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ABSTRACT

Continuous glucose monitoring (CGM) and self-monitoring of blood glucose (SMBG) via fingersticks testing are
two primary methods used to guide insulin therapy in adolescents with type 1 diabetes mellitus (T1DM). This
review compared CGM and SMBG in optimizing insulin therapy by analyzing their impact on glycemic control,
treatment adherence, psychological well-being, and long-term metabolic outcomes. A narrative review methodology
was employed, synthesizing existing literature to evaluate the benefits and limitations of each monitoring strategy.
CGM has demonstrated superior glycemic control, reduced glycated hemoglobin (HbA1c) levels and increased time
in range while minimizing hyperglycemia and hypoglycemia. Additionally, CGM enhances treatment adherence,
reduces the burden of frequent fingerstick, and contributes to improved quality of life by alleviating diabetes-related
distress. Long-term CGM use is associated with better metabolic outcomes, including reduced glycemic variability
and decreased risk of diabetes-related complications. While SMBG remains a valuable tool, its episodic nature limits
its ability to capture real-time glucose fluctuations. Although CGM adoption faces challenges such as device cost
and sensor-related issues, its benefits make it a preferable option for optimizing insulin therapy in adolescents with
T1DM. Future research should address barriers to CGM accessibility and explore its integration with advanced
diabetes technologies.
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INTRODUCTION
Type 1 diabetes mellitus (T1DM) is a chronic autoimmune disorder characterized by the destruction of pancreatic
beta cells, leading to an absolute insulin deficiency [1, 27]. Optimal glycemic control in adolescents with T1DM is
critical in preventing both acute complications, such as diabetic ketoacidosis, and long-term microvascular and
macrovascular complications [3—5]. Insulin therapy, the cornerstone of T1DM management, requires frequent
blood glucose monitoring to ensure appropriate dosing and to mitigate risks associated with hypoglycemia and
hyperglycemia. Traditional self-monitoring of blood glucose (SMBG) through fingerstick testing has been the
standard method for decades [6, 7. However, it presents limitations, including the inability to capture glycemic
variability and the burden of frequent testing. Continuous glucose monitoring (CGM) technology has emerged as
a transformative tool, offering real-time and retrospective glucose data that can improve insulin therapy adjustments
[8, 9. CGM devices provide interstitial glucose readings every few minutes, alerting users to trends and potential
glycemic excursions. This review aims to compare CGM and standard fingerstick testing in optimizing insulin
therapy among adolescents with T1DM. It examines their impact on glycemic outcomes, treatment adherence,
psychological well-being, and long-term metabolic control. By analyzing current literature, this review provides
insights into whether CGM confers superior benefits in managing insulin therapy in this high-risk population.
Glycemic Control and Insulin Optimization

Effective insulin therapy in adolescents with T1DM requires precise glucose monitoring to adjust basal and bolus
insulin doses accurately (10, 117]. SMBG, despite being widely used, provides only discrete glucose readings, which
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may not fully reflect daily glycemic variability. CGM, on the other hand, continuously measures interstitial glucose
levels, offering real-time feedback on trends, patterns, and fluctuations. Studies have demonstrated that CGM use is
associated with improved glycemic control, as evidenced by reductions in glycated hemoglobin (HbA1c) levels and
increased time spent in the target glucose range [12, 137]. CGM users can also respond promptly to glucose
excursions, reducing the frequency and severity of hyperglycemia and hypoglycemia. Conversely, SMBG users often
rely on preprandial and postprandial readings, which may not detect nocturnal hypoglycemia or asymptomatic
hyperglycemia, leading to suboptimal insulin adjustments. Furthermore, insulin dosing decisions based on CGM
data allow for dynamic and individualized therapy modifications. Adolescents using CGM often report improved
insulin sensitivity and better postprandial glucose control, reducing glycemic variability and minimizing long-term
complications. While SMBG remains a valuable tool, its limitations in detecting rapid glucose fluctuations
underscore the superiority of CGM in optimizing insulin therapy.
Adherence and Usability
One of the challenges in adolescent diabetes management is adherence to glucose monitoring protocols. SMBG
requires multiple daily fingersticks, which can be painful and inconvenient, leading to poor compliance [14, 15].
Many adolescents struggle with maintaining the recommended frequency of testing, which can negatively impact
glycemic control. CGM offers a more user-friendly alternative, with continuous data collection that reduces the need
for frequent fingersticks. Modern CGM systems integrate with insulin pumps or smartphones, allowing for seamless
glucose tracking and decision-making. Additionally, CGM provides automated alerts for hypo- and hyperglycemia,
empowering adolescents and caregivers to take timely corrective actions. Despite its advantages, CGM adherence
may be influenced by device-related factors such as sensor discomfort, skin irritation, and the need for periodic sensor
replacements. Additionally, initial device costs and insurance coverage may pose barriers to widespread adoption.
However, real-world studies suggest that once adolescents adapt to CGM, they demonstrate higher adherence rates
compared to SMBG users, highlighting its feasibility in long-term diabetes management.
Psychological and Quality-of-Life Considerations
The psychological burden of diabetes management is a critical consideration in adolescents [167]. Frequent blood
glucose monitoring, insulin injections, and dietary restrictions can contribute to diabetes-related distress, anxiety,
and burnout [177]. The method of glucose monitoring plays a significant role in shaping the overall diabetes
experience. SMBG, due to its intrusive nature, can be a source of frustration and noncompliance [187]. Adolescents
may avoid testing due to pain, social stigma, or fear of high glucose readings. In contrast, CGM provides a less
invasive alternative that reduces the stress associated with frequent fingersticks [197. The ability to visualize
glucose trends in real time can also empower adolescents to take a proactive approach to their diabetes management,
fostering a greater sense of control and self-efticacy. Moreover, CGM technology enables remote monitoring by
caregivers and healthcare providers, alleviating parental anxiety and enhancing overall diabetes support. This
feature is particularly beneficial in adolescents with poor glycemic control or those at risk for severe hypoglycemia.
By reducing the psychological burden of diabetes management, CGM may contribute to improved mental well-
being and overall quality of" life.
Long-Term Metabolic Outcomes and Complications
The long-term effectiveness of glucose monitoring methods in preventing diabetes-related complications is a critical
factor in determining the superiority of CGM versus SMBG [20, 217. Poor glycemic control during adolescence is
strongly associated with an increased risk of diabetic nephropathy, retinopathy, and cardiovascular disease in
adulthood. Therefore, strategies that enhance glucose regulation during this period are paramount.
Research indicates that adolescents using CGM achieve better long-term metabolic outcomes compared to those
relying solely on SMBG. Reduced HbA1c levels, lower glycemic variability, and decreased incidence of severe
hypoglycemia contribute to improved overall health. Additionally, CGM use has been linked to better lipid profiles
and insulin sensitivity, factors that are crucial in preventing future cardiovascular complications.
While SMBG remains an essential tool in diabetes care, its episodic nature limits its ability to capture real-time
glucose fluctuations. Adolescents with erratic glucose patterns or frequent hypoglycemia unawareness particularly
benefit from the continuous feedback provided by CGM. The early adoption of CGM during adolescence may set
the stage for lifelong diabetes self-management and complication prevention.
CONCLUSION
The comparison between CGM and SMBG in optimizing insulin therapy among adolescents with T1DM highlights
significant advantages of CGM in glycemic control, adherence, psychological well-being, and long-term metabolic
outcomes. CGM provides continuous real-time data that facilitates timely insulin adjustments, enhances treatment
adherence, and reduces diabetes-related distress. Its ability to minimize glycemic variability and detect asymptomatic
hypoglycemia offers a distinct advantage over traditional SMBG. Despite barriers such as device cost and sensor-
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related challenges, CGM adoption is increasing, driven by advancements in technology and improved accessibility.

The integration of CGM with insulin pumps and smartphone applications further enhances its utility in

personalized diabetes management. While SMBG remains a valuable tool, CGM represents a paradigm shift in

glucose monitoring, offering a more effective and patient-friendly approach to optimizing insulin therapy.

REFERENCES

1. Alum, E.U,, Uti, D,, Maduabuchi Aja, P, Umoru, G.U,, Uti, D.E., Aja, P, Ugwu, O.P, Orji, O.U, Nwali, B.U,
Ezeani, N, Edwin, N, Orinya, F.O. Hepato-Protective Effect of Ethanol Leaf Extract of Datura
stramonium in Alloxan-Induced Diabetic Albino Rats. J. Chem. Soc. Nigeria. 47, 1165-1176 (2022).
https://doi.org/10.46602/)jcsn.v47i5.819

2. Uti, D, Oju Igile, G., Nta Obeten, U.,, Uti, D.E,, Igile, G.O., Omang, W.A., Umoru, G.U,, Udeozor, PA,,
Obeten, UN., Ogbonna, O.N,, Ibiam, UA., Alum, E.U,, Ohunene, R., Joseph Chukwufumnanya, M., Oplekwu,
R.I: Anti-Diabetic Potentials of Vernonioside E Saponin; A Biochemical Study. Natural Volatiles and
Essential Oils. 8(4): 14234-14254 (2021).

3. Obeagu, E.I., Okechukwu, U., Alum, E.U.: Poor Glycaemic Control among Diabetic Patients: A Review on
Associated Factors. Newport International Journal of Research in Medical Sciences (NIJRMS). 2023;
3(1):30-33.

4. Khadilkar, A., Oza, C., Khadilkar Chirantap Oza, A.: Glycaemic Control in Youth and Young Adults:

Challenges and Solutions. Diabetes, Metabolic Syndrome and Obesity. 15, 121-129 (2022).

https://doi.org/10.2147/DMS0.S304:347

Katsarou, A., Gudbjérnsdottir, S., Rawshani, A., Dabelea, D., Bonifacio, E., Anderson, B.J., Jacobsen, L.M.,,

Schatz, D.A., Lernmark, A.: Type 1 diabetes mellitus. Nature Reviews Disease Primers 2017 3:1. 3, 1-17

(2017). https://doi.org/10.1038/nrdp.2017.16

6. Chaugule, S., Graham, C.: Cost-effectiveness of G5 Mobile continuous glucose monitoring device compared
to self-monitoring of blood glucose alone for people with type 1 diabetes from the Canadian societal
perspective. J Med Econ. 20, 1128—1135 (2017). https://doi.org/10.1080/13696998.2017.1360312

7. Lee, I, Probst, D., Klonoff, D., Sode, K.: Continuous glucose monitoring systems - Current status and future
perspectives of the flagship technologies in biosensor research -. Biosens Bioelectron. 181, 118054 (2021).
https://doi.org/10.1016/J.B10S.2021.113054

S

8. Alum, E.U. Optimizing patient education for sustainable self-management in type 2 diabetes. Discov Public
Health 22, 44 (2025). https://doi.org/10.1186/512982-025-004:45-5
9. Borot, S., Benhamou, PY., Atlan, C., Bismuth, E., Bonnemaison, E., Catargi, B., Charpentier, G., Farret, A,,

Filhol, N., Franc, S., Gouet, D., Guerci, B., Guilhem, 1., Guillot, C., Jeandidier, N., Joubert, M., Melki, V,
Merlen, E., Penfornis, A., Picard, S., Renard, E., Reznik, Y., Riveline, J.P., Rudoni, S., Schaepelynck, P.,, Sola-
Gazagnes, A., Tubiana-Rufi, N., Verier-Mine, O., Hanaire, H.: Practical implementation, education and
interpretation guidelines for continuous glucose monitoring: A French position statement. Diabetes Metab.
44, 61-72 (2018). https://doi.org/10.1016/J.DIABET.2017.10.009

10. Paul-Chima, U.O, Erisa, K., Raphael, I., Emmanuel 1., O, Ugo, A.E., Michael B, O., Subbarayan, S,
Sankarapandiyan, V.: Exploring Indigenous Medicinal Plants for Managing Diabetes Mellitus in Uganda:
Ethnobotanical Insights, Pharmacotherapeutic Strategies, and National Development Alignment. INOSR
Experimental Sciences. 12, 214—224 (2023). https://doi.org/10.59298/INOSRES/2023/2.17.1000

11. Janez, A., Guja, C., Mitrakou, A., Lalic, N, Tankova, T., Czupryniak, L., Tabak, A.G., Prazny, M., Martinka,
E., Smircic-Duvnjak, L.: Insulin Therapy in Adults with Type 1 Diabetes Mellitus: a Narrative Review.
Diabetes Therapy. 11, $887—409 (2020). https://doi.org/10.1007/S13300-019-00743-7/FIGURES/1

12. Rodbard, D.: Continuous glucose monitoring: A review of recent studies demonstrating improved glycemic
outcomes. Diabetes Technol Ther. 19, S25-S37 (2017).
https://doi.org/10.1089/DIA.2017.0035/ASSET/IMAGES/LARGE/FIGURE1.JPEG

13. Chehregosha, H., Khamseh, M.E., Malek, M., Hosseinpanah, F., Ismail-Beigi, F.: A View Beyond HbA 1c: Role
of Continuous Glucose Monitoring. Diabetes Therapy. 10, 853—863 (2019).
https://doi.org/10.1007/513300-019-0619-1/FIGURES/2

14.. Bruttomesso, D., Laviola, L., Avogaro, A., Bonora, E., Del Prato, S., Frontoni, S., Orsi, E., Rabbone, 1., Sesti,
G., Purrello, F: The use of real time continuous glucose monitoring or flash glucose monitoring in the
management of diabetes: A consensus view of Italian diabetes experts using the Delphi method. Nutrition,
Metabolism and Cardiovascular Diseases. 29, 421-431 (2019).
https://doi.org/10.1016/JINUMECD.2019.01.018

This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the
original work is properly cited

Page | 87


https://doi.org/10.1016/J.BIOS.2021.113054
https://doi.org/10.1186/s12982-025-00445-5

https://www.eejournals.org Open Access

15.

16.

17.

18.

19.

20.

21.

This

Haak, T, Hanaire, H., Ajjan, R., Hermanns, N., Riveline, J.P,, Rayman, G.: Flash Glucose-Sensing Technology
as a Replacement for Blood Glucose Monitoring for the Management of Insulin-Treated Type 2 Diabetes:
a Multicenter, Open-Label Randomized Controlled Trial. Diabetes Therapy. 8, 55—73 (2017).
https://doi.org/10.1007/813300-016-0223-6/ TABLES/ 3

Bombaci, B, Torre, A., Longo, A., Pecoraro, M., Papa, M., Sorrenti, L., Rocca, M. La, Lombardo, F., Salzano,
G.: Psychological and Clinical Challenges in the Management of Type 1 Diabetes during Adolescence: A
Narrative ~ Review.  Children 2024, Vol 11,  Page 1085. 11, 1085 (2024).
https://doi.org/10.3390/CHILDREN 11091085

Oldham, V,, Mumford, B., Lee, D., Jones, J., Das, G.: Impact of insulin pump therapy on key parameters of
diabetes management and diabetes related emotional distress in the first 12 months. Diabetes Res Clin Pract.
166, 108281 (2020). https://doi.org/10.1016/JDIABRES.2020.108281

Clarke, J.: Adherence to insulin in children and young people with Type 1 diabetes. (2019)

Schultz, H., Petersen, M.C., Nielsen, K.B., Abrahamsen, L., Nielsen, T.D., Joergensen, U.L., Thomsen, T.L.,
Schousboe, K.: GLUCOSENS study protocol: a continuous glucose monitoring system compared to
fingerstick glucose monitoring in surgical wards — a two-centre before-after clinical trial. BMJ Open. 15,
€095508 (2025). https://doi.org/10.1186/ BMJOPEN-2024-095503

Galindo, R.J., Aleppo, G.: Continuous glucose monitoring: The achievement of 100 years of innovation in
diabetes technology. Diabetes Res Clin Pract. 170, 108502 (2020).
https://doi.org/10.1016/J.DIABRES.2020.108502

Poolsup, N., Suksomboon, N., Kyaw, A.M.: Systematic review and meta-analysis of the effectiveness of
continuous glucose monitoring (CGM) on glucose control in diabetes. Diabetol Metab Syndr. 5, 1-14 (2013).
https://doi.org/10.1186/1758-5996-5-39/ FIGURES/9

is

an Open Access article distributed under the terms of the Creative Commons Attribution License

(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the
original work is properly cited

Page | 88



