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Abstract

The diagnosis of gestational diabetes mellitus (GDM) is important to prevent maternal and
neonatal complications. This study aimed to investigate the feasibility of parameters of gly-
caemic variability to predict neonatal complications in women with GDM. A retrospective
study was conducted on pregnant women tested positive at the oral glucose tolerance test
(OGTT) during 16—18 or 24—28 weeks of gestation. Glycaemic measures were extracted
from patients’ glucometers and expanded to obtain parameters of glycaemic variability.
Data on pregnancy outcomes were obtained from clinical folders. Descriptive group-level
analysis was used to assess trends in glycaemic measures and foetal outcomes. Twelve
patients were included and analysed, accounting for 111 weeks of observations. The analy-
sis of trends in parameters of glycaemic variability showed spikes of glycaemic mean, high
blood glucose index and J-index at 30—31 weeks of gestation for cases with foetal macroso-
mia, defined as foetal growth >90° percentile, neonatal hypoglycaemia and hyperbilirubine-
mia. Specific trends in parameters of glycaemic variability observed at third trimester
correlate with foetal outcomes. Further research is awaited to provide evidence that monitor-
ing of glycaemic variability trends could be more clinically informative and useful than stan-
dard glycaemic checks to manage women with GDM at delivery.

Introduction

Gestational diabetes mellitus (GDM) affects 3-7% of pregnancies [1]. The joint presence of
insulin resistance and the subsequent increase in levels of postprandial glucose during
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pregnancy allow us to characterize the pregnancy as "diabetogenic”. In pregnancies affected by
with GDM, the inability of pancreatic B-cells to compensate for insulin resistance leads to
inadequate insulin activity and reduced insulin sensitivity, both at central and peripheral lev-
els, which alter the physiological glycaemic balance.

GDM exposes pregnant women to higher risks of preeclampsia (PE), caesarean delivery,
macrosomia, neonatal hypoglycaemia and hyperbilirubinemia, respiratory distress syndrome,
and gestational type 2 diabetes mellitus in the following years [2]. In 2008, the Hyperglycaemia
Adverse Pregnancy Outcome study (HAPO study) showed that increased levels of maternal
glycaemia are associated with adverse neonatal outcomes [3]. Careful monitoring of glycaemic
levels is therefore crucial to maintain glycaemia within the physiological range. As such, the
glycaemic variability resulting from glycaemic fluctuations are considered a risk factor for the
development of diabetes-related complications [4].

In women affected by GDM, foetal macrosomia is a recurrent complication associated with
hyperglycaemia and high levels of glycaemic variability. Foetal macrosomia in women with
GDM is associated with an increased risk of the following: (i) maternal complications, such as
the increased possibility of caesarean delivery, operative vaginal delivery and perineal lacera-
tions; (ii) short-term neonatal complications, such as still birth, shoulder dystocia, Erb’s palsy,
hypoxia and acidosis; and (iii) long-term neonatal complications, such as metabolic syndrome,
type 2 diabetes mellitus, obesity and insulin resistance [5,6].

In 2007, Herranz et al. [7] compared the mean overall, pre- and postprandial glucose levels
and the percentage of glucose readings above and below target and glycated haemoglobin
(HbAlc) of 37 Large for Gestational Age (LGA) infants and 36 Appropriate for Gestational
Age (AGA) infants from mothers with type 1 diabetes mellitus. The study found no statistically
significant difference in the preconception glycaemic parameters between the two groups but
showed a significant association between the parameters and LGA infants during the third tri-
mester of pregnancy. As such, the authors concluded that glycaemic fluctuations are the best
predictors of macrosomia [7]. On the one hand, high levels of basal glycaemia explain only a
small percentage (12%) of glycaemic fluctuations and foetal macrosomia; on the other hand,
high levels of postprandial glycaemia account for 40% of cases with elevated foetal weights [8].
Therefore, HbAlc levels used to assess the mean levels of glucose 4-6 weeks before delivery is
not associated with foetal weight at birth [9]. In 2012, Mazze et al. [10] compared the glycaemic
patterns from four groups of women experiencing physiological changes in pregnancy, preg-
nancy complicated by GDM, diagnosed with type 1 diabetes mellitus and nonpregnant
women. The results showed that glycaemic patterns differed by 20% when pregnant and non-
pregnant women were compared. As such, the authors concluded that further research is
required to better define the role of glycaemic fluctuations, to improve the therapeutic
approach and to reduce the incidence of maternal and foetal complications related to GDM.

The aim of this study is twofold. First, to establish the association, if any, between different mea-
sures of glycaemic variability in pregnancies affected by GDM. Second, it investigates the presence
of differentiated trends in these measures for those which experienced birth weights above the 90™
percentile, neonatal hyperglycaemia and/or hyperbilirubinemia, and those who did not.

Materials and methods

This was a retrospective observational study collecting data on pregnant women treated at the
Department of Obstetrics and Gynaecology in collaboration with the Endocrinology and
Metabolism Unit at the “Santa Maria Nuova” hospital, AUSL-IRCCS in Reggio Emilia, Italy.
The Ethics Committee AREA VASTA NORD of Azienda USL-IRCCS di Reggio Emilia,
Italy, approved the study with approval n.2021/0003450. The methodology is in accord with
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the Declaration of Helsinki. In accordance with study protocol approved, data were treated
anonymously after collection.

Participants

In the present study, we included all pregnant women carrying a singleton pregnancy and
receiving the diagnosis of GDM in the period between December 2015 and March 2016 at our
hospital. The diagnosis of GDM was based on a 75-gram oral glucose tolerance test (OGTT)
performed at 16-18 or 24-28 weeks of gestation [11]. We excluded twin pregnancies, women
affected by pre-pregnancy type 1 or type 2 diabetes mellitus, and those with chronic hyperten-
sion or other pre-pregnancy diseases.

According to clinical practice, all the participants received a specific diet to follow and
instructions on how to measure and report glycaemia data at home until delivery. Each patient
was asked (i) to collect the glycaemic profile measuring glucose levels by fingertip blood tests
at baseline, and one hour after each meal once a week, and at different times in the remaining
days of the week, and (ii) to attend the Endocrinology and Metabolism Unit every two weeks
for insulin therapy or four weeks for diet therapy. Insulin therapy was given because of a trend
in glucose levels >95 mg/dL at baseline or >140 mg/dL one hour after meals, after at least a
2-week period of diet therapy.

Glycaemic data were collected in our database to calculate parameters of glycaemic variabil-
ity as detailed below. Maternal characteristics and data on pregnancy outcome were obtained
from clinical folders and were recorded in our database as well.

Obstetric and foetal outcomes collected

The following obstetric and foetal outcomes were recorded. With regard to obstetric outcomes,
complications, such as PE and cholestasis, type of delivery, labor induction and delivery blood
loss were considered. With regard to foetal outcomes, we recorded data on foetal weight and
length, Apgar score and gestational age at birth. The eventual presence of neonatal hypoglycae-
mia and hyperbilirubinemia requiring phototherapy, distress, congenital malformations,
shoulder dystocia, trauma during birth, stillbirth, and perinatal death were recorded as well.
Of note, we used the most widely definition of neonatal hypoglycaemia to diagnose it, namely
a glucose concentration of <40 mg/dl (2.6 mmol/l) in late preterm and term babies more than
a few hours old [12-14], and the European Standards of Care for Newborn Health (EFCNI) to
diagnose the condition of neonatal hyperbilirubinemia, namely it appears within 24 hours of
birth following the detection of a bilirubin level >15 mg/dl (259 pmol/L), with an increase of
>5 mg/die [15].

Given the absence of general agreement about the definition of macrosomia [6], for the
purpose of this study, newborns weighted >4 kg were considered macrosomic. To identify
LGA and SGA infants defined by the birth weight above the 90" percentile and below the 10"
percentile, respectively, we referred to the Italian neonatal anthropometric values of reference
[16].

Parameters of glycaemic variability collected

The parameters of glycaemic variability were calculated by EasyGV software [17]. The parame-
ters considered were: the glycaemic mean (GM), defined as the arithmetic mean of all blood
glucose values measured by women; the glycaemic mean value (GMV), defined as weighted
average of the glycaemic means divided by the number of measurements and compared to an
ideal average blood glucose value [18]; the mean amplitude of glucose excursions (MAGE),
which quantifies the main glycaemic variations [19]; the classical standard deviation (SD); the
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high blood glucose index (HBGI) and the low blood glucose index (LBGI), which indicate the
frequency and the amplitudes of hyperglycaemic and hypoglycaemic events, respectively, and
define the risks for patients to experience adverse glycaemic events [20]; the J-index, resulting
from the means of glycaemic measures combined with the SDs of glycaemic values [21]; and
the mean absolute glucose (MAG), as the sum of differences of consecutive glycaemic values
divided by the total number of hours of observation [22]. All these parameters indicate data
fluctuations, with higher values indicating higher variability.

Statistical analysis

First, Kendall’s correlation analyses were used to examine the presence of correlations among
the parameters of glycaemic variability. Second, we plotted parameter values over time with a
linear interpolation function to graphically verify the presence of temporal trends. Finally, we
graphically assessed the presence of differentiated trends for the parameters of glycaemic vari-
ability with foetal study outcome. For this, we defined two groups according to whether the
foetal weight was above or below the 90™ percentile, the presence and absence of neonatal
hypoglycaemia and hyperbilirubinemia, as well. In Figs 1, 2 and 3, we displayed adjusted
means for pre-pregnancy BMI and the administration or not of insulin therapy obtained after
Anova regressions, with covariates set to the group-specific mean values. We also computed
un-weighted group average (and 95% confidence intervals, CI) of GM and then performed a
two-sample T-test on the equality of means (allowing for unequal variances) between those of
women with adverse neonatal outcomes (LGA or Macrosomia) affected by obesity and those
with physiological neonatal outcomes. All analyses were performed with the STATA software,
version 17.
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Fig 1. Trends in parameters of glycaemic variability by foetal growth. GM = Glycaemic Mean; GMV = Glycaemic
Mean Value; HBGI = High Blood Glucose Index; LBGI = Low Blood Glucose Index; MAG = Mean Absolute Glucose;

MAGE = Mean Amplitude of Glucose Excursions; SD = Standard Deviation. Adjusted values reported (see the
Statistical analysis sub-section for details).

https://doi.org/10.1371/journal.pone.0282895.g001
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Fig 2. Trends in parameters of glycaemic variability by neonatal hypoglycaemia. GM = Glycaemic Mean;

GMYV = Glycaemic Mean Value; HBGI = High Blood Glucose Index; LBGI = Low Blood Glucose Index; MAG = Mean
Absolute Glucose; MAGE = Mean Amplitude of Glucose Excursions; SD = Standard Deviation. Adjusted values
reported (see the Statistical analysis sub-section for details).

https://doi.org/10.1371/journal.pone.0282895.g002

Results and discussion

In the study period, we recruited 12 pregnant women affected by GDM. The mean age of par-
ticipants was 36 years old, and the mean BMI indicated overweight. Participants gained a phys-
iological weight, in average. All women received the diagnosis of GDM at 24-28 weeks, except
for one woman who received it at 16-18 weeks. All women underwent diet therapy, with three
women requiring also insulin therapy. According to standard clinical practice, all women
treated with diet- and/or insulin- therapy achieved acceptable blood glucose levels.

All new-borns had Apgar scores >7 at 5. Macrosomia and LGA condition were identified
in three babies, whose mothers presented a gestational weight gain greater than (case 2 and
case 5) and less than (case 11) the Institute of Medicine (IOM) recommendations [23]. Neona-
tal hypoglycaemia was found in three out of twelve babies. Neonatal hyperbilirubinemia was
found in four babies. Two out of three pre-term babies were admitted to neonatal intensive
care unit (NICU). Specifically, one baby had respiratory distress, hypocalcaemia and sepsis.
Detailed characteristics and pregnancy outcomes were reported in Table 1 for each
participant.

Parameters of glycaemic variability

The statistical analysis was conducted on a sample consisting of 111 weeks of observations,
accounting for a collection of glycaemic measures over a period of 9.25 weeks in average per
woman. The mean values of glycaemic variability parameters are reported in S1 Table.

As shown in Table 2, the analysis of glycaemic variability revealed positive and statistically
significant (p-value <0.01) correlations of GM with all other measures but not with GMV and

PLOS ONE | https://doi.org/10.1371/journal.pone.0282895 March 9, 2023 5/14


https://doi.org/10.1371/journal.pone.0282895.g002
https://doi.org/10.1371/journal.pone.0282895

PLOS ONE

Glycaemic variability and foetal outcomes

GM GMV MAGE
© 4o -— _— o o i
P Spay s = 5 e 1
w w A o~ e S TN —_
~ p = -~
oo - > 4 /
o o = -
o NE A
= - o
RS A A A S S S S SRR S S SN S S S N T T T T T T T T T T
<2 27 28 20 30 31 32 33 34 35 38 <28 27 28 20 30 31 32 33 34 35 >38 <28 27 28 20 30 31 32 33 34 35 >3
week ek e
SD HBGI LBGI
~ ~ © N
w s -—N =
I~ - 7 U S g e gy e o > !\
_ T Al o o
- i P i
@ ~ -
o * -
R O N TR S R R RS S | —T T T T T T T T T T T T T T T T T T T T
<26 27 28 29 30 31 32 33 34 35 >36 <26 27 28 28 30 31 32 I3 34 35 >36 <28 27 28 29 30 31 32 33 34 35 >3
week ek e
J_index MAG

005 10150
0 1020 3 4
|
|
/

!

{

A
/
|
/|

| S I (R T U CRN TR [ S S | N S . e R T T (WG T |
<26 27 28 290 0 31 332 33 34 35 >36 <26 27 28 29 30 31 32 I M 3I5 >36
e weel

hyperbilirubinemia

Fig 3. Trends in parameters of glycaemic variability by neonatal hyperbilirubinemia. GM = Glycaemic Mean;
GMYV = Glycaemic Mean Value; HBGI = High Blood Glucose Index; LBGI = Low Blood Glucose Index; MAG = Mean
Absolute Glucose; MAGE = Mean Amplitude of Glucose Excursions; SD = Standard Deviation. Adjusted values
reported (see the Statistical analysis sub-section for details).

https://doi.org/10.1371/journal.pone.0282895.g003

LBGI (negative correlation, p-value <0.01). On the other hand, no significant correlations
were found for GMV and HBGI, HBGI and LBGI, LBGI and J-index.

A significant decrease over time occurred mainly for the HBGI measure, in particular at the
beginning of the observational window [S1 Fig]. The adjusted analysis in Figs 1, 2 and 3
revealed differentiated trends of glycaemic measures by whether the birth weight was above
the 90" percentile, and with cases of neonatal hypoglycaemia and of hyperbilirubinemia. Spe-
cifically, for the three observed macrosomic cases (Fig 1), we found spikes in the GM, GMYV,
MAGE, SD, HBGI and J-index values around weeks 30-31. A no clear pattern was found for
LBGI whereas the MAG values associated to macrosomic cases were generally higher than
what observed for non-macrosomic cases.

For the three observed cases with neonatal hypoglycaemia (Fig 2), we found spikes in the
GM, HBGI and J-index values also around weeks 30-31 of gestation. A no clear pattern was
found for GMV whereas MAGE, SD and MAG values associated to hypoglycaemic cases were
generally lower than what observed for euglycaemic cases. The LBGI values associated to hypo-
glycaemic cases showed an opposite trend, revealing a drop around weeks 30-31 of gestation.
For the four observed cases with neonatal hyperbilirubinemia (Fig 3), we also found spikes in
the GM, HBGI and J-index values around weeks 30-31 of gestation. A no clear pattern was
found for GMV whereas MAGE, SD, MAG and LBGI values associated to cases with neonatal
hyperbilirubinemia were generally lower than what observed for other cases. We also per-
formed a test to assess whether the mean of GM differs significantly between the group of
women with LGA/macrosomia fetuses (cases 2, 5 and 11) and those without (S1 Table). The
corresponding two-tailed p-value was 0.2372, which is greater than 0.05. We concluded that
the difference of means in GM between the group of women with macrosomia (mean 6.06,
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Table 2. Results of correlation analyses among parameters of glycaemic variability.

GM GMV MAGE SD HBGI LBGI J-index MAG
GM 1
GMV -0.4236" 1
MAGE 0.2775* 0.2380" 1
SD 0.2621* 0.3012* 0.7140* 1
HBGI 0.5260" -0.077 0.5571* 0.5520" 1
LBGI -0.2822* 0.7079* 0.2948* 0.3833* -0.0362 1
J-index 0.6896" -0.1197 0.5443* 0.5725* 0.7106" -0.0108 1
MAG 0.1867* 0.3140" 0.5813* 0.7202* 0.3957* 0.4265* 0.4421* 1

GM = Glycaemic Mean; GMV = Glycaemic Mean Value; HBGI = High Blood Glucose Index; LBGI = Low Blood
Glucose Index; MAG = Mean Absolute Glucose; MAGE = Mean Amplitude of Glucose Excursions; SD = Standard
Deviation. Notes

* Statistically significant at p<0.01.

https://doi.org/10.1371/journal.pone.0282895.t1002

95% CI: 5.50-6.63) and the group without (mean 5.84, 95% CI: 5.64; 6.05) was not statistically
different from 0.

Discussion

In this study, we analysed parameters of glycaemic variability from a small cohort of patients
adopting a pilot study-like approach. Our findings show that, in women with GDM, parame-
ters of glycaemic variability reveal different trends at 30-31 weeks of gestation, according to
the occurrence of foetal macrosomia, neonatal hypoglycaemia and hyperbilirubinemia. Specif-
ically, we found that spikes of GM, HBGI and J-index values are similar among all the three
conditions, and did not vary after adjustment for pre-pregnancy BMI and the administration
or not of insulin therapy as known confounding factors for adverse neonatal outcomes. From
a different perspective, we firstly provided a footprint of three foetal outcomes related to GDM
at the beginning of third trimester, clinically challenging to manage women with GDM until
delivery and newborns immediately after birth. One could hypothesize that the observed
spikes could be related to low glycaemic control requiring insulin therapy rather than to a sin-
gle parameter of estimated glycaemic variability. Due to the small sample size, we are not able
to neither accept nor refuse such hypothesis, but future research is required to clarify this
issue.

The risk of diabetes-related complications is illustrated as the diagonal arrow of a geometric
cube whose three-dimensional coordinates on the three axes are basal, postprandial glycaemia,
and glycaemic fluctuations. The therapeutic approach for diabetes should aim to reduce the
values of such coordinates to reduce the diagonal arrow measure of the cube represented by
diabetes-related complications [4]. With regard to GDM, it is associated with adverse preg-
nancy outcomes due to which proper glycaemic monitoring and treatments are widely
acknowledged. In fact, the suboptimal glycaemic control could lead to a higher incidence of
foetal macrosomia and other composite outcomes [24] in the same way by which GDM treat-
ments limited to standard diet therapy [25] and routine care [26] determine when compared
to GDM insulin treatment. In this context, the use of parameters of glycaemic variability to
monitor GDM are still experimental and supported by limited literature. The relationship
between glycaemic variability and GDM has been firstly reviewed in 2020 by Yu W. et al
(2020) [27]. Authors found that glycaemic variability is significantly higher in women with
GDM compared to pregnant women without GDM, but failed to find consistent conclusions
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with regard to the relationship between glycaemic fluctuations in women with GDM and the
occurrence of adverse neonatal events [27]. In light of this, results from this study are consis-
tent with those from studies reporting that greater glycaemic fluctuations are more likely to
cause adverse neonatal outcomes [28-30]. Of note, unlike these studies, we obtained our
results via self-monitoring of blood glucose (SMBG) rather than CGM strategy.

The risk of foetal macrosomia in pregnant women with type 1 and type 2 diabetes mellitus
ranges between 48% and 62%, and it is 2-3 times higher in women with GDM than in normal
pregnant women [31]. Hence, it is important for women with GDM to maintain glycaemic lev-
els within the normal range. Our body devotes much effort to maintaining glycaemia within
the normal range, and vice versa, blood glucose could damage our body. Pregnancy in women
with normal glucose metabolism is characterized by fasting levels of blood glucose that are
lower compared to the non-pregnant status, due to insulin-independent glucose uptake by the
fetus and placenta, and by mild postprandial hyperglycemia and carbohydrate intolerance as a
result of diabetogenic placental hormones. “Flat blood glucose profiles” is however a condition
characterized by glycemic excursions on average between 60 and 140mg /dl. “Flat blood glu-
cose profiles” even in women with normal glucose tolerance it is characterized by a certain
degree of glycemic variability favored by the excursion of postprandial glycaemia [32]. With
this in mind, GDM monitoring has been ameliorated, but there is insufficient evidence to dis-
criminate which parameters are able to predict foetal growth, as they are not properly informa-
tive about continuous glycaemic levels and variability. In addition, the relationship between
glycaemic variability and foetal complications is poorly understood and investigated in
women with GDM. In these women, small periods of transient hyperglycaemia seem enough
to induce foetal growth acceleration responsible for macrosomia at birth. It is therefore of
huge importance to monitor glycaemic variability in pregnant women affected by GDM. In
2011, Dalfra et al. compared novel parameters of glycaemic variability, such as MAGE, glycae-
mic mean, SD, interquartile range (IQR), continuous overlapping net glycaemic action
(CONGA), LGBI and HBGI, in two groups of pregnant women, the first affected by type 1 dia-
betes mellitus and the second with GDM, to healthy pregnant controls [33]. The study demon-
strated that parameters of glycaemic variability reach higher levels in pregnant women with
type 1 diabetes mellitus than in those with GDM and healthy controls. During the third trimes-
ter, parameters of glycaemic variability tend to decrease in women with type 1 diabetes melli-
tus and, on the contrary, increase in women with GDM, especially when insulin therapy is
needed. Continuous glucose monitoring revealed alterations of the glycaemic profile in 61.3%
of women with GDM for which insulin administration was required. The findings of the afore-
mentioned study highlight that MAGE, GMV and SD reach higher levels in women with insu-
lin-treated GDM than in women with diet therapy-treated GDM during the second trimester,
and it is in this period that GMV and HBGI values predict and are correlated with asymmetric
macrosomia. This measure was defined by the ponderal index value (PI). In women with type
1 diabetes mellitus, PI correlates with HBGI in the first trimester, CONGA and IQR in the sec-
ond trimester, and GMV and SD in the third trimester. The CONGA parameter has been
recently introduced to express glycaemic variability in a defined period, such as every day,
throughout a continuous glucose analysis [34]. In none of the three groups or trimesters did
glycated haemoglobin correlate with parameters of foetal growth. In accordance with the liter-
ature, we found that glycaemic variability shows clinically-relevant trends with foetal outcomes
regarding foetal weight above >90° percentile, neonatal hypoglycaemia and
hyperbilirubinemia.

The development of GDM during pregnancy may constitutes a transient condition for
which, in our reality, CGM together with the application of subcutaneous abdominal probes
are not applied conversely to what occurs in case of type 1 or type 2 diabetes. Our study

PLOS ONE | https://doi.org/10.1371/journal.pone.0282895 March 9, 2023 9/14


https://doi.org/10.1371/journal.pone.0282895

PLOS ONE

Glycaemic variability and foetal outcomes

investigated glycaemic variability by SMBG rather than CGM strategies for 48-72 hours as
reported in previous studies. Although this approach could be inaccurate due to the lack of
CGM data, on the other side, it allows to speculate that, in case of GDM, parameters of glycae-
mic variability could switch from being experimental to clinically informative, as we have
firstly provided initial evidence to suggest their ability to early detect, and therefore prevent,
potential adverse foetal outcomes. Considering that parameters were obtained from women’s
glycaemic glucometers without the application of subcutaneous probes (of note, this approach
is carried out in experimental conditions), it could be also speculated that some glycaemic vari-
ability parameters are better suited to a survey consisting of fewer observations during the day
and allow the identification of pregnant women with GDM that are at higher risk of develop-
ing complications than others.

Interestingly, a semiparametric statistical approach was proposed by Gupta R et al. [35] to
identify the rate of progression in maternal glucose concentrations in specific gestational peri-
ods of LGA and AGA babies of mothers with type 1 diabetes mellitus. The study showed that
time-specific fluctuations in glucose level velocity and changes in glucose velocity differ across
gestational age in the same woman and between women delivering LGA and AGA infants. As
such, in the first trimester, mothers delivering LGA infants show higher accelerations of glu-
cose levels than those delivering AGA infants, suggesting the risk of neonatal hypoglycaemia.
In the third trimester, after a steady state of glucose concentrations for both groups, there is a
sharp decline for LGA foetuses, which indicates a higher risk of neonatal hypoglycaemia com-
pared to AGA foetuses [35].

In our opinion, the strength of our study involves the following issue. It provides the basis
for the clinical contextualisation of experimental parameters of glycaemic variability, in terms
of sensibility and specificity for women with GDM, and potentially for women affected by
other types of diabetes. This is important in case of transient forms of diabetes, such as GDM.
To this regard, the study by Bapajeva G et al., (2022), showed that pre-existing insulin-depen-
dent GDM increased the risk for pregnancy complications compared to other GDM types,
such as the insulin independent form [36]. Of note, we found of interest the role of myo-inosi-
tol and D-chiro-inositol for the prevention and treatment of metabolic disorders, such as
GDM [37,38], but we await future studies to fully examine the beneficial effects. Furthermore,
the prevention of adverse neonatal events is fundamental to avoid short- and long-term com-
plications on newborns’ development, and requires many clinical efforts, ranging from early
detection of trigger factors, such as GDM, to administration of care factors, such as diet and/or
insulin therapy. Insights from this study show that the strategy based on parameters of glycae-
mic variability may be useful to tailor glycaemic control and care in pregnant women until
delivery and, therefore, prevent adverse neonatal outcomes associated with GDM. Moreover,
glycaemic variability is considered a new concept of glycaemic control, and it is higher in
women with GDM compared to women without GDM [27]. As the concept of hyperglycaemia
is profoundly changed so far [39], this study helps to broaden the landscape of glycaemic man-
agement, placing a special emphasis on women with GDM, for which there are limited data.

The limits of the study involve the small, but well-characterized sample size and the pres-
ence of pre-gestational overweight/obesity among women included in the study. Although
obtained with a small simple size, our results should be considered preliminary and interpreted
through the lens of a pilot study conducted with an exploratory intend, that aimed at contrib-
uting to the limited scientific knowledge on glycaemic variability in pregnant women.
Increased BMI, and advanced age as well, prior to pregnancy are risk factors for pregnancy
complications, with maternal obesity being the most important predictor of pregnancy com-
plications in women with GDM [40].
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Obesity constitutes an independent factor associated with foetal macrosomia, in light of
which we believe it could make sense to further investigate our findings in different subjects.
Pregnancy outcome can be good for both mothers with GDM and children with a timely and
adequate approach [41]. With regard to the relationship between macrosomia or LGA, and
maternal obesity, we examined maternal birth weight in the three cases of LGA or Macrosomia
in the light of IOM recommendations. Case 2 (obese patient before pregnancy) and case 5
(overweight patient before pregnancy) presented a gestational weight gain greater than the
IOM recommendations, whereas case 11 (obese patient before pregnancy) manifested a gesta-
tional weight gain less than the IOM recommendations. Gestational weight gains greater than
or less than guideline recommendations, compared with weight gains within recommended
levels, is associated with higher risk of adverse maternal and infant outcomes [41]. Based on
limited sample size, further conclusions on the relationship between macrosomia or LGA, and
maternal obesity cannot be drawn. However, we carefully speculate on how GDM contributes
to predict macrosomia or LGA through a specific trend of glycaemic variability.

Another limitation of this study involves the lack of data from CGM. In fact, the EasyGV
software used in this study typically calculates parameters of glycaemic variability from CGM
data, rather than glucometers. Unfortunately, CGM data are not available for patients included
in this study for reason independent of authors’ intention. In fact, in our clinical practice the
development of GDM does not constitute an indication per se requiring CGM. As conse-
quence, validation of results with different methods are warranted in order to expand the role
of glycaemic variability as a tool in patients with transitional diabetic conditions, such as preg-
nant women, and to explore the most optimal method to measure glycaemic variability.
Although found of interest in other related studies (see e.g. [42-47]), we also did not measure
HOMA-IR, insulin levels and “time in range” in our cohorts of pregnant women with GDM.

Conclusions

Our study shows the presence of differentiated trends of glycaemic measures when the birth
weight was above the 90th percentile, and with cases of hypoglycaemia and of hyperbilirubine-
mia. We found spikes in the values of some parameters (particularly GM, HBGI and J-index)
with adverse foetal outcomes particularly around weeks 30-31 of gestation. We are confident
that any future insight will contribute to improve GDM management and treatment, as the
relationship between glycaemic variability and gestational complications constitutes a novel
and intriguing field of research.
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S1 Fig. Unadjusted trends in parameters of glycaemic measures over time, as spotted (grey
bullets) and fitted values (segmented lines). GM = Glycaemic Mean; GMV = Glycaemic
Mean Value; HBGI = High Blood Glucose Index; LBGI = Low Blood Glucose Index;

MAG = Mean Absolute Glucose; MAGE = Mean Amplitude of Glucose Excursions;

SD = Standard Deviation.
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nancy BMI delivering LGA/macrosomic fetuses, whose mean of GM was compared with that
of other cases to assess an eventual difference of statistical significance between the group of
cases.
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