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ABSTRACT

Introduction: Gestational diabetes mellitus (GDM) is hyperglycemia diagnosed for the first time
during the second or third trimester of pregnancy. It often leads to neonatal complications. Effective
management of GDM is crucial to mitigate such risks. This study evaluates the effectiveness of
ambulatory glucose profile (AGP) vs self-monitoring of blood glucose (SMBG) in managing GDM.

Methods: This 18-month observational study was conducted at All India Institute of Medical
Sciences, Raipur, India, involving 65 pregnant women diagnosed with GDM. Thirty-two patients
wore the flash glucose monitoring system (AGP group) and 33 performed SMBG (SMBG group).
Blood glucose levels were monitored using AGP and SMBG, with data collected on fasting,
postprandial glucose levels, and hypoglycemic events till 15 days after enrollment. Statistical
analysis was performed using IBM Statistical Package for the Social Sciences (SPSS) version 21.
Results: The AGP group showed significant reductions in blood glucose levels across all measured
times. Mean blood glucose concentrations decreased significantly in both groups from enroliment
till 15 days, with no significant intergroup differences. The AGP group had a higher mean time
in range (92 vs 90%) and lower time above range (4 vs 6%) compared to the SMBG group.
Hypoglycemic events were fewer in the AGP group.

Conclusion: AGP demonstrated superior effectiveness in managing GDM by providing continuous
glucose monitoring, improving glycemic control, and reducing hypoglycemic events compared
to SMBG. AGP is recommended for better glucose management in GDM patients.
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risks of birth injuries, such as shoulder
dystocia, brachial plexus injury, and clavicular
fractures. Moreover, infants of mothers
with GDM are predisposed to preterm
delivery, with resultant complications from
immature organ systems, most notably
the respiratory system. The heightened
risk of respiratory distress syndrome in
these neonates is attributed to the delayed
production of surfactant, a crucial component
for pulmonary function.” Postnatally, the
sequelae of maternal hyperglycemia manifest
as neonatal hypoglycemia, due to persistent
hyperinsulinemia, posing risks for seizures
and neurological impairments if not promptly
managed.® These neonates also exhibit an
elevated incidence of jaundice secondary
to hyperbilirubinemia, and polycythemia,
which can lead to hyperviscosity syndrome.
Electrolyte disturbances, particularly
hypocalcemia and hypomagnesemia, are
additional concerns, potentially precipitating
neuromuscular irritability and convulsions.
Long-term health consequences for infants
include an increased risk of obesity and
metabolic syndrome, such as T2DM and
cardiovascular diseases, later in life.” The
intrauterine environment and genetic
predisposition contribute to these risks.

INTRODUCTION

Gestational diabetes mellitus (GDM) is
caused by glucose intolerance with
onset or first recognition during pregnancy.'
This metabolic disorder typically arises in
the second or third trimester when the
insulin requirements of the body increase
significantly. The prevalence of GDM is
widely influenced by genetic, demographic,
and lifestyle factors. Globally, >14% of
pregnancies are complicated by GDM.?
However, this prevalence can be higher in
certain populations, such as those with a
higher incidence of type 2 diabetes mellitus
(T2DM). For example, studies have shown that
women of South Asian, African, and Hispanic
descent are at a higher risk compared to
Caucasian women.? In India, GDM has a high
prevalence of 16.55%.* Additionally, factors
such as obesity, advanced maternal age, and
afamily history of diabetes also contribute to
theincreased likelihood of developing GDM.”

Gestational diabetes mellitus often leads
toseveral neonatal complications. Macrosomia
arises from maternal hyperglycemia,
leading to fetal hyperinsulinemia, thereby
accelerating somatic growth.® This excessive
fetal growth is associated with increased

Effective management of GDM
is essential in mitigating these adverse
outcomes. Therapeutic strategies include
meticulous glycemic control through
dietary modifications, physical activity,
and pharmacotherapy, including insulin
administration when necessary.'” Intensive
treatment is crucial; however, overly
stringent glycemic control in GDM can lead
to hypoglycemiain up to 71% of cases." While
self-monitoring of blood glucose (SMBG) can
help manage blood glucose levels, it often
misses postprandial (PP) hyperglycemia and
hypoglycemia due to the lack of 24-hour
monitoring.'"” The National Institute for Health
and Care Excellence (NICE) recommends
testing blood sugar levels four to eight times
daily, a challenging frequency to maintain.”
Continuous glucose monitoring (CGM)
systems offer a more comprehensive glucose
profile without the discomfort of frequent
finger pricks.”> One of the most substantial
benefits of CGM is its ability to provide real-
time glucose monitoring. Unlike SMBG, which
only provides snapshot readings at specific
times, CGM offers a comprehensive view of
glucose trends and fluctuations throughout
the day and night. This continuous monitoring
helps users understand how different factors
such as food, exercise, and insulin affect their
glucose levels, allowing for more precise
adjustments in therapy. CGM systems also
come with alerts and alarms that notify
users of high or low glucose levels."* These
real-time alerts enable timely interventions
to prevent hyperglycemia or hypoglycemia,
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AGP in GDM

which is particularly beneficial during sleep
or activities when frequent testing is not
feasible. Studies have shown that CGM
use can significantly reduce the frequency
and severity of hypoglycemic events by
providing early warnings and detailed glucose
trends, whereas SMBG may miss detecting
hypoglycaemia. Flash glucose monitoring
(FGM) was introduced in 2014, which features
a subcutaneous sensor that tracks glucose
levels in real-time. The FreeStyle Libre Pro
system, which can be used for up to 14
days without finger-prick calibration, offers
detailed glucose data but lacks automatic
alarms.”

The ambulatory glucose profile (AGP) is a
transformative tool in diabetes management,
which offers a standardized, single-page
report that visualizes CGM data.'® AGP
simplifies the complex data from CGM
systems into an easy-to-interpret format.
It shows daily glucose patterns, variability,
and target ranges. This user-friendly report
enhances patient understanding and
engagement by clearly indicating periods
of hypoglycemia and hyperglycemia. For
healthcare providers, AGP facilitates efficient
analysisand personalized treatment planning,
leading to better clinical outcomes.'” Despite
its advantages, the 24-hour glycemic profile
using AGP has not been extensively studied
in GDM patients in India. The current study
aims to evaluate the glycemic profiles of
GDM patients using AGP and its effectiveness
in managing GDM at a tertiary healthcare
center in Central India.

The primary objective of this study was to
compare the effectiveness and safety of the
AGP with the SMBG profile in the monitoring
and control of GDM. Additionally, the study
aimed to assess glycemic variability (GV) in
GDM patients and the user acceptability of
AGP among individuals with GDM, gauging
patient comfort and satisfaction with this
monitoring method.

METHODS

Study Design and Setting

This hospital-based observational study
was conducted over a period of 18 months
at the All India Institute of Medical Sciences
(AIIMS), Raipur. The study was performed
at the Antenatal Care (ANC) clinic, Medicine
Outpatient Department (OPD), and
Endocrinology OPD of AlIMS Raipur.

Methodology

+  We selected two groups of patients. The
first group had an AGP sensor attached,
and the second group was on SMBG

monitoring as directed by their treating
physician.

« The day patients were enrolled was
counted as day 1 (D1). The patients were
followed up on days 7 and 15.

« The first group of participants wore the
AGP sensor (on the back of their upper
arm) for 14 days. Throughout this period,
participants were asked to perform usual
premeal capillary blood glucose (SMBG)
tests daily.

« The second group of participants was
asked to perform usual premeal capillary
blood glucose (SMBG) tests daily.

« At clinic visits on days 7 and 15, data from
the device were uploaded, frequency of
SMBG tests was reviewed, and any adverse
events (AEs) experienced or concomitant
medication changes done by the treating
physician were recorded. On day 15, the
reader sensors were removed.

« The second contact, i.e., the D7 of
enrollment was considered as the point
of intervention, when the treatment was
revised based on the initial 7-day glucose
readings of the patient. The changes were
done by the treating physician. None of
the interventions were done as part of our
research protocol.

Study Population
Sample Size

The sample size was calculated using the
formula:

z%PQ
n=

e2

Here, Z=1.96,P=16.55,Q=383.45,and e=10%.
Using this formula, the calculated sample size
was 53. Accounting for a 10% nonresponse
and refusal rate, the sample size was adjusted
to 60, which was divided into two groups: (1)
AGP and (2) SMBG.

Inclusion Criteria

Pregnant women aged >18 years, diagnosed
with GDM according to the International
Association of Diabetes and Pregnancy Study
Groups (IADPSQG) criteria.

Exclusion Criteria

Women aged <18 year, with a preexisting
diagnosis of type 1 diabetes mellitus (DM)
or type 2 DM, history of allergic reactions
to AGP materials, adhesives, chlorhexidine,
or alcoholic antiseptic solutions, presence
of local site infection or any abnormality,
and who refused to provide consent were
excluded from the study.

Operational Definitions

Gestational diabetes mellitus was diagnosed
using the IADPSG criteria. These criteria
include specific blood glucose thresholds
during an oral glucose tolerance test (OGTT).
According to these criteria, a fasting glucose
level of 92 mg/dL or higher is indicative of
GDM. Additionally, if the 1-hour glucose
level reaches or exceeds 180 mg/dL, or if the
2-hour glucose level is 153 mg/dL or higher,
the diagnosis of GDM is confirmed.

Target blood sugar levels were defined
to ensure stable glucose management. For
fasting blood sugar (FBS), the target was
set at <95 mg/dL. For postprandial (PP)
measurements, the target was <140 mg/dL at
1-hour PP and <120 mg/dL at 2-hour PP.

Glycemic variability, which measures
fluctuations in blood glucose levels, was
defined by the coefficient of variation (CV).
The goal was to maintain a CV of <36% to
ensure more stable blood glucose levels,
reducing the risk of both hyperglycemia and
hypoglycemia.

The primary metrics for managing blood
glucose levels were time in range (TIR),
time above range (TAR), and time below
range (TBR). For TIR, which represents the
percentage of time that blood glucose levels
remain within the desired range, the target
was set at >90%. For TAR, which measures the
percentage of time that blood glucose levels
are above the target range, the objective was
to keep this value below 5%. Similarly, the
target for TBR, which indicates the percentage
oftime that blood glucose levels fall below the
target range, was also set at <5%.

Study Variables and Data Collection

A detailed history and clinical examination
of the patients were recorded. Hemogram
and metabolic profiles were documented.
The AGP monitor (FreeStyle Libre Pro Flash
Professional; Abbott Diabetes Care Ltd,
Range Road, Witney, Oxon, UK) was applied
to the back of the left upper arm for 14 days.
Patients maintained a chart documenting the
timing of major meals (breakfast, lunch, and
dinner) while the AGP monitor was in place.
Additionally, all women were instructed to
perform SMBG four times a day (preferably
seven times a day) and document the timings
in their chart. Both AGP and SMBG were used
for monitoring and control of GDM as per the
study plan.

Data Analysis

The collected data were entered into a
Microsoft Excel Sheet and analyzed using
IBM SPSS version 21. Quantitative data were
summarized using mean and standard
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deviation (SD). The Chi-square test was used
for comparison of categorical variables, while
t-tests and Fisher’s exact tests were applied
for quantitative (continuous) variables as
appropriate. A Likert scale was used for user
questionnaires. Differences between variables
were considered statistically significant when
the p-value was <0.05.

REesuLTs

Demography and Baseline Clinical
Details of the Participants

The participants were divided into two
groups: (1) the AGP group (n =32) and (2) the
SMBG group (n = 33). The majority of patients
were aged 26-30 years in both groups. The
mean age was 28.93 + 3.60 years in the AGP
group and 29.06 + 3.91 years in the SMBG
group.

The mean FBS levels were 107.54 + 13.03
mg/dL in the AGP group and 101.45 + 8.68
mg/dL in the SMBG group. The mean 1-hour
PP blood sugar levels were 190.74 +27.94 mg/
dLin the AGP group and 179.60 + 20.38 mg/dL
in the SMBG group. The mean 2-hour PP blood
sugar levels were 157.96 + 23.60 mg/dL in the
AGP group and 144.27 + 22.81 mg/dL in the
SMBG group.

In the AGP group, 28.1% (n = 9) patients
were primigravida, and 71.9% (n = 23) were
multigravida.Inthe SMBG group, 36.4% (n=12)
were primigravida, and 63.6% (n = 21) were

multigravida. Among the multiparous women,
25% (n=8) in the AGP group and 24.2% (n = 8)
in the SMBG group had a history of GDM
in a previous pregnancy. In the AGP group,
28.1% (n = 9) patients had a family history of
DM, while in the SMBG group, 30.3% (n = 10)
patients had a family history of DM. In the
AGP group, one patient had hypertension,
seven patients had hypothyroidism, and two
patients had both conditions. In the SMBG
group, one patient had hypertension, nine
patients had hypothyroidism, and one patient
had both conditions.

Diagnosis and Treatment

Most patients were diagnosed with GDM at
24-25 weeks of gestation. In the AGP group,
11 patients received medical nutrition therapy,
while 21 patients received pharmacotherapy:
17 treated with insulin, 2 with insulin and
metformin, and 2 with metformin alone. In
the SMBG group, 12 patients received medical
nutrition therapy, and 21 patients received
pharmacotherapy: 17 treated with insulin,
2 with insulin and metformin, and 2 with
metformin alone.

Measurement of Blood Glucose

In the AGP cohort, the mean blood glucose
concentration prior to breakfast was 88.72 +
12.93 mg/dL during the initial 7-day period
(preintervention) and decreased significantly
to 85.41 £+ 5.87 mg/dL postintervention

during the final 7 days (p = 0.046). The mean
PP blood glucose level following breakfast
was 114.10 £ 20.82 mg/dL in the first 7 days
(preintervention) and significantly decreased
to 106.37 + 11.45 mg/dL postintervention (p =
0.002). Similarly, the mean PP blood glucose
level after lunch was 120.03 + 20.53 mg/dL
preintervention and decreased significantly
to 111.13 + 10.40 mg/dL postintervention
(p = 0.001). The mean PP blood glucose level
following dinner was 125.65 + 19.22 mg/dL
preintervention and decreased significantly
to 115.48 + 10.36 mg/dL postintervention (p =
0.001). The findings are summarized in Table 1.

In the SMBG cohort, the mean blood
glucose concentration before breakfast was
92.15 £ 9.65 mg/dL during the preintervention
period and decreased significantly to 88.48 +
5.47 mg/dL in the postintervention period
(p =0.002). The mean PP blood glucose level
following breakfast was 114.57 + 15.96 mg/dL
preintervention and decreased significantly
to 108.63 + 10.62 mg/dL postintervention
period (p = 0.020). Similarly, the mean
PP blood glucose level after lunch was
117.63 £ 14.40 mg/dL preintervention and
decreased significantly to 112.75 + 8.64 mg/
dL postintervention (p = 0.012). The mean
PP blood glucose level following dinner was
124.27 + 16.66 mg/dL preintervention and
decreased significantly to 114.57 + 10.98 mg/
dL in the postintervention period (p = 0.001).
The findings are summarized in Table 2.

Table 1: Comparison of the blood glucose in different timings between the first 7 days (preintervention) and last 7 days (postintervention) in the AGP

group

Timing Mean SD t-value p-value

Before breakfast Preintervention 88.72 12.93 1.98 0.046"
Postintervention 85.41 5.87

After breakfast Preintervention 114.10 20.82 -2.50 0.002"
Postintervention 106.37 11.45

After lunch Preintervention 120.03 20.53 2.67 0.001"
Postintervention 111.13 10.40

After dinner Preintervention 125.65 19.22 240 0.001"
Postintervention 115.48 10.36

* Significant when p < 0.05

Table 2: Comparison of the blood glucose in different timings between the first 7 days (preintervention) and last 7 days (postintervention) in the

SMBG group

Timing Mean SD t-value p-value

Before breakfast Preintervention 92.15 9.65 3.67 0.002"
Postintervention 88.48 547

After breakfast Preintervention 114.57 15.96 2.56 0.020"
Postintervention 108.63 10.62

After lunch Preintervention 117.63 14.40 2.78 0.012"
Postintervention 112.75 8.64

After dinner Preintervention 124.27 16.66 3.87 0.001"
Postintervention 114.57 10.98

* Significant when p < 0.05
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The mean variation in fasting blood
glucose levels from the preintervention to
the postintervention period was 3.31 mg/dL
in the AGP cohort and 3.66 mg/dL in the
SMBG cohort, with an intergroup difference
of 0.35 mg/dL. The mean change in PP blood
glucose levels following breakfast from
preintervention to the postintervention
period was 7.72 mg/dL in the AGP cohort and
5.93 mg/dL in the SMBG cohort, resulting
in an intergroup difference of 2.79 mg/dL.
The mean change in PP blood glucose levels
following lunch from preintervention to the
postintervention period was 8.90 mg/dL
in the AGP cohort and 4.87 mg/dL in the
SMBG cohort, with an intergroup difference
of 4.13 mg/dL. The mean variation in PP
blood glucose levels following dinner from
preintervention to the postintervention
period was 10.17 mg/dL in the AGP cohortand
9.69 mg/dLin the SMBG cohort, resulting in an
intergroup difference of 0.48 mg/dL. However,

the intergroup variations were not statistically
significant at any time interval. The findings
are summarized in Table 3.

Time in Range

As shown in Table 4, in the AGP group, the
mean time within the target range was
84% during the preintervention period and
significantlyincreased to 92% postintervention
(p < 0.001). The mean time below the target
range was 3% during the preintervention
period and decreased significantly to 2%
during the postintervention period (p = 0.008).
The mean time above the target range was
12% during the preintervention period and
decreased significantly to 4% postintervention
(p < 0.001).

Hypoglycemic Events

In the AGP group, three patients experienced
symptomatic hypoglycemia, while eight
patients experienced asymptomatic

hypoglycemia. In contrast, in the SMBG group,
four patients experienced symptomatic
hypoglycemia, with no cases of asymptomatic
hypoglycemia recorded. The results of the
Chi-square test for hypoglycemic events in
the AGP and SMBG groups are summarized in
Table 5. In the AGP group, 9.37% of patients
experienced symptomatic hypoglycemia
compared to 12.12% in the SMBG group
(p = 0.01). This indicates a significant
difference in the occurrence of symptomatic
hypoglycemia between the two groups.

Glycemic Variability

The GV (% CV) in the AGP group was calculated
tobe 16.81£4.22inthe preintervention period
and 14.15 £ 3.08 in the postintervention period.
Paired t-test indicated a statistically significant
difference between the preintervention
and postintervention values (p = 0.005),
suggesting an improvement in GV following
the intervention (Table 6).

Table 3: Comparison of the mean change in the blood glucose at different times of measurement during preintervention and postintervention period

between the AGP and SMBG groups

Timings Mean change Difference p-value
Before breakfast AGP 3.31 0.35 0.468
SMBG 3.66
After breakfast AGP 7.72 2.79 0.646
SMBG 593
After lunch AGP 8.90 4.13 0.216
SMBG 4.87
After dinner AGP 10.17 0.48 0.971
SMBG 9.69
Table 4: Comparison of the various times between the first 7 days and last 7 days in the AGP group
Timing Mean SD p-value
Time in target Preintervention 0.84 0.10 <0.001"
Postintervention 0.92 0.03
Time below target Preintervention 0.03 0.02 0.008"
Postintervention 0.02 0.01
Time above target Preintervention 0.12 0.09 <0.001"
Postintervention 0.04 0.03
* Significant when p < 0.05
Table 5: Comparison of hypoglycemic events in AGP and SMBG groups
Hypoglycemic events Group AGP Group SMBG p-value
N=32 % N=33 %
Symptomatic 3 9.37 4 1212 0.01"
Asymptomatic 8 25 0 0
Chi-square test; "Significant when p < 0.05
Table 6: Comparison of glycemic variability in the AGP group
Coefficient of variability Mean SD p-value
Preintervention 16.81 04.22 0.005"
Postintervention 14.15 03.08

Paired t-test; “Significant when p < 0.005
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User Acceptability

In the AGP group, 10.34% of the patients
responded with “agree” (indicating that the
device was almost painless) regarding the
acceptability of the device. A significant
majority, 89.66%, responded with “strongly
agree” (indicating that the device was painless)
for the acceptability of the device. Notably,
none of the patients provided responses of
“neither agree nor disagree” (indicating slight
pain), “disagree” (indicating moderate pain), or
“strongly disagree” (indicating severe pain) on
the user acceptability questionnaire that was
given to them. No AEs were observed with
the AGP monitor.

Discussion

There is a growing demand for advanced
tools to monitor and regulate alterations in
24-hour blood glucose levels. Among the
first continuous, albeit invasive, monitoring
systems introduced are the continuous
glucose monitoring system (CGMS) and
FGM system. The CGMS facilitates periodic
recording of comprehensive blood glucose
profiles and important statistics for diabetic
patients. Given the availability of this
technology, it is essential to evaluate its
accuracy, reproducibility, and ability to detect
critical glycemic events as well as blood
glucose patterns. In a systematic review,
Aggarwal et al. analyzed 26 clinical and 12
economic studies and revealed that CGMS
effectively reduces hypoglycemic events
and improves glucose and HbA1lc levels,
while also impacting direct and indirect
management costs.'® Another systematic
review by Majewska et al. found that CGM
provides better glycemic control than SMBG
and improves qualification for insulin therapy.
However, most studies do not show CGM's
impact on neonatal outcomes, indicating a
need for further research.'”

In this study, significant reductions
in mean blood glucose levels were
observed postintervention compared to
preintervention across various meal timings
in both the SMBG and AGP groups. For
instance, before breakfast, mean blood
glucose levels decreased significantly in
both the AGP and SMBG groups. Similar
reductions were noted after breakfast, lunch,
and dinner in both groups. However, there
was no significant difference in the mean
change in blood glucose levels between
the AGP and SMBG groups across different
meal timings. These findings suggest that
while both AGP and SMBG interventions
effectively reduced mean blood glucose
levels across various meal timings, there was
no significant advantage of one method over

the other in terms of mean blood glucose
level reduction. Thus, our study demonstrated
that both AGP and SMBG are effective in
detecting and managing hyperglycemia in
GDM patients. The detailed data provided by
AGP allow for the comprehensive assessment
of hyperglycemic episodes. Conversely, the
frequency of SMBG recordings plays a crucial
role in identifying hyperglycemic episodes,
often missed due to less frequent testing.

Alfadhli et al. conducted a prospective
open-label randomized controlled study at
the Maternity and Children Hospital, Medina,
Saudi Arabia, evaluating the impact of a
real-time continuous glucose monitoring
system (RT-CGMS) as an educational tool in
130 pregnant women diagnosed with GDM.
Participants were randomized into two
groups: (1) SMBG alone and (2) SMBG with
RT-CGMS application shortly after diagnosis.
Despite improvements in glucose variability
metrics, the study found no significant
enhancements in overall glycemic control or
pregnancy outcomes with RT-CGMS use.?°
Laneetal.conducted arandomized controlled
trial to assess whether RT-CGMS improves
glycemic control over intermittent SMBG in
GDM. They reported that despite RT-CGM
providing continuous feedback, there was
no significant difference in mean sensor
glucose levels between the groups after 4
weeks. Additionally, there were no notable
differences in glycemic target achievement,
maternal, or neonatal outcomes. However,
patients perceived CGM, particularly real-time
feedback, as beneficial for managing GDM,
suggesting its role as a motivational tool.?'
These findings are similar to those reported
in the current study.

However, some studies indicate that
AGP may be more effective in managing
hyperglycemia. Yogev et al. assessed the
utility of CGM in managing insulin therapy for
GDM. They reported that adjustments based
on CGM data improved glycemic control,
highlighting its potential in managing diabetic
pregnancies effectively.?? Garcia-Moreno
et al. reviewed 457 studies and included
six randomized clinical trials involving 482
patients in their meta-analysis. The findings
indicate that CGM use led to lower HbA1c
levels at the end of pregnancy, reduced
gestational weight gainin mothers, and lower
birth weights in infants compared to blood
glucose monitoring (BGM).%

In the AGP group, there was a
significant increase in the mean TIR in the
postintervention period (92%) compared
to that of preintervention (84%), alongside
reductions in TBR and TAR. In contrast, TIR
calculation was not feasible in the SMBG
group. This demonstrates the advantage

of AGP in assessing glycemic profile, which
can be detrimental to both the patient and
fetus. They often go unchecked in SMBG-
managed patients but can be effectively
addressed through AGP profiling. Regarding
hypoglycemia, three patients in the AGP group
and four in the SMBG group experienced
symptomatic hypoglycemia (blood glucose
< 60 mg/dL), all occurring at night and in
patients receiving insulin. AGP detected eight
additional asymptomatic hypoglycemia cases,
managed through dietary and insulin dose
modifications. This demonstrates the efficacy
of AGP in identifying asymptomatic and
nocturnal hypoglycemic episodes, which are
often missed by SMBG. In a randomized trial,
Olafsdéttir et al. studied the impact of CGM
on hypoglycemia in diabetes patients using
multiple daily insulin injections (MDIs). Results
showed a significant reduction in nocturnal
hypoglycemia (48% for <70 mg/dL and 65%
for <54mg/dL) and daytime hypoglycemia.
CGM use alsoimproved hypoglycemia-related
confidence in social situations and overall
life quality, with participants feeling more
capable of detecting and responding to low
glucose levels.?*

Assessing GV in the current study was
possible in the AGP group, with mean
GV decreasing from 16.81% CV during
the preintervention period to 14.15% CV
postintervention. While definitive GV targets
for GDM are yet to be established, our
findings suggest lower GV in GDM patients
compared to type 1 and type 2 DM. AGP
provides a comprehensive glycemic profile,
aiding GV assessment, whereas SMBG's data
sufficiency depends on testing frequency.
User acceptability of CGM in the AGP group
was high, with 89.66% of patients rating it as
painless and no adverse reactions reported.
This aligns with the study by Scott et al., who
highlighted the FreeStyle Libre System'’s
acceptability among pregnant women with
diabetes. This study evaluated the accuracy,
clinical safety, and acceptability of the system
in pregnant women with diabetes. Sensor
glucose values were compared to SMBG
values taken at least four times daily. Results
showed as high as 99.8% of sensor readings.
User feedback indicated high satisfaction,
and no device-related AEs were reported,
demonstrating the safety and accuracy of the
system for pregnant women with diabetes.?
Similarly, Pikee et al. reported a preference
for FGM over SMBG among patients. They
assessed the FGM system for GV, patient
satisfaction, and clinical utility in pregnant
women with diabetes. They reported that
FGM detected more hypoglycemic episodes
(92.9vs 45.7%) and identified hyperglycemiain
more women (74 vs 52%) compared to SMBG.
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All participants preferred FGM, highlighting its
sensitivity and patient satisfaction.?

LIMITATIONS OF THE STUDY

The study has a few limitations that may impact
its generalizability and reliability. The relatively
small sample size limits the applicability of the
findings to a broader population, and the single-
center setting at AlIMS Raipur may not reflect
different patient demographics and clinical
practices elsewhere. Additionally, the study
did not control for all potential confounding
variables, and the technological limitations
of the AGP device could affect data accuracy.
The effectiveness of SMBG heavily depends on
participant adherence, which can vary widely.

CoNcLUSION

This study compares the effectiveness of
AGP and SMBG in managing gestational
GDM. Both monitoring methods significantly
improved glycemic control, with notable
reductions in fasting and PP blood glucose
levels. The AGP group demonstrated a more
significant reduction in blood glucose levels
postintervention compared to the SMBG
group, particularly after meals, although the
intergroup differences were not statistically
significant. The AGP group’s mean time
within the target glucose range increased
from 84% to 92%, indicating better overall
glucose management compared to the SMBG
group. Additionally, the AGP group had a more
substantial decrease in the time spent above
the target glucose range, which suggests
improved control over hyperglycemia.
Moreover, the study highlights the practical
advantages of AGP, such as CGM without
frequentfinger pricks, which enhances patient
compliance and comfort. The real-time data
and trend analysis provided by AGP help in
making timely adjustments to the treatment
regimen, potentially reducing the risk of AEs
associated with GDM. However, both methods
showed efficacy in reducing the incidence
of hypoglycemia, with AGP also identifying
asymptomatic hypoglycemia episodes that
SMBG might miss. AGP appears to offera more
comprehensive and patient-friendly approach
to glucose monitoring in GDM management,
potentially leading to better clinical outcomes.
These findings support the integration of

AGP into routine GDM care, particularly in
settings where continuous monitoring can
provide significant benefits over traditional
SMBG methods.

ACKNOWLEDGMENT

Authors acknowledge the expert English
editing and writing assistance from
Papyruscript Private Limited (https:/www.
papyruscript.com/), Delhi, India.

SOURCES OF SUPPORT

The AGP machine was provided by the
General Medicine Department. The study did
not receive any external funding.

CONFLICT OF INTEREST
None.

ORciD

Rohini Rokkam © https://orcid.org/0000-0001-
8001-3933
Amritava Ghosh
0001-6798-3222

https://orcid.org/0000-

REFERENCES

1. Sweeting A, Wong J, Murphy HR, et al. A clinical
update on gestational diabetes mellitus. Endocr Rev
2022;43(5):763-793.

2. Mazumder T, Akter E, Rahman SM, et al. Prevalence and
risk factors of gestational diabetes mellitus in Bangladesh:
findings from Demographic Health Survey 2017-2018.
Int J Environ Res Public Health 2022;19(5):2583.

3. Yuen L, Wong VW. Gestational diabetes mellitus:
challenges for different ethnic groups. World J
Diabetes 2015;6(8):1024-1032.

4. LiKT,NaikS, Alexander M, etal. Screening and diagnosis
of gestational diabetesin India: a systematic review and
meta-analysis. Acta Diabetol 2018;55(6):613-625.

5. Mirabelli M, Tocci V, Donnici A, et al. Maternal
preconception body mass index overtakes age as a
risk factor for gestational diabetes mellitus. J Clin Med
2023;12(8):2830.

6. KcK,Shakyas, Zhang H.Gestational diabetes mellitus
and macrosomia: a literature review. Ann Nutr Metab
2015;66(Suppl. 2):14-20.

7. YildizAtarH, Baatz JE,Ryan RM. Molecular mechanisms
of maternal diabetes effects on fetal and neonatal
surfactant. Children (Basel) 2021;8(4):281.

8. DeleonDD, Thornton P, Stanley CA, etal. Hypoglycemia
inthe newborn andinfant. In: Sperling MA (Ed). Pediatric
Endocrinology. Philadelphia: Elsevier; 2021. pp. 175-201.

9. Mitanchez D, Yzydorczyk C, Siddeek B, et al. The
offspring of the diabetic mother—short- and long-
term implications. Best Pract Res Clin Obstet Gynaecol
2015;29(2):256-269.

10. RasmussenL,Poulsen CW,KampmannU,etal.Dietand
healthy lifestyle in the management of gestational
diabetes mellitus. Nutrients 2020;12(10):3050.

20.

21.

22.

23.

24,

25.

26.

DiCianni G, Lencioni C, Lacaria E, et al. Hypoglycemia
in diabetic pregnancy. In: Lapolla A, Dalfra MG,
Lencioni C, Di Cianni G (Eds). Textbook of Diabetes
and Pregnancy, 3rd edition. Boca Raton (FL): CRC
Press; 2018. pp. 432-440.

Reddy N, VermaN, Dungan K. Monitoring technologies-
continuous glucose monitoring, mobile technology,
biomarkers of glycemic control. Endotext [Internet].
South Dartmouth (MA): MDText.com, Inc.; 2000.

. Sibal L, Home PD. Management of type 2 diabetes:

NICE guidelines. Clin Med (Lond) 2009;9(4):353-357.

. Cappon G, Vettoretti M, Sparacino G, et al. Continuous

glucose monitoring sensorsfor diabetes management:
a review of technologies and applications. Diabetes
Metab J 2019;43(4):383-397.

. Fokkert MJ, van Dijk PR, Edens MA, et al. Performance

of the FreeStyle Libre Flash glucose monitoring
system in patients with type 1 and 2 diabetes mellitus.
BMJ Open Diabetes Res Care 2017;5(1):e000320.
Johnson ML, Martens TW, Criego AB, et al.Utilizing
the ambulatory glucose profile to standardize and
implement continuous glucose monitoring in clinical
practice. Diabetes Technol Ther 2019;21(52):5217-5225.
Gibb FW, Jennings P, Leelarathna L, et al. AGP in daily
clinical practice: a guide for use with the FreeStyle
Libre flash glucose monitoring system. Br J Diabetes
2020;20(1):32-40.

. Aggarwal A, Pathak S, Goyal R. Clinical and economic

outcomes of continuous glucose monitoring
system (CGMS) in patients with diabetes mellitus: a
systematic literature review. Diabetes Res Clin Pract
2022;186:109825.

Majewska A, Stanirowski PJ, Wielgo$ M, et al. Efficacy of
continuous glucose monitoring on glycaemic controlin
pregnantwomen with gestational diabetes mellitus—a
systematic review. J Clin Med 2022;11(10):2932.
AlfadhliE,OsmanE, Basri T. Use of a real time continuous
glucose monitoring system as an educational tool for
patients with gestational diabetes. Diabetol Metab
Syndr 2016;8:48.

Lane AS, Mlynarczyk MA, de Veciana M, et al. Real-
time continuous glucose monitoring in gestational
diabetes:arandomized controlled trial. Am J Perinatol
2019;36(9):891-897.

Yogev Y, Ben-Haroush A, Chen R, et al. Continuous
glucose monitoring for treatment adjustment in
diabetic pregnancies—a pilot study. Diabet Med
2003;20(7):558-562.

Garcia-Moreno RM, Benitez-Valderrama P, Barquiel B,
et al. Efficacy of continuous glucose monitoring on
maternal and neonatal outcomesin gestational diabetes
mellitus: a systematic review and meta-analysis of
randomized clinical trials. Diabet Med 2022;39(1):e14703.
Olafsdéttir AF, Polonsky W, Bolinder J, et al. A
randomized clinical trial of the effect of continuous
glucose monitoring on nocturnal hypoglycemia,
daytime hypoglycemia, glycemic variability, and
hypoglycemia confidence in persons with type 1
diabetes treated with multiple daily insulin injections
(GOLD-3). Diabetes Technol Ther 2018;20(4):274-284.
Scott EM, Bilous RW, Kautzky-Willer A. Accuracy, user
acceptability, and safety evaluation for the freestyle
libre flash glucose monitoring system when used by
pregnant women with diabetes. Diabetes Technol
Ther 2018;20(3):180-188.

Pikee S, Khushbu K, Anupam P, et al. New innovation:
use of flash glucose monitoring for evaluating
glycaemic variability, patient satisfaction and clinical
utility in pregnant women with diabetes. J Obstet
Gynaecol India 2021;71(2):136-142.

T ournal of The Association of Physicians of India, Volume 73 Issue 8 (August 2025)


https://www.papyruscript.com/
https://www.papyruscript.com/
https://orcid.org/0000-0001-8001-3933
https://orcid.org/0000-0001-8001-3933
https://orcid.org/0000-0001-6798-3222
https://orcid.org/0000-0001-6798-3222

	Introduction
	Use of Ambulatory Glucose Profile in Monitoring and Improved Control of Gestational Diabetes Mellitus When Compared to Self-monitoring of Blood Glucose
	Abstract
	Methods
	Study Design and Setting
	Methodology
	Study Population
	Inclusion Criteria
	Exclusion Criteria
	Operational Definitions
	Study Variables and Data Collection
	Data Analysis

	Results
	Demography and Baseline Clinical Details of the Participants
	Diagnosis and Treatment
	Measurement of Blood Glucose
	Time in Range
	Hypoglycemic Events
	Glycemic Variability
	User Acceptability

	Discussion
	Limitations of the Study
	Conclusion
	Acknowledgment
	Sources of Support
	Conflict of Interest
	Orcid
	References


