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ABSTRACT 

Introduction: Continuous Glucose Monitoring (CGM) systems have evolved significantly, 

transforming the management of diabetes and expanding into various other fields. Originally 

developed to aid in diabetes management, CGM systems now offer real-time glucose tracking, 

providing insights into glycemic control, preventing hypoglycemia, and optimizing therapeutic 

decisions. These systems are used in type 1 and type 2 diabetes management, pregnancy, sports, 

and critical care. Despite their benefits, challenges such as cost and integration into routine care 

remain. Future research will be crucial to fully understand the long-term impact and cost-

effectiveness of CGM systems. 

Aim of the study: This study aims to present the diverse applications and integrated benefits 

of Continuous Glucose Monitoring (CGM) systems. It focuses on their role in improving 

diabetes management, enhancing pregnancy outcomes, supporting athletic performance, and 

optimizing care in critical conditions.  

Materials and methods: A literature review was conducted using PubMed as the primary 

database. The search terms included: "continuous glucose monitoring", “CGM”, “diabetes 

mellitus", “diabetes mellitus type 1”, “diabetes mellitus type 2”.  

mailto:iza.brynczka@gmail.com
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Conclusion: Continuous glucose monitoring (CGM) systems have significantly advanced 

diabetes care, offering precise, real-time glycemic data that support individualized treatment. 

This review highlights CGM’s broadening applications across diverse populations, including 

non-diabetic individuals, pregnant women, athletes, and critically ill patients. While strong 

evidence supports CGM’s clinical and behavioral benefits, further research is required to 

optimize cost-effectiveness, long-term outcomes, and broader implementation strategies. CGM 

represents a transformative tool in both chronic disease management and personalized health 

monitoring. 

KEYWORDS: continuous glucose monitoring, diabetes mellitus, hypoglycemia, gestational 

diabetes, physical activity, critical care 

 

1. Introduction 

Maintaining blood glucose levels within a physiological range is critical, as significant 

deviations can lead to serious acute or long-term health complications [1]. In healthy individuals, 

glucose homeostasis is tightly regulated by a network of distinct physiological processes that 

together sustain metabolic homeostasis [2]. When these mechanisms are disrupted, as in the 

case of metabolic disorders such as diabetes mellitus, individuals may experience chronic 

hyperglycemia or episodes of hypoglycemia. 

Glucose monitoring enables people with diabetes to evaluate the effectiveness of their 

treatment and determine whether glycemic targets are being met without complications. 

Integrating glucose data into daily diabetes management offers significant benefits for meal and 

activity planning, preventing hypoglycemia, and adjusting pharmacological therapy, 

particularly concerning prandial and correctional insulin dosing [3]. In a healthy population, 

glycemic control may support optimal nutritional strategies through a personalized approach 

based on monitoring glucose levels, particularly using continuous glucose monitoring (CGM) 

systems. This strategy enables the adjustment of dietary intake to individual metabolic needs, 

which may lead to improved health outcomes [4]. 

Glycemic monitoring systems have evolved over centuries, fundamentally transforming 

diabetes management. Initially, glucose levels were assessed using urine samples; however, 

over time, the focus shifted to blood and interstitial fluid measurements [5]. The origins of self-

monitoring blood glucose (SMBG) systems date back to the 1970s with the introduction of 

glucometers, marking a significant milestone in diabetes management [6]. Currently, the most 
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advanced solution in this field is the Continuous Glucose Monitoring systems, which became 

commercially available in 1999 and have since transformed the approach to glycemic control 

[7]. 

Continuous glucose monitoring systems are increasingly adopted across diverse 

domains of medicine and biomedical research. Initially developed to facilitate real-time glucose 

tracking and optimize diabetes management, these technologies are now being applied in 

broader contexts, including the prediction of diabetes onset in non-diabetic populations [8]. 

Moreover, CGM is gaining recognition as a valuable tool in monitoring glycemic fluctuations 

during pregnancy and in athletic performance assessment, offering insights into metabolic 

responses to physical exertion [9][10].  

In recent years, CGM has also been utilized in critically ill patients, particularly during 

the COVID-19 pandemic. The implementation of these systems enabled effective glucose 

monitoring while simultaneously reducing direct contact between healthcare personnel and 

patients [11]. 

This review aims to provide a comprehensive overview of the applications and 

integrated benefits of CGM systems, with particular emphasis on their use in both individuals 

with diabetes and those without the condition. 

2. Technological foundations of CGM systems 

Continuous glucose monitoring systems have undergone significant technological 

advancements over the years and are now regarded as standard tools for intensive glycemic 

management in patients with diabetes [12].  

These systems consist of a disposable sensor that measures glucose levels in the 

interstitial fluid at intervals of approximately 1–5 minutes, and a transmitter that transmits 

and/or stores sensor readings to a dedicated receiver or mobile devices such as smartphones, 

smartwatches, or cloud platforms. [13]. Electrodes used in CGM systems employ enzymes to 

catalyze redox (reduction-oxidation) reactions, generating a current or voltage proportional to 

glucose concentration, which can be measured by the electrodes [14]. Sensor readings based on 

glucose oxidase may exhibit delays, typically ranging from 5 to 10 minutes, due to the time lag 

between interstitial and blood glucose concentrations [12]. 

Modern CGM systems not only measure glucose levels but also enable the analysis of 

trends and the detection of glycemic patterns. Users receive metrics such as time in range (TIR), 

time below range (TBR), and time above range (TAR), which are gaining recognition as critical 

indicators of glycemic control. Notably, TIR has been shown to correlate independently with 
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diabetes-related complications, complementing the traditional HbA1c metric [15]. Furthermore, 

the latest devices, such as the Dexcom G7 and FreeStyle Libre 3, offer high point accuracy and 

support real-time therapeutic decision-making [16]. 

3. Clinical applications in diabetes management 

Diabetes mellitus represents a group of metabolic disorders involving disturbances in 

carbohydrate metabolism, where glucose is underutilized and overproduced, resulting in 

elevated blood glucose levels (hyperglycemia) [17]. Currently, approximately 422 million 

individuals worldwide are affected by diabetes, and the number of people living with the 

condition has been increasing steadily in recent years. [18].  

In diabetes management, regular monitoring of blood glucose levels is an essential and 

indispensable component of therapy [19]. For years, the cornerstone of glycemic control has 

been self-monitoring of blood glucose using capillary blood samples [20]. However, this 

method is associated with discomfort and inconvenience due to the need for frequent finger-

pricking, which may reduce patient adherence to strict glucose monitoring [19]. 

The introduction of Continuous Glucose Monitoring systems has enabled continuous 

tracking of glucose levels, allowing for more precise and proactive glycemic management. This, 

in turn, contributes to the reduction of adverse events such as hypoglycemia [21] 

3.1. Application of CGM Systems in Type 1 Diabetes 

Continuous glucose monitoring systems have changed how type 1 diabetes (T1D) is 

managed. They not only show real-time glucose levels but also help track changes and give 

early warnings for low or high glucose levels. 

Studies have shown that using continuous glucose monitoring leads to a reduction in 

glycated hemoglobin (HbA1c), decreased incidence and severity of hypoglycemic episodes, 

and increased time in range (TIR) [22][23]. These benefits are especially noticeable in 

individuals who use CGM consistently, as shown in long-term results from a large trial Juvenile 

Diabetes Research Foundation’s CGM randomized trial [24]. 

In addition to measuring glucose levels, combining continuous glucose monitoring with 

continuous subcutaneous insulin infusion (CSII) has led to the creation of insulin pumps 

controlled by algorithms. These systems work in a closed-loop way, stopping insulin when low 

glucose is expected and giving extra insulin when blood sugar is too high [22]. This 

advancement has paved the way for the management of type 1 diabetes to rely on automated, 

technology-based solutions increasingly. 
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In pediatric populations, an additional benefit of CGM use is the increased comfort and 

reassurance experienced by parents. Parents of young children with type 1 diabetes report 

reduced anxiety and an enhanced sense of safety, particularly in situations where children are 

unable to recognize or communicate symptoms of hypo- or hyperglycemia. Moreover, 

entrusting the care of their children to others becomes more manageable due to the availability 

of remote glucose monitoring features [25]. 

In the analysis of T1D Exchange data comparing the effectiveness of CGM in insulin 

delivery methods, CGM users—both those using insulin pumps and those administering insulin 

via injections—demonstrated lower HbA1c levels compared to individuals not using CGM 

systems [26].  

A cohort study investigating adults with type 1 diabetes demonstrated that the use of 

continuous glucose monitoring was associated with a reduced risk of developing diabetic 

retinopathy and proliferative diabetic retinopathy. These findings indicate that CGM may serve 

as an effective tool for lowering the risk of these microvascular complications [27].  

Despite strong evidence supporting the efficacy, safety, and benefits of continuous glucose 

monitoring, cost remains a significant concern. A systematic review by Jiao et al. provides 

evidence that CGM may be a cost-effective strategy for individuals with type 1 diabetes, as it 

contributes to the reduction of chronic complications through improved glycemic control and 

decreases the frequency of hypoglycemic episodes [28]. 

In conclusion, continuous glucose monitoring systems are widely recognized as 

essential tools in the individualized treatment of type 1 diabetes, backed by extensive scientific 

research. Their utility goes beyond tracking glucose levels, providing meaningful benefits 

across different age groups and contributing to the prevention of long-term diabetes 

complications, which supports their growing role in contemporary diabetes care. 

3.2. Application of CGM Systems in Type 2 Diabetes 

As early as 1998, the UKPDS 33 study demonstrated a significant reduction in 

microvascular complications through intensive glycemic control in individuals with type 2 

diabetes [29]. This landmark study highlighted the importance of consistent glucose monitoring 

and maintaining target glucose levels. While continuous glucose monitoring systems are now 

recognized as the standard of care for individuals with type 1 diabetes, their adoption among 

those with type 2 diabetes (T2DM) has progressed more slowly and is primarily focused on 

patients undergoing intensive insulin therapy [30]. 
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Traditional glucose monitoring methods, such as self-monitoring of blood glucose 

(SMBG), provide only intermittent readings, which may result in hyperglycemic or 

hypoglycemic episodes going undetected. In contrast, CGM systems offer real-time tracking of 

glycemic fluctuations, enabling the detection of trends and excursions that SMBG may miss. 

An increasing body of evidence from randomized controlled trials emphasizes the clinical 

benefits of CGM use in the management of type 2 diabetes [31][32][33][34]. 

HbA1c remains the most commonly studied parameter in clinical research on diabetes. 

In both the DIAMOND trial and the MOBILE study, a significant reduction in HbA1c levels 

was observed among patients with poorly controlled type 2 diabetes who were treated either 

with basal insulin alone or multiple daily insulin injections [31][32]. Systematic reviews and 

meta-analyses further support the effectiveness of CGM and intermittently scanned CGM 

(isCGM) in lowering HbA1c, while also suggesting that isCGM may be more acceptable to 

patients due to its ease of use and user-friendly design [19]. 

Beyond laboratory parameters, studies demonstrated that CGM not only facilitates 

improved glycemic control but also reduces the frequency and severity of hypoglycemia 

episodes, one of the main limitations of insulin therapy [35]. In addition to enhancing clinical 

outcomes, CGM contributes to significant behavioral changes [36][37]. Research by Yoo et al. 

(2008) and Manfredo et al. (2023) indicated that even short-term use of CGM can lead to 

increased physical activity, improved dietary habits, and heightened diabetes-related awareness. 

Moreover, findings from a 2012 study revealed that glycemic improvements were 

sustained even after discontinuation of CGM use, suggesting a lasting behavioral effect and 

potential for long-term benefit beyond active device use [33].  

The above evidence indicates that continuous glucose monitoring has become a valuable 

adjunct to the management of type 2 diabetes. Its benefits extend beyond laboratory parameters 

to include improvements in quality of life. However, questions remain regarding cost-

effectiveness and integration strategies, particularly for patients not treated with insulin. Further 

research is needed to evaluate the long-term impact of CGM on diabetes-related complications, 

as well as on health system economics. 

4. Application of CGM Systems in Pregnancy 

The incidence and clinical impact of diabetes in pregnancy are increasing, with the 

incidence of both gestational diabetes mellitus (GDM) and pregestational diabetes nearly 

doubling over recent decades. Despite enhanced medical care, perinatal mortality rates have not 

declined, and the risk remains significantly higher compared to women without diabetes [38]. 
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Continuous glucose monitoring systems are becoming increasingly prevalent among 

pregnant women with type 1 diabetes [39]. They have emerged as promising tools for 

optimizing glycemic control in this population. The landmark CONCEPTT study - a 

multicenter, randomized controlled trial involving 325 participants (including 215 pregnant 

women) - demonstrated that the use of CGM significantly improves glycemic parameters. The 

study reported reductions in HbA1c levels, increased time within the target glycemic range, and 

reduced time spent above the target range in women using CGM compared to those in the 

control group. Furthermore, women utilizing CGM exhibited a decreased incidence of large-

for-gestational-age (LGA) newborns, fewer neonatal intensive care unit (NICU) admissions, 

shorter infant hospitalizations, and lower rates of neonatal hypoglycemia [40]. 

A population-based study conducted by Persson et al. observed that fetal macrosomia 

in type 1 diabetes results from a shift and broadening of the entire birthweight distribution. 

These findings indicate that fetal macrosomia in type 1 diabetes reflects broader metabolic 

disturbances rather than being solely attributed to isolated episodes of severe hyperglycemia 

[41]. 

While most data on the benefits of CGM during pregnancy are derived from studies 

involving women with type 1 diabetes, there is growing interest in its application among women 

with type 2 diabetes. In a cohort study, Murphy et al. evaluated 15,290 pregnant women, 

including 8,685 with type 2 diabetes. Their findings revealed a significant clinical challenge, as 

women with type 2 diabetes exhibited a higher median gestational age at delivery and higher 

neonatal mortality rates compared to those with type 1 diabetes [42]. These and other 

complications emphasize the need for greater focus on this group. Preliminary evidence 

suggests that CGM use in pregnant women with type 2 diabetes may similarly reduce maternal 

and neonatal complications; however, further research is warranted [43]. 

In the case of GDM, a growing body of research also supports the use of CGM to 

improve glycemic control and reduce risks for both mothers and newborns. A study conducted 

by Law et al. among women with GDM demonstrated that, despite overall good glycemic 

control, unrecognized nocturnal hyperglycemia episodes were significantly associated with an 

increased risk of LGA newborns [44]. Another study by Kluemper et al. confirmed that CGM 

use in GDM resulted in lower HbA1c levels at the end of pregnancy, less maternal weight gain, 

and lower neonatal birth weights compared to self-monitoring of blood glucose (SMBG) [45]. 

Nonetheless, further studies are necessary to better understand the impact of CGM on 

maternal and neonatal outcomes. Additional research by Li et al. suggested that CGM could 

serve as a supportive or even alternative tool to the oral glucose tolerance test (OGTT). Metrics 
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derived from CGM, such as the TA140 index, may provide an early screening method for 

detecting elevated glucose levels during pregnancy, potentially replacing OGTT [46]. 

Regardless of the type of diabetes, fetal exposure to hyperglycemia has been linked to 

long-term adverse metabolic programming in offspring, including an increased risk of obesity 

and glucose intolerance later in life [47]. Therefore, efforts to improve glycemic control during 

pregnancy, such as broader implementation of CGM systems, may offer benefits not only 

during the neonatal period but also in the long-term health outcomes of future generations. 

5. Application of CGM Systems in Sports 

Physical activity plays a crucial role in the management of both type 1 and type 2 

diabetes; however, its implementation can be hindered by psychological barriers and the risk of 

acute complications, including hypoglycemia. Even small lifestyle modifications, such as 

reducing sedentary time, can significantly improve glycemic regulation in individuals with type 

2 diabetes [48]. Nevertheless, fear of hypoglycemia, particularly in patients with type 1 diabetes, 

remains a significant obstacle to engaging in physical activity[49]. In this context, continuous 

glucose monitoring systems have gained increasing importance, as they enable real-time 

assessment of glucose levels and prediction of their fluctuations during and after physical 

exercise. 

Several studies have demonstrated that the use of continuous glucose monitoring can 

significantly reduce the risk of hypoglycemia in individuals with diabetes engaging in physical 

activity [50][51][52][53][54]. In an observational study by Riddell and Milliken, the 

implementation of CGM in conjunction with a carbohydrate intake algorithm effectively 

prevented exercise-induced hypoglycemia in real-world settings [53]. Similarly, the 

randomized controlled PACE trial showed that the use of a CGM system equipped with a 

predictive low-glucose alert significantly reduced the amount of time spent below the 

hypoglycemic threshold (<70 mg/dL) compared to the control group [51]. 

Additional evidence is provided by a randomized clinical trial conducted by Laffel et 

al., which included young patients with type 1 diabetes. The study demonstrated that regular 

use of CGM not only improves glycemic control but also significantly reduces the frequency 

of hypoglycemic episodes in a population particularly susceptible to such events [54]. These 

findings highlight the practical utility of CGM not only as a monitoring tool but also as a 

preventive measure against acute metabolic disturbances during physical activity. 

An increasing number of studies highlight the potential benefits of using continuous 

glucose monitoring in athletes without diabetes and in healthy, physically active individuals. In 
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this context, the primary goal is not the prevention of adverse events associated with a disease 

such as diabetes, but rather the monitoring of physiological responses to physical exercise and 

the assessment of metabolic changes. 

Kulawiec et al. conducted a study on a small group of participants; however, the findings 

may represent an important step toward understanding the utility of CGM in a healthy 

population. Using CGM devices, they showed that physical exercise can cause an inflammatory 

response characterized by hyperglycemia and hyperinsulinemia. Moreover, found that blood 

sugar levels vary more than expected after eating carbohydrates, suggesting a disruption of 

normal metabolic processes. The authors emphasize that commercially available CGM systems 

hold potential for monitoring athletes' recovery following high-intensity training [55]. 

In their study, Ishihara et al. presented the estimation of individual carbohydrate 

requirements using CGM. They analyzed six participants in a 100 km race, divided into two 

groups: one group followed a standard carbohydrate intake, while the other group’s intake was 

tailored based on CGM measurements. The results showed that using continuous glucose 

monitoring helped athletes adjust their carbohydrate intake more accurately to match their 

body’s needs. This led to more stable blood sugar levels and faster running speeds. The authors 

concluded that CGM can be a useful and effective tool for personalizing nutrition strategies 

during long endurance exercise, helping to improve both safety and performance [56]. 

In a study conducted by Flockhart and Larsen (2024), the authors emphasize the 

importance of considering the physiological context when interpreting CGM data. They 

highlight that athletes often display highly individual glucose profiles and may spend a 

considerable amount of time in both hypo- and hyperglycemic states. The study also suggests 

that CGM can be used not only to optimize athletic performance but also as a tool for early 

detection of physical overload, particularly in endurance sports [10]. 

Further research is needed before CGM can become a standard tool in training for 

athletes without diabetes. However, the examples discussed above show that these systems may 

offer added value in monitoring metabolic adaptations and supporting the personalization of 

nutritional plans for high-performance athletes. 

6. The role of CGM in critical care 

Continuous glucose monitoring systems are becoming increasingly important in 

hospital settings. A turning point was the COVID-19 pandemic, when CGM allowed for 

effective insulin therapy while helping to reduce the risk of virus transmission to healthcare 

personnel. 
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In a study conducted by Sadhu et al., 11 critically ill patients with COVID-19 receiving 

intravenous and/or subcutaneous insulin therapy were monitored using both continuous glucose 

monitoring and point-of-care blood glucose (POC-BG) measurements, resulting in a total of 

437 paired readings. The findings showed that CGM use was feasible, reliable, and accurate for 

tracking real-time glucose trends. Additionally, it helped reduce healthcare workers’ exposure 

to patients and lowered the use of personal protective equipment during the COVID-19 

pandemic [11]. 

During the COVID-19 pandemic, continuous glucose monitoring systems were 

implemented in the intensive care unit (ICU) at Montefiore Medical Center to evaluate their 

effectiveness and accuracy in real-world clinical settings. The study included 11 critically ill 

patients. The results showed that CGM use in the ICU was feasible, well tolerated, and reliable 

as a complement to traditional glucose measurements. Moreover, the use of CGM significantly 

reduced the number of point-of-care (POC) tests needed in patients receiving continuous 

intravenous insulin therapy, highlighting its potential to support glucose monitoring in critically 

ill patients [57]. 

A similar study was conducted at a large academic medical center in the United States, 

where the use of a hybrid model combining point-of-care glucose measurements with 

continuous glucose monitoring was evaluated in critically ill COVID-19 patients. This protocol 

proved to be safe, leading to a significant reduction in the number of POC measurements and 

providing acceptable glucose control with minimal risk of hypoglycemia. Although the 

accuracy of CGM was not sufficient, satisfactory glucose control was still achieved [58]. 

Conclusion 

Continuous glucose monitoring (CGM) systems have rapidly developed in recent years, 

and with this, the number of applications in which they can be beneficial has expanded. Their 

use extends beyond diabetes management, including applications in sports, pregnancy, and 

critical care. 

The technological advancements allowing real-time glucose level monitoring 

significantly improve diabetes management, personalization, and effective treatment for 

patients with both type 1 and type 2 diabetes. Beyond treatment, CGM provides additional 

benefits that impact not only the physical but also the mental health of patients. With continuous 

glucose monitoring, diabetic patients have better control over their health, reducing the risk of 

complications like retinopathy, nephropathy, and neuropathy. 
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Beyond diabetes, CGM has also found applications in pregnant women, both in cases 

of gestational diabetes and pre-pregnancy diabetes. Studies indicate that CGM can improve 

glycemic control in pregnant women, reducing the risk of complications for both the mother 

and the child, such as large for gestational age (LGA) infants and neonatal hypoglycemia.  

Studies on the use of CGM in sports show promising results. With the ability to monitor glucose 

levels in real time, CGM allows for better dietary strategy adjustments and minimizes the risk 

of hypoglycemia during intense exercise. In the future, CGM may become a valuable tool not 

only for prevention but also for personalized nutrition, supporting the optimization of athletic 

performance. 

In hospital settings, particularly in intensive care units, CGM can reduce the risk of 

infections and limit medical staff contact with patients. Research has shown that CGM can 

serve as an effective alternative to traditional glucose measurement methods, enabling better 

glucose level management in critical health conditions. 

Although CGM systems offer numerous benefits, challenges still exist, such as their 

availability, cost, and the need for integration with other treatment methods. In the future, 

further development of CGM technology and its application in new patient populations and 

clinical situations may lead to even greater health benefits. Further research is needed to 

understand CGM's effects and impact on current and emerging patient populations. 
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