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Abstract

Introduction: Type 2 Diabetes Mellitus (T2DM) poses a significant global health challenge, necessitating effective treatment
strategies to manage its complex pathophysiology. This review critically examined the current treatment regimens employed

in clinical practice in managing T2DM.

Methods: This was a narrative review. A detailed electronic search of published articles, from 2004 to 2024, on diabetes
mellitus care and treatment using pharmacological and non-pharmacological approaches was conducted. Searches were
performed on PubMed, Cochrane libraries, Google and Semantic Scholar. Advanced Boolean searches were utilized for

focused results, limited to English language articles.

Conclusion: The review aims to contribute valuable insights to clinicians, researchers, and healthcare professionals involved
in the care and treatment of individuals with T2DM, fostering an evidence-based and patient-centered approaches to diabetes
management will reduce the burden of the disease in terms of morbidity and mortality.
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1. Introduction
Type 2 Diabetes Mellitus (T2DM) has emerged as a global
health epidemic, presenting a substantial and escalating
challenge to public health systems worldwide. The prevalence
of T2DM has reached alarming proportions, with an estimated
463 million adults affected globally in 2019, and projections
indicating a rise to 700 million by 2045!. This upsurge is
closely linked to urbanization, sedentary lifestyles, and an
aging population. T2DM significantly contributes to the
global burden of diseases, being a major cause of morbidity
and mortality. It is a pivotal risk factor for cardiovascular
diseases, renal complications, and a range of other debilitating

conditions?. The economic impact is profound, with soaring
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healthcare costs and productivity losses attributable to T2DM

and its associated complications®.

Despite its pervasive impact, T2DM is a preventable and
manageable condition®. Advances in medical science and
healthcare delivery have led to the development of various
therapeutic modalities aimed at glycemic control and
prevention of complications®. However, the rapidly evolving
landscape of T2DM management necessitates a
comprehensive review to consolidate current knowledge and
guide future interventions®. A thorough understanding of the
treatment regimens employed in clinical practice is essential

for healthcare professionals, policymakers, and researchers


mailto:agede.oa@unilorin.edu.ng

striving to enhance patient outcomes and mitigate the socio-

economic burden associated with T2DM.

The rationale for this review stems from the critical need to
synthesize existing evidence on T2DM treatment regimens.
The dynamic nature of diabetes management, characterized by
constant updates in guidelines and the introduction of novel
therapies, underscores the importance of an up-to-date review.
By critically evaluating current approaches, identifying gaps
in knowledge, and highlighting emerging trends, this review
aims to contribute to the ongoing discourse on optimizing
T2DM care. Additionally, the diverse demographic and
lifestyle factors influencing T2DM prevalence warrant an
exploration of tailored therapeutic strategies. Understanding
the nuances of treatment regimens and their effectiveness in
different populations is crucial for advancing precision

medicine approaches in T2DM management.

Methods: This was a narrative review. A detailed electronic
search of published articles, from 2004 to 2024, on diabetes
mellitus care and treatment using pharmacological and non-
pharmacological approaches was conducted. Searches were
performed on PubMed, Cochrane libraries, Google and
Semantic Scholar. Advanced Boolean searches were utilized

for focused results, limited to English language articles.
Significance of T2DM as a Global Health Concern:

T2DM stands out as a critical global health concern due to its
escalating prevalence, imposing substantial morbidity and
mortality burdens, and inflicting significant economic
consequences on healthcare systems. With an estimated 463
million adults affected in 2019 and a projected surge to 700
million by 2045, the pandemic proportions of T2DM demand
urgent attention’. Beyond its prevalence, T2DM substantially
elevates the risk of cardiovascular diseases, chronic kidney
disease, neuropathy, and retinopathy, contributing to
increased morbidity and mortality globally®. The economic
ramifications are profound, as T2DM accounts for a
considerable portion of global healthcare expenditure,

emphasizing the need for effective preventive strategies and
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sustainable management approaches®. Moreover, T2DM
exacerbates health disparities, disproportionately affecting
vulnerable populations, highlighting the imperative to address
these inequalities in diabetes prevention and management

efforts.
Epidemiology of T2DM: A Global Perspective

T2DM has evolved into a staggering global health concern,
with its prevalence and incidence undergoing an alarming
surge. According to the International Diabetes Federation
(IDF), an estimated 463 million adults were living with
diabetes in 2019, a number anticipated to escalate to 700
million by 2045 if current trends persist®. This upswing is not
confined to high-income nations; it permeates low- to middle-
income countries as well, with regions such as the Middle
East, North Africa,

disproportionate increases’. The burden of T2DM is also

and Southeast Asia witnessing
undergoing a demographic shift, with a rising prevalence
among younger populations'?. This complex epidemiological
landscape necessitates a comprehensive understanding of the

factors influencing T2DM's global prevalence.

The impact of T2DM on public health is multifaceted,
extending far beyond the sheer numbers. Diabetes stands as a
major risk factor for a spectrum of health complications,
including cardiovascular diseases, chronic kidney disease,
retinopathy, and neuropathy?®. These complications not only
diminish the quality of life for affected individuals but also
impose a substantial burden on healthcare systems. The
economic ramifications are substantial, encompassing direct
medical costs, indirect costs related to productivity losses, and

expenses associated with diabetes-related complications®4,

Pathophysiology of T2DM: Unraveling the Molecular

Puzzle

Insulin Resistance: A cornerstone in the pathophysiology of
T2DM is insulin resistance, where target tissues, primarily

muscle, adipose, and liver cells, exhibit reduced

responsiveness to insulin. This impedes glucose uptake and



utilization, leading to elevated blood glucose levels.
Molecular mechanisms underlying insulin resistance involve
disruptions in insulin signaling pathways, including
phosphorylation cascades and altered expression of key
proteins like glucose transporters®. Lifestyle factors, such as
sedentary behavior and obesity, significantly contribute to the

development of insulin resistance®®,

Beta-Cell Dysfunction: Progressive deterioration in beta-cell
function, responsible for insulin secretion, is another pivotal
aspect of T2DM pathophysiology. Chronic exposure to
elevated glucose levels and increased demand for insulin
secretion contribute to beta-cell stress and dysfunction.
Genetic predispositions, coupled with environmental factors,
amplify this dysfunction, compromising the delicate balance
of insulin release and glucose control®’. Understanding the
intricate molecular mechanisms underlying beta-cell failure is
crucial for devising interventions that target not only insulin

resistance but also beta-cell dysfunction in T2DM?,

The

homeostasis is disrupted in T2DM, marked by an imbalance

Glucose Homeostasis: orchestration of glucose

between glucose production and utilization. Hepatic
gluconeogenesis, the process of glucose synthesis in the liver,
becomes  dysregulated, contributing to  sustained
hyperglycemia. Additionally, impaired insulin action in
peripheral tissues and altered incretin hormone signaling
further in T2DM?®,

Deciphering the molecular intricacies of glucose homeostasis

exacerbate glucose dysregulation

provides a foundation for developing targeted therapeutic

strategies aimed at restoring glycemic control.

First Line Treatment Approaches: Nurturing Health
through Lifestyle and Metformin

Life-Changing Lifestyle Modifications: The cornerstone of

T2DM management lies in lifestyle modifications,
encompassing dietary adjustments and increased physical
activity. Dietary interventions, emphasizing a balanced, low-
glycemic index diet rich in fiber, have demonstrated efficacy

in glycemic control and weight management?. Concurrently,
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engaging in regular physical activity enhances insulin
sensitivity, facilitating glucose uptake and utilization by
tissues?’. These lifestyle changes not only address the root
causes of T2DM but also contribute to overall cardiovascular

health and weight management.

Dietary Interventions for Glycemic Control: Dietary strategies
in T2DM management extend beyond general healthy eating
principles. Specific dietary interventions, such as adopting a
Mediterranean diet characterized by high monounsaturated
fats and low glycemic load, showcase benefits in glycemic
control and cardiovascular risk reduction?. Additionally,
like

outcomes in improving insulin sensitivity and metabolic

approaches intermittent fasting exhibit promising
health?®. Tailoring dietary recommendations to individual
preferences and cultural contexts ensures sustainable

adherence, contributing to long-term glycemic control.

Empowering with Physical Activity: Physical activity
emerges as a potent ally in T2DM management, offering
benefits beyond glycemic control. Exercise interventions,
including aerobic and resistance training, contribute to
improved insulin sensitivity, reduced adiposity, and enhanced
cardiovascular health?*. Moreover, the psychological well-
being associated with regular physical activity positively
influences overall diabetes management. Personalized
exercise prescriptions, considering individual fitness levels
and preferences, form an

integral component of

comprehensive T2DM care.

Metformin as the Pharmacological Foundation: Metformin
stands as the first-line pharmacological agent in T2DM
management. Its role extends beyond glycemic control,
encompassing weight management, cardiovascular protection,
and improved insulin sensitivity?>. Metformin's safety profile,
cost-effectiveness, and evidence of long-term benefits
position it as a cornerstone in treatment initiation. However,
individualization of treatment plans, considering patient
characteristics and preferences, ensures optimized therapeutic

outcomes.



Second Line Pharmacological Agents: Expanding

Horizons in T2DM Management

When

primarily metformin, fail to achieve glycemic targets in

lifestyle modifications and first-line treatments,

T2DM, second-line pharmacological agents become pivotal.
This phase involves selecting therapies tailored to individual
needs and characteristics. Various classes of medications offer
distinct mechanisms of action, addressing specific aspects of

glucose metabolism and associated complications.

Sulfonylureas and Insulin Secretion: Sulfonylureas, such as
glipizide and glyburide, have long been considered traditional
second-line options. They enhance insulin secretion from
pancreatic beta cells, aiding glucose control?®. However,
concerns about hypoglycemia and declining efficacy over
time have prompted exploration of newer alternatives. Their
use often necessitates vigilant monitoring to mitigate potential

adverse effects.

Glucagon-Like Peptide-1 Receptor Agonists (GLP-1 RAS):
GLP-1 RAs, exemplified by exenatide, liraglutide, and
semaglutide, offer an innovative approach by mimicking the
action of endogenous GLP-1. These agents enhance glucose-
dependent insulin secretion, suppress glucagon release, and
promote satiety, leading to weight loss?’. Beyond glycemic
control, GLP-1 RAs exhibit cardiovascular benefits, making
them valuable additions,

particularly in patients with

atherosclerotic cardiovascular disease.

Sodium-Glucose Cotransporter-2  (SGLT-2) Inhibitors:
SGLT-2 inhibitors, including canagliflozin and dapagliflozin,
target renal glucose reabsorption, promoting glycosuria. This
unique mechanism reduces hyperglycemia, induces weight
loss, and predisposes the patient to recurrent urinary tract
infection. This class also demonstrates cardiovascular and
renal protective effects?®., Their role in heart failure
management further extends their utility in T2DM patients

with concurrent cardiovascular conditions.
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Dipeptidyl Peptidase-4 (DPP-4) Inhibitors: DPP-4 inhibitors,
like sitagliptin and saxagliptin, modulate incretin hormones,
prolonging their action. This leads to improved glycemic
control by enhancing insulin secretion and suppressing
glucagon release, all while preserving body weight?®. DPP-4
inhibitors are well-tolerated and offer a valuable option,

particularly when weight neutrality is a priority.

Insulin Therapy in T2DM: Navigating Treatment

Challenges

In the management of T2DM, insulin therapy plays a crucial
role, particularly when other interventions fail to maintain
glycemic control. The decision to initiate insulin often stems
from the progressive nature of T2DM, marked by declining
beta-cell function and increased insulin resistance. Insulin
therapy becomes indispensable when oral medications and
injectable non-insulin agents no longer suffice to achieve
target HbAlc levels®. Despite its efficacy, insulin initiation
can pose challenges related to patient acceptance, regimen
complexity, and concerns about hypoglycemia and weight

gain.

Types of Insulin and Treatment Approaches: Various insulin
formulations cater for the diverse needs of individuals with
T2DM. Basal insulin provides a steady release mimicking
endogenous insulin secretion, while bolus or prandial insulin
addresses postprandial glucose excursions. A common
approach is the initiation of basal insulin, often followed by
the addition of prandial insulin if glycemic targets remain
unmet®.. Long-acting insulin analogs, such as insulin glargine
and insulin detemir, offer advantages in terms of reduced

hypoglycemic risk and once-daily dosing.

Challenges and Strategies in Insulin Therapy: Adherence to
insulin regimens can be challenging due to factors like

injection-related  anxiety, lifestyle  disruptions, and

misconceptions about insulin use. Addressing these

challenges requires a collaborative effort involving healthcare
providers, patients, and support networks. Patient education

plays a pivotal role in fostering self-efficacy and dispelling



fears associated with insulin therapy®%. Additionally,
advancements in insulin delivery systems, such as insulin pens
and continuous subcutaneous insulin infusion (CSII) devices,
enhance convenience and may contribute to improved

adherence.

Combinatorial Approaches in T2DM Management:

Maximizing Therapeutic Synergy

The multifaceted nature of T2DM often necessitates a
combination of therapeutic strategies to achieve optimal
glycemic control. Combinatorial approaches involve the
simultaneous or sequential use of multiple agents with distinct

mechanisms of action to address the underlying

T2DM

progression®®. These approaches aim to capitalize on the

pathophysiological ~ factors  contributing  to
complementary effects of different drug classes, offering
enhanced glycemic control while minimizing adverse effects.
Combinatorial therapy becomes particularly relevant when
monotherapy or dual therapy fails to achieve and maintain

target glycemic levels

Optimizing Treatment through Combinations: Combinatorial

approaches typically involve the integration of oral
antidiabetic agents, injectable medications, and lifestyle
modifications. Common combinations include the use of
metformin with sulfonylureas, dipeptidyl peptidase-4 (DPP-4)
(SGLT-2)

inhibitors, or glucagon-like peptide-1 receptor agonists (GLP-

inhibitors,  sodium-glucose  co-transporter-2
1 RAs)%. These combinations offer synergistic effects, such
as improved insulin sensitivity, reduced hepatic glucose
production, and enhanced incretin-mediated glucose-
dependent insulin secretion. Understanding the patient's
individual profile, preferences, and tolerability is crucial in
tailoring combinatorial approaches for personalized T2DM

management.

Emerging Therapeutic Modalities in T2DM Management:

Paving the Way for Novel Interventions
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Novel Drug Targets: The evolving landscape of T2DM
management is marked by a continuous quest for innovative
therapeutic modalities, driven by an increased understanding
of the intricate molecular pathways involved in glucose
homeostasis. ldentification of novel drug targets remains a
crucial aspect, aiming to develop interventions that not only
enhance glycemic control but also address the underlying
pathophysiological mechanisms®®. Recent research has delved
into targets such as the fibroblast growth factor (FGF) system,
dual-acting peptide receptor agonists, and novel mechanisms
involving gut hormones and bile acids®. These investigational
targets hold promise for developing drugs that offer improved

efficacy, safety profiles, and patient adherence.

Investigational Therapies: The pharmaceutical industry's
commitment to advancing T2DM therapeutics is evident in the
exploration of investigational therapies that extend beyond
conventional drug classes®”. Ongoing clinical trials assess the
safety and efficacy of various compounds, including
innovative oral antidiabetic agents, injectables, and gene-
based therapies®. Some investigational therapies target
specific pathways implicated in insulin resistance, beta-cell
dysfunction, or glucagon dysregulation. As these promising
the

they bring hope

of clinical
the

modalities progress through stages

development, for expanding
armamentarium of T2DM treatments, ultimately providing
clinicians with additional options for personalized patient

care®,

Patient-Centered Approach and Personalized Medicine in
T2DM Management: A Paradigm Shift for Tailoring

Treatment Plans

Tailoring Treatment Plans: The shift towards a patient-
centered approach in T2DM management underscores the
importance of individualized care strategies*. Recognizing
the heterogeneity of T2DM manifestations, tailoring treatment
plans becomes imperative for optimizing therapeutic
outcomes®. Personalization involves considering factors such

as patient preferences, comorbidities, lifestyle, and genetic



predispositions*?. This approach extends beyond glycemic
control to address the holistic well-being of individuals with
T2DM, fostering a more comprehensive and effective
management paradigm®. Tailored interventions may include
exercise and

personalized dietary plans, regimens,

pharmacotherapy to meet the unique needs of each patient*4.

Patient Education and Empowerment: Empowering patients
through education is a cornerstone of patient-centered care in
T2DM*. Informed and engaged patients are better equipped
to actively participate in their treatment plans, make lifestyle
modifications, and adhere to prescribed therapies*. Patient
education initiatives focus on enhancing health literacy,
providing practical guidance on self-monitoring of blood
glucose, and fostering a deeper understanding of the
importance of medication adherence*’. Empowered patients
are more likely to embrace lifestyle modifications, leading to

improved glycemic control and long-term health outcomes?®.

Interventions to Improve access to Medicines for People

living with Diabetes in Africa and Nigeria

National Policy Framework: Countries like Nigeria and
Ethiopia have developed national guidelines and policies to
integrate diabetes care into primary healthcare and thereby
making essential medicines (glucose lowering agents)
available to people living with diabetes at primary healthcare

leve|4950,

Community Based Programs: Initiatives like diabetes self-
management education (DSME) focus on community
engagement to enhance patient education, access to
medication and adherence to treatment, which can reduce

overall healthcare cost®!.

Public awareness: Efforts are underway to increasing
awareness about diabetes care, and importance of medication
adherence with the aim of mobilizing political will and
resources to improve antidiabetic drugs availability especially

in rural communities where access to medication is limited

52,53
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Challenges and Limitations in the Management of T2DM:
Navigating Adverse Effects, Treatment Adherence, and

Economic Considerations

Adverse Effects of Medications: The pharmacological
management of T2DM is associated with potential adverse
effects, posing challenges for both patients and healthcare
providers®. Commonly prescribed medications, such as oral
anti-diabetic agents and insulin, may elicit side effects ranging
from gastrointestinal  disturbances to hypoglycemia®®.
Balancing the benefits of glycemic control with the risk of
adverse effects requires a nuanced approach®. Tailoring
treatment regimens, considering individual patient profiles,
and vigilant monitoring can help mitigate these challenges,
ensuring the overall safety and tolerability of the prescribed

medications®’.

Treatment Adherence: A critical hurdle in T2DM
management is ensuring sustained treatment adherence among
patients®®. Complex dosing regimens, medication costs, and
lifestyle modifications contribute to adherence challenges.
Non-adherence can lead to suboptimal glycemic control,
increased risk of complications, and higher healthcare costs®.
Implementing patient-centered strategies, such as simplified
medication regimens, patient education programs, and
leveraging technology for medication reminders, is vital to
enhance treatment adherence®. Addressing psychosocial
factors and fostering a collaborative patient-healthcare
provider relationship are essential components in overcoming

this challenges?.

Economic Considerations: The economic burden of T2DM
management encompasses direct medical costs, indirect costs
related to productivity loss, and the economic impact of
diabetes-related complications. Affordability and accessibility
of medications, diagnostic tests, and regular follow-up care
contribute to the economic considerations associated with
T2DM®2, Disparities in healthcare access and socioeconomic
factors further exacerbate the economic challenges®.

Policymakers and healthcare stakeholders need to address



these economic considerations through interventions that
enhance healthcare affordability, improve access to essential
medications, and implement strategies to prevent and manage

T2DM and complications in a cost effective way®*.
Conclusion

Comprehensive review of the treatment of T2DM underscores

the multifaceted nature of its management. Lifestyle
modifications, personalized medicine, and emerging therapies
offer diverse strategies. Clinicians should prioritize patient
education, tailoring interventions to specific challenges like
medication side effects, economic considerations, and
fostering a patient-centered approach for optimal treatment

outcomes.
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