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Introduction 

    Recently, bioelectronic medicines have attracted 

attention for diagnosing and treating various diseased 

states, such as obesity, diabetes, ischemia, bleeding, 

rheumatoid arthritis, cancer, cardiovascular disease, 

and others [1]. They have applied information 

technologies, electrical signaling, artificial intelligence 

(AI), and related mechanisms. In the medical education 

and health care fields, the role of smart technology and 

wearable health devices has been discussed [2]. 

Wearable devices have been reshaping the current 

health management system across the world. Many 

people have used such devices for tracking their vital 

changes, including blood pressure, heart rate, oxygen   

saturation, and so on. Wearable health gadgets have 

been  recently  developed  and  will  be  able  to  monitor 

 

Abstract 

    During recent diabetic practice, continuous glucose monitoring (CGM) has become prevalent. The current case 

was a 70-year-old male with type 2 diabetes (T2D). He has used CGM for a long time and recently began using the 

novel FreeStyle Libre 3 system, which includes a sensor and an app for a smartphone. The benefits include painless, 

affordable, discreet, accurate, and real-time glucose readings at a glance. He successfully measured glucose 

variability for one month, which was associated with an average glucose of 148 mg/dL, a time in range (TIR) of 

80%, and a time above range (TAR) of 20%. This apparatus would be convenient for beneficial clinical diabetic 

research. 
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blood glucose values on the skin in the future. 

 

    The American Diabetes Association (ADA) 

Professional Practice Committee announced the 2025 

version of the Standards of Care (SoC) on January 1, 

2025. Among them, recent developments in diabetes 

technology have been presented [3]. In the latest 

system, testing and training of each personalized model 

can be obtained [4]. The reported system can show high 

values of 30- and 60-minute forecasting predictions for 

diabetic patients. 

 

    For a detailed evaluation of glucose variability, blood 

glucose monitoring (BGM) and intermittently scanned 

continuous glucose monitoring (isCGM) have been 

applied to various patients with type 2 diabetes (T2D) 

treated with multiple daily injections (MDI) [5]. As part 

of the protocol, a 24-week multi-center trial and a 

randomized study included T2D cases. The isCGM has 

shown a greater decrease in HbA1c, where adequate 

education was observed for the evaluation of CGM data. 

The authors and the diabetes group have continued 

medical diabetic research and practice for a long time 

under the Japan Low Carbohydrate Diet Promotion 

Association (JLCDPA) [6]. During our studies, various 

reports have been found on T2D, CGM, meal tolerance 

tests (MTT), and low carbohydrate diets (LCD) [7-9]. 

We have encountered a meaningful male case with T2D, 

and he has continued CGM using the novel version of 

FreeStyle Libre [10]. The clinical course and its related 

perspectives are described here. 

 

Medical History 

    The current patient is a 70-year-old male with T2D. 

Regarding his past medical history, he did not have any 

particular health problems in his youth. He was 

diagnosed with diabetes at the age of 50. He has been 

prescribed some oral hypoglycemic agents (OHAs). He 

started insulin treatment nine years ago, and his 

diabetic condition has been mostly stable, with HbA1c 

levels ranging from 6.4% to 7.3%. His current 

medication includes various OHAs, antihypertensive 

agents (AHAs), and MDI. These include Valsartan, 

Rosuvastatin, Ipragliflozin L-proline, Degludec (12 units 

once daily), and NovoRapid insulin (8-8-8 units three 

times a day). 

 

 

Several Examinations 

    This case showed unremarkable physical findings, 

vital signs, or consciousness. His body measurements 

were 171 cm in height, 74 kg in weight, and a BMI of 

25.3 kg/m². Regarding his physical status, no 

abnormalities were observed in the heart, lungs, 

abdomen, or neurological findings. Concerning diabetic 

complications, he was treated for pre-proliferative 

retinopathy. He did not have sensory or motor 

disturbances. No significant changes were observed      

in blood chemistry tests, chest X-rays, or 

electrocardiograms (ECG). 

 

Results 

 
Fig-1: Blood glucose profile by CGM for a month using 

FreeStyle Libre 

 

 
Fig-2: Analysis of blood glucose variability 

    2a: Average plasma glucose value for 3 hours each 

     2b: Time Ratio of TAR, TIR and TBR 

 

    The daily profile of blood glucose was measured by 

CGM using the latest model of the FreeStyle Libre 3 

system. It can monitor detailed changes in blood glucose 

throughout the day, and the data  can  be  stored  in  the
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apparatus and a related smartphone. From November 

13 to December 12, the average blood glucose variability 

data was analyzed and downloaded from the device 

(Fig-1). The ideal range of blood glucose variability was 

from 70 mg/dL to 180 mg/dL. The average glucose 

value was 148 mg/dL, with each value calculated every 

three hours (Fig-2a). Analysis of the obtained data 

showed that time above range (TAR), time in range 

(TIR), and time below range (TBR) were 20%, 80%, 

and 0%, respectively (Fig-2b). 

 

Ethical Considerations 

    This article follows the basic principles of the Helsinki 

Declaration. Moreover, some commentaries are related 

to the Ethical Guidelines for Human Research. For this 

study, the authors established an ethical committee at 

Kanaiso Hospital, Tokushima, Japan. The committee 

included necessary professionals such as the hospital 

president, the physician in charge, the head nurse, a 

pharmacist, a dietitian, and a legal specialist. After 

thorough discussions, an agreement was reached on the 

study protocol. Informed consent was obtained from the 

patient in written form. 

 

Discussion 

    For better control of blood glucose variability, 

continuous glucose monitoring (CGM) has become 

gradually prevalent. Medical technology has made it 

possible for more detailed investigations with its 

evolution [11]. The real-time (rt)-CGM system has 

improved accuracy, usability, and design and has played 

a role in integrated personalized diabetes management 

(iPDM) [12]. Along with the increasing usage of CGM in 

medical practice, adequate assessment of glycemic 

control has gone beyond HbA1c measurement. TIR has 

been evaluated as a useful and simple metric [13]. 

Consequently, the parameters such as TIR, TAR, and 

TBR are evaluated in relation to human daily activities 

as the ambulatory glucose profile (AGP). TIR has been 

understood as an indicator of ideal glycemic 

management, with a range of 70 mg/dL to 180 mg/dL. 

Recently, another borderline has been presented, 

known as time in tight range (TITR), ranging from 70-

140 mg/dL [14]. However, since this represents a 

narrower ideal range, maintaining such a strict range 

seems rather challenging. 

 

     

    When comparing biomarkers related to CGM, 

therapeutic efficacy was measured as an alternative to 

HbA1c values. Multiple data points from 5,210 T2D 

patients were analyzed [15]. As a result, three 

biomarkers were selected: mean glucose, %TAR, and 

%TIR. They were found to have relationships with 

HbA1c levels and can be used for evaluating clinical 

effects.  Mean glucose showed a higher relationship 

with %TAR (r=-0.91) and a weaker relationship with 

%TIR (r=-0.83). A high correlation was found between 

%TAR and %TIR (r=-0.91). Thus, %TAR and %TIR 

showed a higher relationship with mean glucose values 

than with HbA1c. Consequently, mean glucose appears 

to be the most sensitive biomarker, showing a 

consistently higher relationship with %TAR than with 

%TIR. 

 

    The current patient is a 70-year-old male and showed 

TAR 20% and TIR 80% over one month. These results 

would be considered rather satisfactory, with no 

episodes of hypoglycemia. He has been using FreeStyle 

Libre for years and has become accustomed to 

managing the CGM procedure. This time, the CGM 

system has been upgraded to a novel method that 

always uses a smartphone. The data are stored on the 

smartphone,  and the results can be sent via the 

internet. At present, the FreeStyle Libre 3 system is a 

CGM  system that includes a sensor and an app [16]. 

The sensor  is  applied  painlessly to the back of the 

upper arm and can stream glucose readings 

automatically to the patient’s smartphone, allowing the 

patient to check glucose  values  at  any  time with a 

quick glance. The beneficial aspects include being 

painless, affordable, discreet, accurate, and providing 

real-time glucose readings with a glance at the 

smartphone. 

 

    In summary, CGM has become more convenient for 

diabetic patients, supported by advancements in CGM 

technology [17]. With the progress of data analytics and 

AI, healthcare has undergone a revolution, enhancing 

well-being, addressing deep-rooted health challenges, 

and improving system performance [18]. General 

trends include precision medicine, real-time blood 

glucose monitoring through intelligent wearables, rapid 

drug delivery systems (DDS), and more. AI applications 

hold   significant   potential  for  improving  patient  care, 
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operational efficiency, health outcomes, and innovative 

health solutions. 

 

Conflict of Interest 

    The authors have read and approved the final version 

of the manuscript. The authors have no conflicts of 

interest to declare. 

 

Funding 

There was no funding received for this paper. 

 

References 

[1] Kumar A, Ashawat MS, Pandit V, Kumar P. 

Bioelectronic Medicines-A Novel Approach of 

Therapeutics in Current Epoch. Curr Pharm Des. 2024 

Sep 20. [PMID: 39313906] 

[2] Shadab  M,  Salman  ZH,  Joji  RM,  Saleh  ZS,  Shahid 

M. Exploring the Immense Role of Wearable Devices 

and Smart Technologies in Revolutionizing Healthcare 

and  Medical  Education.  InWearable Devices and Smart 

Technology for Educational Teaching Assistance 2025 

(pp. 191-232). IGI Global Scientific Publishing. 

[3] American Diabetes Association Professional Practice 

Committee. 7. Diabetes Technology: Standards of Care 

in Diabetes-2025. Diabetes Care. 2025 Jan 

1;48(Supplement_1):S146-66. Erratum in: Diabetes 

Care. 2025 Jan 23:dc25er04b. [PMID: 39651978] 

[4] Cano J, Hidalgo JI, Garnica Ó. Hardware real-time 

individualised blood glucose predictor generator based 

on grammars and cartesian genetic programming. 

Genetic Programming and Evolvable Machines. 2025 

Jun;26(1):1-26. 

[5] Kim JY, Jin SM, Sim KH, Kim BY, Cho JH, Moon JS, 

Lim S, Kang ES, Park CY, Kim SG, Kim JH. Continuous 

glucose monitoring with structured education in adults 

with type 2 diabetes managed by multiple daily insulin 

injections: a multicentre randomised controlled trial. 

Diabetologia. 2024 Jul;67(7):1223-34. [PMID: 

38639876] 

[6] Muneta T, Hayashi M, Nagai Y, Matsumoto M, 

Bando H, et al. Ketone Bodies in the Fetus and Newborn 

During Gestational Diabetes and Normal Delivery. Int J 

Diabetes. 2023;5(1):157-63. 

[7] Wood M, Bando H, Ebe K. Consequences of 

Iatrogenic Insulin Resistance and How to Mitigate These 

Risks.Int J EndocrinolDiabetes. 2024;7(3):176. 

[8] Ebe K,  Wood  M  and  Bando H.  American  Diabetes  

 

Association (ADA) Standards of Care-2025: Sustained 

Euglycemia on Low-Carbohydrate Diet (LCD). Int J Case 

Rep Clin Image. 2024;6(4):237. 

[9] Bando H, Okada M, Iwatsuki N, Ogawa T, Sakamoto 

K. Diabetic Elderly with Keeping Less Arteriosclerosis 

Treated by Imeglimin (Twymeeg). Asp Biomed Clin 

Case Rep. 2024 May 28;7(2):126-30. 

[10] Venkatachalapathy P, Mohandoss KKDA, 

Munisamy M, Sellappan M. Comparative Effectiveness 

of Oral Hypoglycemic Agents for Glycemic Control and 

Glycemic Variability in Patients with Type 2 Diabetes 

Mellitus: Using Flash Glucose Monitoring. Curr 

Diabetes Rev. 2024;21(1):e160124225706. [PMID: 

38310479] 

[11] Welsh JB, Psavko S, Zhang X, Gao P, Balo AK. 

Comparisons of Fifth-, Sixth-, and Seventh-Generation 

Continuous Glucose Monitoring Systems. J Diabetes    

Sci  Technol.  2024  Jan;18(1):143-47. [PMID: 

35695305] 

[12] Reddy M, Oliver N. The role of real-time continuous 

glucose monitoring in diabetes management and how it 

should link to integrated personalized diabetes 

management. Diabetes Obes Metab. 2024 Mar;26 Suppl 

1:46-56. [PMID: 38441367] 

[13] Bellido V, Aguilera E, Cardona-Hernandez R, Diaz-

Soto G, González Pérez de Villar N, Picón-César MJ, 

Ampudia-Blasco FJ. Expert Recommendations for Using 

Time-in-Range and Other Continuous Glucose 

Monitoring Metrics to Achieve Patient-Centered 

Glycemic Control in People With Diabetes. J Diabetes  

Sci Technol. 2023 Sep;17(5):1326-36. [PMID: 

35470692] 

[14] Dunn TC, Ajjan RA, Bergenstal RM, Xu Y. Is It Time 

to Move Beyond TIR to TITR? Real-World Data from 

Over 20,000 Users of Continuous Glucose Monitoring 

in Patients with Type 1 and Type 2 Diabetes. Diabetes 

Technol Ther. 2024 Mar;26(3):203-10. [PMID: 

38444315] 

[15] Rodbard D. Continuous glucose monitoring metrics 

(Mean Glucose, time above range and time in range) are 

superior to glycated haemoglobin for assessment of 

therapeutic efficacy. Diabetes Obes Metab. 2023 

Feb;25(2):596-601. [PMID: 36314133] 

[16] Abbott. FreeStyle Libre 3 System. United States: 

Abbott. Available from: 

https://www.freestyle.abbott/us-

en/products/freestyle-libre-3.html

https://pubmed.ncbi.nlm.nih.gov/39313906/
https://pubmed.ncbi.nlm.nih.gov/39651978/
https://pubmed.ncbi.nlm.nih.gov/38639876/
https://pubmed.ncbi.nlm.nih.gov/38310479/
https://pubmed.ncbi.nlm.nih.gov/35695305/
https://pubmed.ncbi.nlm.nih.gov/38441367/
https://pubmed.ncbi.nlm.nih.gov/35470692/
https://pubmed.ncbi.nlm.nih.gov/38444315/
https://pubmed.ncbi.nlm.nih.gov/36314133/
https://www.freestyle.abbott/us-en/products/freestyle-libre-3.html
https://www.freestyle.abbott/us-en/products/freestyle-libre-3.html


 

Keywords: Continuous Glucose Monitoring, FreeStyle Libre 3 System, Time in Range, Time Above Range, Time Below 

Range 

Manuscript no: DROA-6-1-5 Volume: 6      Issue: 1    5 

Diab Res Open Access 

 

Case Report 

Citation: Fukushima N, Kawahito A, Sueki E, Fujii F, Kanazawa S, Aihara A, Ikezoe M, Kato Y, Bando H. Latest Practical 

Development of Continuous Glucose Monitoring (CGM) for Evaluating Time in Range (TIR). Diab Res Open Access. 2025 

Feb 21;6(1):01-05. 

 

[17] American Diabetes Association Professional 

Practice Committee. 16. Diabetes Care in the Hospital: 

Standards of Care in Diabetes-2025. Diabetes Care. 

2025 Jan 1;48(Supplement_1):S321-34. [PMID: 

39651972] 

 

 

[18] Badiger M, Adiga S, Naik A, Shetty S, Smitha AB, 

Mehnaz FC, Singh C. AI in Healthcare Data Analytics 

Trends and Transformative Innovations. InAI-Driven 

Innovation in Healthcare Data Analytics 2025 (pp. 1-52). 

IGI Global Scientific Publishing. 

 

 

https://pubmed.ncbi.nlm.nih.gov/39651972/

