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Continuous glucose monitoring in diabetes management —
evidence, applications, and future perspectives:
A comprehensive review of recent developments
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ABSTRACT

Continuous glucose monitoring (CGM) represents a major advancement in diabetes management, offering continuous
assessment of interstitial glucose levels and real-time feedback that supports more precise glycemic control. This
technology, which can operate as intermittently scanned or real-time systems, provides dynamic insights into glucose
fluctuations that conventional methods such as self-monitoring of blood glucose and glycated hemoglobin (HbAlc) fail
to capture. CGM has been shown to enhance metabolic stability, increase time in target range, and reduce the frequency
of both hypo- and hyperglycemia. In type 2 diabetes, observational and randomized studies have demonstrated
improvements in treatment satisfaction, self-efficacy, and quality of life in addition to glycemic outcomes, while
population-level data suggest reductions in hospitalizations and healthcare costs. The use of CGM in prediabetes reveals
distinct patterns of glucose variability and may facilitate earlier detection of dysglycemia, though its application in this
group remains investigational. Among pediatric patients, CGM supports improved metabolic control and early
recognition of nocturnal hypoglycemia, yet challenges related to cost, device adherence, and accessibility persist.
In pregnant women with diabetes, continuous monitoring has been associated with improved maternal and neonatal
outcomes; however, regulatory approval and standardized guidelines are still lacking. Despite its growing clinical
relevance, CGM research remains limited by study heterogeneity, cost considerations, and incomplete evidence
regarding long-term cost-effectiveness. Nevertheless, current data strongly support its role as an integral component of
modern diabetes management across diverse patient populations.
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STRESZCZENIE

Ciagle monitorowanie glikemii (continuous glucose monitoring — CGM) zrewolucjonizowato podejscie kliniczne
do leczenia cukrzycy, dostarczajac danych w czasie rzeczywistym, ktére umozliwiaja bardziej precyzyjna
i spersonalizowana kontrole glikemii. Dowody pochodzace zarowno z badan randomizowanych, jak i z obserwacji
w warunkach rzeczywistych konsekwentnie potwierdzaja, ze CGM poprawia wyniki metaboliczne, zmniejsza liczbe
epizod6éw hipo- i hiperglikemii oraz zwigksza satysfakcje z leczenia i ogdlna jako$¢ zycia pacjentow. W przypadku
cukrzycy typu 2 korzysci te obejmujg rowniez aspekty behawioralne i psychospoleczne, przyczyniajac si¢ do lepszej
samokontroli oraz ograniczenia kosztow opieki zdrowotnej. Zastosowanie CGM u 0s6b w stanie przedcukrzycowym,
u pacjentéow pediatrycznych oraz u kobiet w cigzy podkresla rosngce znaczenie tego systemu w szerokim spektrum
zaburzen metabolicznych. Mimo iz nadal istnieja pewne wyzwania — szczegOlnie zwigzane z kosztami urzadzen,
ich dostepnoscia oraz brakiem ujednoliconych zalecen w niektorych grupach pacjentéw — korzysci kliniczne stajg si¢
coraz bardziej oczywiste. Aktualne dane naukowe wspieraja integracj¢ CGM jako kluczowego elementu kompleksowej
opieki diabetologicznej. Szerokie wdrozenie tej technologii bedzie zaleze¢ od dalszego rozwoju zalecen opartych na
dowodach naukowych, zapewnienia sprawiedliwego systemu refundacji oraz edukacji zaréwno pacjentdw,
jak 1 pracownikow ochrony zdrowia. Dzigki tym dziataniom CGM ma potencjat, by poprawi¢ wyniki kliniczne,

zmniejszy¢ ryzyko powiktan dlugoterminowych oraz zwigkszy¢ autonomi¢ pacjentdéw w zarzadzaniu cukrzyca.

SLOWA KLUCZOWE

cukrzyca, ciagte monitorowanie glikemii, kontrola glikemii, zarzadzanie cukrzyca

Introduction

A malfunction in the action and/or secretion of insulin
can lead to diabetes mellitus (DM), a metabolic
disorder. This condition results in chronic hyper-
glycemia (elevated plasma glucose levels) along with
abnormalities in the metabolism of proteins, fats,
and carbohydrates. Long-term complications of DM
include nephropathy, neuropathy, retinopathy, and an
increased risk of cardiovascular disease [1].

To achieve optimal glycemic control, self-monitoring
of blood glucose is an essential component of diabetes
management [1,2,3]. Maintaining proper blood glucose
regulation is vital for reducing the risk of severe long-
-term complications, including macrovascular damage
(cardiovascular disease) and microvascular damage
(nephropathy, retinopathy, and neuropathy). Con-
sequently, regular blood glucose testing is recom-
mended [1,3,4].

The conventional method of self-monitoring involves
obtaining a capillary blood sample from the fingertip,
which is analyzed using a small, portable glucose
meter. This provides the glucose concentration
at the time of collection. Although this technique yields
an accurate measurement, significant fluctuations
in glucose levels may go unnoticed, preventing optimal
glycemic management [1,5,6]. To measure glucose
levels effectively, several finger pricks must be per-
formed daily. The frequent punctures required for self-
-monitoring are often uncomfortable or painful
for many individuals [1,7]. Therefore, can glucose
measurements be made less intrusive for patients?
This study focuses on modern technologies designed
to improve the accuracy of glucose monitoring while
reducing the burden on patients.
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Methodology

This review evaluated the use and clinical impact
of continuous glucose monitoring (CGM) across
diverse patient groups, including individuals with type
1 and type 2 diabetes, those with prediabetes, children,
and pregnant women. A comprehensive literature
search was conducted in the databases of PubMed,
the Cochrane Library, and Google Scholar using
combinations of keywords and MeSH terms related
to CGM and diabetes and applying Boolean operators
to refine the results. Articles published in the last five
years were prioritized to ensure current results;
however, older studies were included when no recent
evidence was available, particularly in pediatric
and obstetric research. Only studies published in En-
glish or Polish were considered. Original research
articles, randomized controlled trials, observational
studies, systematic reviews, and meta-analyses con-
ducted in human subjects and focusing on CGM use
or CGM-related outcomes were eligible for inclusion.
The exclusion criteria encompassed studies published
in languages other than English or Polish, research
conducted on animals, case reports, conference
abstracts, and commentaries lacking original data,
as well as older publications unless justified by limited
newer evidence. The titles and abstracts were screened
to identify potentially relevant studies, followed
by full-text evaluation to confirm eligibility. Data
extracted from the selected studies covered study
design, population characteristics, CGM technology
type, and clinical outcomes such as HbAlc,
time in range, and hypoglycemia metrics, forming
the basis for the narrative synthesis presented in this
article.
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Glucose monitoring systems

CGM is a minimally invasive technology that uses
a sensor to continually monitor interstitial glucose
subcutaneously. It then sends the glucose data to a por-
table device. Intermittently scanned CGM, which
only shows the user’s blood sugar levels after scanning
with a reader, is one type of CGM. Real-time CGM has
largely surpassed this. It continuously sends glucose
data via Bluetooth to a smartphone app or mobile
reader, providing real-time glucose readings, predictive
trends, and alarms. It also enables cloud-based sharing
of glucose data with caregivers or medical profes-
sionals. Nowadays, CGM is frequently used for au-
tomatic insulin administration or self-monitoring [8,9].
CGM has altered the lives of people with diabetes.
The current generation of CGM devices are less
intrusive and no longer require calibration with fin-
gerstick glucose. CGM devices record glucose readings
every minute or every few minutes and offer the wearer
detailed information on glucose trends. In people
with diabetes, CGM data can give valuable insights
into glucose irregularities that are not revealed in a he-
moglobin Alc (HbALc) test [10,11].

Use of continuous glucose monitoring in diabetes
mellitus type 1

Type 1 diabetes is a chronic autoimmune disease that
leads to the progressive destruction of pancreatic beta
cells, resulting in insulin deficiency and persistent
hyperglycemia [12]. CGM has become an increasingly
valuable tool in managing this condition, as it enables
real-time assessment of glucose fluctuations and offers
a more comprehensive understanding of glycemic
control. Studies have consistently demonstrated that
continuous monitoring improves glucose stability,
increases the proportion of time spent within the target
glycemic range, and reduces both hyperglycemia
and hypoglycemia, regardless of the type of system
[13]. Although changes in long-term glycemic markers
such as glycated hemoglobin are often modest,
continuous monitoring provides insight into day-to-day
glucose variability that traditional indicators fail
to capture, highlighting its clinical relevance beyond
conventional measurements.

The standardization of CGM metrics has strengthened
the comparability of recent studies, yet significant
heterogeneity in research design, populations, and out-
come measures continues to pose challenges for
interpretation [13]. Increasingly, continuous moni-
toring is being integrated with automated insulin
delivery systems, reflecting a shift toward more
advanced and personalized diabetes management
strategies. In adults, this approach has been associated
with fewer hypoglycemic episodes and improved
quality of life when compared with traditional methods
based on multiple daily injections and self-monitoring
of blood glucose [14]. Similar patterns have been
reported in pediatric populations, although differences

in average glycemic control between treatment groups
have generally not been statistically significant. Data
regarding the use of CGM in pregnant women remain
limited, underscoring the need for further research [14].
Economic analyses indicate that while CGM provides
clear clinical benefits and enhances patients’ quality
of life, its higher cost may limit its cost-effectiveness
compared with standard monitoring. Moreover, most
long-term predictive models are derived from adult
data, which restricts their applicability to children
and pregnant women [14]. Despite these limitations,
CGM represents a key advancement in type 1 diabetes
care, offering a more dynamic and individualized
approach to achieving optimal glycemic control
[13,14].

Use of continuous glucose monitoring in diabetes
mellitus type 2

Findings from numerous observational and randomized
studies indicate that CGM systems provide benefits that
extend beyond glycemic control alone. Population-
-based analyses have shown that the adoption of these
devices has brought about reductions in emergency
department visits and hospitalizations related to dia-
betes complications. Studies conducted across different
healthcare settings confirm that CGM contributes
to greater metabolic stability and may also lead to lower
healthcare utilization and costs [15].

Several investigations have explored behavioral
and psychosocial changes following the introduction
of CGM. Participants often report more engagement
in self-care, stronger motivation for physical activity,
and improved understanding of the relationship be-
tween lifestyle choices and glucose levels. These
studies have also demonstrated higher self-efficacy,
enhanced satisfaction with diabetes management, and
a stronger sense of empowerment. In some cases, when
combined with lifestyle counseling, CGM has been
associated with modest yet clinically relevant
reductions in body weight [15,16].

Clinical trials have consistently demonstrated that
CGM improves patient-reported outcomes, including
treatment satisfaction, quality of life, and emotional
well-being. Results from validated questionnaires
assessing treatment satisfaction and diabetes-related
distress generally favor CGM over conventional mo-
nitoring. Furthermore, CGM has been shown to support
improved self-management and to be correlated with
reductions in HbAlc levels among individuals with
type 2 diabetes [15,16,17,18].

Current professional guidelines, including those from
major diabetes associations in North America,
recommend considering CGM not only for individu-
als treated with insulin, but also for adults with type 2
diabetes managed with non-insulin therapies. Even
periodic use of these systems is recognized as a va-
luable tool for supporting individualized glycemic
targets, guiding medication adjustments, and rein-
forcing lifestyle interventions. Continuous or intermit-
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tent monitoring is especially recommended for indivi-
duals at higher risk of hypoglycemia or with difficulties
achieving optimal glucose control [15].

Economic analyses from various countries have
provided additional support for broader access to CGM
for type 2 diabetes patients. Studies have demonstrated
that these systems are cost-effective — and in some
models even cost-saving, due to reduced hospital
admissions and improved work productivity. Overall,
CGM represents an effective and economically
justified approach to improving diabetes management,
enhancing quality of life, and preventing long-term
complications in individuals living with type 2 diabetes
[15,19].

The available research demonstrates consistent
outcomes across both randomized controlled trials
and real-world studies, confirming the association
between CGM and improved glycemic management
in type 2 diabetes. Nonetheless, limitations remain,
including the relatively small number of randomized
trials, variability in the types of monitoring systems
evaluated, and limited cost-effectiveness modeling
to fully establish the long-term clinical and economic
impact. Further high-quality research is warranted
to consolidate the role of CGM as a standard
component of care in this population [19].

Use of continuous glucose monitoring in prediabetes

The use of CGM has provided new insights into glucose
regulation, revealing that postprandial glucose re-
sponses vary substantially among individuals. These
differences are influenced not only by macronutrient
composition, but also by factors such as age, cho-
lesterol level, sleep patterns, dietary fiber, salt intake,
and genetic variations, underscoring the limitations
of uniform dietary recommendations and the potential
role of CGM in developing personalized nutrition
strategies, even in individuals with normoglycemia
[20]. Currently, prediabetes diagnosis relies solely
on fasting plasma glucose, HbA1c level, and oral glu-
cose tolerance tests, as the use of CGM for this purpose
has not yet been formally approved [20]. Nevertheless,
the continuous assessment of glucose levels offered
by CGM may better reflect the dynamic nature
of glycemic regulation and enable earlier identification
of dysglycemia [20,21]. Studies comparing individuals
with normal glucose tolerance and those with pre-
diabetes indicate that CGM can detect subtle metabolic
changes; in prediabetes, higher mean glucose levels
and reduced time within normal glycemic ranges have
been observed [22]. Indices of glucose variability,
including standard deviation, coefficient of variation,
and mean amplitude of glycemic excursion, have
emerged as key indicators of early glycemic distur-
bances [20,21,22]. Composite indices such as the
J-index, CONGA, and GRADE further support these
findings, showing increased variability and greater
glycemic risk patterns in prediabetes [22]. Moreover,
CGM facilitates the identification of postprandial
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and postexercise glucose fluctuations, supporting
indivi-dualized lifestyle interventions aimed at pre-
venting the progression to diabetes [20]. Collectively,
these findings highlight the potential of CGM as a valu-
able tool for early detection and personalized mana-
gement of dysglycemia.

Use of continuous glucose monitoring in pediatric
patients

CGM provides continuous assessment of interstitial
glucose levels throughout the day and night, enabling
the detection of glycemic fluctuations that might
be overlooked with conventional spot measurements.
In pediatric patients, CGM is employed to improve
glycemic control, reduce the frequency of hypo-
glycemic episodes, and support more precise insulin
therapy management. Evidence indicates that its use
in children is associated with reductions in HbAlc
levels compared with traditional self-monitoring
of blood glucose, while also allowing the identification
of nocturnal hypoglycemia episodes that often remain
undetected by standard testing methods [23].

In this population, CGM offers an accurate reflection
of glycemic patterns and plays a critical role in the early
detection of hypoglycemia [5]. Despite these benefits,
economic analyses highlight that the costs of CGM
should be considered alongside its potential to reduce
diabetes-related complications. Factors such as device
acceptance, comfort, and affordability continue to limit
its widespread use in children, emphasizing the need
for further research to evaluate long-term outcomes,
including cost-effectiveness and quality of life [23].

Use of continuous glucose monitoring in pregnant
women

Diabetes during pregnancy is associated with an in-
creased risk of numerous maternal and fetal com-
plications, including preeclampsia, preterm labor,
polyhydramnios, the need for cesarean delivery, small-
and large-for-gestational-age infants, congenital mal-
formations, stillbirths, intensive care unit admissions
after delivery, and perinatal mortality [24,25,26].
Studies assessing the use of CGM in women with type
1 diabetes who are pregnant or planning pregnancy
have demonstrated clear clinical benefits. Women
using this technology maintained better glucose
stability and spent more time within the target glycemic
range than those relying on standard monitoring
methods. Improved maternal glucose control was
linked to lower rates of neonatal complications, fewer
intensive care admissions, and shorter hospital stays
for newborns [24,27]. Given the heterogeneous nature
of gestational diabetes, where some women respond
adequately to nutritional therapy while others require
intensive insulin regimens, CGM may serve as a valu-
able prognostic tool to stratify risk and identify patients
who would benefit most from pharmacologic
intervention, particularly in the third trimester, when
treatment time is limited [24].
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Limitations

Major limitations identified in studies of CGM in
type 1 diabetes include substantial heterogeneity
among trials, differences in study design and
population characteristics, and potential bias from
industry sponsorship. The exclusion of participants
with lower adherence and the predominant use
of HbAlc as a primary endpoint may reduce
generalizability and fail to capture the full range of
glycemic variability. Furthermore, the growing
integration of CGM into automated insulin delivery
systems reduces the re-levance of findings derived
from studies assessing stand-alone monitoring [13].

The application of CGM in individuals with
prediabetes remains limited due to diagnostic frame-
works that rely on static glucose measurements, which
do not fully capture the dynamic nature of glycemic
regulation. Existing CGM metrics were primarily
developed for patients with established diabetes,
reducing their applicability to prediabetic populations.
Limited insurance coverage and high costs further
restrict accessibility. In addition, in certain cases,

use of these devices may contribute to psychological
distress or maladaptive eating behaviors. Further
research is needed to establish validated metrics
and safe, individualized strategies for the use of CGM
in this group [20].

In pediatric populations, CGM sensors may oc-
casionally become detached or disconnected before
the intended period of use, necessitating sensor re-
placement. Despite these occurrences, the devices
are generally well tolerated, with no significant reports
of infection or inflammation at insertion sites [5].
Currently, no CGM systems available in the United
States have received approval from the Food and Drug
Administration for use during pregnancies complicated
by diabetes. At present, no professional organizations
have issued formal recommendations defining best
practices for the use of CGM in pregnant women
with diabetes. Clinicians who apply these systems
in this context should inform patients that CGM
has not been approved by the Food and Drug
Administration for pregnancy, while also discussing
the potential benefits suggested by existing evidence
[24,28].

Table I. Summary of continuous glucose monitoring applications in different populations

Population / Context

Key findings

Clinical benefits

Limitations / Considerations

Type 1 diabetes mellitus

Type 2 diabetes mellitus

Prediabetes

Pediatric patients

Pregnant women with
diabetes

Provides real-time glucose tracking
and improves glycemic stability;
integration with automated insulin
delivery enhances outcomes

Reduces HbA1c and diabetes-related
hospitalizations; supports behavioral
engagement and self-care

Detects subtle glycemic variability
and postprandial excursions, providing
insight into early dysglycemia

Aids in identifying glycemic fluctuations
and nocturnal hypoglycemia

Improves matemal glucose stability
and neonatal outcomes in type 1

Increased time in target range; fewer
hypoglycemic events; improved
quality of life

Better metabolic control; enhanced
treatment satisfaction and quality of
life; potential cost-effectiveness

Enables personalized lifestyle
interventions; helps prevent
the progression of diabetes

Improved HbA1c; better detection of
hypoglycemia; supports insulin
adjustments

Reduced neonatal complications and
NICU admissions; shorter hospital

High cost; variable study designs;
limited data in children
and pregnancy

Limited long-term randomized data;
variability among CGM systems

Not approved for diagnostic use;
high cost; limited validated metrics

Sensor detachment; cost and device
acceptance issues; limited long-term
data

Not FDA-approved for pregnancy;
no formal clinical guidelines

diabetes

stays

HbA1c - glycated hemoglobin; CGM - continuous glucose monitoring; NICU — neonatal intensive care unit; FDA — Food and Drug Administration

Conclusions

CGM has reshaped the clinical approach to diabetes
management, providing real-time data that allow for
more precise and individualized glycemic control.
Evidence from both randomized and real-world studies
consistently confirms that it improves metabolic
outcomes, reduces episodes of hypoglycemia and
hyperglycemia, and enhances treatment satisfaction
and overall quality of life. In type 2 diabetes, these
benefits extend to the behavioral and psychosocial
domains, contributing to better self-management and
reduced healthcare utilization.

The application of CGM in prediabetes, pediatric
patients, and pregnancy highlights its growing rele-

vance across a broad spectrum of metabolic conditions.
Although challenges remain — particularly related
to costs, accessibility, and the lack of standardized
recommendations in some populations — the clinical
advantages are increasingly evident.

Taken together, current findings support the integra-
tion of CGM as a fundamental component of com-
prehensive diabetes care. Broader adoption will depend
on the continued development of evidence-based
guidelines, equitable reimbursement systems, and edu-
cation aimed at both patients and healthcare
professionals. With these efforts, CGM has the po-
tential to improve clinical outcomes, reduce long-term
complications, and promote greater patient autonomy
in the management of diabetes.
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