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Introduction 
Diabetes mellitus (DM) is a prevalent meta-
bolic disease affecting the global population 
and has been dubbed as an epidemic by the 
World Health Organization (WHO). Recent 
data has estimated that approximately 629 
million people will be affected by 2049, 
making diabetes a notable healthcare econ-

omy burden (1). Epidemiologically, DM and 
lesser forms, such as glucose intolerance, 
impaired glucose tolerance, and impaired 
fasting glucose, are prevalent in every pop-
ulation in the world, and without prevention 
and early control programs, cases are in-
creasing at an alarming rate. DM can be 
classified into Type 1, Type 2, gestational DM 

The prevalence of diabetes mellitus is increasing at an alar-
ming rate worldwide. With no cure available, effective di-
sease management is the best way to control disease 
progression. Studies have shown that diabetes technology 
helps to improve health outcomes and the quality of life of 
the patients. Diabetes technology can be defined as any so-
lution encompassing hardware, devices, and software used 
in the disease management of patients. This review serves 
as an introduction to diabetes mellitus by discussing the dif-
ferent categories of well-established diabetes technology, 
related ongoing research, and its challenges. This review is 
divided into 3 main categories, insulin administration, glu-
cose monitoring, and hybrid devices that combine the 2 ca-
tegories into one. Digital health application is also discussed 
as it is becoming a notable tool in the disease management 
of diabetes. Widespread use of these devices in disease ma-
nagement has been increasing in recent years. However, 
there are still barriers that prevent the utilization of the full 
potential of these devices. 
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Diabetes mellitus prevalansı dünya çapında endişe verici bir 
oranda artmaktadır. Kesin tedavi mevcut olmadığında, has-
talığın ilerlemesini kontrol etmenin en iyi yolu etkili hastalık 
yönetimidir. Araştırmalar, diyabet teknolojisinin sağlık so-
nuçlarını ve hastaların yaşam kalitesini iyileştirmeye yar-
dımcı olduğunu göstermiştir. Diyabet teknolojisi, hastaların 
hastalık yönetiminde kullanılan donanım, cihaz ve yazılım-
ları kapsayan her türlü çözüm olarak tanımlanabilir. Bu der-
leme, iyi bilinen diyabet teknolojisinin farklı kategorilerini, 
konuyla ilgili sürmekte olan araştırmaları ve zorlukları tartı-
şarak diabetes mellitusa bir giriş görevi görmektedir. Derle-
memiz, insülin uygulaması, glukoz izleme ve 2 kategoriyi 
tek bir kategoride birleştiren hibrit cihazlar olmak üzere 3 
ana kategoriye ayrılmıştır. Ayrıca diyabet, hastalık yöneti-
minde dikkate değer bir araç hâline geldiği için dijital sağlık 
uygulaması da ele alınmıştır. Bu cihazların hastalık yöneti-
minde kullanımı son yıllarda giderek yaygınlaşmaktadır. 
Ancak yine de cihazların tam potansiyelinden yararlanılma-
sının önünde engeller bulunmaktadır. 
 
Anahtar kelimeler: Yapay pankreas; kan şekeri izleme;  

                 diabetes mellitus; diyabet teknolojisi;  
                  dijital uygulamalar teknolojisi 
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(GDM), and other specific types of DM based 
on its diagnostic criteria, etiology, and ge-
netics. This is the most widely used and ac-
cepted classification adopted by the 
American Diabetes Association. 
Type 1 diabetes (T1D), also referred to as 
autoimmune T1D, accounts for 5-10% cases 
of DM and occurs due to the loss of pancre-
atic β-cells that results in decreased insulin 
production. T1D is associated with multiple 
genetic predispositions and environmental 
factors that are still poorly defined. Type 2 
diabetes (T2D) is more common, affecting 
90-95% of individuals, and is characterized 
by desensitization of insulin and reduction in 
insulin production (2,3). T2D is considered 
to be a polygenic disorder that arises due to 
interaction between multiple genes and en-
vironmental factors (4). GDM is an asymp-
tomatic condition that occurs during 
pregnancy as a result of abnormal hormone 
production, which increases the insulin sen-
sitivity of the patient. It is not life-threaten-
ing to the mother but is associated with an 
increased incidence of neonatal morbidity, 
neonatal hypoglycemia, and jaundice. Iden-
tifying the type of diabetes of a patient cor-
rectly is important since it directly impacts 
the treatment strategies. However, many do 
not fall into a single category, and as the 
disease progresses, revisions are required 
(5). Currently, DM is not curable or re-
versible, and the available treatment fo-
cuses on the management of the symptoms.  
Diabetes technology is an important aspect 
of DM management as treatment and dis-
ease monitoring heavily rely on it. For clini-
cal practice, diabetes technology mainly 
focuses on insulin delivery, glucose monitor-
ing, and data management, specifically, the 
hardware, devices, and software used in 
condition management (6). Generally, dia-
betes technology can be divided into 2 cat-
egories, which include the insulin delivery 
system and blood glucose monitoring. With 
recent technological advancements, hybrid 
devices that combine the insulin delivery 
system and monitoring comprise the third 
category. A fourth category that is worth 
mentioning is digital health application, 
which refers to any application that directly 
or indirectly helps in treatment manage-
ment. These categories will be discussed 
further in the review. 

Insulin Delivery 
Synthetic insulin delivery is commonly used 
in diabetes management. Intensive regi-
mens are usually prescribed to T1DM pa-
tients. However, in certain cases, as T2DM 
progresses, some patients might be put on 
the same regimen. Common intensive in-
sulin regimen usually involves basal insulin 
dose and bolus insulin, a supplementary 
dose to counteract the additional sugar or 
carbohydrate from diet to lower blood sugar 
back to normal range. Insulin is introduced 
either via multiple daily injections (MDI) of 
insulin or insulin pumps. Traditionally, insulin 
delivery was performed via vials and sy-
ringes, which is still conducted in clinical set-
tings but has been declining over the years 
with changes in patients’preferences. How-
ever, it is the most cost-effective strategy. 
This practice requires knowledge of proper 
handling techniques and repeated injections 
throughout the day, causing discomfort and 
needle phobia (7). Administration of the 
wrong dosage might occur since MDI re-
quires a combination of insulin with differ-
ent dosages depending on the patient’s 
activity. However, the ability to mix insulin 
formulation might be advantageous, espe-
cially in unique cases, and this could be the 
stepping stone towards precision medicine 
(8,9). 

Insulin Pens 
Different insulin delivery methods were in-
troduced to reduce invasiveness, increase 
delivery accuracy and precision, and in-
crease the ease of treatment. In 1985, the 
insulin pen was first introduced and mar-
keted as an easy-to-use injection device (8). 
Insulin pens have a cartridge and a fine re-
placeable needle with a mechanical dose 
display. Insulin pens have been improved 
considerably from their first design with 
newer technology and easier usage. These 
new-age insulin pens or “insulin smart pens” 
are built with memory systems intact or 
Bluetooth-enabled software. They can store 
data on patient-specific dosage amount and 
timing, which helps clinicians in treatment 
decisions. A study in Sweden showed that 
patients using smart insulin pens have bet-
ter glycemic control, shorter hypoglycemic 
periods, and reduced missed bolus dosage 
(10). Some pens are marketed as prefilled 
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devices to be discarded after one use, but 
more companies are introducing reusable 
eco-friendly pens with interchange car-
tridges that are useful if a patient’s regimen 
changes. Newer, more advanced insulin 
pens have a companion smartphone appli-
cation that not only keeps track of insulin in-
jections but also has a built-in bolus 
calculator. Due to the complexity of bolus 
dose calculation, a bolus calculator software 
was developed to automatically calculate the 
right dosage based on minimal input pro-
vided by patients. The software takes into 
account parameters such as target blood 
glucose, current blood glucose, carbohy-
drate-to-insulin ratios, total grams of carbo-
hydrate in the meal, and insulin sensitivity 
factors to generate accurate bolus insulin 
dose (11). These devices have accurate 
dosage, with some offering increment of 
half-unit doses. With many new devices in 
the market, there is concern whether all the 
advertised pens are accurate as there is no 
standardized test to compare them. Al-
though the insulin pen seems like the ideal 
choice, data from 2008 showed that 88% of 
the pens were used in Europe and 95% in 
Japan, only 17% were used in the United 
States (12). This is due to various factors 
but mostly because of patient preferences.  
Another study also revealed that multiple in-
jections daily can cause psychological stress 
leading to poor patient compliance (13).  

Insulin Pump 
Insulin pump therapy or continuous subcu-
taneous insulin infusion (CSII) has also 
come a long way from when it was first in-
troduced in the 1990s. The device is small 
and is equipped with more compact fea-
tures. It is designed to mimic natural insulin 
basal secretion and adapted to the circadian 
schedule of the patient. The device can be 
divided into 3 compartments, including an 
insulin reservoir, a battery-operated pump, 
and a control mechanism that is usually 
computerized and programmed to deliver 
basal insulin and bolus doses. CSII emulates 
pancreatic functions by supplying basal 
doses at pre-set times tailored to the patient 
to ensure reproducibility. Typically, an insulin 
pump is used for 3-7 days before it needs to 
be changed. Depending on the system, 
some pumps require only minor compart-

ment changes, while some need to be dis-
carded. This might be expensive since some 
insurances do not cover insulin pumps in 
their policies. The price of an insulin pump is 
about $4,500, with expenses of up to 
$1,500 per year for its supplies (14). Stud-
ies have found that in pediatric cases, pa-
tients from families with higher income and 
education are more prone to choosing CSII 
therapy (15). The cost of insulin pumps has 
created a medical gap that needs to be ad-
dressed. With the advancement of technol-
ogy, insulin pumps have better features, 
such as the Bluetooth system, wireless data 
management for monitoring treatment, and 
an alarm system to alert users on the status 
of the battery and the insulin reservoir level 
(12). A notable feature of the newer insulin 
pump system, known as the sensor-aug-
mented insulin pump, is the integration of a 
glucose monitoring system. These compact 
pumps are usually programmed with multi-
ple basal delivery profiles that can be se-
lected by the patients depending on their 
activity. However, device malfunction might 
occur, causing patients to be undermed-
icated or overmedicated and might induce 
diabetic ketoacidosis and hypoglycemia (9). 
Another possible complication is an infusion-
site infection, although it has become rare 
as advanced infusion sets have been intro-
duced along with improved patient educa-
tion. 

Glucose Monitoring 
Glucose monitoring was first introduced in 
the form of a technical urine-testing tool. 
The urine strips measure glucose and ke-
tones. However, the results of the patient’s 
current glucose condition are not accurate, 
and the body only excretes glucose when 
the sugar level is high. Therefore, urine glu-
cose strips are only recommended if there is 
a problem with using the blood glucose 
monitoring technique. This problem was 
overcome in 1969 when the first monitoring 
device was introduced and developed by 
Anton H. Clemens. The device was based 
on the glucose oxidation process and mar-
keted as a personal glucose monitoring de-
vice. Self-monitoring blood glucose (SMBG) 
devices were distributed first in the 1980s 
and replaced urine testing in the 1990s 
(16). 

40

Fauzi et al. Turk J Endocrinol Metab. 
Diabetes Technology               2022;26:38-47

40



Self-Monitoring Blood Glucose 
SMBG is a part of a multifactorial intervention 
recommended to patients along with an in-
tensive insulin regimen. It is integral as pa-
tients need to monitor blood glucose before 
meals, bedtime, or any intense activity as a 
guide for treatment decisions (6). The fre-
quency and timing of SMBG need to cater to 
the specific needs and treatment goals of 
the patients. A study found that increased 
daily frequency of SMBG might be associ-
ated with lower HbA1C and fewer complica-
tions (17). One of the most commonly used 
devices is the glucometer. The blood sample 
of patients taken with a lancet is applied on 
a reagent strip that is inserted into the 
glycemic reader for automated reading. De-
tection is based on electrochemical reaction, 
specifically glucose enzymatic reaction to ei-
ther glucose oxidase or glucose dehydroge-
nase (6). An important aspect of SMBG is 
the accuracy of the glucose meter. Some 
glucose meters have a built-in warning sys-
tem if there is a possibility of a false reading. 
The analytical and statistical accuracy of the 
reference and SMBG values is necessary to 
ensure that there are no differences, which 
might cause serious errors. Oxygen sensi-
tivity, temperature, altitude, possible sub-
stance interference, and condition of the 
strips can impact glucose reading and cause 
reading inaccuracies. The meters that utilize 
the glucose oxidase reaction are oxygen 
sensitive. Hence, capillary blood is preferred 
due to its normal oxygen saturation, while 
the devices that utilize glucose dehydroge-
nase are not oxygen sensitive. Currently, 
there are many types of meters in the mar-
ket, all with different features. One of the 
most notable new features is the no-wipe 
technology, which eliminates the need to 
wipe off extra blood from reagent strips. 
Thus, a smaller amount of blood is needed 
for testing. Some meters have also intro-
duced a data-tracking software that not only 
monitor readings but also help to identify 
trends and graphs to aid in decisions  
regarding therapy (18). Most of the devices 
in the market usually follow a strict standard 
provided by the International Organization 
for Standardization, approved by the agency 
of each country. However, the accuracy of 
most devices is based on the claims of the 
manufacturers and is not routinely checked 

by independent organizations (6). SMBG is 
widely used because it is a simple device, 
requires minimal training,and gives results 
immediately. Although the SMBG system 
has been improved over the years, it still 
provides a limited amount of data. On aver-
age, 4 to 6 readings of capillary blood glu-
cose are obtained. This does not provide a 
full comprehensive feature of the glycemic 
variation of the patient, especially at night, 
which can hinder decision making (16). The 
unreliability of patient-recorded data and 
patient compliance due to discomfort of the 
device fingerstick blood sampling is a con-
cern (19). To overcome this problem, the 
continuous glucose monitoring (CGM) sys-
tem was introduced. 

Continuous Glucose Monitoring System 
Some healthcare practitioners prefer more 
comprehensive data for monitoring,espe-
cially before any treatment decision is 
made. The CGM system, which is an inter-
stitial fluid (ISF)-based glucose monitoring 
system, similar to the system that monitors 
blood glucose concentration, might be used. 
The CGM system was first approved by the 
U.S. Food and Drug Administration (FDA) for 
public usage in 1999. It reports blood glu-
cose levels as trends off luctuations, and this 
data is used for retrospective analysis, es-
pecially in the detection and prediction of 
hypoglycemia and hyperglycemia (20). Gen-
erally, most CGM devices consist of 3 com-
ponents, which include a wearable sensor, a 
reading transmitter, and a display receiver. 
For CGM, ISF glucose undergoes an enzy-
matic reaction to generate an electric cur-
rent using oxygen as a cofactor (21). CGM 
can visualize glycemic trends and patterns 
so that a more informed decision can be 
made for regulating blood sugar levels. 
There are various types of CGM devices 
available, including Real-Time CGM 
(RTCGM), intermittently scanned CGM, 
Blinded CGM, and Unblinded CGM. RTCGM 
continuously measures glucose levels and 
provides automated alerts if there are 
changes in glucose levels, while CGM only 
displays glucose levels when prompted. 
Blinded CGM is a temporary device (10-14 
days) that measures glucose levels, but the 
data are not displayed in real-time to the 
patients; it is only available to the medical 
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provider for assessment, whereas, un-
blinded CGM has the same principle except 
that the data are not hidden from the pa-
tient (6). Various studies have demonstrated 
that the clinical benefits of CGM are directly 
proportional to the frequency of device 
usage. Routine CGM usage shows a marked 
improvement in the HbA1c level and reduc-
tion in the risk of hypoglycemia (22). CGM 
has considerably improved from when it was 
first introduced in the market, with new fea-
tures such as wireless data upload, lower 
costs, inclusion in insurance coverage, im-
proved sensors, and smaller size; these fea-
tures have made the device more 
user-friendly. Patients can now choose CGM 
devices that require daily fingersticks for 
calibration and optimization or those that do 
not require calibration. CGM devices may 
cause some adverse effects, mainly contact 
dermatitis, as the device is attached to the 
skin. Isobornyl acrylate, a common skin 
sensitizer can trigger allergic reactions, and 
patients are advised to perform patch test-
ing before wearing the devices for long 
hours to avoid this issue (23). 
For T1DM >> T1D patients, CGM is a good 
alternative to SMBG, and the large amount 
of data obtained can aid in decision-making. 
For T2DM >> T2D specifically, patients do 
not need to monitor their blood glucose 
daily; hence, CGM data may not be as use-
ful. An alternative glucose monitoring de-
vice, known as flash glucose monitoring 
(FGM) or sometimes referred to as intermit-
tently viewed CGM, was commercially intro-
duced in 2014 (24). FGM is a wired device 
that is worn on the arm for up to 14 days, 
and detection is based on enzymatic reac-
tions of glucose oxidase that is co-immobi-
lized on electrochemical sensors. A small 
patch sensor with short filaments is inserted 
in the subcutaneous tissue of the upper arm. 
Users can obtain real-time glucose data on 
demand by scanning the patch sensor with 
the reader or mobile phones. The device can 
retain the data over the 14 days that can be 
analyzed using simple trend graphs; how-
ever, no alarm system is integrated to in-
form if blood glucose level is not normal 
during the time of reading. No severe ad-
verse effect or severe hypoglycemic event 
has been reported, but some patients have 
reported allergic reactions, induration, 

bleeding, and insertion-site symptoms such 
as bruising, pain, and minor infections (19). 
Although FGM is relatively new, it is a good 
option to consider as it is small, easy to use, 
simple to interpret the data >>> simple 
data interpretation does not require calibra-
tion, and is inexpensive compared to stan-
dard CGM devices. FGM devices have similar 
accuracy to CGM devices, and healthcare 
professionals should consider them as a vi-
able option for patients. Similar to other de-
vices, there is a learning curve for FGM 
during familiarization, and healthcare pro-
fessionals need to be trained to guide pa-
tients to fully utilize the potential of the 
device (25). 

Non-Invasive Blood Glucose Monitoring  
Non-invasive blood glucose monitoring 
(NIGM) devices were developed specifically 
to minimize pain and the chances of infec-
tion due to repeated glucose reading when 
using the SMBG method. The increased ad-
herence monitoring regimen reported with 
NIGM also aids in improving the accuracy of 
the blood glucose trend, which can help in 
making better treatment decisions. Cur-
rently, the best option for NIGM is to moni-
tor glucose via biological fluids such as 
sweat, tears, urine, and saliva due to its 
convenience, lowcost >>> low cost, and 
ease-of-use (26). Sweat is an easily acces-
sible biofluid containing analytes that are re-
lated to blood concentration that can 
provide blood glucose reading. A device was 
developed recently to incorporate electro-
chemical impedance spectroscopy and 
chronoamperometry technique to gain real-
time fluctuations at the electrode-sweat in-
terface (27). The device provides results 
quickly, and only a small volume of sweat is 
required for detection. However, it might be 
inaccurate as glucose concentrations are 
considerably lower in sweat than in the 
blood. Due to the nature of sweat, there are 
also possibilities of inaccurate readings due 
to skin pH changes, body temperature, and 
possible skin contamination. 
Human tears have also been considered, as 
they are an extracellular fluid that contains 
proteins, glucose, and electrolytes. Studies 
have shown a correlation between tear glu-
cose and blood glucose levels (28,29). 
Hence, various methods to collect tears 
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have been proposed, from the use of smart 
contact lenses to filter paper, but none are 
currently approved by the FDA for commer-
cial purposes. Adverse effects such as con-
junctival damage, discomfort, and possible 
alteration in tear glucose concentration 
might occur, especially with frequent and re-
peated readings. Saliva contains many ana-
lytes, and its glucose levels are directly 
correlated with blood glucose levels (30). 
Some studies have proposed the use of 
saliva for glucose detection in devices such 
as enzyme sensors, optical sensors that  
require oxidase activity, and saliva-respon-
sive paper strips; however, none have been 
introduced in the market or approved by the 
FDA (31,32). Most of the devices are in var-
ious stages of development, and preliminary 
results indicate that these non-invasive ap-
proaches might be promising. They can be 
considered to be the future of glucose mon-
itoring. However, more extensive research is 
required and should be encouraged before 
these devices can replace the standard dia-
betes technology used currently. 

Hybrid System 

Closed-Loop System 
The integration of CSII and CGM as a com-
bination in diabetes management has shown 
positive results, and it is the main diabetes 
treatment recommended by healthcare 
practitioners. Hence, combining both the 
systems in one device might be the next rel-
evant step to control diabetes by imitating 
the biological secretion of insulin. The 
closed-loop system (CLS) is also known as 
an artificial pancreas made up of 3 different 
parts, which include the CGM system, the 

insulin delivery system, and a control algo-
rithm software and machine learning system 
that automatically adjusts the basal insulin 
infusion rate and establishes a feedback loop 
(Figure 1) (33). It was introduced for com-
mercial usage in late 2016. An ideal CLS de-
vice can eliminate all human errors in the 
form of dosage skipping, overestimation of 
dosage, and system calibration. Algorithms 
used by the system need to consider meal 
and exercise adjustments, and currently, 
this is aided by the input of carbohydrates 
in patients. In the future, a fully automatic 
artificial system might eliminate the need for 
patient input for insulin dosage correction 
and also the integration of both insulin and 
glucagon delivery to mimic the natural pan-
creas (34,35). CLS provides a more consis-
tent glycemic control with no adverse effects 
reported compared to sensor-augmented in-
sulin pumps (36). Although the system 
seems ideal, there are no randomized big 
population studies conducted to ensure its 
effectiveness in daily usage. Some studies 
argue that CSII is a better option than MDI 
in diabetic management associated with 
HbA1c, hypoglycemia reduction, and the 
quality of life (37). However, patient prefer-
ence and clinician input determine the route 
of management. 

Digital App Technology 
Digital health (also known as mHealth) is a 
new category that can aid in disease man-
agement for many comorbidities, especially 
diabetes. Newer health apps have better in-
tegration with more traditional health 
processes such as lifestyle support, phar-
macological interventions, and medical de-
vices to create one seamless hybrid digital 

Figure 1. Schematic representation of the closed-loop system with three components, which include the glucose monitoring 
system, an insulin delivering pump, and an infusion rate calculator.
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health system. The WHO defines digital 
health as “medical and public health prac-
tice supported by mobile devices, such as 
mobile phones, patient monitoring devices, 
personal digital assistants, and other wire-
less devices” (38).  
Diabetes is a chronic health condition suit-
able for digital health applications, mainly 
because the measurable indicators (blood 
glucose and HbA1c) are accepted as stan-
dard readings. Most diabetic patients who 
respond to the indicators can measure and 
monitor their health parameters daily and 
are also available for treatments and inter-
ventions. There is a rapid increase in digital 
connectivity, which has led to an increase in 
the use and application of predictive analyt-
ics and artificial intelligence in diabetes 
treatment. The majority of the available ap-
plications in the market, however, are not 
usually tailored for diabetes (unless stated), 
but they can generally be divided into 6 dif-
ferent categories (Table 1). Usage of these 
health apps can potentially improve health 
care outcomes due to the integration of 
compliance and modifiable health behaviors, 
mainly through patient adherence. No study 
has shown their long-term benefits; limited 
data are available, and most studies have 
focused on the short-term benefits for ap-
plications that offer limited functions (39). 

Future studies should also include different 
socioeconomic groups since health apps rely 
heavily on literacy, numeracy, and technical 
skills that may differ even in high-income 
countries. Despite this limitation, the devel-
opment of health apps should be continued 
as they can increase the self-reliance of the 
patients and improve health outcomes. 

Challenges in Diabetes Technology 
Diabetes technology is a field that is contin-
uously evolving, with better methods being 
developed and introduced to raise the stan-
dard of care in diabetes management. De-
spite these advances in disease 
management, most patients do not reach 
their target HbA1C (35). Hence, to over-
come this problem, different strategies 
should be used. One option is to shift dia-
betic clinical practice towards precision med-
icine to reduce patient burden, improve their 
outcomes, and provide more cost-effective 
treatment. For example, a mathematical 
model algorithm of Hb glycation and red 
blood cell kinetics can be used with glucose 
measurements for patient-specific estimates 
of nonglycemic determinants of HbA1c (41). 
If more accurate results are obtained and 
used as a base guideline, the treatment 
management proposed can be ensured to be 
more effective, tailored to the condition of 

BGM: Blood glucose monitoring; CGM: Continuous glucose monitoring.

Category Description 

Nutrition apps  Self-tracking of consumption 

 Database for food categories information 

 Meal planning and insulin dosage adjustment 

Physical activity/tracker apps  Exercise and weight management 

 Track distance walk/run, calorie count, heartbeat, sleeping schedule 

Glucose monitoring  Glucose data from the external device (BGM, CGM) 

 Graphical output of glucose data trend 

 Cloud data storage sharing 

Insulin titration apps  Accompaniment of glucose monitoring 

 Provide bolus calculation 

Insulin delivery apps  Application for smart insulin pens 

 Prescription medicine reminder 

 Display data trend, bolus calculator, and decision support 

Artificial pancreas system  Main system/communication connecting the device to the patient  

 Central control for CGM system, infusion pump, and AI algorithm 

Table 1. Different categories of digital health applications for diabetes management. The table has been modified 
(40).



the patients, and reduce any unwanted cost. 
Improvements proposed in the field also 
need to consider sustainability, improved ac-
curacy, reliability, and shifting towards non-
invasive devices. 
Most new diabetes technology devices use 
either Bluetooth, wireless cloud systems, or 
mobile phone applications in their software 
integration for easy data transfer and mon-
itoring. This, however, poses a problem as 
new safety risk emerges, specifically in 
terms of data privacy and security. There is 
also an issue of compatibility, cost, and the 
impact of software integration on the pa-
tients. Established to monitor and protect 
the privacy of the patients. Patients do not 
have the option to restrict sharing of infor-
mation and how their information is stored 
or might be used in the future. Hence, more 
studies need to be conducted to assess 
these issues, and steps need to be taken to 
assure that patient privacy is not violated. 
Direct health expenditures for diabetic pa-
tients (including private payers, public pay-
ers, and government) have shown an 
increasing trend and are estimated to con-
tinue to grow. It is estimated that by 2045, 
$845 billion will be spent on diabetes-related 
health expenditure, not including expendi-
ture related to diabetes complications (1). 
This is one of the main reasons why diabetes 
technologies are not fully utilized; therefore, 
patient treatment is not able to reach its full 
potential. High-cost barriers are still pres-
ent, especially in countries with lower in-
come, although considerable improvements 
have been made over the years. Thus, there 
is a socioeconomic gap in diabetes treat-
ment. Studies have shown that low socioe-
conomic status is associated with higher 
mortality and morbidity. Patients from low 
socioeconomic backgrounds are less likely to 
adopt intensive insulin regimens that can 
improve the patient’s outcome. For exam-
ple, hybrid loop technology was only avail-
able in North America until recently (42). 
Disparities are also found consistently re-
gardless of the healthcare system of the 
country, including access to a universal 
healthcare system (43). This is an important 
issue as access to good diabetes healthcare, 
specifically for the most vulnerable, can im-
prove outcomes with an effective regimen. 

Conclusion 
Management of DM is challenging for both 
clinicians and patients, mainly due to the re-
quirement of high literacy and numeracy. In-
corporating diabetes technology in the 
regimen helps to overcome this barrier and 
generally improves health outcomes deter-
mined by using HbA1c levels as a bench-
mark to indicate the benefits of the new 
therapeutic method. It also serves as a use-
ful tool for patients to overcome barriers as-
sociated with diabetes, including safety, 
support, self-efficacy, and comfort. However, 
it may also be a burden and barrier to treat-
ment, especially due to device cost and cov-
erage. Recently, the market has shifted to 
more patient-centric devices with the intro-
duction of the assessment of human factors. 
Human factors include not only direct user 
experience with the interface but also the 
overall user experience. This is because 
many companies have realized that satisfy-
ing patients is necessary for them to con-
tinue a particular method of treatment and 
use a device optimally. The adaptability of a 
device is also important as it needs to be 
seamlessly integrated into the daily life of 
the patients. Only by understanding these 
device barriers can one mitigate the obsta-
cles and allow more widespread use of dia-
betes technology. Constant improvements 
and innovations in diabetes technology can 
help ease the burden of the patients and 
help clinicians to make better decisions. 
However, extensive studies must be con-
ducted before any new device is introduced 
in the market to ensure that it is safe before 
using it as an alternative to older devices. 
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