight, g 3,467.0 6 562.2 3,323.0 6 519.6 0.52

Macrosomia (.4.5 kg) 3 (3) 2 (2) 0.65

Weight .4.0 kg 14 (12) 9 (8) 0.27

.90th centile 14 (12) 10 (9) 0.38

,10th centile 7 (6) 3 (3) 0.19

Cesarean delivery 37 (32) 41 (35) 0.58

PIH/PET 2 (2) 8 (7) 0.11

Preterm delivery 2 (2) 8 (7) 0.11

Shoulder dystocia 0 0

Brachial plexus injury 0 0

Third-degree perineal tear 4 (3) 1 (1) 0.17

Primary postpartum hemorrhage 10 (9) 15 (14) 0.21

NICU admissions 4 (3) 6 (5) 0.51

Hypoglycemia 9 (8) 1 (1) 0.01

Neonatal jaundice 2 (2) 8 (7) 0.05

Respiratory distress 2 (2) 1 (1) 0.56

Data are n (%) or mean6 SD. PET, preeclampsia toxemia; PIH, pregnancy-induced hypertension.
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