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ABSTRACT

Continuous glucose monitoring (CGM) has revolutionized the management of type 2 diabetes (T2D) by offering
real-time, continuous insights into glucose trends, thereby addressing limitations associated with standard finger-
prick self-monitoring of blood glucose (SMBG). This review critically examined the comparative effectiveness of
CGM versus SMBG in improving glycemic control among adults with T2D. Using a narrative review methodology,
relevant literature including randomized controlled trials, observational studies, and meta-analyses were synthesized
to assess outcomes such as HbA 1¢ reduction, time in range (TIR), glycemic variability, and hypoglycemia incidence.
Evidence indicates that CGM consistently achieves superior glycemic outcomes, notably greater reductions in
HbA1c, increased TIR, and fewer hypo- and hyperglycemic episodes compared to SMBG, particularly among
patients on intensive insulin regimens. Additionally, CGM fosters improved patient adherence, satisfaction, and
quality of life by reducing the burden of frequent finger pricks and enhancing self-management capabilities.
However, operational barriers such as high costs, limited insurance coverage, technological literacy gaps, and data
interpretation complexities impede widespread adoption. Economic evaluations suggest CGM can be cost-eftective
over time by lowering complication-related expenditures. Future directions include expanding CGM use to non-
insulin-treated populations and integrating Al-driven predictive analytics. Ultimately, CGM holds substantial
promise as a cornerstone of personalized, data-informed T2D care, offering both clinical and psychosocial benefits.
Keywords: Continuous Glucose Monitoring (CGM), Self-Monitoring of Blood Glucose (SMBG), Glycemic
Control, Type 2 Diabetes Mellitus, Time in Range (TIR).

INTRODUCTION

Diabetes mellitus, particularly type 2 diabetes (T'2D), continues to represent a major global health challenge due to
its increasing prevalence and association with significant morbidity and mortality [1-37. Effective glycemic control
remains central to mitigating complications such as cardiovascular disease, nephropathy, neuropathy, and
retinopathy, which significantly diminish quality of life and increase healthcare burden. Self-monitoring of blood
glucose (SMBG) has traditionally been a cornerstone in the management of T2D, enabling patients and clinicians
to assess glycemic status and adjust therapeutic interventions accordingly [47. The conventional method, involving
finger-prick capillary blood glucose testing, provides discrete glucose readings but is limited by issues related to
patient adherence, inconvenience, and the inability to capture glycemic variability and trends comprehensively.

In recent years, continuous glucose monitoring (CGM) technology has emerged as a transformative advancement
in diabetes care, offering real-time, dynamic glucose data [5, 6]. CGM devices utilize subcutaneous sensors to
measure interstitial glucose levels continuously, providing insights into glucose fluctuations, patterns of hypo- and
hyperglycemia, and the impact of lifestyle factors on glucose control. This technological innovation has the potential
to overcome many limitations of SMBG by facilitating timely therapeutic adjustments and empowering patients
with enhanced self-management capabilities.
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Given the critical role of glycemic control in the prognosis of T2D, evaluating the comparative effectiveness of
CGM versus standard finger-prick testing is essential to inform clinical decision-making, optimize patient outcomes,
and guide resource allocation [77]. This narrative review synthesizes evidence from clinical trials, observational
studies, and meta-analyses that assess the impact of CGM relative to SMBG on glycemic parameters, patient
adherence, quality of life, and complication prevention in adults with T2D. It further explores operational challenges
and future directions to maximize the integration of CGM in routine diabetes care. Ultimately, this review aims to
provide a nuanced understanding of the benefits and limitations of these glucose monitoring modalities to support
evidence-based practice and policy formulation.

Historical Context and Evolution of Glucose Monitoring
The management of diabetes has been inextricably linked with the capacity to monitor glucose levels effectively.
Finger-prick blood glucose testing, introduced in the 1970s, revolutionized self-care by offering patients immediate
teedback on their glucose levels outside of clinical settings [87. Despite its widespread use and utility, SMBG
inherently provides episodic data points, which may not reflect glycemic variability or nocturnal hypoglycemia. This
gap has implications for both overtreatment and undertreatment, leading to adverse events.
The advent of CGM systems, first developed in the late 1990s, introduced a paradigm shift by enabling near-
continuous assessment of glucose concentrations via minimally invasive sensors [9, 107]. Early CGM devices were
initially targeted toward type 1 diabetes due to the greater risk of hypoglycemia; however, technological
advancements, improved accuracy, and cost reductions have expanded their applicability to T2D management.
Modern CGM devices incorporate alarms for hypoglycemia and hyperglycemia, trend arrows, and smartphone
connectivity, enhancing usability and patient engagement.
Understanding the progression from SMBG to CGM is vital for contextualizing their comparative effectiveness,
especially given differences in cost, user acceptability, and clinical utility.

Glycemic Control Outcomes: CGM versus SMBG

Glycemic control in T2D is commonly assessed through parameters such as glycated hemoglobin (HbA1c), time in
range (TIR), glycemic variability, and frequency of hypo- and hyperglycemic episodes [117]. Multiple studies have
evaluated these outcomes in patients using CGM compared to those relying on standard finger-prick SMBG.

i.  HbA1c Reduction: Systematic reviews and randomized controlled trials (RCTs) demonstrate that CGM
use results in statistically significant reductions in HbAlc compared to SMBG, with average declines
ranging from 0.8% to 0.8% over periods of 8 to 6 months [127]. This effect is particularly pronounced in
patients with suboptimal baseline control and those treated with insulin therapy. The ability of CGM to
provide real-time feedback facilitates timely lifestyle and medication adjustments, contributing to improved
overall glycemic control.

ii.  Time in Range (TIR) and Glycemic Variability: CGM uniquely quantifies TIR, defined as the percentage
of time glucose values remain within target glucose ranges (usually 70-180 mg/dL). Studies report that
CGM users experience increased TIR and reduced glycemic variability relative to SMBG users, metrics
linked to decreased risk of diabetes complications. This dynamic data allows clinicians and patients to
address fluctuations that are otherwise undetected with periodic SMBG.

1. Hypoglycemia and Hyperglycemia Episodes: CGM has been shown to decrease both the frequency and
severity of hypoglycemic events by alerting users to impending low glucose levels [187. This is a
significant advantage over SMBG, which may miss nocturnal or asymptomatic hypoglycemia. Likewise,
hyperglycemia management improves due to early detection of glucose excursions, enabling rapid
intervention.

Patient Adherence, Satisfaction, and Quality of Life
Adherence to glucose monitoring regimens critically influences diabetes management success [147]. SMBG is
associated with challenges including pain, inconvenience, and stigma, leading to suboptimal testing frequencies [157].
CGM addresses many of these issues by reducing the need for frequent finger pricks and providing seamless,
continuous data.
Studies report higher patient satisfaction and quality of life with CGM use. Enhanced glucose awareness fosters
empowerment and confidence in self-management decisions. Additionally, CGM data sharing with healthcare
providers facilitates more personalized care and improved patient-clinician communication.
However, some patients experience sensor discomfort, device calibration burdens, and alarm fatigue. Cost and
insurance coverage also remain barriers to widespread CGM adoption, particularly in low-resource settings.
Understanding patient preferences and addressing these barriers is vital to optimize utilization.
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Clinical and Economic Considerations

The integration of CGM into T2D care presents several clinical and economic considerations that influence its

effectiveness and scalability.

L. Clinical Implications: While CGM improves glycemic control and reduces complications, it is not
universally indicated for all T2D patients. Current guidelines recommend CGM particularly for patients on
intensive insulin therapy, those with frequent hypoglycemia, or with difficulty achieving glycemic targets
[167]. Expanding indications to broader T2D populations remains under investigation.

il. Cost-Effectiveness: CGM devices and consumables represent a higher upfront cost compared to SMBG.
However, cost-effectiveness analyses suggest that improved glycemic outcomes, reduced hypoglycemic
events, and decreased diabetes-related complications translate into long-term healthcare savings [177].
These analyses vary by healthcare system and reimbursement structures.

1. Healthcare Provider Training: Effective use of CGM requires provider expertise to interpret data and
translate insights into clinical decisions. Training and decision-support tools are essential components for
maximizing CGM benefits.

Operational Challenges and Implementation Strategies
Desplte demonstrated advantages, several operational challenges hinder CGM adoption in routine care for T2D:

i Access and Affordability: Limited insurance coverage and high costs restrict CGM availability for many
patients, especially in low- and middle-income countries [187].
il. Technological Literacy: Patient and provider education is necessary to ensure proper device use and data
interpretation.
1il. Data Overload: The volume of CGM data can be overwhelming, necessitating streamlined analytical tools
and integration into electronic health records [197.
iv. Device Limitations: Sensor accuracy can be affected by factors such as compression artifacts and lag time

between interstitial and blood glucose.
Addressing these challenges requires multifaceted strategies including policy advocacy for reimbursement,
community-based training programs, and technological innovations to enhance device usability.
Future Directions
Emerging research focuses on integrating CGM with insulin delivery systems, artificial intelligence (AI)-driven
analytics, and personalized diabetes management platforms [20, 217. The potential for predictive glucose alerts and
automated insulin titration holds promise for further improving glycemic control and patient autonomy.
Additionally, expanding CGM indications to non-insulin treated T2D patients, including those on oral agents, may
yield benefits in early detection of glycemic excursions and prevention of disease progression.
Ongoing large-scale trials and real-world evidence will be critical to refine clinical guidelines and implementation
frameworks for CGM in diverse T2D populations.
CONCLUSION
Continuous glucose monitoring represents a significant advancement in the management of type 2 diabetes by
offering comprehensive, real-time glucose data that surpasses the capabilities of standard finger-prick testing.
Evidence consistently supports CGM'’s superiority in improving glycemic control, increasing time in range, and
reducing hypoglycemic episodes among adults with T2D, particularly those requiring insulin therapy. Beyond
clinical outcomes, CGM enhances patient adherence, satisfaction, and quality of life, empowering more effective self-
management. Nevertheless, challenges related to cost, access, and data interpretation must be addressed to realize
the full potential of CGM technologies. Strategic investments in education, healthcare infrastructure, and policy
reforms are essential to broaden CGM accessibility and optimize its integration into routine diabetes care. While
SMBG remains a valuable tool in certain clinical scenarios, CGM’s dynamic insights and continuous feedback
provide a transformative opportunity to improve diabetes outcomes. As technological innovations continue to evolve,
CGM is poised to become a cornerstone of personalized diabetes management, ultimately contributing to reduced
complications, healthcare costs, and enhanced patient well-being.
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