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ABSTRACT

Diabetes mellitus, particularly type 2 diabetes (T2D), presents a significant global health challenge, necessitating
effective glycemic control to reduce the risk of complications. Blood glucose monitoring is a cornerstone of T2D
management, with self~monitoring of blood glucose (SMBG) traditionally serving as the standard approach.
However, the episodic nature of SMBG limits its ability to capture glycemic variability. Continuous glucose
monitoring (CGM) offers real-time glucose readings and trend analysis, providing a comprehensive picture of
glycemic fluctuations. This narrative review compared the impact of CGM versus SMBG on glycemic control in
adults with T2D, employing a systematic synthesis of peer-reviewed literature to assess metrics such as HbAlc,
time in range (TIR), glycemic variability, and patient-reported outcomes. The findings indicated that CGM
outperforms SMBG in reducing HbA 1¢, mitigating glycemic variability, and improving TIR, adherence, and quality
of life. While CGM presents barriers such as high cost and a learning curve, it significantly enhances patient
engagement and safety, particularly for high-risk populations. Conversely, SMBG remains a viable, cost-effective
option, particularly in resource-limited settings. Emerging advancements in CGM technology, including Al
integration, hold promise for broader accessibility and improved outcomes. This review underscored the
transformative potential of CGM in optimizing T2D management and informing future diabetes care strategies.
Keywords: Continuous Glucose Monitoring (CGM), Self-Monitoring of Blood Glucose (SMBG), Glycemic Control,
Type 2 Diabetes (T2D), HbA1c and Time in Range (TIR).

INTRODUCTION

Diabetes mellitus, particularly type 2 diabetes (T'2D), is a prevalent global health challenge, characterized by chronic
hyperglycemia due to impaired insulin secretion or action [[1-37]. Effective glycemic control is crucial in managing
T2D to reduce the risk of complications such as cardiovascular disease, neuropathy, and retinopathy. Monitoring
blood glucose levels is a cornerstone of diabetes management, enabling timely adjustments in therapy and lifestyle.
Traditionally, self-monitoring of blood glucose (SMBG) has been the standard approach, where patients measure
glucose levels intermittently using finger-prick tests. While SMBG provides valuable insights, its episodic nature
often fails to capture glycemic variability and trends over time, potentially limiting its efficacy in achieving optimal
glycemic control.

Continuous glucose monitoring (CGM) technology has emerged as an innovative alternative, offering real-time
glucose readings and trend analysis [4, 5. Unlike SMBG, CGM systems continuously measure interstitial glucose
levels through a sensor inserted under the skin, providing a comprehensive picture of glycemic fluctuations
throughout the day and night. This capability allows patients and healthcare providers to make more informed
decisions about treatment adjustments, diet, and exercise. Furthermore, CGM ofters features such as alarms for
hypo- and hyperglycemia, fostering better patient engagement and proactive diabetes management. This review
examines the impact of CGM compared to SMBG on glycemic control in adults with T2D. Specifically, it explores
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how these monitoring approaches influence metrics such as HbA1c levels, time in range (TIR), and the occurrence
of hypoglycemic or hyperglycemic events. Additionally, the review considers patient adherence, satisfaction, and
quality of life as critical factors. By synthesizing existing evidence, this article aims to provide a comprehensive
understanding of the relative benefits and limitations of CGM versus SMBG, offering insights for healthcare
providers and policymakers seeking to optimize diabetes care strategies.
PATHOPHYSIOLOGICAL RATIONALE FOR GLUCOSE MONITORING IN T2DM
In T2DM, blood glucose fluctuations result from a combination of impaired insulin action and dysregulated hepatic
glucose production [6, 77. Hyperglycemia often goes unnoticed, especially during nocturnal periods, making it
critical to employ effective glucose monitoring techniques. SMBG provides discrete snapshots of blood glucose
levels, requiring patients to perform finger-stick tests multiple times daily. In contrast, CGM systems continuously
measure interstitial glucose levels, offering a dynamic picture of glycemic trends and variability. By identifying
patterns, CGM can facilitate timely interventions, potentially reducing periods of hyper- and hypoglycemia, which
are crucial for optimizing diabetes management.
ADVANTAGES AND LIMITATIONS OF SMBG
i Benefits of SMBG: SMBG is a cost-effective and accessible method for monitoring blood glucose levels
[8,97. Its portability and ease of use make it a practical choice for many patients. SMBG enables individuals
to correlate blood glucose readings with specific activities, dietary habits, and medication regimens, thus
fostering self-management skills. It remains particularly useful in resource-limited settings where CGM
may not be widely available.

ii. Limitations of SMBG: Despite its utility, SMBG has notable limitations. Finger-stick testing can be
painful, discouraging adherence, and it provides only isolated glucose readings [107]. This episodic nature
may fail to capture critical fluctuations, such as nocturnal hypoglycemia or postprandial hyperglycemia.
Additionally, SMBG requires consistent patient engagement and accurate technique, which can vary widely
across individuals.

ADVANTAGES AND LIMITATIONS OF CGM

i. Benefits of CGM: CGM systems, such as those incorporating sensors and wearable transmitters, offer a
transformative approach to glucose monitoring [11, 127]. By providing continuous data on glucose levels,
CGM devices enable users to detect trends and variability, including previously undetected hyperglycemic
and hypoglycemic episodes. These systems can provide alerts for critical glucose thresholds, enhancing
safety, particularly for individuals at high risk of severe hypoglycemia. The data generated by CGM can be
analyzed retrospectively, enabling healthcare providers to refine treatment plans. Studies have shown that
CGM use is associated with improved glycemic outcomes, including reductions in HbAlc levels and
glycemic variability. For example, time-in-range (TIR) metrics, which quantify the percentage of time
glucose levels remain within a target range, have emerged as valuable indicators of glycemic control and
can be directly monitored using CGM. By reducing glycemic excursions, CGM may also alleviate the
cognitive burden of diabetes management, enhancing patients' quality of life.

ii. Limitations of CGM: However, CGM systems are not without drawbacks. The high cost of devices and
sensors remains a significant barrier to widespread adoption [13, 147. Furthermore, CGM requires a
learning curve, and not all patients may be willing or able to integrate this technology into their daily lives.
Sensor accuracy can be influenced by factors such as dehydration, skin irritation, and delayed response in
interstitial fluid glucose measurements. Additionally, some patients report feeling overwhelmed by the
continuous stream of data, underscoring the need for effective patient education and support.

COMPARATIVE EFFECTIVENESS OF CGM AND SMBG IN GLYCEMIC CONTROL

i HbA1c Reduction: HbAlc is a critical metric for assessing long-term glycemic control [157]. Numerous
studies have compared CGM and SMBG in their ability to reduce HbA 1c levels among adults with T2DM.
For instance, randomized controlled trials have demonstrated that CGM users achieve greater reductions
in HbA1c compared to those relying solely on SMBG. This difference is attributed to CGM’s ability to
provide actionable insights and facilitate timely adjustments in therapy. SMBG, by contrast, may not
adequately capture glycemic variability or inform proactive interventions.

ii. Glycemic Variability: Glycemic variability, characterized by fluctuations in blood glucose levels, is
increasingly recognized as an independent risk factor for diabetes complications [167]. CGM’s capacity to
continuously monitor glucose levels makes it particularly effective in identifying and mitigating variability.
Studies have shown that CGM users experience fewer episodes of hypoglycemia and hyperglycemia, as well
as reduced mean amplitude of glycemic excursions (MAGE). While SMBG can identify variability to some
extent, its episodic nature limits its effectiveness in capturing a comprehensive glycemic profile.
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ii. Patient Adherence and Satisfaction: Adherence to glucose monitoring regimens is a key determinant of
glycemic outcomes. CGM systems, with their minimally invasive design and real-time data, are generally
associated with higher patient satisfaction compared to SMBG. The ability to visualize glucose trends and
receive alerts can empower patients, fostering a sense of control over their condition. In contrast, the
discomfort and inconvenience of frequent finger-stick testing can deter adherence to SMBG, potentially
compromising glycemic control.

iv. Quality of Life: Quality of life (QoL) is an important consideration in diabetes management [177]. By
reducing the burden of frequent testing and offering actionable insights, CGM has been shown to improve
QoL among users. The technology’s ability to minimize glycemic excursions and associated symptoms
further contributes to enhanced well-being. While SMBG can also support QoL improvements by
facilitating self-management, its limitations in data richness and convenience may reduce its overall impact.

v. Economic Considerations: The cost-effectiveness of CGM versus SMBG is a contentious issue. While
CGM systems are associated with higher upfront costs, their potential to improve glycemic outcomes and
reduce complications may yield long-term economic benefits. For example, fewer hospitalizations for severe
hypoglycemia or hyperglycemia could offset the initial investment in CGM technology. In contrast, SMBG
remains the more affordable option in the short term, making it a viable choice for patients with limited
financial resources or inadequate insurance coverage.

SPECIAL POPULATIONS
i. Older Adults: Older adults with T2DM often face unique challenges, including an increased risk of
hypoglycemia and comorbid conditions [18,197]. CGM may offer significant benefits in this population by
providing alerts for low glucose levels and reducing the cognitive burden of diabetes management.
However, cost and technology-related barriers must be addressed to ensure accessibility.

ii. Individuals with Limited Resources: In resource-limited settings, the cost of CGM remains a major
obstacle. SMBG, with its lower cost and simpler implementation, is often the preferred option. Efforts to
subsidize CGM technology and improve its affordability could expand access and enhance glycemic control
in underserved populations.

FUTURE DIRECTIONS
Advancements in CGM technology, including integration with insulin delivery systems and artificial intelligence
(AI), hold promise for further improving glycemic outcomes [197. Hybrid closed-loop systems, also known as
artificial pancreas systems, combine CGM with insulin pumps to automate glucose regulation. Additionally,
wearable devices with extended sensor life and enhanced accuracy are under development, potentially reducing costs
and improving user experience. Research into the long-term benefits of CGM, particularly in terms of reducing
complications and healthcare costs, will be critical for informing policy and clinical practice.
CONCLUSION

Continuous glucose monitoring (CGM) represents a transformative approach to diabetes management, offering
significant advantages over traditional self-monitoring of blood glucose (SMBG) in adults with type 2 diabetes
(T2D). This review highlights that CGM’s ability to provide continuous, real-time glucose data enables superior
glycemic control through enhanced monitoring of HbA 1c, reduced glycemic variability, and improved time in range
(TIR). These outcomes are complemented by CGM'’s capacity to reduce the frequency of hypo- and hyperglycemic
events, fostering greater safety and improved quality of life for patients. While SMBG remains a practical, cost-
effective option for many, its episodic nature and associated patient burden limit its efficacy, particularly in
addressing glycemic fluctuations. Conversely, CGM’s higher initial costs and learning curve may pose barriers to
widespread adoption, particularly in resource-limited settings. However, ongoing advancements in CGM
technology, including integration with automated insulin delivery systems and artificial intelligence, are likely to
improve accessibility, usability, and cost-effectiveness in the future. In conclusion, CGM ofters a comprehensive and
patient-centered solution for managing T2D, with demonstrated benefits in glycemic outcomes and patient
satisfaction. Broader adoption of CGM, supported by policies addressing affordability and education, has the
potential to revolutionize care, particularly for populations most at risk of complications.
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