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characteristics. Innovative therapies, such as gene therapies and advanced pharmacological
interventions, present novel strategies for effective diabetes management. Biomarker
discovery is a key focus, which helps identify reliable indicators for early diagnosis and
personalized treatment strategies. Incorporating technology, including continuous glucose
monitoring and insulin delivery systems, reflects a paradigm shift in diabetes care.
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Conclusion: This review underscores the dynamic landscape of diabetes research,

Lquibiihs . emphasizing the crucial role of precision medicine, innovative therapies, biomarker discovery,
Diabetes mellitus (DM), :  andtechnology integration in shaping future directions. The evolving role of Al in diabetes care
Biomarkers, Precision . signifies a transformative potential for personalized, data-driven interventions. By providing
medicine, Innovative . insights into contemporary advancements, this review contributes to the ongoing efforts to
treatment approaches, . develop more effective prevention and management strategies for diabetes, addressing the
Telemedicine :  pressing global health challenge posed by this complex metabolic disorder.
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Introduction

iabetes mellitus (DM) is an increasingly

prevalent chronic disease characterized

by either a total or partial deficiency of

insulin, leading to elevated blood glucose

levels, dyslipidemia, and neurovascular
system damage [1]. Pancreatic beta cells generate the
hormone insulin with various functions in the body. In-
sulin aids the body’s cells in utilizing glucose as fuel.
DM is caused by a deficiency in insulin synthesis or sen-
sitivity [2]. Type 1 diabetes mellitus (TIDM), type 2 dia-
betes mellitus (T2DM), and gestational diabetes mellitus
(GDM) are the three primary types of the DM. The first
kind of diabetes, commonly known as “juvenile/child-
hood-onset diabetes” or “insulin-dependent diabetes,” is
categorized by the body’s inability to produce insulin.
Regular injection of insulin analogs is required for the
treatment of this DM [3]. Scientific and technological
advancements are essential to identify novel therapeutic
agents since DM is a significant socioeconomic burden
in many nations. As a result, new therapeutic classes
such as amylin analogs, incretin mimics, gastric inhibi-
tory peptide analogs, and inhibitors of the dipeptidyl
peptidase-4 and the peroxisome proliferator-activated
receptor have been introduced, which are potential tar-
gets for drugs used to treat diabetes [2].

The frequency of T2DM has been steadily rising over
the past few decades, significantly contributing to the
dramatic rise in the incidence of DM. Statistics from the
World Health Organization (WHO) show that more than
422 million people worldwide had DM in 2014. It is an-
ticipated that DM prevalence will continue to climb. By
2040, 642 million people will have diabetes worldwide,
as predicted by the International Diabetes Federation
(IDF). Recent epidemiological data that offers global
estimates for the incidence of DM is considered in this
research [3].

Prevalence

According to current research, the prevalence of DM
has risen dramatically over the last ten years and might
be regarded as an epidemic. The diagnosis of DM has
been made in 8.8% of the adult population. If this trend
continues, it is predicted that by 2040, 6.93 million in-
dividuals worldwide, or 9.9% of the population, will be
living with diabetes.

According to IDF projections, the incidence of diabetes
is predicted to ascend by 1.1% by 2045. Additionally,
1105500 T1DM patients are in the 0 to 19 age range,
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compared to 132600 newly diagnosed cases in children
and young adults. According to current statistics, there
are 352.1 million IGT (impaired glucose tolerance) suf-
ferers globally, and 587 million people aged 20 to 79 are
expected to get IGT by the year 2050. Last but not least,
21.3 million live births were associated with hypergly-
cemia in pregnancy in 2017. The majority of these in-
stances (86.4%) were caused by GDM, which primarily
affects people in the age range of 40 to 49; the remaining
cases were associated with other kinds of DM [3].

Rates of diabetic metabolic syndrome by age and sex

The most current statistics show that more than 326
million individuals in the work population have diabe-
tes, compared to 122.8 million people over the age of
65. In the following decades, these figures are predicted
to upsurge to 438.2 and 253.4 million, respectively. The
number of men is on the verge of declining regarding
gender distribution. In 2017, 8.4% of women aged 20
to 79 were diagnosed with DM, compared to 9.1% of
males in the same age range; this discrepancy will likely
narrow dramatically in the next few years as the afore-
mentioned numbers are predicted to increase to 9.7%
and 10%, respectively [2].

Emerging biomarkers for the early detection and
risk assessment of diabetes

Gene expression profiling can precisely correlate with
certain disease states because of the development of
technologies that recuperate, amplify, and identify the
nucleic acids in the plasma. Numerous investigations
have found that a particular miRNA expression in cir-
culation is possibly associated with diabetic problems.

New biomarkers

In clinical settings, non-invasive biomarkers detect early
signs of islet stress and disorders before beta-cell damage
occurs. Established biomarkers of autoimmunity in T1DM
include autoantibodies against glutamate decarboxylase,
islet cell autoantibodies, islet B-cell secretory granule mem-
brane protein-zinc transporter 8, islet antigens insulin, and
protein tyrosine phosphate phosphohydrolase protein [4].

Autoantibodies

To forecast disease and aid in diagnosing T1DM, beta-
cell peptides, and proteins are now frequently targeted
by autoantibodies. Zinc transporter-8, glutamic acid de-
carboxylase, islet antigen-2 and insulin are the primary
targets of autoantibodies utilized as TIDM indicators in
clinical settings [5].
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Non-coding ribonucleic acid (RNA)

The non-coding RNAs are now recognized as influen-
tial biomarkers in disease diagnosis and clinical man-
agement, offering unique functionalities that impact bio-
logical processes ahead of glucose level changes. This
increased recognition is supported by technological ad-
vancements, enhancing the detectability and accuracy of
non-coding RNAs [6].

MiRNAs as biomarkers

Specialized short ncRNAs called miRNAs inhibit tar-
get mRNA from being translated. According to recent
studies, circulating miRNAs are valuable as illness bio-
markers. MiRNAs are released by cells under various
circumstances, either as free molecules or as tiny vesi-
cles that additional cell types might ingest. The extracel-
lular miRNAs operate as crucial cell-to-cell messengers
and regulate different biological processes, such as an-
giogenesis, tumor cell invasion, and immune response.
MiRNAs are trustworthy biomarkers due to their resis-
tance to oxidation in circulation and abundance in par-
ticular organs, which can be used to pinpoint the basis
of circulating miRNAs. Due to developments in DNA
amplification, DNA sequencing, and analysis, we have
recognized the miRNAs generated and released by islets
under stress. RNA sequencing, quantitative polymerase
chain reaction and microarray, and data from extensive
human studies have been compiled for this review to
present the possibility of using miRNA signatures to
identify pre-DM and or staging evolution and mode of
diabetic complications in the future [4].

Biomarkers associated with diabetic nephropathy
(DN) pathogenesis

By developing advanced glycation products and stimu-
lating the polyol pathway, protein kinase C, hexosamine
pathwaym and angiotensin II, hyperglycemia promotes
the electron transport chain to enhance too many reac-
tive oxygen species. The oxidative stress is then initi-
ated or enhanced by ROS, which leads to an inflamma-
tory reaction and the development of fibrosis. Additional
factors that contribute to the occurrence of DN involve
abnormal metabolism of lipids, the renin-angiotensin-
aldosterone system (RAAS) stimulation, persistent and
glomerular hypertension, deterioration of insulin signal-
ing, increased levels of developmental factors and pro-
inflammatory cytokines, and stimulation of intracellular
signaling pathways [32].
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Potential of precision medicine in tailoring diabe-
tes therapies

Monogenic DM can account for as much as 3% of cases
in children, with HNF1A transcription factor gene muta-
tions being the most common cause. Rare penetrant HN-
F14 mutant carriers frequently manifest diabetes without
insulin dependence before the age of 25. They have a sig-
nificant family history of the disease. Clinical evaluation
typically finds such people to be C-peptide positive but au-
toantibody negative. An early case study demonstrated that
patients with DM brought on by HNF'1A changes had great
sympathy for sulfonylureas, which was neatly backed by
a randomized precise study, serving as the initial instance
of individualized treatment in diabetes. Even though the
exact molecular mechanism underlying the sensitivity of
individuals with HNF1A4 mutations to this particular class
of oral diabetes medications is still unknown, it has been
proposed that the closure of the K, channel by sulfo-
nylureas bypasses the main locations of cell dysfunction
that are ambitious of the K, channel, activating the se-
cretion of insulin. Because potassium inwardly-rectifying
channel subfamily J member 11 and ATP-binding cassette
transporter subfamily C member 8, activating mutations
prevent the K,  channels from closing in retort to ATP
generated by glycolysis, sulfonylureas are also the initial
treatment for people with neonatal diabetes [7].

Personalized  treatment  recommendations
using evidence from research trials and
pharmacogenomics

Recognizing the value of replication is crucial. We
should be just as skeptical of the latest findings from
pharmacogenetic analyses as we are of research focus-
ing on the possibility of T2DM. Most scientific research
concentrates on small-scale investigations of candidate
genes or single nucleotide polymorphisms rather than
objective analyses of the influence of genetic diversity
on therapeutic response across the genome [7].

Metformin

Metformin is the most frequently prescribed and
thoroughly researched medication for the treatment of
T2DM. Additionally, the study of metformin comprises
pharmacogenomics, genetic investigations of metformin
transport, and molecular targets for metformin activity.
SLC22A41, SLC22A42 and SLC47A4 have been discovered
as genetic drivers of metformin pharmacokinetic vari-
ability, tissue uptake, and clearance; nevertheless, their
therapeutic value in predicting metformin interaction in
T2DM patients [7].
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Sulfonylureas

Several T2DM guidelines suggest insulin and sulfonyl-
ureas as second-line blood sugar-lowering medications.
This widespread history and current use result from years
of clinical study. Information from the GoDARTS study
revealed that carriers of the TCF7L2 T2DM risk variant
are less probable than non-carriers to enhance glycaemic
goal line in reaction to sulfonylureas. This treatment effect
was not obtained for metformin [7]. Change at the TCF7L2
gene location is probably the most well-studied example
of genetics determining pharmacological responses. Addi-
tionally, genetic variation among the genes crucial for sul-
fonylurea metabolism, the sulfonylurea receptor, beta-cell
function, and insulin action, such as CYP2C9, KCNJ1, CD-
KALI, CDKN2B and NOSIAP, has also been studied [7].

Thiazolidinediones

Thiazolidinediones slowed the progression of nonalco-
holic fatty liver disease in subsets of patients in studies
lasting up to 24 months despite questions about the relative
advantages and risks of these drugs for T2DM patients’
glucose control. There is still a limited understanding of the
genetic factors influencing the medicinal effects of thiazoli-
dinediones, especially pioglitazone and rosiglitazone. Vari-
ations in solute carrier organic anion-transporter, which
codes for the organic anion transporting polypeptide 1B1,
had an impact on the glucose tolerance to the medication
in 833 patients who were evaluated from 1 to 18 months
into treatment, in contrast to CYP2C8, which encodes the
cytochrome P450 2C8 metabolizing enzyme. Surprisingly,
these genetic variations did not similarly impact how well
patients responded to pioglitazone medication [8§].

Innovative treatment approaches

Treatments for T2DM patients include reducing blood
sugar levels, shedding pounds, and decreasing blood
pressure through GLP-1 receptor analogs and SGLT2
inhibitors. According to results from cardiovascular out-
come examinations, these drugs reduce the hazard of
heart failure hospitalization, lower cardiovascular dis-
ease, and offer protection against severe cardiovascular
disease to those with chronic heart disease [9]. Studies
that use hard renal endpoint kidney disease instead of
substitute indicators are currently being conducted to
define the renoprotective benefits of both drugs. SGLT2
inhibitors should be avoided in conditions where there is
a potential of developing diabetic ketoacidosis because
they operate best when used to lower blood sugar when
the predictable rate of glomerular filtration is greater
than 60 mL/min/173 m? at the time of treatment.
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SGLT2 inhibitors

A person with diabetes has urine glucose reabsorption
that is substantially higher than the normal value of 180
g/d. SGLT?2 inhibition causes around 70-90 g of urine
glucose excretion, with an accompanying energy forfei-
ture of about 300 kcal/d, because it inhibits only about 50
percent of the filtered glucose load. This finding contra-
dicts the frequently cited statistic that SGLT?2 is in charge
of about 90% of renal glucose absorption. This outcome
can be caused by partial SGLT2 blockage or additional
upregulation of SGLT1 expression following SGLT2
therapy (Figure 1) [9]. All presently accessible SGLT2i
lower blood sugar and HbA1lc by 0.6% to 1%, relying on
the baseline HbAlc and experimental design. Generally
speaking, these medications work independently of other
glucose-dropping drugs and can be coupled with further
treatments, including insulin. In the presence of severe
renal impairment, the effects of decreasing HbAlc are
diminished, and none of them are presently advised for
use once the eGFR is <45 mL/min. A weight loss of two
to three kg and a minor decrease in blood pressure are
also predicted. The foremost side effects are an elevated
hazard of bacterial and fungal urinary tract infections,
particularly in women, as well as adverse blood pressure-
lowering side effects like giddiness and postural hypoten-
sion. More common side effects comprise diabetic keto-
acidosis, more seen in people with TIDM. Concerns have
also been upstretched lower limb amputees, bladder can-
cer, and crepitus upon palpation. Still, new statistics from
the DECLARE trial propose the hazard for these side ef-
fects may not be augmented for dapaglifiozin [10]. The
eradication of urinary glucose excretion (UGE) when the
filtered glucose level comes in below the transport capac-
ity of SGLT1, together with the compensatory metabolic
changes observed, which includes increased production
of liver glucose and the circumstance that these medica-
tions do not stimulate insulin secretion [9], all contribute
to the fact that the menace of lower the blood sugar level
with SGLT2 inhibition.

GLP-1 receptor agonists

In reaction to foods, mainly glucose and fat, intestinal
epithelial L-cells produce the peptide GLP-1 derived
from the gut. Multiple target organs are affected physi-
ologically by GLP-1. It is an incretin that increases the
amount of insulin secreted by pancreatic cells in response
to glucose, increases neogenesis, prevents apoptosis, and
decreases the cells’ ability to secrete glucagon. GLP-1
does not cause hypoglycemia because insulin production
is only elevated overhead about 3 to 5 mmol/L of blood
glucose. GLP-1 also affects the hypothalamus, which

PBR
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Figure 1. Inhibiting SGLT2 and consequences on various organ systems and metabolic processes [9]

results in an increase in satiety and a reduction in food
intake. The adipose tissue, heart, and stomach are addi-
tional areas where GLP-1 has an impact.

Lixisenatide, exenatide, dulaglutide, liraglutide and
semaglutide are a few GLP-1 receptor agonists that have
been accepted for use in T2DM. Although oral semaglu-
tide is accessible, all are directed as subcutaneous injec-
tions. Exendin-4, human GLP-1 or the salivary peptide
from the Gila monster (Heloderma suspectum) served as
the basis for the development of these molecules, which
have biological characteristics that are indicative of im-
portant structural alterations to the amino acid order that
confer resistance to dipeptidyl peptidase-4 deprivation.
Different clinical outcomes result from these molecu-
lar variations. Short-acting GLP-1 receptor agonists are
the first class of receptor agonists and have a structural
similarity to exendin-4 of 90%—-97%. These substances
alter postprandial plasma glucose concentrations more
drastically than long-acting GLP-1 receptor agonists
due to their dramatic slowing of stomach emptying and
lessening impact on insulin production [8]. Long-acting
GLP-1 receptor agonists can have a more pronounced
effect on fasting blood sugar levels and 24-hour glucose
profiles. This outcome is because they provide a con-
tinuous and sustained level of GLP-1 receptor activa-
tion throughout the day, helping to regulate blood sugar
levels in both fasting and postprandial states. It is im-
portant to note that the choice between short-acting and
long-acting GLP-1 receptor agonists depends on indi-
vidual patient characteristics, preferences, and treatment
goals. Healthcare professionals consider factors such as
the patient’s lifestyle, adherence to medication, and the
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overall management plan for diabetes when prescribing
these medications [11].

Mesenchymal stem cell-based therapy

Multipotent adult stem cells (MSCs) can be produced
from tissues in both adult and neonatal individuals.
MSCs can be found in practically all tissues with a peri-
vascular region, although adult bone marrow is the most
common source. MSCs are produced from the mesoder-
mal germ layer and can develop in vitro into adipocytes,
osteoblasts, and chondroblasts, all connective tissue

types [12].
Artificial intelligence (AI) and predictive analytics

Al research is advancing quickly, and its applicability to
the global diabetes pandemic could fundamentally alter
how this chronic illness is identified and treated. Prog-
nostic mock-ups for the chance of receiving diabetes or
its difficulties have been established utilizing machine
learning principles. Al enables continuous, effortless re-
mote monitoring of the patient’s signs and biomarkers.
Social media platforms and online forums also increase
patient involvement in diabetes care. Technological im-
provements have enhanced the distribution of resources
in the field of diabetes. These ingenious technical ad-
vancements have improved glycaemic control by lower-
ing fasting and postprandial blood glucose levels, gly-
cosylated hemoglobin, and glucose excursions. Al will
enable a paradigm shift in diabetes management from
current methods to building targeted, based on data me-
ticulousness care [15].

Kumar GN, et al. Diabetes Mellitus Treatment and Management. PBR. 2024; 10(3):167-178.
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Case-based reasoning

Diabetes management uses case-based reasoning, an
Al technique, to answer novel issues based on learning
from analogous prior experiences [13, 14]. A case-based
reasoning approach employed in the treatment of DM
is the diabetes management system. This system intends
to mechanically recognize blood glucose control prob-
lems, make recommendations for fixing them, and keep
the path of positive and negative remedies designed for
each patient individually [13]. For various meal settings
in diabetes, case-based reasoning has been utilized to op-
timize and personalize insulin administration.

Artificial neural networks

Diabetes diagnosis has made extensive and unique
use of neural network techniques. Intelligent algorithms
have been developed to investigate how different factors
affect glycemic indices (Figure 2) [15].

Advances in continuous glucose monitoring
(CGM)

Patients with chronic renal disease have an option that
provides a more thorough and reliable glycaemic assess-
ment called CGM. A tiny filament is frequently inserted
into subcutaneous tissue to monitor glucose in inter-
stitial fluid in most commercially accessible CGM de-
vices, which are minimally invasive. Because diffusion
is concentration gradient-dependent, there is a dynamic
equilibrium among the blood’s interstitial fluid glucose
and sugar levels. The filament of the CGM takes up the

Figure 2. Artificial neural networks [15]
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interstitial glucose through capillaries. An electrochemi-
cal response in the sensor calculates the amount of in-
terstitial glucose present. A reader or smartphone app
sends and shows minute-by-minute interstitial glucose
measurements on a mobile device [16] diabetes is the
leading cause of chronic kidney disease (CKD).

Closed-loop insulin delivery system

Automation of closed-loop insulin delivery systems
has been made possible by developments in diabetes
technology. Numerous composites of closed-loop sys-
tems are being commercialized, demonstrating the
quick progression of this rapidly developing expertise
from investigative into experimental practice, progres-
sively revolutionizing the treatment of TIDM in chil-
dren and adults. The clinical treatment of TIDM con-
tinuously changes because of hybrid closed-loop insulin
delivery systems. They include a subcutaneously worn
continuous glucose monitor instrument that interacts
with a program that alters the subcutaneous insulin infu-
sion ingested by an insulin pump in retort to variations in
sensing blood sugar levels in actual time (Figure 3) [17].

Efficacy and safety of hybrid closed-loop systems

Larger randomized precise trials of unobstructed home
usage, conducted over six months or longer, have re-
placed smaller, carefully supervised investigations con-
ducted overnight or over 24 hours in research centers in
experimental studies to examine the safety and effective-
ness of hybrid closed loop systems. Initial closed-loop
systems have resulted in a 9.6% recovery in time spent
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Figure 3. [llustration of the arrangement of closed-loop insulin delivery [17)

in the intended blood sugar range (3.9-10.0 mmol/L) as-
sociated with comparator therapies (>2 additional h/d) as
well as a 1.5% decrease in time consumed in hypogly-
cemia (3.9 mmol/L) associated to control treatment. In
studies lasting longer than 8 weeks for each intervention,
hybrid closed-loop systems positively impact HbAlc,
with an overall decrease of 0.3%-0.4% associated with
control treatment. The fact that there was a decrease in
hypoglycemia in several studies and study participants’
HbAlc levels were low at recruitment, indicates ad-
equate baseline glycaemic control and makes this effect
seem small (Figure 4). Similar advantages were noted in
a meta-analysis of 25 approaches in the pediatric group
[13].

Diabetic complication and intervention

Over time, high blood sugar levels can lead to various
complications, affecting different body parts. Here are
some common diabetic complications and interventions
to manage and prevent them.

Figure 4. Key development towards a truly artificial pancreas [13]
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Diabetic nephropathy (DN)

DN denotes a clinical condition defined by persistent
albuminuria and a continuous decline in renal function
that suggests an identifiable course of glomerular dis-
ease. DN is the prominent reason for end-stage kidney
disease in various nations, with rates of 44% in the Unit-
ed States and 38% in Australia. It has been identified in
20% to 50% of people with diabetes. The results for pa-
tients with TIDM or T2DM who acquire DN are much
inferior than those who do not [14]. DN is often linked
with arterial hypertension and amplified cardiovascular
morbidity and mortality.

Clinical method for diabetic kidney disease diag-
nosis

Diabetic kidney disease is frequently a clinical diagno-
sis. The most common test for prognosis and diagnosis is
a kidney biopsy; however, in most clinics, this procedure
is typically only carried out when a different renal dis-
ease has been identified [18].

Kumar GN, et al. Diabetes Mellitus Treatment and Management. PBR. 2024; 10(3):167-178.
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Table 1. Telehealth to encompass a broader range of remote healthcare services [24]

Applications Functions Ref.

Analyzes the impact of meals on blood sugar levels.
IDM Assists in determining the correct insulin dosage for meals. [25]
Provides user-friendly diary for logging meals, insulin doses, exercise, etc.

Allows users to log exercise, insulin dosage and carbohydrate intake for a well-rounded overview.

Gl budd o ) ) ) 26
ucose buddy Users can easily identify glucose trends through approachable graphs covering seven, fourteen, or thirty days. [26]
Provides a database of carbohydrate content for various foods, aiding users in accurate meal planning and insulin
Iculation.
Diabetes manager dosage calculation [27]

Assists TIDM patients in calculating pre-meal insulin doses based on factors such as carbohydrate intake, blood
sugar levels and insulin sensitivity.

Enables patients to monitor key health metrics, including blood glucose levels, calorie consumption and physical
activity. [28]
Designed to empower patients by providing them with tools and information to actively manage their diabetes.

Diabetes diary

Provides an automatic calculator for both carbohydrate intake and insulin bolus, streamlining the process of

—
e

Diabetes interactive diary

determining the required insulin dosage for meals.

[29]

Utilizes algorithms based on computer vision to determine the carbohydrate content of food items.

GoCARB
curate carbohydrate estimation.

Involves placing a reference card next to the food during calculation, providing a standardized reference for ac- [30]

Provides a basal adjustment algorithm, assisting users in managing their insulin therapy with personalized ad-

justments.

Diabeo Blue star L o . .
efficient monitoring of multiple patients.

Healthcare providers have access to a multi-patient dashboard, allowing for remote patient administration and

[31]

Recognized and approved by the FDA as the first mobile prescription treatment in the USA.
Allows users to wirelessly or manually input their blood glucose levels for real-time monitoring and coaching.

IDM: Intelligent diabetes management.

Diabetic ketoacidosis

Diabetic ketoacidosis is the most common acute hy-
perglycaemic complication in people with DM. The
trifecta of high blood sugar levels, metabolic acidosis,
and ketosis usually result from a complete or relative
absence of insulin and a parallel rise of counter-regu-
latory hormones. Variable levels of circulatory volume
depletion are frequently present as well. Under stress-
ful conditions, such as severe medical or surgical dis-
eases, Diabetic ketoacidosis can happen in people with
poorly managed T2DM also in teenagers with newly di-
agnosed T2DM. Diabetic ketoacidosis is more prevalent
in individuals with T1DM, which is uncontrolled and is
brought on by an autoimmune breakdown of the islets of
Langerhans cells [19].

Diagnosis

The trio of high blood sugar levels, ketosis, and meta-
bolic acidosis is utilized for the detection of diabetic
ketoacidosis. Even though the American Diabetic As-
sociation (ADA), the Joint British Diabetes Societies
(JBDS) for Inpatient Care, and the International Society
of Paediatric and Adolescent Diabetes accept that the
foremost indicative feature of diabetic ketoacidosis is the
elevation of overall blood ketone levels, other analyti-
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cal measures, such as plasma glucose and bicarbonate
values, vary depending on the severity of the elevated
total blood ketone content. Studies demonstrate that ap-
proximately 3% and 8.7% of those diagnosed with dia-
betic ketoacidosis present with normal or only modestly
increased glucose levels, a state described as euglycemic
diabetic ketoacidosis [19].

Lifestyle intervention and behavioral changes

The relevance of education on self-management, pa-
tients’ ability to develop self-care and the effects of life-
style modification therapies are all factors in lifestyle
modification [20].

DM patients” empowerment

Empowerment increases a person's ability to make de-
cisions and engage in self-care practices for their health
[20]. Education on the long-term complications of diabe-
tes can motivate individuals to adhere to their treatment
plans and make lifestyle changes that can prevent or delay
complications such as cardiovascular disease and kidney
disease [21]. The empowerment tactic aims to progress
an individual's ability for critical thought and self-care
decision-making, relies heavily on mutual involvement,
awareness-raising, giving essential information, taking
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social understanding and linguistic differences into ac-
count, and open announcement. Allowing patients to
discover their goals, comforts, and needs might progress
their treatment adherence by involving them in health-
care decisions. According to studies, greater nutritional
education is associated with improved glycemic control
because those who are aware of nutrition are more likely
to make choices appropriate for their health [22].

Lifestyle modification

Adopting and maintaining a healthy lifestyle is often
a key component of chronic disease management. This
action may include changes in diet, regular exercise, and
stress management. Individuals may need to learn spe-
cific self-management techniques tailored to their condi-
tion, such as monitoring blood sugar levels or managing
dietary restrictions [23].

Nutrition therapy and weight management

Bodyweight control is a crucial component of lifestyle
adjustment, especially for DM patients who are over-
weight or obese. The length of the trial is a significant
consideration in nutritional intervention studies. There
is frequently a greater upgrading in short-term results
because it is known that participants' commitment to di-
etary adjustments decreases over a period [22].

Combined lifestyle interventions

Several studies have investigated the effects of healthy
nutrition, management of weight, and regular exercise
on risk variables for cardiovascular disease or the devel-
opment of cardiovascular morbidity in individuals with
DM, in addition to research looking at these effects in
combination [22].

Telemedicine and digital health solutions

The University of Alberta created and released the
smartphone software intelligent diabetes management
(IDM) in 2014 for individuals suffering from T1DM.
Many apps for both iOS and Android claim to make the
essential calculations. Still, most are not accepted by the
United States Food and Drug Administration (FDA) and
other pertinent regulatory bodies. The most recent smart-
phone insulin dosage calculator programs examined in
randomized clinical trials are described in the following
section [24] (Table 1).
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Conclusion

Contemporary advancements in diabetes research have
shown a new era of hope and improved management for
individuals with diabetes. These breakthroughs encompass
personalized medicine, innovative technologies like artifi-
cial pancreas and continuous glucose monitoring, novel drug
therapies, digital health tools, and precision nutrition. While
these advancements hold great promises, ongoing research
and collaboration among scientists, healthcare providers,
and patients are essential to progress toward better diabetes
prevention, treatment, and, ultimately, a potential cure.
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