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ABSTRACT:

Introduction: In the last few years, with over 422 million cases of diabetes worldwide and
with an overload of healthcare, the development of new glucose monitoring approaches has
become a crucial subject. This paper set out to explore the effectiveness of current glucose
monitoring methods, their usage in the context of physical activity, and prospects for the
future.

Review methods: We conducted our study as a literature review, with data being gathered via
PubMed and Embase.

The state of knowledge: Currently, the two most popular methods of glucose monitoring are
self-monitoring (SMBG) and continuous glucose monitoring (CGM) with real-time devices
such as Dexcom G6, and Medtronic Guardian Connect System, and intermittent devices such
as Freestyle Libre 2. Both approaches are invasive and can cause allergic reactions and

dermatitis. As a result, many researchers propose non-invasive methods including optical
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coherence tomography, spectroscopy, and fluorescence. The growing accessibility leads to the
usage of CGM devices in everyday life not only by patients with diabetes melitus.

Conclusions: Advancements in diabetes technologies allow patients to maintain glucose
homeostasis and improve their Quality of life. CGM devices are constantly developed to be
more accessible and easy to use, which may help in adjusting the training programs and diets

for individual needs.

KEYWORDS: CGM; diabetes mellitus; physical activity; freestyle libre; dexcom

INTRODUCTION:

In recent years diabetes mellitus has emerged as one of the most important health problems,
with over 422 million cases worldwide.[1] The World Health Organization characterizes this
condition as a metabolic disease with hyperglycemia (that is elevated blood glucose levels),
which leads over time to serious damage to the heart, blood vessels, eyes, kidneys, and
nerves.[1] There are several types of diabetes, which can be caused by defects in insulin
secretion, insulin action, or both.[2] In type 1 diabetes mellitus, the body cannot produce
insulin; therefore, people with this type are treated with insulin. Typ 2 is caused by resistance
to insulin. In both cases maintaining glucose homeostasis is necessary to prevent short- and
long-term complications and improve Quality of life. To do that, especially in type 1 diabetes
mellitus, patients need to check their blood glucose levels often. Therefore, new technologies
such as continuous glucose monitoring (CGM), have been instrumental in the management of

this disease.[3]

Some of the health issues that predispose to diabetes mellitus type 2 are overweight and
obesity. In the last few years, these conditions have become a central topic with more than
2.6 billion people aged five years and older worldwide being overweight or obese[4] With
growing awareness physicians can choose different strategies to help patients with these
conditions. Currently, bariatric procedures are considered effective, and safe and are known to
reduce obesity-related comorbidities and improve Quality of life significantly.[5] There is

also a wide range of medications, that are registered to treat obesity, some of them, like



semaglutyd, are also used in diabesity management.[4] Regardless, lifestyle modifications,

especially physical activity, remain the most important aspect of treatment.

Physical activity is the key factor in maintaining health, however, in patients with diabetes
mellitus, it may cause dangerous episodes of hypoglycemia. Consequently, glucose
monitoring during training is very important for patients with insulin resistance and diabetes
mellitus, especially those with hypoglycemia unawareness. CGM may help in selecting the
best insensitivity and type of physical activity for patients. It also may reduce the frequency of

hypoglycemia episodes and raise the safety of training.

REVIEW METHODS:
This study was conducted in the form of a literature review, with data being gathered via
PubMed and Embase, and it set out to explore the effectiveness of current glucose monitoring

methods and their usage in the context of physical activity.

THE STATE OF KNOWLEDGE:

Continuous Glucose Monitoring (CGM)

In 1999, the FDA gave the green light to the first CGM system.[6] Since then innovations in
technology have revolutionized diabetes management.[6] Nowadays most of the CGM
devices consist of a sensor, transmitter, and wireless receiver.[3,7,8] The sensor is a small
device inserted into the subcutaneous tissue via a thin needle and can measure blood glucose
levels in the surrounding fluids.[7] Then the transmitter transports the information to the
receiver, which then processes the signal and calculates the glucose level.[8] As an output, the
patient receives the real-time glucose status in the interstitial fluid. It is important to note, that
this reading is not the exact extension of glucose level in the blood. The delay time between
the glucose level in interstitial fluid in comparison to the serum is about 6-12 minutes.|[3,9,]
The glucose concentration in interstitial fluid is the reflection of local metabolism, it shows
the glucose that diffuses to the local tissues and cells, while the blood glucose represents the
whole currently available glucose.[9] The delay is most noticeable during periods of rapid
glucose level fluctuations, such as during exercise or after meals.[3,9] Patients should be

informed about these differences and referred to SMBG in cases of low glucose levels.



CGM is particularly useful for children, for patients with frequent hypoglycemia episodes,
and hypoglycemia unawareness, for pregnant women, and for patients with poorly controlled

diseases.[3,10] However, every patient may observe benefits from using CGM devices.

There are two types of CGM instruments, real-time devices that continuously measure
glucose levels and intermittent devices that capture it when the sensor is in proximity to the
receiver.[3,10] In the first group, the most popular devices are the Dexcom G6, Medtronic
Guardian Connect System, and Eversense CGM System.[3] The second group consists of
Freestyle Libre 2, which reads glucose levels when swiped by a reader or smartphone. The
intermittent devices are in most cases more affordable alternatives, Medicare mainly covers
them, and their sensor life is longer (approximately 2 weeks).[3]

Table 1. presents the comparison between the most popular systems, which are Dexcom and
FreeStyle Libre.[3,11,12] They have similar functions and characteristics and are widely used
by patients worldwide. Both devices’ groups are highly accurate, but a recent study by Kevin
Hanson et al. revealed that the FreeStyle Libre 3 was more precise than the Dexcom G7 in all
metrics evaluated throughout the study period.[12] However, more studies are needed to

surely evaluate the accuracy and the best group of patients for both devices.

Dexcom CGM FreeStyle Libre CGM
Dexcom G6 | FreeStyle Libre 14-Day
Devices and Users |- adults and children above 2 | - adults 18 years and older
years
FreeStyle Libre 2
Dexcom G7 |- adults and children above 4
- adults and children above 2 | years
years
FreeStyle Libre 3
- adults and children above 4
years

FreeStyle Libre 2 Plus
- adults and children above 2
years

Continuously throughout the day, | Systems automatically  report

Frequency of | obtaining data as often as every | readings up to every minute
Glucose Readings | five minutes. (except for the FreeStyle Libre 14
Day).

Glucose readings update




automatically.

The FreeStyle Libre 2 requires
the sensor to be scanned for
readings to update.

Sensor
Characteristics

A sensor is attached to the skin
with a small electrochemical
probe inserted into the underlying
tissue.

A sensor is attached to the skin
with a small electrochemical
probe inserted into the underlying
tissue.

Sensor life

Up to 10 days

Up to 15 days

Compatibility with
insulin pumps

All Dexcom systems can be
programmed to work with insulin
pumps.

Only the FreeStyle Libre 2 Plus
system is compatible with an
insulin pump.

Table 1. Comparison between Dexcom and FreeStyle Libre CGM Systems

Numerous benefits can be observed regardless of the CGM type. Nowadays, with wide
accessibility to smartphones, they can be used to capture and analyze data and send the results
to physicians. This is both convenient and cost-saving and allows doctors to easily monitor
the patient's treatment. One of the most important features is the possibility to set alarms for
high and low glucose levels. This is particularly crucial in cases of hypoglycemia, where the
patient presents no symptoms and is unaware of the low glucose values.[10] Another
important characteristic is the possibility of creating an ambulatory glucose profile and
checking the time in the target range (TIR), which is extremely useful after any treatment
modifications when the patients need to be monitored more closely. Some systems even
provide data transmission to insulin-delivery devices. Furthermore, the devices may evaluate
the potential level of HbAi. . Lastly, real-time data and predictive algorithms allow the

patients to closely monitor the fluctuations of their glucose levels and gain awareness of how

food and lifestyle choices affect their glucose values.[3,10]

Having discussed the advantages of CGM devices, the disadvantages also need to be
addressed. The accuracy of the measurements was already discussed in this article. Another
important problem is the potential risk of contact dermatitis.[10] Sensors that are applied to
the skin may cause irritation and in some cases allergic reactions. Finally, some users
experience information overload because of the continuous data stream. The psychosocial
impact of CGM according to many studies may lead to stress and anxiety.[3,8,10] Because of
the above-mentioned problems, there is a constant need for non-invasive, safe, and easy-to-

use devices.[8]



Non-invasive methods

The two most popular methods of glucose monitoring are SMBG and above mentioned CGM.
Both of them are invasive and can cause irritation and dermatitis after repeated use.[8] This
section of the article gives a brief overview of the recent non-invasive methods, that are

gaining popularity.

Optical Coherence Tomography (OCT)

Optical Coherence Tomography (OCT) is an imaging technology that exploits the principle of
coherent radiation from low-coherence light generated by an interferometer.[13] This
technique is particularly effective for achieving micron-level high-resolution detection of

changes in the optical properties of biological tissues.

The operational mechanism of OCT involves predicting the glucose concentration in
interstitial fluid (ISF) through the analysis of the light interferogram, which is created by
backscattered light from the tissue and a reference light.[14] The refractive index of the tissue
increases alongside rising blood glucose concentration and subsequent decrease in the
scattering coefficient of the tissue. OCT typically uses light with wavelengths ranging from
800 to 1300 nm, which falls within the Near-Infrared (NIR) spectrum. NIR light sources are
advantageous as they are relatively inexpensive and small, making them suitable for OCT

technology.

Because of its high signal-to-noise ratio and substantial penetration depth, OCT technology
holds significant potential for non-invasive glucose monitoring, although it carries some
disadvantages. The primary challenges for the OCT technique in glucose sensing are the
relatively weak measured signal for changes in the scattering coefficient and the technique's
sensitivity to numerous factors.[15] These factors include motion artifacts which can alter
interference patterns. Skin properties and environment, such as pH, temperature, and humidity
can also hinder the OCT accuracy - these factors can impact the scattering coefficients.
Consequently, personalized calibration may be essential for accurate non-invasive glucose

measurement using OCT technology. [16]

Spectroscopy
Another method used to noninvasively measure the glucose level is spectroscopy. It is a

scientific technique used for examining the interaction between matter and electromagnetic



radiation. Spectroscopy measures the absorption, emission, or scattering of light by a sample

to obtain information about its structure, composition, and physical properties.[17]

Different types of spectroscopy can be used for non-invasive glucose monitoring. The ones
currently in use and under research include near-infrared spectroscopy, mid-infrared
spectroscopy, Raman spectroscopy, far-infrared spectroscopy, Time of Flight (TOF), and
Terahertz Time-Domain Spectroscopy (THz-TDS), thermal-emission spectroscopy and
photoacoustic spectroscopy.[18] The first two methods are the most extensively studied and
form the foundation for both emerging and existing devices. This is due to their high
selectivity for glucose sensing, which is crucial given the complexity of blood and tissue

properties.[17]

Near-infrared spectroscopy (NIRS) technology depends on the absorption and scattering of
light in the 780nm to 2500nm wavelength range. Although glucose has only weak absorption
in the NIR band, water also has minimal absorption of NIR radiation. Consequently, up to
95% of the light can penetrate the stratum corneum and epidermis to reach areas with higher
blood concentrations, largely unaffected by skin pigmentation.[19] Components and materials
for NIR spectroscopy are readily available and cost-effective, which led to the development of
two non-invasive glucose measurement systems currently on the market: the Combo

glucometer [20] and HELO Extense.[21]

The longer wavelengths in mid-infrared spectroscopy result in reduced scattering of radiation
within tissues. This allows molecules to exhibit unique spectral signatures in the MIR range,
making it excellent for molecular identification. However, the significant water absorption in
this region limits MIR signal penetration to just a few micrometers into the tissue.[18]
Creating a device based on MIR technology is more expensive than one based on NIR
technology, but there are several being investigated, for example, LTT - light touch

technology.[22]

Many other sensors utilizing different types of spectroscopy are currently under research.
However, these technologies require further development to meet regulatory standards before
they can be introduced to the market. The main challenge with these methods is their high
sensitivity to temperature changes and motion, which are difficult to avoid during physical
exercise. Additionally, there are often issues with selectivity in determining glucose, and they

may not be suitable for detecting sudden changes in glucose levels.[17]



Fluorescence

Fluorescence is a process by which a substance absorbs light or other electromagnetic
radiation of a shorter wavelength and subsequently emits light of a longer wavelength.
Fluorescence sensing, known for its high sensitivity, can be utilized with cost-effective light

sources like LEDs that produce ultraviolet (UV) or visible light.[23]

Fluorescence sensing has been explored for glucose monitoring in both biofluids and
subcutaneous measurements. Research teams have developed optical sensors utilizing
fluorescence detection, which have proven to be highly sensitive for determining glucose
levels in human serum.[24] Additionally, fluorescence sensing is particularly promising for
non-invasive glucose measurement, as small fluorescence-based devices are relatively easy to

obtain, cost-effective, and can be implanted under the skin without the need for surgery.[16]

Although fluorescence sensing has advanced significantly for glucose measurement, some
challenges remain. For instance, in non-invasive methods, light scattering from fluorescence
can be affected by various skin characteristics, such as pigmentation levels. Additionally, for
minimally invasive approaches, calibration is still necessary for fluorescence-based
continuous glucose monitoring (CGM) systems.[16,24] This is to address issues like signal
drift and the loss of fluorophores due to photobleaching over time. Furthermore, other sugars,
such as galactose and fructose, can interact with many of the same fluorophores used for
glucose detection, causing interference and reducing the effectiveness of available

fluorophores.

Future Development

In recent years, particularly since 2020, there has been a surge in research and development
regarding non-invasive glucose monitoring (NIGM) solutions, especially continuous glucose
monitoring (CGM) devices. This renewed focus includes efforts from both major tech

companies like Apple and Samsung, as well as startups.

NIGM devices in the form of smartwatches or wristbands could certainly be enticing to the
diabetic population, given that the only forms of CGM are painful to use and require extra
time and care. As of today (the year 2024), NIGM devices are not FDA-approved [25],

although it is easy to find products with such claims available for purchase.

Overall, with advancements in technology and funding, the future for NIGM devices looks

promising. However, it is still largely uncharted territory, as many of these innovations face



challenges related to accuracy, sample sizes and price [26]. Still the ultimate impact and

feasibility of these technologies remain to be fully understood.

Glucose Monitoring in Sport

The non-invasive devices are promising, nevertheless, CGM based on invasive systems
remains the basic course of management. As already mentioned above CGM is particularly
useful for patients with frequent hypoglycemia episodes, hypoglycemia unawareness, and for
patients with poorly controlled diseases. However, because of the growing accessibility of
devices, more studies explore CGM use during physical activity. They focus not only on
patients with diabetes mellitus but also on athletes and healthy people. Gaining knowledge
about the influence of sport on glucose levels in individuals may help adjust the training

program for their needs.

Numerous studies have demonstrated the benefits of using CGM among patients with T1IDM
who engage in sports, including fewer insulin-induced hypoglycemic events and the
maintenance of stable glucose levels throughout the exercise period and afterward.[27] A
study by Riddell et al. concluded that the ability to monitor glucose levels in real time and
respond quickly to changes helps prevent significant fluctuations in blood glucose levels.[28]
It also provides continuous glucose tracking during the recovery period, enabling appropriate
responses and preventing hypoglycemic events. Additionally, the athlete’s medical team gains
increased access to glucose readings, allowing for the best response to fluctuations in glucose
levels [29] Abdulrahman and colleagues evidenced that CGM helped athletes spend more
time within their target glucose range. In their research, the time spent in the target blood
glucose range increased from 72.4% to 88.1% during workouts after just one week of using
CGM.[30] Another study by Houlder and Yardley demonstrated that an improved
understanding of glucose trends with different types of training allows for better
preparation.[31] Several studies have indicated that a long-term advantage of CGM is the
reduced need for constant finger-prick sampling during training or competition.[28,32,33]
Another benefit is that CGM enables monitoring glucose trends over time [28,30,34] and
decreases the stress associated with participating in sports and avoiding

hypoglycemia.[28,30,35]
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CONCLUSIONS:

In recent years CGM devices have evolved as a less invasive way to optimize blood sugar
control and provide real-time data. The most widely used systems are Dexcom and FreeStyle
Libre, both of them effective and easy to use. The rapid pace of technological innovations
allows patients to maintain glucose homeostasis and improve their Quality of life. Many
researchers focus on future adjustments in diabetes mellitus treatment, especially in the
context of healthcare overload. An interesting approach is presented in a study ,,Diabetes and
technology in 2030: a utopian or dystopian future?”, in which authors speculate about the use
of new technology and artificial intelligence in the future management of diabetes.[36]
Furthermore, the growing accessibility of CGM systems, especially non-invasive devices,
engage not only patients but also athleats and healthy individuals. Currently, FDA has not
authorized any smartwatch or smart ring, but it remains a possibility in the future. CGM use
in sports may help adjust the training programs and diets for individual needs. However, more

studies are needed to establish the accuracy and potential benefits.

DISCLOSURES:

Author’s contribution:

Conceptualization: Aleksandra Jedrasek, Jan Piotrowski, Tomasz Jedrasek
Methodology: Izabela Hadzlik, Konrad Stawek, Klaudia Bulska

Formal analysis: Blanka Luczak, Katarzyna Stychan

Investigation: Katarzyna Stychan, Julia Biaty-Karbowniczek

Writing - rough preparation: Aleksandra Jedrasek, Tomasz Jedrasek
Writing - review and editing: Klaudia Bulska, Julia Pogoda

Supervision: Aleksandra Jedrasek, Julia Bialy-Karbowniczek, Julia Pogoda

All authors have read and agreed with the published version of the manuscript.

Funding Statement: This Research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

11



Data Availability Statement: The authors confirm that the data supporting the findings of
this study are available within the article's bibliography.

Conflicts of Interests: The authors declare no conflict of interest.

REFERENCES:

[1] World Health Organization. Diabetes [Internet]. Geneva: World Health Organization;
2024 [cited 2024 May 27].

Available from:https://www.who.int/health-topics/diabetes#tab=tab_1

[2] Langendam M, Luijf YM, Hooft L, Devries JH, Mudde AH, Scholten RJ. Continuous

glucose monitoring systems for type 1 diabetes mellitus. Cochrane Database Syst Rev. 2012

Jan 18;1(1):CD008101. doi: https://doi.org/10.1002/14651858.cd008101.pub2

[3] Bode B, King A, Russell-Jones D, Billings LK. Leveraging advances in diabetes
technologies in primary care: a narrative review. Ann Med. 2021 Dec;53(1):805-816. doi:
10.1080/07853890.2021.1931427

[4] Jedrasek A, Barg M, Bialy-Karbowniczek J, Bartela A, Wojtyta K. An Overview of
Modern Strategies for Treating Obesity. J Educ Health Sport [Internet]. 2024 May 14 [cited
2024 Jun. 25];68:49506. Available from: https://apcz.umk.pl/JEHS/article/view/49506

[5] Jedrasek A, Barg M, Bialy-Karbowniczek J, Bartela A, Wojtyta K. An Overview of
Surgical Strategies for Treating Obesity. J Educ Health Sport [Internet]. 2024 Apr. 15 [cited
2024 Jun. 25];65:49887. Available from: https://apcz.umk.pl/JEHS/article/view/49887

[6] Didyuk, O., Econom, N., Guardia, A., Livingston, K., & Klueh, U. (2021). Continuous

Glucose Monitoring Devices: Past, Present, and Future Focus on the History and Evolution of
Technological Innovation. Journal of Diabetes Science and Technology, 15(3), 676-683.
https://doi.org/10.1177/1932296819899394

[7] Langendam, M., Luijf, Y. M., Hooft, L., DeVries, J. H., Mudde, A. H., & Scholten, R. J.
(2011). Continuous glucose monitoring systems for type 1 diabetes mellitus. The Cochrane
Database of Systematic Reviews, 2012(1). https://doi.org/10.1002/14651858.CD008101.pub2
[8] Villena Gonzales W, Mobashsher AT, Abbosh A. The Progress of Glucose Monitoring

Review of Invasive to Minimally and Non-Invasive Techniques, Devices and Sensors.

Sensors (Basel). 2019 Feb 15;19(4):800. doi: 10.3390/s19040800.

12


https://www.who.int/health-topics/diabetes#tab=tab_1
https://doi.org/10.1002/14651858.cd008101.pub2
https://apcz.umk.pl/JEHS/article/view/49506
https://apcz.umk.pl/JEHS/article/view/49887
https://doi.org/10.1002/14651858.CD008101.pub2

[9] Siegmund T, Heinemann L, Kolassa R, Thomas A. Discrepancies between blood glucose
and interstitial glucose—technological artifacts or physiology: implications for selection of
the appropriate therapeutic target. J Diabetes Sci Technol. 2017;11(4):766-772.
https://doi.org/10.1177/1932296817699637

[10] Mansour, M., Saeced Darweesh, M., & Soltan, A. (2024). Wearable devices for glucose

monitoring: A review of state-of-the-art technologies and emerging trends. Alexandria
Engineering Journal, 89, 224-243. https://doi.org/10.1016/j.a2€].2024.01.021
[11] Miller K. Dexcom vs. Freestyle Libre: Comparing CGMs. Verywell Health. Available

from: https://www.verywellhealth.com/dexcom-vs-freestyle-libre-cems-8608428. Accessed

July 21, 2024.

[12] Hanson K, Kipnes M, Tran H. Comparison of Point Accuracy Between Two Widely
Used Continuous Glucose Monitoring Systems. Journal of Diabetes Science and Technology.
2024;18(3):598-607. doi:https://doi.org/10.1177/19322968231225676

[13] W. V. Gonzales, A. T. Mobashsher and A. Abbosh (2019) The progress of glucose

monitoring: A review of invasive to minimally and non-invasive techniques, devices, and
sensors, Sensors, 19(4), 800. doi:https://doi.org/10.3390/s19040800
[14] Mansour, M., Saeced Darweesh, M., & Soltan, A. (2024). Wearable devices for glucose

monitoring: A review of state-of-the-art technologies and emerging trends. Alexandria
Engineering Journal, 89, 224-243.doi: https://doi.org/10.1016/j.2ej.2024.01.021
[15] L. L. Jernelv, K. Milenko, S. S. Fuglerud, D. R. Hjelme, R. Ellingsen and A. Aksnes

(2019) A review of optical methods for continuous glucose monitoring, Appl. Spectrosc. Rev.,
54(7), 543-572 doi:https://doi.org/10.3390%2Fs21206820
[16] Ahmed 1., Jiang N., Shao X., Elsherif M., Alam F., Salih A., Butta H. & Yetisen A. K.

(2021) Recent advances in optical sensors for continuous glucose monitoring doi:
https://doi.org/10.1039/D1SD00030F
[17] Alsunaidi B, Althobaiti M, Tamal M, Albaker W, Al-Naib I. A Review of Non-Invasive

Optical Systems for Continuous Blood Glucose Monitoring. Sensors (Basel).
2021;21(20):6820. Published 2021 Oct 14. d0i:10.3390/s21206820

[18] Villena Gonzales W, Mobashsher AT, Abbosh A. The Progress of Glucose Monitoring-
A Review of Invasive to Minimally and Non-Invasive Techniques, Devices and Sensors.
Sensors (Basel). 2019;19(4):800. Published 2019 Feb 15. doi:10.3390/s19040800

[19] Oliver NS, Toumazou C, Cass AE, Johnston DG. Glucose sensors: a review of current
and emerging technology. Diabet Med. 2009;26(3):197-210. doi:10.1111/j.1464-
5491.2008.02642.x

13


https://doi.org/10.1177/1932296817699637
https://doi.org/10.1016/j.aej.2024.01.021
https://www.verywellhealth.com/dexcom-vs-freestyle-libre-cgms-8608428
https://doi.org/10.1177/19322968231225676
https://doi.org/10.3390/s19040800
https://doi.org/10.1016/j.aej.2024.01.021
https://doi.org/10.3390%2Fs21206820
https://doi.org/10.1039/D1SD00030F

[20] Pfiitzner A, Strobl S, Demircik F, et al. Evaluation of a New Noninvasive Glucose
Monitoring Device by Means of Standardized Meal Experiments. J Diabetes Sci Technol.
2018;12(6):1178-1183. doi:10.1177/1932296818758769

[21] World Global Network. HELO extense. Available from:
https://website.worldgn.com/heloextense/ (Accessed: 2024-07-21)

[22] Shokrekhodaei M, Quinones S. Review of Non-invasive Glucose Sensing Techniques:
Optical, Electrical and Breath Acetone. Sensors (Basel). 2020;20(5):1251. Published 2020
Feb 25. d0i:10.3390/520051251

[23] L. L. Jernelv, K. Milenko, S. S. Fuglerud, D. R. Hjelme, R. Ellingsen and A. Aksnes
(2019) A review of optical methods for continuous glucose monitoring, Appl. Spectrosc. Rev.,
54(7), 543-572

[24] L. Chen, E. Hwang and J. Zhang (2018) Fluorescent nanobiosensors for sensing glucose,
Sensors, 18(5), 1440.

[25] Do Not Use Smartwatches or Smart Rings to Measure Blood Glucose Levels, FDA
Safety = Regulation, Date  Issued:  February 21, 2024  available from:

https://www.fda.gov/medical-devices/safety-communications/do-not-use-smartwatches-or-

smart-rings-measure-blood-glucose-levels-fda-safety-communication

[26] C. Handy , M. S. Chaudhry, M. R. A. Qureshi, B.Love, J. Shillingford, L. Plum-

Morschel and E. Zijlstra (2023) Noninvasive Continuous Glucose Monitoring With a Novel
Wearable Dial Resonating Sensor: A Clinical Proof-of-Concept Study. DOI:
10.1177/19322968231170242

[27] Fitzgerald, F., Abdulrahman, A., Manhus, J., Linnane, H.,& Gurney, M. (2017). The use
of continuous glucose monitoring for sport in type 1 diabetes. Irish Journal of Medical
Science, 186, S363. https://pubmed.ncbi.nlm.nih.gov/30774973/

[28] Riddell, M. C., Shakeri, D., & Scott, S. N. (2022). A brief review on the evolution of

technology in exercise and sport in Type 1 diabetes: Past, present, and future.
DiabetesTechnology & Therapeutics, 24(4), 289-298.
https://pubmed.ncbi.nlm.nih.gov/34809493/

[29] Riddell, M. C., Scott, S. N., Fournier, P. A., Colberg, S.R., Gallen, I. W., Moser, O.,
Stettler, C., Yardley, J. E.,Zaharieva, D. P., Adolfsson, P., & Bracken, R. M. (2020).The
competitive  athlete with type 1  diabetes. Diabetologia,63(8), 1475-1490.
https://link.springer.com/article/10.1007/s00125-020-05183-8

14


https://website.worldgn.com/heloextense/
https://www.fda.gov/medical-devices/safety-communications/do-not-use-smartwatches-or-smart-rings-measure-blood-glucose-levels-fda-safety-communication
https://www.fda.gov/medical-devices/safety-communications/do-not-use-smartwatches-or-smart-rings-measure-blood-glucose-levels-fda-safety-communication
https://pubmed.ncbi.nlm.nih.gov/30774973/
https://pubmed.ncbi.nlm.nih.gov/34809493/
https://link.springer.com/article/10.1007/s00125-020-05183-8

[30] Abdulrahman, A., Manhas, J., Linane, H., & Gurney, M.(2016). The use of continuous
glucose monitoring for sport in type 1 diabetes. Diabetes, 65, AS558.
https://pubmed.ncbi.nlm.nih.gov/30774973/

[31] Houlder, S., & Yardley, J. (2018). Continuous glucose monitoring and exercise in Type 1
Diabetes: Past, present and future. Biosensors, 8(3), 73.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6165159/

[32] Chu, L., Hamilton, J., & Riddell, M. C.(2011). Clinical management of the physically

active patient with type 1 diabetes. The Physician and Sportsmedicine, 39(2), 6477
https://pubmed.ncbi.nlm.nih.gov/21673486/
[33] Reddy, N., Verma, N., & Dungan, K. (2020). Monitoring technologies- continuous

glucose monitoring, mobile technology, biomarkers of glycemic control. Endotext.
https://www.ncbi.nlm.nih.gov/books/NBK279046/

[34] Moser, O., Eckstein, M. L., Mueller, A., Birnbaumer, P.,Aberer, F., Koehler, G., Sourij,
C., Kojzar, H., Holler, P.,Simi, H., Pferschy, P., Dietz, P., Bracken, R. M., Hofmann,P., &

Sourij, H. (2019). Impact of physical exercise on sensor performance of the FreeStyle Libre
intermittently viewed continuous glucose monitoring system in people with Type 1 diabetes:
A randomized crossover trial. DiabeticMedicine, 36(5), 606-611.
https://pubmed.ncbi.nlm.nih.gov/30677187/

[35] Scott, S. N., Hayes, C., Castol, R., & Fontana, F. Y. (2022). Type 1 diabetes and pro

cycling: 10 years of learning from the professionals. Practical Diabetes, 39(2), 7.

https://www.researchgate.net/publication/359749796_Type 1 _diabetes_and_pro_cycling 10

years_of learning from_the professionals
[36] Kerr D, Axelrod C, Hoppe C, Klonoff DC. Diabetes and technology in 2030: a utopian or
dystopian future? Diabet Med. 2018;35:498-503. doi: https://doi.org/10.1111/dme.13586

15


https://pubmed.ncbi.nlm.nih.gov/30774973/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6165159/
https://pubmed.ncbi.nlm.nih.gov/21673486/
https://www.ncbi.nlm.nih.gov/books/NBK279046/
https://pubmed.ncbi.nlm.nih.gov/30677187/
https://www.researchgate.net/publication/359749796_Type_1_diabetes_and_pro_cycling_10_years_of_learning_from_the_professionals
https://www.researchgate.net/publication/359749796_Type_1_diabetes_and_pro_cycling_10_years_of_learning_from_the_professionals
https://doi.org/10.1111/dme.13586

	Devices and Users
	Frequency of Glucose Readings
	Sensor Characteristics
	Optical Coherence Tomography (OCT)
	Optical Coherence Tomography (OCT) is an imaging t
	FluorescenceFluorescence is a process by which a 
	Fluorescence sensing has been explored for glucose

