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Abstract

Managing diabetes during pregnancy is challenging, given the significant risk it poses
for both maternal and foetal health outcomes. While traditional methods involve
capillary self-monitoring of blood glucose level monitoring and periodic HbAlc tests,
the advent of Continuous Glucose Monitoring (CGM) systems has revolutionized the
approach. These devices offer a safe and reliable means of tracking glucose levels in
real-time, benefiting both women with diabetes during pregnancy and the healthcare
providers. Moreover, CGM systems have shown a low rate of side effects and high
feasibility when used in pregnancies complicated by diabetes, especially when paired
with continuous subcutaneous insulin infusion pump (CSII) as hybrid closed loop
device. Such a combined approach has been demonstrated to improve overall blood
sugar control, lessen the occurrence of preeclampsia and neonatal hypoglycaemia, and
minimize the duration of neonatal ICU stays. This paper aims to offer a comprehensive
evaluation of CGM metrics specifically tailored for pregnancies impacted by type 1

diabetes mellitus.

INTRODUCTION

Sensors in healthcare, ranging from thermometers to wearable tech, have evolved
significantly since the 19th century. Key developments include the introduction of

ECGs, implantable devices, and digital technology, leading to miniaturized, more




accurate sensorslll. The late 20t century saw advancements in glucose monitoring
technology with wearable sensors revolutionizing the diabetes carel2l. The glucose
sensor represents a pivotal advancement in biomedical engineering, integrating
electrochemical principles to achieve real-time, non-invasive blood glucose monitoring.
This innovation, crucial for diabetes management, emerged from extensive research
into enzyme-based electrochemical sensors, harmonizing biocompatibility with
analytical precision. Pioneered in the late 1990s of 20th century, these sensors utilized
glucose oxidase to catalyse the oxidation of glucose, generating an electrical signal
proportional to glucose concentrationl3l. This breakthrough not only revolutionized
diabetic care but also set the foundation for the development of wearable health
monitoring technologies and personalized medicinel?.

A tiny sensor that is commonly placed on the arm or abdomen for continuous glucose
monitoring (CGM) measures blood sugar levels every five minutes, day and night, and
transmits the results to an external devicel>4l. People with diabetes can more easily keep
track of their blood sugar levels over timel56l. CGM provides up to 288 blood glucose
readings daily, providing detailed information about changes in blood glucose levels
over 24 hi78l. Figure 1 shows the basic operational mechanisms of CGM sensor.
Monitoring blood glucose levels provides information and understanding about high
blood glucose levels, low blood glucose levels, for titration of medicatiog and insulin.
On long term it has been shown to reduce the incidence of occurrence of microvascular
and macrovascular complications in Type 1 Diabetes and Type 2 Diabetesl®'l. CGM
use in diabetes during pregnancy is challenging with rapid changes in the blood
volume and fluid shift across body compartments, growing foetus in the abdomen, and
different pregnancy specific glucose targets('?l. Pregnancy also alters insulin sensitivity
and glucose tolerance in a dynamic state of continual metabolic adjustment/813l. With
CGM becoming increasingly used in pregnant women with type 1 diabetes, it becomes
very important to understand the various parameters, and how it reflects in the

pregnancy outcome, which we have detailed in this review.




Figure 1: Basic operational mechanism of continuous glucose monitoring sensor
measuring interstitial glucose.

CGM effect on pregnancy and neonatal outcomes

CGM plays a pivotal role in managing Type 1 Diabetes Mellitus (T1DM) during
pregnancy. The frequent and critical therapeutic decisions in TIDM pregnancies are
primarily driven by glucose data, necessitating more rigorous mowring than in non-
pregnant individuals with TIDMI415]. Poor glycaemic control in pregnancy can have
detrimental consequences not only for the mother but also for the developing foetusl!6l.
Therefore, CGM emerges as a protective tool for achieving favourable obstetric
outcomes in pregnancies complicated by TIDMLI'7l. Studies have shown that pregnant
women using CGM exhibit improved glycaemic control. Egr instance, Feig et al,
reported a small yet significant difference in HbAlc levels (mean difference -0.19%;
95%CI -0.34 to -0.03) among pregnant women utilizing CGM compared to TIDM
pregnancies managed by usual carel’®l. Additionally, these individuals spent a greater
proportion of time in the target glucose range (68% with CGM vs. 61% without) and less
time in hyperglycaemia (27% with CGM vs. 32% without)l'8l. Scott et al, further
emphasized that the primary efficacy of CGM was demonstrated by the increased
duration pregnant users spent within the target glucose rangel?l.

Neonatal hypoglycaemia, a common complication in infants born to mothers with
diabetes, can have long-lasting effectsl?l. Stenninger et al, in their elegant study
described that neonatal hypoglycaemia is usually a consequence of maternal
hyperglycaemia especially during the labourl2ll. CONCEPTT trial, a landmark study,
revealed that the use of CGM in pregnant women with TIDM was associated with
better glycaemic control and reduced incidences of neonatal hypoglycaemial'8l. The
study reported a lower rate of neonatal intensive care unit admissions and shorter
hospital stays for newborns, highlighting the direct impact of maternal glycaemic
control on neonatal health. Additionally, CGM use has been linked to a decrease in the
incidence of large for gestational age (LGA) babies, a common complication associated

with maternal hyperglycaemial'®l. Beyond the immediate neonatal outcomes, the




implications of using CGM during pregnancy extend to long-term health benefits for
the child. Maintaining optimal blood glucose levels through continuous monitoring can
help to prevent complications that have lasting effects on the child's development and
health(2Zl. Better maternal glucose control achieved through CGM has been correlated
with lower risks of childhood obesity and metabolic disorders, which are often higher
in children born to mothers with poorly controlled diabetes(®.

Moreover, the psychological benefits for the mother, such as reduced anxiety over
managing diabetes during pregnancy, can tribute to a healthier prenatal
environmentl242]. This aspect, although indirect, plays a significant role in the overall
well-being of both the mother and the foetus!20l. It is important to note that while CGM
offers significant benefits, its effectiveness is maximized when combined with
comprehensive diabetes education and support, ensuring that pregnant women with
T1DM can effectively interpret and act upon the data provided by these devices!?.
Clinical targets for CGM monitoring data in pregnancy

CGM has revolutionized the management of diabetes in pregnancy by providing direct
observation of glycaemic excursions, diurnal profiles, and the ability to detect patterns
of hypoglycaemia and hyperglycaemial'2l. This real-time monitoring enables the
implementation of appropriate treatment decisions and lifestyle changes on a day-to-
day basis, enhancing overall diabetes management(!>2l. Despite its availability since the
late 1990, the usage of CGM was initially limited due to the absence of clear, established
targets for its application in clinical care. To address this gap, §e Advanced
Technologies & Treatments for Diabetes (ATTD) Congress in February 2019 convened
an international panel comprising physicians, researchers, and individuals with
diabetes proficient in CGM technologies/?’). This global panel, which included diabetics,
medigl professionals, and research experts in CGM, aimed to formulate standards to
aid clinicians, researchers, and individuals with diabetes in the wutilization,
understanding, and reporting of CGM data in both routine clinical care and research
settings. The consensus reached by this panel, known as the 2019 International

Consensus on CGM metrics, has since become the foundation for current clinical care




standards!?l. The panel's recommendations were inclusive and generalizable, thanks to
the involvement of individuals with diabetes. This consensus statement standardized
CGM metrics in pregnancy, establishing targets such as Time in Range (TIR), Time
Above Range (TAR), and Time Below Range (TBR). Additional metrics included the
Glucose Management Indicator (GMI), mean glucose, and glycaemic variability. These
metrics provide a comprehensive framework for assessing and managing glycaemic
control in pregnancyl?l.

Moreover, the consensus also highlighted the importance of other CGM-derived data,
such as the number of days the device is worn, device capture rate and ambulatory
Glucose Profile (AGP)[27l. AGP provides an average time plot of glucose with percentile
confidence intervals, offers an overarching view of glucose control over weeks, enabling
a more nuanced understanding of the patient's glycaemic profilel3l. CGM metrics and
targets by the ATTD consensus has significantly enhanced the utility of CGM in
pregnancyl?l. These standardized metrics have become instrumental in guiding
clinicians and researchers in optimizing diabetes care for pregnant women, ensuring
that treatment and monitoring strategies are both effective and tailored to individual
needs.

Correlation of each parameter to pregnancy and neonatal outcomes

In the realm of managing Type 1 diabetes during pregnancy, CGM provides critical
data through various parameters. Understanding the correlation between these
parameters and pregnancy and neonatal outcomes is essential. Each CGM metric offers
unique insights into the glycaemic environment of the mother, which in turn can have
significant implications for both maternal and foetal health. This section delves into
how specific CGM metrics are correlated with pregnancy and neonatal outcomes,
providing a comprehensive understanding of their impact and importance.

1. Number of days CGM worn

The duration of CGM wear in pregnant women with Type 1 diabetes critically
influences maternal and neonatal outcomes/??]. Consistent use of CGM in pregnancy

leads to more effective glucose control, which is pivotal in reducing risks associated




with TIDM. Studies have repeatedly highlighted that longer periods of CGM use
correlate with better glycaemic control. Hughes et al, showed that , women who
consistently used CGM for more than four days per week throughout their pregnancy
demonstrated significant improvements in maintaining glucose levels within the target
rangel3!l. Consistent CGM monitoring, characterized by at least 96 h of data including
nocturnal readings, is essential for effective diabetes management during pregnancy/(*2l,
This continuous monitoring is crucial for detecting and addressing periods of
hyperglycaemia and hypoglycaemia, especially common in the first trimester. The use
of real-time CGM for 6 days at crucial stages of pregnancy (weeks 8, 12, 21, and 33)
provided important insights into glucose trends, aiding in timely therapeutic
interventions/®3. However, intermittent or short-term CGM use was found to be less
effective in significantly reducing maternal hyperglycaemia by the third trimester,
suggesting the need for prolonged and continuous CGM application/*.

The number of days CGM is worn also has direct implications not only for maternal
health but also for neonatal outcomes. Prolonged CGM usage has been associated with
lower risks of neonatal complications such as large for gestational age (LGA) infants
and preterm births['8l. These findings underline the importance of longer and consistent
use of CGM in managing glucose levels effectively throughout pregnancy, thereby
supporting healthier pregnancy outcomes for both the mother and the child.

2. Percentage of time CGM is operational

While there is a lack of specific data regarding the operational time of CGM in pregnant
women with Type 1 diabetes, insights can be drawn from studies conducted on adult
individuals with Type 1 and Type 2 diabetesl®l. These studies suggest that for
comprehensive glucose monitoring and accurate derivation of CGM metrics, the device
should be operational for at least 70% of the timel®l. Translated into practical terms, this
would mean that the sensor should be active for a minimum of 16 h and 48 mins in a
day or 10 days within a 14-day period. The significance of maintaining this level of
operational consistency becomes more pronounced in the context of pregnancy.

Incomplete data capture can result in a loss of critical information regarding glucose




levels. This gap in data is particularly concerning during pregnancy, as it could lead to
poor judgment in treatment decisions. For expectant mothers with Type 1 diabetes, this
might mean missed opportunities for timely interventions or adjustments in their
diabetes management plan, potentially impacting both maternal and foetal health.
Furthermore, the importance of consistent CGM use in pregnancy is underscored by the
dynamic nature of glucose levels during this period*7].

3. Mean glucose

The metric of mean glucose in CGM systems often receives less attention compared to
other CGM metrics, yet it holds significant clinical relevance, especially in the
management of Type 1 diabetes during pregnancy. Mean glucose levels, as recorded by
CGM, play a pivotal role in the calculation of the Glucose Management Indicator (GMI),
a parameter we will explore in detail later!3]. Notably, any substantial fluctuation in
mean glucose levels is reflected in the GMI and HbAlc values, which are crucial for
assessing glycaemic control®l. In pregnancies complicated by Type 1 diabetes, defining
an exact target for mean glucose can be challenging. However, for practical purposes, it
is generally advised that the mean glucose should align with the target blood glucose
rangel?’l. A strong correlation exists between HbAlc, a marker of hyperglycaemia, and
mean glucose levels, although this correlation is less pronounced with
hypoglycaemial®l. Clinical studies have shed light on the implications of mean glucose
levels during pregnancy. For instance, a significant difference was observed in mean
overnight glucose levels in pregnancies resulting in large for gestational age (LGA)
status. Pregnancies with LGA babies exhibited considerably higher mean overnight
glucose levels (6.0 £ 1.0 mmol/L [108.0 + 18 mg/dL]) compared to those without LGA
(5.5 + 0.8 mmol/L [99.0 + 144 mg/dL])#l In the same study, 162 women with
Gestational Diabetes Mellitus (GDM) reported higher mean glucose levels in
pregnancies with LGA status (6.2 vs. 5.8 mmol/L [111.6 vs. 1044 mg/dL])l0. The
potential of CGM in managing mean glucose levels during pregnancy is further
highlighted by the work of Petrovski ef al, which revealed that CGM users in their first

trimester had significantly lower mean blood glucose levels compared to those using




Self-Monitoring Blood Glucose (SMBG) (6 + 2.1 mmol/L vs. 7.42 + 3.4 mmol/L)M*.
This evidence underscores the effectiveness of CGM in providing tight glucose control,
which is particularly crucial during pregnancy in managing Type 1 diabetes.

4. Glucose management indicator (GMI)

The transition from the Estimated A1C (eA1C) to the Glucose Management Indicator
(GMI) marks a significant advancement in diabetes management, particularly in the
context of pregnancy. While eA1C served as an earlier method to estimate average
glucose levels, it was replaced by GMI due to its derivation from a larger, more
representative datasetl. This new dataset provided a more accurate correlation with
laboratory-measured HbAlc values, enhancing the precision of glucose monitoring.
GMI is calculated using mean glucose levels obtained from CGM systems, offering a
more direct and immediate assessment of an individual’s glucose control®ll. This
method diverges from the HbAlc approach, which depends on the glycation of
haemoglobin over longer periods. GMI's ability to provide real-time analysis makes it
particularly valuable during pregnancy, where rapid fluctuations in glucose levels can
occur due to physiological changes/8l.

The significance of GMI in pregnancy is underscored by studies that demonstrate its
correlation with Time in Range (TIR) and its ability to reflect glycaemic control more
accurately than HbAlc aloneP’l. For example, Bergenstal ef al, observed that GMI,
calculated using CGM data, showed a strong correlation with TIR, especially in the
second and third trimesters of pregnancyPSl. Shah et al, further supported this by
highlighting a notable negative association between TIR with GMI providing a clearer
picture of glucose management*]. One significant benefit of GMI is its reduced
susceptibility to the physiological changes that occur during pregnancyl#ll. Unlike
HbAlc levels, which can be influenced by the accelerated turnover of haemoglobin in
pregnancy, GMI remains a more stable and reliable indicator of glucose controll3841l.
This stability is crucial in managing the dynamic glycaemic environment of pregnancy,
where rapid changes in glucose levels can significantly impact maternal and foetal

health. Moreover, GMI is derived from sensor-based average glucose readings,




representing a cost-effective solution, particularly in resource-limited settings. This
aspect of GMI is especially important considering the financial constraints and
accessibility issues that can limit the use of extensive laboratory testing in some regions.
The ability to estimate GMI directly from CGM data eliminates the need for frequent
laboratory visits and blood draws, thereby reducing the overall cost and burden on
healthcare systems and patients.

Another critical aspect of GMI in pregnancy management is the emphasis on trends
rather than single-point measurements. The trend in GMI values provides a more
comprehensive picture of glucose control over time, allowing for more nuanced and
effective management strategiesi#!l. This is particularly relevant in pregnancy, where
continuous monitoring and adjustments are vital to ensure both maternal and foetal
well-being. The ability to track GMI trends enables healthcare providers to make more
informed decisions, potentially leading to better outcomes by promptly addressing any
adverse glycaemic patterns. In summary, GMI's resilience to physiological changes in
pregnancy, its cost-effectiveness in glucose monitoring, and its focus on trends rather
than isolated values, make it an indispensable tool in the management of Type 1
diabetes during pregnancy.

5. Glycaemic variability

Glycaemic variability (GV) is an essential aspect of managing Type 1 diabetes during
pregnancy, characterized by the degree of fluctuation in blood glucose levels. CGM
provides an invaluable tool for detailed analysis of these fluctuations, which are crucial
for the health and well-being of both the mother and the developing foetus. GV is
traditionally assessed using two primary metrics: glucose standard deviation (SD) and
coefficient of variation (CV)42. SD measures the extent of blood glucose fluctuations
around the mean glucose level, with a high SD indicating larger swingsl®l. These
fluctuations are particularly significant in pregnancy due to potential impacts on foetal
development. Kovatchev et al, have highlighted the importance of SD in CGM,
emphasizing its strong correlation with mean glucose and HbA1lc levels[#]. On the other

hand, CV offers a dimensionless measure of glucose variability relative to the mean




glucose level. Its independence from mean glucose or HbAlc renders CV a unique and
valuable tool in assessing glycaemic stabilityl44].

The clinical implications of GV during pregnancy are profound. GV has been identified
as a potential risk factor for pregnancy complications, such as large for gestational age
(LGA) infantsl¥l. Studies have shown that women with gestational diabetes mellitus
(GDM) exhibit higher GV, as indicated by increased SD and mean amplitude of
glycaemic excursion (MAGE) values®l. Quah et al and Shindo et al, revealed that
participants with GDM had significantly higher SD and MAGE values in both the first
and second trimesters compared to those without GDMI446l Further research
underscores the impact of GV on maternal and foetal health. Rodbard ef al, found that
women with GDM using CGM experienced less glucose variability and better
glycaemic control compared to those not using CGMW.. This finding is supported by
Dalfra et al, who identified a relationship between macrosomia and maternal glycaemic
variability in diabetic pregnanciesi2l. Additional studies by Feig et al and Wei et al have
demonstrated that CGM users exhibit significantly lower glucose standard deviation
and MAGE compared to SMBG users, indicating the efficacy of CGM in managing
GVI848], The distinction in GV between Type 1 and Type 2 diabetes, as highlighted by
El-Laboudi ef al, points to the variability in glucose profiles and the need for tailored
management strategies in pregnancyl*l. Their study reported significantly higher CV in
Type 1 diabetic patients compared to those with Type 2 diabetes[*l. This difference
underscores the complexity and individualized nature of glucose management in Type
1 diabetes pregnancy. Current research suggests that a CV value below 36% indicates a
stable glucose profile, while values of 36% or higher suggest higher variability and an
unstable profilel?7].

Despite the evident association between GV and pregnancy outcomes, some studies
have presented nuanced findings. For example, Dalfra et al in 2011 showed that women
using CGM experienced reduced glycaemic variability, as indicated by lower SD and
MAGE!#2l. However, a retrospective cohort study by Mulla ef al did not find trimester-

specific relationships between GV and birth weight in women with Type 1 diabetes,




suggesting the multifaceted nature of GV's impact on pregnancy outcomes(®l. In
summary, GV, as assessed through CGM, plays a pivotal role in the management of
Type 1 diabetes during pregnancy. The metrics of SD and CV provide essential insights
into glucose fluctuations, which are critical for both maternal and foetal health. The
nuanced and variable impact of GV on pregnancy outcomes underscores the need for
individualized monitoring and management strategiesl*?l. As research continues to
evolve, the role of CGM in understanding and managing GV in pregnancy remains a

vital component of diabetes care.

6. Time above range (TAR) [>10.0 mmol/L)

In the management of Type 1 diabetes during pregnancy, CGM offers critical insights
into glucose control, particularly in assessing Time Above Range (TAR). TAR, an
indicator of hyperglycaemia, is categorized into two distinct levels: Level 1 (mild
hyperglycaemia, >180 mg/dL to 250 mg/dL or 10.1-13.9 mmol/L) and Level 2
(significant hyperglycaemia, >250 mg/dL or >13.9 mmol/L)P8l. However, for pregnant
individuals with Type 1 diabetes, the threshold for TAR is more stringent, defined by
sensor glucose values exceeding 140 mg/dL (>7.8 mmol/L)?l. This adjustment
acknowledges the critical need for tighter glycaemic control to mitigate risks associated
with maternal and foetal hyperglycaemia. Clinical guidelines recommend minimizing
TAR, aiming for it to constitute no more than 25% of the time, equivalent to less than 6
h per day(?l. This target is imperative given the heightened risk of ketosis and diabetic
ketoacidosis in pregnancy, conditions exacerbated by the physiological state of
accelerated starvation inherent to this period[51l.

Murphy et al, demonstrated the effectiveness of CGM in managing TAR, with CGM
users showing a significantly lower percentage of time above range (27%) compared to
SMBG users (32% )34, This reduction in TAR is of paramount importance in the context
of pregnancy, where sustained hyperglycaemia can have detrimental effects on both
maternal and foetal health. Further elucidating the impact of TAR on neonatal

outcomes, research by Yamamoto ¢t al, provided further insights into the neonatal




impacts of TAR?I. Their study found that in cases of neonatal hypoglycaemia, maternal

plasma glucose in the second trimester spent significantly less time within normal
ranges (46 £ 14% vs. 53 + 15%) and more time above the optimal range (50 + 16% vs. 42
+17%) compared to infants without hypoglycaemial2¢l. Similar trends were observed in
the third trimester, with the percentage of time in range at 60 + 16% vs. 66 + 14%, and
time above range at 35 + 16% vs. 29 + 14% for the respective groups!?l. Additionally,
Scott et al reported notable differences in glucose management with CGM lﬁe[lgl.
Patients using CGM spent a greater proportion of time within the glucose goal range
(67.6 £12.6% vs. 61.3 + 15.5%) and significantly less time above the target range (27.9 +
13.4% vs. 33.1 + 15.0%) compared to SMBG users!?l. These findings underscore the
superiority of CGM in achieving and maintaining optimal glucose levels during
pregnancy.

Meticulous management of TAR is a crucial aspect of diabetes care in pregnancy as it is
a critical component of optimal glycaemic control, with CGM emerging as an
indispensable tool in this endeavour. The ability of CGM to accurately track and reduce
TAR enhances the management strategies for diabetes in pregnancy, thereby playing a
crucial role in promoting favourable maternal and neonatal outcomes. The continued
investigation and application of CGM in this domain underscore its significance as a
coaerstone in the management of diabetes during pregnancy.

7. Time in range (TIR): (3.9-10.0 mmol/L)

Time in Range (TIR) is increasingly recognized as a pivotal marker in managing Type 1
diabetes during pregnancy. It offers comprehensive'éu;ights into the glucose profile by
indicating the duration blood glucose levels stay within the target range of 63-140
mg/dL (3.5-7.8 mmol/L)®]. This range is notably lower than in non-pregnant
individuals, reflecting the physiological adaptations where glucose levels are generally
lower in pregnancyl52l. Achieving a TIR of more than 70% of the time, equivalent to over
16 h and 48 minutes daily, is highly recommended?’l. This emphasis on maintaining a
higher TIR underscores the importance of minimizing time spent in hyperglycaemic or

hypoglycaemic states.




The relationship between TIR and pregnancy outcomes has been substantiated through
various studies. For instance, Murphy et al, noted that every 5% increase in TIR is
associated with improved neonatal outcomesP3l. This finding highlights the direct
impact of glycaemic control on foetal health, emphasizing the need for meticulous
monitoring and management of blood glucose levels during pregnancy. The
CONCEPTT study provides critical evidence on the effectiveness of CGM in improving
TIR among pregnant women with Type 1 diabetes!!8l. This randomized trial included
215 pregnant women and 110 women planning pregnancy, comparing SMBG with
CGM use. Remarkably, the TIR was significantly higher in the CGM group (68% with
CGM vs. 61% with SMBG), translating to an approximate difference of 1.5 h per day![!sl.
This study underscores the superiority of CGM over traditional SMBG in achieving
optimal glucose control. The CONCEPTT study further revealed that women who had
previously used CGM experienced a marked improvement in TIR during the first
trimester, from 40% (10 h per day) in the early postpartum period to 55% (13.2 h per
day) by the end of the first trimesterl®l. Although the increase in TIR during the second
trimester was minimal, a 5-percentage point gain in the third trimester elevated the TIR
to 60% (14.4 h per day)['832l. These longitudinal improvements highlight the benefits of
early and continued CGM use throughout pregnancy.

The focus on TIR in pregnancy management is not just about numerical targets; it
embodies a broader strategy to ensure the health and well-being of both the mother and
the foetus. Higher TIR correlates with reduced risks of pregnancy-related
complications, such as preterm birth, preeclampsia, and neonatal hypoglycaemial>4l.
Additionally, maintaining glucose levels within this targeted range can alleviate the
psychological burden on expectant mothers, reducing anxiety and stress associated
with diabetes management during this critical period!®55¢l The data from various
studies, including the influential CONCEPTT trial, provide compelling evidence of the
benefits of maintaining a high TIR. The focus on achieving and sustaining a TIR above
70% not only enhances maternal and foetal health outcomes but also sets a new

standard in the approach to diabetes care during pregnancy.




8. Time below range (TBR)

Time Below Range (TBR) is a critical metric in CGM, particularly for pregnant women
with Type 1 diabetes, as it indicates periods of hypoglycaemia. TBR is categorized into
two levels: Level 1 (mild hypoglycaemia, between 54 and 63 mg/dL or 3.0-3.5 mmol /L)
and Level 2 (significant hypoglycaemia, less than 54 mg/dL or <3.0 mmol/L)I?]l. These
thresholds are lower than those for non-pregnant individuals, reflecting the
physiological changes in pregnancyl®2l. This adaptation was acknowledged in large
clinical trials such as the Swedish and CONCEPTT trials[1826]. Moreover, the occurrence
of hypoglycaemia or decreasing insulin requirement, especially in the third trimester,
has been strongly linked to uteroplacental insufficiency, making it crucial to monitor
these levels for critical decision-making, such as considering early induction of
labourl7l.

Kristensen et gl observed a significant rise in the percentage of time spent below the
threshold of 3.5 mmol /L, starting at 6 wk and peaking at 12-16 wk of gestationl>8l. This
period coincides with an increased risk of severe hypoglycaemia in mothers. These
findings suggest that minimizing the time that blood glucose levels fall below 3.5
mmol/L to less than 4% (less than 1 h per day) is particularly challenging in early
pregnancy due to the limiting factor of maternal hypoglycaemia in achieving stringent
glycaemic goals. The CONCEPTT study further highlights the dynamics of TBR during
pregnancyl!832l. Although severe hypoglycaemia events were too infrequent for detailed
correlation analysis with CGM time below range criteria, a notable trend was observed.
Between 12 and 34 wk of pregnancy, the amount of time spent below 3.5 mmol/L
decreased by half for both insulin pump and multiple daily injection users (from 6% to
3% and from 8% to 4%, respectively)'8l. This decrease indicates an evolving glycaemic
profile as pregnancy progresses, emphasizing the need for continuous monitoring and
adjustment of diabetes management strategies.

The imperative to maintain TBR values below critical thresholds (<4%; <1 h below 63
mg/dL or value <3.5 mmol/L, and <1% or <15 minutes below 54 mg/dL or <3.0

mmol/L) is paramount in pregnancyl?l. Effective management of TBR is essential not




only for maternal health but also for foetal well-being, as fluctuations in maternal
glucose levels can have direct implications for foetal development!®2l. In managing Type
1 diabetes during pregnancy, TBR as assessed through CGM plays a vital role in
navigating the risks of hypoglycaemia. Continuous and vigilant monitoring of TBR,
especially in the context of the changing glycaemic landscape of pregnancy, is crucial
for achieving optimal maternal and neonatal outcomes. Figure 2 shows the graphical
CGM metrics during pregnancy.

Figure 2. Recommended Metrics for Continuous Glucose Monitoring During Pregnancy
(Panels A & B). Panel C illustrates a typical Ambulatory Glucose Profile (AGP) model.
Note: When AGP is generated on certain devices, it defaults to standard time-in-range
settings for non-pregnant individuals. Therefore, careful interpretation is necessary, or
settings should be adjusted to reflect pregnancy-specific parameters prior to generating
the AGP.

Pitfalls of using CGM in pregnancy

Continuous Glucose Monitoring (CGM) has become a vital tool in managing Type 1
diabetes during pregnancy, yet it presents several pitfalls that necessitate careful
consideration. One of the primary concerns lies in the realm of accuracy. CGM sensors,
which measure glucose in the interstitial fluid, can sometimes lag behind actual blood
glucose levels. This delay is particularly problematic given the rapid glucose
fluctuations typical in pregnancy!8l. Klonoff et al, highlighted that the accuracy of CGM
systems, especially in extreme glucose ranges, could vary, potentially leading to
mismanagement of hyperglycaemia or hypoglycaemials?l. Furthermore, technical
challenges such as sensor adhesion issues, exacerbated by physiological changes during
pregnancy, can lead to gaps in monitoring/®l. The necessity for regular calibration in
previous generation sensor posed additional hurdles, which has now been mostly
resolved with factory calibrated sensors.

User-related issues and psychological impacts constitute another set of challenges. The
phenomenon of alarm fatigue, where users become desensitized to frequent alerts, can

lead to critical glucose changes being overlooked!®!l. A survey by Polonsky and Hessler




et al, highlighted that approximately 30% of CGM users experienced alarm fatigue,
risking overlooked hypoglycaemic or hyperglycaemic eventsli2l. Additionally, the
constant stream of data and the need for continual decision-making can heighten
anxiety and stress in pregnant women, potentially impacting their overall health.
Economic and accessibility constraints also play a crucial role. The financial burden of
CGM, not universally covered by insurance plans, can limit its accessibility. Cost and
insurance limitations are significant barriers to wider CGM adoption, impacting its
feasibility for many pregnant women with Type 1 diabetes[®263],

Clinical management challenges and the risk of over-treatment are further pitfalls in
using CGM during pregnancyl®4l. The interpretation of CGM data requires expertise
and a nuanced understanding of diabetes management, a challenge for both patients
and healthcare providers. The changing physiological landscape of pregnancy
necessitates frequent adjustments in CGM settings, a complex task that can lead to
either over-treatment or under-treatment. For instance, the CONCEPTT trial,
highlighted the intricacies of managing insulin dosages based on CGM data,
underscoring the need for specialized knowledge and continuous monitoring!'sl.
Additionally, indirect impacts on foetal health due to misinterpretation of CGM data or
technical issues can have lasting consequences, emphasizing the need for accurate and
reliable use of this technology. Hence, effective use of CGM requires a comprehensive
understanding of these pitfalls, continuous education, and support for healthcare
providers and patients alikel®l. Addressing these challenges is crucial to harness the full
potential of CGM and ensure optimal maternal and foetal health outcomes in
pregnancies complicated by Type 1 diabetes. More data is necessary regarding how
twin or multiple pregnancies affect utility of CGM metrics in pregnancy as there is
inadequate evidence available currently.

Practical Approach to Optimizing CGM Use in Pregnancy

The first and foremost step in effectively using CGM during pregnancy is to actively
engage the patient in the process. Open dialogues where the patient’s opinions and

observations are valued play a crucial role. This collaborative approach not only




empowers the patient but also provides valuable insights into individualized
management. Always check the sensor site and the injection or pump site. This step is
crucial to ensure proper device functioning and to rule out any technical issues
contributing to glycaemic variations. When opening the results data view, ensure that
the cut-offs specific to pregnancy are set, as the default range can differ. Here are the
steps that we commonly advocate for a complete assessment of the CGM data.

Data Review and Analysis

Data Availability: Begin by confirming the adequacy of available data. For current CGM
users, it's ideal to have at least 70% of data over a two-week period. In cases of
significant hypoglycaemia or hyperglycaemia, a shorter period may suffice for analysis.

Pattern Identification Using AGP: Utilize the Ambulatory Glucose Profile (AGP) to discern
overarching patterns within the two-week data. Engage the patient in identifying
factors contributing to these trends. This process is not just diagnostic but educational,
helping patients understand the interplay between insulin, diet, lifestyle, and glucose
levels.

Prioritizing Glycaemic Patterns

Time in Range Assessment: Assess the Time in Range (TIR) to quantify the average
duration the patient spends within the target glucose levels each day. This metric is
crucial in evaluating the effectiveness of current management strategies.

Identifying Problematic Patterns: Focus on identifying problematic glycaemic patterns in
order of priority: firstly, episodes of hypoglycaemia; secondly, periods of
hyperglycaemia; and thirdly, instances of wide glycaemic variability. Review the
overall glucose profile to pinpoint specific times of day when these patterns occur.

Daily Graph Review: Delve into daily graphs to verify if these patterns are isolated
incidents or part of a recurring trend. This step is crucial in understanding the
consistency and triggers of glycaemic fluctuations.

Collaborative Solution Development




Patient Reflection and Solution Discussion: Encourage patients to reflect on potential
causes for observed glycaemic issues and engage in a discussion to brainstorm potential
solutions.

Action Plan Formulation: Develop a collaborative action plan with the patient. Ensure that
they fully understand and are equipped with the necessary skills to implement the plan
effectively.

Action Plan Documentation: Provide the patient with a copy of the action plan. Given the
complexity and volume of information, this step is vital to ensure they have a reference

to rely on.

The practical application of CGM in the management of Type 1 diabetes during
pregnancy requires a meticulous and patient-centred approach. By engaging patients in
the process, thoroughly analysing CGM data, prioritizing glycaemic patterns, and
collaboratively developing action plans, healthcare providers can enhance the efficacy
of CGM. This approach not only improves glycaemic control but also empowers
patients with the knowledge and skills necessary for successful diabetes management

during this crucial phase of their lives.

CONCLUSION

CGM stands as a transformative tool in the management of Type 1 diabetes during
pregnancy. CGM's real-time glucose monitoring ca%bility offers unparalleled benefits
in optimizing glycaemic control, a crucial factor for ensuring the health and well-being
of both the mother and the foetus. The implementation of CGM in pregnancy has
demonstrated significant improvements in key metrics such as TIR, TAR, and TBR.
These metrics provide a nuanced view of the patient's glycaemic profile, allowing for
more precise adjustments in diabetes management strategies. The ability of CGM to
identify patterns of glycaemic variability and to facilitate early interventions in cases of
hypo- or hyperglycaemia is instrumental in mitigating risks associated with diabetes in

pregnancy. However, the utilization of CGM is not without its challenges. Accuracy




concerns, technical limitations, and the need for proper patient education and
engagement are critical considerations. The importance of a patient-centred approach in
CGM use cannot be overstated. By involving patients in the decision-making process,
addressing their concerns, and ensuring they understand and can respond to their CGM
data, healthcare providers can enhance the effectiveness of this technology.
Furthermore, the economic and accessibility aspects of CGM use, along with the need
for healthcare providers to stay updated with evolving technology, are areas that
require ongoing attention and resources. Despite these challenges, the benefits of CGM
in the context of pregnancy are clear and impactful. In conclusion, CGM represents a
significant advancement in the management of Type 1 diabetes during pregnancy. Its
comprehensive monitoring capability, coupled with a patient-centred approach, paves
the way for more effective, personalized diabetes care, ultimately leading to improved
maternal and neonatal outcomes.
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