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ABSTRACT

Introduction: Type 2 diabetes mellitus (T2DM) is a progressive metabolic disorder characterized by insulin resistance and
impaired beta-cell function. Effective management extends beyond glycemic control and includes weight reduction and
cardiovascular risk mitigation. In recent years, injectable therapies such as GLP-1 receptor agonists and the novel dual
GIP/GLP-1 receptor agonist tirzepatide have shown promising results. These agents offer significant improvements in blood
glucose levels, body weight, and cardiometabolic outcomes, positioning them as essential components of modern T2DM
treatment strategies.

Materials and Methods: This article presents a comprehensive review of literature derived from the PubMed database,
encompassing studies published between 2015 and 2025.

Results: Recent clinical studies confirm the effectiveness of GLP-1 receptor agonists (GLP-1RAs) and the dual GIP/GLP-
1 agonist tirzepatide in managing type 2 diabetes. Long-acting GLP-1RAs, especially semaglutide, show superior HbAlc
and weight reduction compared to other agents. Tirzepatide demonstrated even greater efficacy than semaglutide in reducing
blood glucose and body weight, along with benefits for blood pressure and lipid levels. Both drugs have similar safety
profiles, with mild gastrointestinal side effects. The development of oral semaglutide further enhances treatment options,
particularly for patients avoiding injections.

Conclusions: Advances in injectable therapies for type 2 diabetes, particularly GLP-1 receptor agonists and the dual
GIP/GLP-1 agonist tirzepatide, have significantly improved glycemic control, weight management, and cardiovascular
outcomes. Tirzepatide shows greater efficacy than semaglutide in reducing HbA1c and body weight. While safety profiles
are favorable, long-term data are still needed. These therapies offer personalized treatment options, supporting better long-
term health for people with type 2 diabetes.
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1. Introduction

Diabetes mellitus (DM) is a chronic metabolic disorder characterized by persistent hyperglycemia.lt is
broadly categorized into two primary types: type 1 and type 2 diabetes mellitus.

Type 1 diabetes is defined by autoimmune-mediated destruction of pancreatic beta cells, resulting in an
absolute deficiency of insulin. Conversely, type 2 diabetes is associated with varying degrees of insulin
resistance and relative insulin deficiency. According to the World Health Organization (WHO) and American
Diabetes Association (ADA) guidelines, the diagnosis of diabetes is established based on one or more of the
following criteria: a fasting plasma glucose level equal to or exceeding 7.0 mmol/L (126 mg/dL), a two-hour
plasma glucose level equal to or greater than 11.1 mmol/L (200 mg/dL) following a 75-gram oral glucose
tolerance test, and/or a hemoglobin Alc (HbAlc) value of 6.5% (48 mmol/mol) or higher, or a random plasma
glucose level of 2200 mg/dL in the presence of classic symptoms of hyperglycemia or a hyperglycemic crisis.If
initial results are equivocal, repeat testing is recommended for confirmation [1,2] Type 2 diabetes is a chronic,
multifactorial, highly heterogeneous and progressive metabolic disorder, characterized by both genetic and
environmental factors contributing to insulin resistance, as well as impairments in both the quality and quantity
of insulin secretion. [3] Accurate diagnosis is essential for determining prognosis, identifying the risk of
complications, and initiating appropriate therapeutic interventions.In the youth population, accurate diagnosis
of type 2 diabetes mellitus (T2DM) requires careful exclusion of other forms of diabetes that may present with
similar clinical features. The differential diagnosis should include type 1 diabetes mellitus (T1DM), latent
autoimmune diabetes in adults (LADA), and maturity-onset diabetes of the young (MODY). [2]
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In recent decades, three novel classes of glucose-lowering drugs: glucagon-like peptide-1 receptor
agonists (GLP-1RAs), dipeptidyl peptidase-4 (DPP-4) inhibitors, and sodium-glucose cotransporter-2
(SGLT?2) inhibitors- have been developed and are now widely utilized in the management of type 2 diabetes.
[4] Beyond improving glycemic control, these therapeutic agents demonstrate protective effects on the heart
and kidneys, effectively lowering the risk and severity of diabetic complications. [5] However, an increasing
body of evidence suggests that SGLT2 inhibitors may reduce the risk of acute kidney injury (AKI) in
individuals with type 2 diabetes. Some studies also indicate that GLP-1 receptor agonists (GLP-1RAs) may
exert renoprotective effects; however, a number of postmarketing case reports have linked GLP-1RAs to the
onset of AKI. Likewise, the association between DPP-4 inhibitors and AKI remains inconclusive and continues
to be a subject of debate. [4]

The purpose of this study is to provide a comprehensive analysis of the latest research on type 2 diabetes
mellitus. In addition to identifying the primary causes, risk factors, and symptoms associated with this
condition, the study aims to evaluate the diagnostic and therapeutic methods currently in use. Furthermore, the
study seeks to raise awareness of this disorder and its complications.

2. Pathophysiology of Type 2 Diabetes Mellitus

Type 2 diabetes mellitus (T2DM) is defined by the presence of both fasting and postprandial
hyperglycemia, which constitute major pathophysiological drivers of a broad spectrum of potentially life-
threatening complications and metabolic comorbidities. The etiology of hyperglycemia in T2DM is inherently
multifactorial, involving a complex interplay between genetic, environmental, and metabolic factors. At its
core, however, the condition is underpinned by a progressive decline in peripheral insulin sensitivity—
commonly described as insulin resistance—accompanied by a failure of pancreatic B-cells to sustain
compensatory insulin secretion, a process referred to as B-cell dysfunction or islet failure. [6] Insulin resistance
and B-cell dysfunction represent two fundamental pathophysiological processes. [7] In type 2 diabetes mellitus
(T2DM)), islet dysfunction involves both a reduction in -cell mass and impaired pB-cell function, along with
inappropriate elevation of glucagon secretion. Insulin resistance in T2DM primarily affects skeletal muscle,
the liver, and adipose tissue. [6] This results in a dysfunctional feedback mechanism between insulin
effectiveness and its secretion, ultimately causing hyperglycemia. [2] It is characterized by decreased glucose
uptake in muscle, insufficient suppression of hepatic glucose production, and increased lipolysis and
inflammation within adipose tissue. [6] The vicious cycle of hyperglycemia is driven, in part, by unhealthy
lifestyle choices and/or metabolic dysfunction syndrome, which contribute to increased levels of triglycerides
and non-esterified fatty acids. Excess lipid accumulation in non-adipose tissues disrupts insulin signaling
pathways, leading to the development of insulin resistance. This effect is particularly pronounced in the liver,
where impaired insulin action enhances hepatic glucose production and reduces glucose uptake. As a result,
blood glucose and basal insulin levels rise. The elevated insulin levels further stimulate lipid storage, thereby
exacerbating insulin resistance and perpetuating a self-reinforcing cycle. Increased levels of glucose and lipids
contribute to glucolipotoxicity, leading to lipid accumulation within the pancreatic islets and exerting toxic
effects on B-cells. This results in impaired insulin secretion and a reduction in B-cell mass, which in turn
worsens hyperglycemia. [7]

3. Risk Factors for Type 2 Diabetes Mellitus

Diabetes remains a major contributor to serious health complications and ranks among the top ten causes
of mortality globally. As there is currently no cure for the disease, preventive strategies are essential to reduce
its incidence. [8] Risk factors for type 2 diabetes mellitus can be categorized as modifiable and non-modifiable.
Non-modifiable factors include ethnicity and family history or genetic predisposition, while modifiable factors
involve obesity, low levels of physical activity, and an unhealthy diet. The development of Type 2 Diabetes
Mellitus (T2DM) is driven by a range of risk factors and underlying pathological mechanisms that contribute
to the progression of insulin dysfunction. A multifaceted interplay between genetic, metabolic, and
environmental influences gives rise to both non-modifiable risk factors such as ethnicity and genetic
predisposition/family history and modifiable ones, including obesity, physical inactivity, and an unbalanced
diet. These factors disrupt normal cellular processes, giving rise to a complex cascade of interrelated
pathophysiological alterations that collectively sustain and worsen insulin resistance and B-cell dysfunction.
[9] Robust scientific evidence supports that adopting a healthy lifestyle- characterized by maintaining an
appropriate body weight, consuming a balanced diet, engaging in at least 30 minutes of daily physical activity,
and avoiding both smoking and excessive alcohol consumption represents one of the most effective and cost-
efficient strategies for the prevention and management of type 2 diabetes. [10]
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3.1. Obesity

Obesity, defined as a body mass index (BMI) of 30 kg/m? or higher, is the most significant risk factor for
type 2 diabetes mellitus and is closely linked to metabolic disturbances that contribute to the development of insulin
resistance. [9] Type 2 diabetes mellitus (T2DM) arises from a combination of factors that contribute to insulin
resistance and impaired B-cell function. Numerous cross-sectional and longitudinal studies have consistently
demonstrated a strong association between obesity and the development of T2DM. Approximately 50% of
individuals with T2DM are classified as obese (BMI > 30 kg/m?), and up to 90% are overweight (BMI > 25 kg/m?).
As such, even modest weight reduction can lead to significant improvements in glycemic control and disease
progression. [11] The strong correlation between obesity and diabetes has given rise to the term “diabesity”,
emphasizing the fact that most people diagnosed with diabetes are either overweight or obese. [12] The most
pronounced link was found between body weight and the development of type 2 diabetes. Individuals who were
overweight had a 133% increased risk, while those classified as obese faced a 510% higher risk compared to
individuals of normal weight. Although excess body weight emerged as a key contributor to type 2 diabetes risk, its
impact on disease incidence was less substantial when considered alone than when combined with other lifestyle-
related factors. [10,13] A study on nurses’ health, cited by Wild and Byrne, revealed that women with a body mass
index (BMI) exceeding 35 had a 49-fold increased risk of developing type 2 diabetes mellitus (T2DM) compared
to those with a BMI below 22. Similar trends were observed in men: those with a BMI of 35 or higher had a 42-
fold greater likelihood of developing T2DM than men with a BMI under 23, based on data from a U.S. male cohort.
Notably, for Asian populations- particularly individuals of Indian descent- the elevated risk of diabetes manifests at
lower BMI thresholds, typically between 15 and 20. However, emerging evidence suggests that waist circumference
may be a more reliable predictor of T2DM risk than BMI alone. Studies conducted in China, the United States, and
Finland have consistently demonstrated that even moderate weight loss can significantly reduce the likelihood of
developing T2DM. [11]

3.2 Physical inactivity

A sedentary lifestyle has been identified as a significant risk factor for the development of type 2 diabetes
mellitus (T2DM). [9] An individual is classified as physically inactive when they fail to engage in the
recommended 30 to 60 minutes of exercise three to four times per week. Physical inactivity contributes to a
decline in insulin sensitivity and is associated with the progressive deterioration of pancreatic B-cell function,
ultimately resulting in impaired glucose tolerance and the development of type 2 diabetes mellitus (T2DM).
Although the independent relationship between physical inactivity and the prevalence of T2DM remains
underexplored, one plausible explanation for this association is that a sedentary lifestyle often contributes to
the development of obesity- a well-established and significant risk factor for T2DM. [8] Evidence from large-
scale cohort studies, such as the Women’s Health Study and the Kuopio Ischemic Heart Disease Risk Factor
Study, demonstrated a 34% and 56% reduction in T2DM incidence among individuals who engaged in walking
for 2-3 hours per week or at least 40 minutes weekly, respectively. [9] Prior research has demonstrated that
individuals engaging in high levels of physical activity exhibit a 35% reduced risk of developing type 2
diabetes. [10] Physical activity contributes to delaying the onset of T2DM through several key mechanisms.
Firstly, skeletal muscle contractions during exercise increase muscle blood flow, thereby enhancing glucose
uptake from the bloodstream. Secondly, physical activity helps reduce visceral (intra-abdominal) fat, a well-
established contributor to insulin resistance. Thirdly, moderate-intensity exercise has been shown to enhance
glucose uptake by up to 40%. Beyond improving insulin sensitivity and glucose utilization, regular physical
activity also has beneficial effects on systemic inflammation and oxidative stress, both of which are involved
in the pathogenesis of T2DM. [9] A decline in physical activity levels, limited engagement in exercise training,
and prolonged sedentary behavior have been recognized as key contributors linking obesity to type 2 diabetes
mellitus (T2DM). These lifestyle factors are strongly associated with elevated markers of chronic low-grade
systemic inflammation. Under such conditions, proinflammatory cytokines- including interleukin-6 (IL-6), C-
reactive protein (CRP), tumor necrosis factor-alpha (TNF-a), and interleukin-1 (IL-1)- are released both into
the circulation and within metabolic tissues, thereby promoting a state of metabolic inflammation. This
inflammatory milieu ultimately disrupts pancreatic B-cell function and induces apoptosis, thus impairing
insulin secretion and exacerbating glucose dysregulation. [9,12,13]
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3.3 Smoking

Cigarette smoking has been associated with a 30-40% increased risk of developing type 2 diabetes. This
elevated risk is partly attributed to nicotine-induced reductions in glucose uptake by skeletal muscle, which
contributes to the development of insulin resistance. [8] Nevertheless, the American Diabetes Association and
the International Diabetes Federation do not officially recognize smoking as a risk factor for the development
of type 2 diabetes mellitus. [14] Nicotine has been found to directly disrupt glucose homeostasis, indicating its
significant contribution to the pathogenesis of type 2 diabetes. Additionally, cigarette smoking elevates serum
concentrations of toxic heavy metals, including lead, arsenic, and cadmium. [15] Substances found in cigarette
smoke trigger widespread inflammation in the body, potentially impairing the action of insulin. Additionally,
these chemicals can lead to oxidative stress, which damages cells. The combined effects of inflammation and
oxidative stress are believed to contribute to an elevated risk of developing diabetes. [14] In individuals with
type 2 diabetes (T2D), active smoking has been identified as an independent factor contributing to poorer
glycemic control, with studies reporting a dose-dependent increase in HbAlc levels ranging from 0.21% to
1.08% among smokers. Findings from the Japanese Fukuoka Diabetes Registry, which analyzed data from
2,490 men with T2D, revealed a consistent rise in HbAlc values corresponding to the number of cigarettes
smoked daily and cumulative smoking exposure (measured in pack-years), when compared to individuals who
never smoked. This decline in glycemic control is believed to be primarily related to an increase in insulin
resistance. However, the impact of smoking on insulin secretion remains less clear. While some studies have
observed no significant differences in markers of -cell function, others have reported a negative association
between smoking and insulin secretory capacity. [16] Literature findings indicate that the link between
smoking and diabetes strengthens as the number of cigarettes smoked per day rises. Will et al. examined the
influence of gender on this relationship and found that the connection between cigarette smoking and type 2
diabetes is stronger in men than in women. Comparable findings were reported by Jee et al. Additionally,
Wannamethee et al. demonstrated that individuals who smoke pipes or cigars have a 2.15-fold higher risk of
developing type 2 diabetes, while cigarette smokers have a 1.6-fold increased risk compared to non-smokers.
[8] The coexistence of elevated blood glucose levels in individuals with diabetes and active smoking
significantly hastens vascular injury, thereby heightening the likelihood of both microvascular and
macrovascular complications associated with type 2 diabetes mellitus. Research indicates that quitting
smoking markedly reduces the risk of developing these diabetes-related vascular complications. [15]

3.4 Alcohol

Alcohol consumption can influence the risk of developing type 2 diabetes, depending on the amount
consumed. Moderate intake appears to have a protective effect, while excessive consumption increases the
risk. A comprehensive meta-analysis conducted by Knott et al., which examined data from 38 studies including
over 1 million men and more than 800,000 women, found that consuming alcohol in quantities below 63 grams
per day was associated with a reduced risk of T2DM. The most significant risk reduction was observed with
daily intake between 10 and 14 grams. [11] It was also found that consuming alcohol in moderation (10-14 g
per day) was linked to an 18% reduced risk of developing type 2 diabetes compared to those who abstain from
drinking. [10,17] However, when alcohol intake exceeded 63 grams per day, the risk of developing type 2
diabetes began to rise, showing a clear positive association. [11] Various biological mechanisms have been
suggested to account for the observed reduction in type 2 diabetes risk among moderate alcohol consumers.
One theory is the anti-inflammatory effect of alcohol, which may influence the regulation of metabolic
inflammatory markers such as adiponectin and interleukin-1. Another possibility is that alcohol may stimulate
the production of high-density lipoprotein (HDL), which plays a protective role in metabolic health. However,
the research supporting these mechanisms often faces significant limitations, such as small study populations
and short durations of follow-up, making it difficult to draw broad or long-term conclusions. [17]
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4. Pharmacological Treatment Options for Type 2 Diabetes Mellitus

Prior to 2018, metformin was recommended as the first-line treatment for type 2 diabetes mellitus
according to the ADA and EASD position statement. If patients did not reach their HbAlc goals, additional
anti-diabetic medications were added stepwise as second- and third-line therapies. However, this approach has
evolved in recent years. [18] The range of treatment options for type 2 diabetes mellitus (T2DM) has expanded
as our knowledge of the disease’s underlying pathophysiology has grown. Effective management should
address multiple aspects of T2DM and adopt a patient-centered strategy that goes beyond simply controlling
blood sugar, also focusing on reducing cardiovascular risk. [19] Adults with type 2 diabetes mellitus (T2DM)
who have a confirmed or high risk of atherosclerotic cardiovascular disease, heart failure, or chronic kidney
disease need treatment plans that include medications proven to lower cardiorenal risks. Effective weight
management is essential for improving glucose control in T2DM patients and should be an integral part of any
glucose-lowering therapy. [18] Recent treatments such as GLP-1 receptor agonists and dual GIP/GLP-1
receptor agonists possess a distinctive capacity to reduce appetite and enhance pancreatic insulin secretion,
leading to significant weight loss and improved insulin sensitivity. [20] Sodium-glucose co-transporter 2
(SGLT?2) inhibitors have been shown to reduce the incidence of heart failure, cardiovascular complications,
and kidney-related events. Glucagon-like peptide-1 (GLP-1) receptor agonists improve glycemic control,
support weight loss, and decrease the risk of cardiovascular events. [18] Several clinical trials investigating
sodium-glucose cotransporter-2 (SGLT2) inhibitors and glucagon-like peptide-1 (GLP-1) receptor agonists
have provided evidence of cardiovascular benefits, including a reduced risk of major adverse cardiovascular
events and hospitalizations due to heart failure, as well as a delay in the progression of diabetic kidney disease.
[21] Additionally, newer dual agonists targeting both glucose-dependent insulinotropic polypeptide (GIP) and
GLP-1 receptors offer enhanced glycemic management and promote greater weight reduction compared to
GLP-1 receptor agonists alone. [18]

4.1 SGLT2 Inhibitors

SGLT?2 inhibitors (also known as gliflozins) act by competitively binding to SGLT2 transporters located
in the S1 segment of the proximal renal tubules. This inhibition reduces the reabsorption of glucose and
sodium, resulting in their increased elimination through urine. [18] The majority of SGLT2 inhibitors are
highly selective for the SGLT2 transporters located in the renal proximal tubules, exhibiting a selectivity that
is 200 to 2500 times higher than for SGLT1, which is expressed in both the kidneys and the gastrointestinal
system. [2] Research indicates that individuals with type 2 diabetes mellitus (T2DM) exhibit upregulated
SGLT2 expression, which enhances renal glucose reabsorption and contributes to sustained hyperglycemia.
Inhibiting SGLT2 reduces this reabsorptive capacity by around 30% to 50%, thereby increasing urinary
glucose excretion and helping to lower elevated blood sugar levels. [19] The glucose-lowering action of
SGLT?2 inhibitors does not depend on insulin, which translates into a lower risk of hypoglycemia. These agents
typically lower HbA 1¢ levels by approximately 0.7% to 1.0%, whether used as monotherapy or in combination
with other antidiabetic drugs. [18] Clinical trials have repeatedly shown that SGLT2 inhibitors effectively
reduce blood glucose, with HbAlc levels decreasing by approximately 0.5% to 0.9% (5-9 mmol/mol)
following 12 months of treatment. [2] Additionally, they have been shown to support an average weight
reduction of 2-3 kg over a six-month period. Some studies also report modest decreases in blood pressure,
with reductions of up to 5 mmHg systolic and 2 mmHg diastolic. [18] Because of their noninsulin-dependent
mode of action, SGLT2 inhibitors can be used in combination with any class of glucose-lowering agent and at
any stage of disease, including in patients with long-standing T2DM who have minimal insulin secretion. [19]
SGLT2 inhibitors are recommended as part of comprehensive treatment strategies, as they not only aid in
glycemic control but have also demonstrated benefits in reducing the progression of chronic kidney disease
and lowering the risk of cardiovascular complications, and normalizing the lipid profile in various clinical
studies. [2,22] Sodium-glucose cotransporter-2 inhibitors (SGLT-2is)- such as canagliflozin, dapagliflozin,
empagliflozin, and ertugliflozin- have demonstrated cardiovascular benefits in individuals with both diabetes
and heart disease in clinical studies. More recent trials involving dapagliflozin and empagliflozin have further
shown their effectiveness in the treatment and prevention of heart failure, not only in patients with diabetes
but also in those without the condition. [23] Nevertheless, phlorizin-derived SGLT2 inhibitors have been
associated with several significant side effects, such as urinary tract and genital infections, diabetic
ketoacidosis, and, in some cases, an elevated risk of bladder cancer with dapagliflozin, as well as increased
incidences of amputations and bone fractures with canagliflozin. [22,24]
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4.2 GLP-1 Receptor Agonists

Glucagon-like peptide-1 (GLP-1) receptor agonists are recently approved drugs used in the management
of both diabetes and obesity. [2]

Short-acting GLP-1 receptor agonists typically lower HbA 1c by approximately 0.8% to 1.2%, whereas
long-acting agents achieve a greater average reduction of around 1.0% to 1.8%. Weight loss averages between
2 and 4 kg with exenatide (twice daily), lixisenatide (once daily), liraglutide (once daily), and dulaglutide (once
weekly). In comparison, oral semaglutide (once daily) and subcutaneous semaglutide (once weekly) are
associated with an average weight loss of 4 to 6 kg. [18] Short-acting GLP-1 receptor agonists, such as
exenatide (twice daily) and lixisenatide, are less effective in lowering overnight and fasting plasma glucose
but retain their ability to slow gastric emptying over long-term use. In contrast, long-acting agents like
liraglutide, once-weekly exenatide, dulaglutide, albiglutide, and semaglutide provide stronger reductions in
overnight and fasting glucose levels as well as HbAlc, whether used alongside oral antidiabetic medications
or in combination with basal insulin. [25] Treatment with GLP-1 receptor agonists reduces appetite, leading
to weight loss, which in turn contributes to enhanced quality of life and lowers the risk of cardiovascular and
kidney-related complications. [26] GLP-1 receptor agonists consistently lower systolic blood pressure by
approximately 2—5 mmHg, while their effect on diastolic pressure is more variable. These agents also promote
weight loss and lead to modest reductions in lipoprotein levels, including decreases in LDL cholesterol and
triglycerides. [27] GLP-1 affects various tissues and organs beyond the pancreas- it slows gastric emptying in
the stomach, provides cardioprotective effects on the heart, enhances glucose uptake in adipose tissue and
skeletal muscle, and acts on hypothalamic neurons in the brain to promote a sense of satiety. [2] Although
GLP-1RAs are highly effective and offer multiple clinical benefits, their early use was restricted due to the
necessity of injectable administration. To overcome this limitation, an oral version of semaglutide was
developed by combining it with sodium N-(8-[2-hydroxybenzoyl]amino)caprylate- a well-established
transcellular absorption enhancer- resulting in the first GLP-1RA available in oral form. [28]

4.3 DPP-4 Inhibitors

DPP-4 inhibitors are small-molecule, orally administered medications that act quickly and selectively
to block the activity of the DPP-4 enzyme. This enzyme is widely distributed in the body, found in the
bloodstream and on the surface of many cell types, and is responsible for deactivating the incretin hormones
GLP-1 and GIP. By inhibiting DPP-4, these drugs increase the levels of active GLP-1 and GIP after meals by
approximately two- to three-fold. All currently approved DPP-4 inhibitors offer comparable glucose-lowering
effects, typically leading to a moderate reduction in HbA1c of about 0.5-0.8%. [29] DPP-4 inhibitors contribute
to glucose regulation by increasing the effectiveness of the incretin system. [30] Evidence from major clinical
trials indicates that treatment with DPP-4 inhibitors leads to improved glycemic control by enhancing insulin
secretion from pancreatic islet cells, lowering HbAlc levels, decreasing adipocyte size, and reducing
inflammatory responses. [31]

DPP-4 inhibitors are considered weight neutral, as they only modestly increase GLP-1 activity and,
unlike GLP-1RAs, have no effect on gastric emptying or weight loss. [29,31] These medications raise GLP-1
levels by approximately two- to three-fold after meals, which is considerably lower than the ten-fold increase
seen with GLP-1 receptor agonists. [2] The incretin hormone GLP-1 has minimal impact on stimulating insulin
release from pancreatic beta cells when blood glucose levels are not elevated, particularly in the absence of
glucose absorbed from the gut. Because of their glucose-dependent mechanism of action through GLP-1, the
likelihood of hypoglycemia with DPP-4 inhibitors is low. [29] Although DPP-4 inhibitors offer several
advantages, including good tolerability and a low risk of hypoglycemia, their ability to reduce HbAlc is
generally weaker when compared to GLP-1 receptor agonists. [2] Lower risk of hypoglycemia is a clear
advantage compared to sulfonylureas, which stimulate insulin secretion by closing ATP-sensitive potassium
channels- a process that operates independently of blood glucose levels to a significant extent. [32]

4.4 Tirzepatide

Tirzepatide is an innovative drug that activates both glucose-dependent insulinotropic polypeptide (GIP)
and GLP-1 receptors, leading to better blood sugar regulation and notable weight loss. [33] It binds to the GIP
receptor with a strength comparable to the body’s natural GIP, while its binding affinity to the GLP-1 receptor
is about five times lower than that of natural GLP-1. [34] Moreover, tirzepatide has positive effects on blood
pressure, LDL cholesterol, and triglyceride levels, indicating its potential to help lower the risk of
complications related to type 2 diabetes. [35] Clinical studies have demonstrated that tirzepatide effectively
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reduces appetite and overall food intake by increasing feelings of fullness and decreasing hunger. For instance,
in a study involving patients with type 2 diabetes (T2D), a 15 mg dose of tirzepatide resulted in an approximate
reduction of 310 kcal in energy consumption during an ad-libitum lunch compared to placebo. [36] Further
mechanistic research in individuals with obesity but without diabetes confirmed that tirzepatide significantly
lowers food intake compared to placebo. These studies also showed an increase in fat oxidation, without a
significant effect on metabolic adaptation. Tirzepatide improves glycemic control in people with T2D by
lowering both fasting and post-meal blood glucose levels. This is achieved through several mechanisms,
including enhanced beta-cell function, improved insulin sensitivity, reduced glucagon secretion, and delayed
gastric emptying, although the effect on gastric emptying tends to decrease over time. [37]

5. Comparative Effectiveness of Semaglutide and Tirzepatide for Weight Reduction in Adults
with Overweight or Obesity

Although tirzepatide leads to greater weight loss than semaglutide in individuals with type 2 diabetes,
direct comparison studies in patients with overweight or obesity are still lacking. [38] Based on this large
cohort study using propensity score matching, it was demonstrated that individuals with overweight or obesity
treated with tirzepatide achieved significantly greater and more clinically meaningful weight loss compared to
those receiving semaglutide (injectable). Out of 41,222 adults included in the study (32,029 on semaglutide;
9,193 on tirzepatide), 18,386 were matched using propensity scores. The average age was 52 years, with 70.5%
female and 52% having type 2 diabetes. The mean baseline weight was 110 kg. Treatment was discontinued
by 55.9% of tirzepatide users and 52.5% of semaglutide users. Tirzepatide users were significantly more likely
to achieve >5%, >10%, and >15% weight loss, with hazard ratios of 1.76, 2.54, and 3.24, respectively. At 3
months, the average body weight reduction was 5.9% (95% CI: -6.0% to -5.8%) with tirzepatide, compared to
3.6% (95% CI: -3.7% to -3.4%) with semaglutide. At 6 months, the reductions were 10.1% (95% CI: -10.4%
t0 -9.9%) and 5.8% (95% CI: -6.0% to -5.5%), respectively. By 12 months, tirzepatide led to a 15.3% weight
loss (95% CI: -16.0% to -14.5%) versus 8.3% (95% CI: -9.0% to -7.6%) for semaglutide. After adjusting for
residual confounding factors, the absolute differences in weight reduction between the two treatments were-
2.4% (95% CI: -2.5% to -2.2%) at 3 months, -4.3% (95% CI: -4.7% to -4.0%) at 6 months, and -6.9%
(95% CI: -7.9% to -5.8%) at 12 months. Weight loss was also greater with tirzepatide at 3, 6, and 12 months.
Gastrointestinal side effects occurred at similar rates in both groups. [39]

6. Tirzepatide Versus Placebo: Findings from the Phase 3, Double-Blind, Randomized
SURPASS-1 Trial

In 2021, the SURPASS-1 trial- a randomized, double-blind phase 3 study- was conducted to assess the
effectiveness of once-weekly subcutaneous tirzepatide versus placebo in individuals with type 2 diabetes
inadequately managed through diet and exercise alone. The results showed that all tested doses of tirzepatide
led to significantly greater reductions in body weight, fasting glucose, and HbAlc compared to placebo. At
week 40, all doses of tirzepatide showed significantly greater improvements compared to placebo in lowering
HbA ¢, fasting serum glucose, body weight, and in achieving HbA 1¢ targets below 7.0% (<53 mmol/mol) and
5.7% (<39 mmol/mol). Mean reductions in HbAlc from baseline were 1.87% (20 mmol/mol) with 5 mg,
1.89% (21 mmol/mol) with 10 mg, and 2.07% (23 mmol/mol) with 15 mg of tirzepatide, compared to a slight
increase of 0.04% (0.4 mmol/mol) in the placebo group. The corresponding estimated treatment differences
versus placebo were -1.91% (-21 mmol/mol), -1.93% (-21 mmol/mol), and -2.11% (-23 mmol/mol) for the
5 mg, 10 mg, and 15 mg doses respectively- all statistically significant (p <0.0001). Tirzepatide demonstrated
strong glycemic efficacy without increasing the risk of hypoglycemia and was associated with meaningful
weight loss. Its safety profile was consistent with that of existing GLP-1 receptor agonists. [2,40]

7. Tirzepatide versus Semaglutide

In 2021, a clinical trial was conducted to evaluate the effectiveness of once-weekly tirzepatide versus
semaglutide in individuals with type 2 diabetes. A total of 1,879 participants were randomly allocated in equal
proportions (1:1:1:1) to receive once-weekly subcutaneous injections of tirzepatide at doses of 5 mg, 10 mg,
or 15 mg (administered in a double-blind manner), or semaglutide at a dose of 1 mg. The treatment phase
lasted 40 weeks, followed by a 4-week safety monitoring period. After 40 weeks of treatment, the average
reduction in HbAlc was- 2.01 percentage points with tirzepatide 5 mg, -2.24 percentage points with 10 mg,
and- 2.30 percentage points with 15 mg, compared to a reduction of -1.86 percentage points observed with
semaglutide. Weight reduction with tirzepatide followed a dose-dependent pattern. After 40 weeks, the average
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weight loss was -7.6 kg with the 5 mg dose, -9.3 kg with the 10 mg dose, and -11.2 kg with the 15 mg dose,
compared to -5.7 kg observed in the semaglutide group. Tirzepatide outperformed semaglutide at all dose
levels, with estimated differences of -1.9 kg (95% CI, -2.8 to -1.0) for 5 mg, -3.6 kg (95% CI, -4.5 to -2.7) for
10 mg, and -5.5 kg (95% CI, -6.4 to -4.6) for 15 mg (all comparisons statistically significant, P <0.001). The
results showed that all tirzepatide groups achieved greater reductions in HbA1¢ and body weight compared to
the semaglutide group. Tirzepatide was also associated with improvements in blood pressure and lipid
parameters. Both treatment arms had similar safety profiles, with the most common adverse events being mild
to moderate gastrointestinal symptoms. [2,38]

Conclusions

The therapeutic landscape for type 2 diabetes has evolved significantly with the introduction of advanced
injectable medications. GLP-1 receptor agonists and dual GIP/GLP-1 receptor agonists, such as semaglutide
and tirzepatide, offer highly effective options not only for glycemic control but also for weight management
and reduction of cardiovascular risk. Clinical trials consistently show that these agents outperform earlier
treatments like DPP-4 inhibitors and sulfonylureas in key metabolic outcomes, while maintaining favorable
safety profiles.

Tirzepatide, in particular, represents a new generation of incretin-based therapies, demonstrating
superior efficacy in both HbAlc reduction and weight loss compared to established GLP-1 RAs like
semaglutide. Moreover, the availability of semaglutide in an oral formulation has addressed some of the
limitations associated with injectable therapies, enhancing treatment flexibility and patient adherence.

Despite these advancements, long-term safety data, especially concerning cardiovascular and renal
endpoints, continue to be monitored. The integration of these injectable agents into clinical practice should be
individualized, considering patient comorbidities, tolerability, and treatment goals. Ongoing research and
head-to-head comparisons will further clarify the optimal use of these therapies in real-world settings.

Overall, the development of newer injectable medications has significantly broadened the scope of
effective, personalized treatment options for patients with type 2 diabetes, with the potential to improve both
glycemic control and long-term health outcomes.
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